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Abstract: Hydropower, a renewable energy resource, underpins China’s economic and social ad-
vancement, gaining prominence amidst the country’s energy structure metamorphosis. Enhancing
the performance of hydropower development projects is imperative, with the mechanisms of learning
and innovation wielding a substantial impact. The extant literature on how learning and innovation
affect hydropower project performance remains nebulous, lacking a systematic model to elucidate
these impact mechanisms. This investigation melds theoretical analysis with the idiosyncrasies of
hydropower project development, forging a theoretical model to decipher the interplay of learn-
ing, innovation, and project performance. Employing a mixed-methods approach, we probe the
influence of organizational learning orientation and individual learning on participant capabilities,
engineering innovation magnitude, and overall project performance. Path analysis divulges that
organizational learning orientation catalyzes individual learning, jointly enhancing engineering
innovation and project performance directly, although the effect on each participant’s capability
necessitates mediation through the engineering innovation level. This pioneering study establishes
the links and influence trajectories between learning, innovation, and project performance, systemat-
ically delineating them. It fills a scholarly void in exploring learning and innovation mechanisms
within hydropower project development, propounding strategies to augment project efficiency and
furnishing pragmatic, constructive insights for better engineering practice outputs.

Keywords: hydropower development; project level; learning system; engineering innovation;
project performance

1. Introduction

In recent years, the rapid development of China’s economy has been accompanied by
the continuous growth of electricity consumption across the whole society. Hydropower is an
important part of the national renewable energy strategy. China’s hydropower generation
has been increasing steadily every year, and the installed power generation capacity and the
number of hydropower development projects are also growing steadily [1,2].

Hydropower holds a pivotal role in the energy infrastructure of China, reliably meet-
ing electricity demands across a broad spectrum of regions and industries. It contributes
to 15–20% of the nation’s electricity generation. Relative to alternative power generation
modalities, hydropower presents a lower environmental footprint, a more sustainable
supply chain, and a well-established development and management paradigm, thereby
rendering multifaceted benefits to societal production and living standards [3–5]. Water
conservancy and hydropower projects leverage the potential energy of water for electricity
generation, thereby offering a clean energy source with minimal environmental pollution
and zero carbon dioxide emissions. The hydropower development project studied in this
paper includes four phases: a project feasibility study, project design, project implementa-
tion, and project closeout, each presenting its own set of technical challenges. Addressing
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these challenges necessitates the incorporation of advanced technological solutions and
innovative approaches to resolve both technical and managerial hurdles [6,7].

In the context of China’s carbon neutral and carbon peak strategies, hydropower, posi-
tioned as a substitute for fossil energies, holds prominence. Advancements in hydropower
can pare down fossil energy utilization, cut carbon dioxide emissions, and mitigate air
pollution. This underscores the imperative of enhancing the engineering performance of
hydropower projects [8]. Conventional hydropower, especially leading reservoir power
stations with strong regulating capacity and pumped storage power stations, is an impor-
tant regulating resource for the power system, and can provide important support for the
construction of a new type of power system [9].

In hydropower engineering projects, project performance is critical. Hydropower
engineering projects aim to achieve efficient power generation, water storage, and other
functions. In hydropower projects, controlled project duration, improved project safety,
environmental protection, and other project performance factors can reduce the impact of
the project on the environment, especially reducing the unnecessary loss of material and
human resources in hydropower projects, achieving sustainable development of the project,
and reducing carbon emissions [10,11].

The contribution of learning and innovation mechanisms to corporate performance has
been widely recognized, but few studies have explored the contribution of learning and in-
novation to the performance of hydropower development projects. However, hydropower
development projects extensively involve learning and experience acquisition as well as
the innovation of enterprises and employees, so it is necessary to explore how learning
and innovation mechanisms can promote the engineering performance of hydropower
development projects [12,13].

This study endeavors to elucidate the role of learning and innovation in hydropower
project development, forge a robust model delineating their influence on project outcomes,
and distill pragmatic recommendations for engineering praxis. Rooted in empirical scrutiny,
our insights derive from in-depth engagements with large-scale terrace power stations
located in the Jinsha River’s hydropower base.

The subsequent structure of this paper is as follows: Section 2 undertakes a compre-
hensive literature exploration, touching upon facets of corporate and individual learning
situations, enterprise innovation, engineering-focused innovation, and project performance.
Section 3 introduces a conceptual model elucidating learning and innovation in hydropower
and posits empirical research inquiries. Section 4 elaborates on the quantitative research
approach, shedding light on the rationale behind selecting specific qualitative case projects
for an exhaustive examination. Section 5 unfurls the findings and their subsequent analysis.
Section 6 employs path analysis, deconstructing the repercussions of organizational learn-
ing orientations and individual learning situation trajectories for participant competencies,
the level of engineering innovations, and overall project outcomes. Section 7 distills the
salient contributions of this study, suggesting actionable strategies for stakeholders in
hydropower projects to elevate project performance. Section 8 encapsulates the findings,
accentuating research constraints and prospective research avenues.

2. Theoretical Background
2.1. Enterprise and Individual Learning Situation

Enterprises, during their growth, lean on more than just tangible assets such as finan-
cial resources, equipment, land, and infrastructure. Increasingly, they focus their strategies
on intangible assets, primarily rooted in human capital. These assets encompass organi-
zational culture, knowledge repositories, technical proficiencies, regulatory frameworks,
brand equity, and so on.

In the long-term development of enterprises, the experience of past business activities
plays an important supporting role that can guide future production decisions and maxi-
mize enterprise benefits. At the same time, the method of knowledge management and the
learning system in the process of enterprise development affect the ability of the enterprise
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to integrate various other resources to provide products or services, and the shaping of
enterprise learning ability and learning systems is an important support system within an
enterprise [14,15]. Constructing a learning atmosphere and promoting knowledge transfer
can promote the coordination of resources and the innovation and development of enter-
prises; enterprises need to adopt this management style to not only ensure that employees
master their own work, but also to establish the mechanism of information linkage between
the employees themselves and the enterprise. This ability is crucial to the long-term devel-
opment of an enterprise because it is the basis for the consolidation of the development of
other capabilities. In the conditions of the knowledge economy, organizational learning,
innovation, and organizational management are the most important intangible assets for
companies to acquire in order to improve performance [16].

The ultimate purpose of learning activities in an enterprise is to serve each individual,
and the realization of the specific goals of enterprise development must also depend on each
individual [16,17]. Therefore, our research on enterprise learning ability also needs to focus
on the study of individual learning ability at the same time. Defining an employee’s learning
ability is the level of his ability to absorb new knowledge based on his skills and experience,
while the learning process of an employee consists of two parts: a rich knowledge base
within the system and the individual’s intensive expenditure of energy; the two are closely
linked in laying a good foundation for an individual’s capacity building [18,19]. The
support of the knowledge system strengthens the effect of the intensive efforts of employees
in the learning process, the transfer and exchange of information enables the understanding
of new theories and technologies, and the discoveries made in the learning process lead to
new inspirations and many new tasks based on such inspirations [20].

2.1.1. Components of Enterprise Innovation Capabilities

Schumpeter pioneered the theory of innovation, conceptualizing it as a recombination
of production factors in “The Theory of Economic Development” (1912). Since then, the
research on the connotation and mechanism of innovation on various levels has become
richer and richer [21].

Enterprise innovation comprises any new or significantly improved product (goods
or services), operational process (paths of production and service delivery), marketing
method (packaging, distribution network for sales and distribution), workplace, or external
relations in the implementation of new organizational structures and new management
practices. When knowledge is commoditized, firms generate innovation, which appears in
the form of new products, services, processes, or business models [22,23].

The presence of a comprehensive knowledge ecosystem within an enterprise augments
the scope and depth of its innovative endeavors. This expansive innovation landscape
invariably bolsters the performance metrics of the firm [24,25].

2.1.2. Factors Influencing Innovation Capacity

Optimizing the size and structure of linkage channels within a knowledge transfer
network significantly boosts innovation output. A robust organizational system yields
enhanced operational returns. Facilitating open innovation demands multifaceted support,
notably from knowledge reservoirs and diverse external variables [26].

The germination of innovation within team-building hinges upon an organization’s
intrinsic innovation milieu. This is further anchored in organizational vision, security
perception, task orientation, and the inherent support matrix [27].

The team climate stands as an integral pillar buttressing innovation. With innovation
being quintessential for an organization’s legacy and success, organizational evolution
invariably necessitates systemic and structural shifts [28].

2.1.3. Engineering Innovation

In engineering, innovation often diverges from pure technological novelty to knowl-
edge transformation. Predominantly, emergent technology is rooted in engineering’s
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market-centric applications, converting foundational scientific advancements into tangible
economic value while streamlining and enhancing technological assortments [29–31].

At the same time, the organizational structure of engineering innovation is more
complex, often relying on the project system, which is characterized by temporary and
diverse participating subjects, which requires us to comprehensively consider, synergisti-
cally analyze, and continuously deepen research from the enterprise level to the project
level [32–34].

Hydropower engineering projects have special characteristics, such as water con-
servancy hubs relying on natural construction and the uniqueness of the geographic
environment of each project, which means the optimization, improvement, and innovation
of technology and management levels profoundly determines the quality of the project, as
well as its advantages and disadvantages [35,36].

2.1.4. Component Structure and Relevance of Engineering Innovation

Engineering innovation comprises not only improvements at the technical level, but
also changes in management structures, social influence, marketing channels, and other
aspects. Optimization and innovation in the engineering field is not necessarily a sponta-
neous creation or invention; the use of technology, materials, equipment, etc., from other
professions that have never before been applied in the engineering field in a specific project
and bring about an increase in benefits can also be called an effective and referable engi-
neering innovation. Engineering innovation can be broadly categorized into innovation in
the field of technology and innovation in management methods [37,38].

Engineering is a key bridge for transforming production technology into economic
benefits, and engineering innovation should be the focus of attack for the cultivation of
national innovation capacity, paying attention to the overall coordinated development of
all aspects [38].

2.2. Project Performance

A project represents a conduit through which enterprises execute specific economic ac-
tivities, with project performance delineating accomplishment metrics across various facets
of the activity [39,40]. It is anchored on predefined objectives, commonly benchmarked
using parameters such as duration, cost, and quality, while concurrently accounting for
health, safety, and environmental stewardship. A robust assessment of project performance
mandates an integrative appraisal across all process phases and project domains, with the
synergy among all involved parties being pivotal for achieving desired engineering project
outcomes. The inherent complexity of projects escalates the challenges in quantifying
performance, underscoring the need for a thorough, accurate, and objective evaluation
framework as a focal point for encapsulating project outcomes. Realizing optimal project
performance not only amplifies the project’s return but also aligns with the interests of all
stakeholders. There are eight main aspects of performance in hydropower development
projects, including safety, quality, health, environmental protection, schedule, problem
solving, cost, and migration [41,42]. The process of innovation, alongside the emanating
novelties, significantly influences project performance, serving as critical determinants of
project quality and organizational efficacy [43,44].

3. Theoretical Modeling
3.1. Impact of Organizational Learning Orientation

A conducive organizational atmosphere assists members in enhancing their learning
frameworks, alleviates apprehensions related to uncertainties, and fosters the dissemina-
tion and adoption of novel technologies and capabilities across individuals. This enriched
environment encourages interdisciplinary exchanges and expedites the surfacing of tacit
knowledge, thereby elevating the collective knowledge of members, augmenting indi-
vidual problem-solving efficacy, and ultimately ameliorating organizational operational
efficiency [45]. The resultant optimization in operational efficiency underscores the positive
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trajectory of organizational performance [46]. Through the corroboration of pertinent
research findings and logical affiliations, this paper posits that a favorable organizational
learning orientation augments individual learning, which in turn necessitates a guided
approach to individual learning to elicit tangible impacts on project operation.

Hypothesis 1. A good organizational learning orientation positively influences individual learning
situations.

3.2. Impact of Individual Learning Situations

An examination of innovative firms reveals that the instillation of an organizational
learning culture—achieved through mergers, educative discussions for newly onboarded re-
searchers, and collective new-course training—facilitates enhanced communication among
personnel and fosters skill acquisition, leading to a substantial augmentation in the firm’s
innovation capacity [47].

Individuals, being the specific execution entities within the extensive framework
of engineering projects, manifest a direct, positive correlation between their learning
metrics and the facets of innovation capacity, participant aptitude, and project performance.
Initially, innovation realization necessitates that participants assimilate and glean insights
from prior project experiences while mastering the rudiments of emerging technologies and
systems; thus, nurturing innovation capability is inextricably linked to individual learning.

Subsequently, it is imperative that knowledge dissemination within a project is effi-
cacious. Enhanced dissemination and interchange of knowledge across the organization
propels the capacity of each participant, attributable to a broader spectrum of individuals
across varying hierarchies and sectors being privy to novel knowledge, thereby fostering
complete empowerment.

Lastly, an individual’s learning trajectory directly influences their performance caliber,
which, in turn, is aggregated to reflect the project’s overall performance. Thus, superior
individual learning parallels an elevated collective performance in a project, underscoring
the criticality of learning as a lever to boost project efficacy.

Hypothesis 2. Enhanced individual learning situations positively influence the level of engineering
innovation.

Hypothesis 3. Enhanced individual learning situations positively influence the competencies of
each participant.

Hypothesis 4. Enhanced individual learning situations positively influence the level of engineering
innovation.

3.3. Impact of the Level of Engineering Innovation

The established literature robustly underscores the positive correlation between in-
novation and core competencies, with numerous studies elucidating the link between an
enterprise’s innovation capacity, business acumen, and overall performance through the
lens of inter-functional coordination and teamwork [17,48]. In the realm of corporate re-
search and development, the novelty and uniqueness of a product are deemed crucial assets
for business success [49,50]. Particularly in hydropower development projects, the advent
of novel processes and organizational structures markedly augments project efficiency and
fosters enhanced collaboration among stakeholders.

Hypothesis 5. An augmentation in the level of engineering innovation positively influences the
competencies of each participant.
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3.4. Impact of Capabilities of Project Participants

Interdepartmental integration is pivotal for attaining overarching project objectives.
This integration is fostered through avenues such as personnel mobility, informal social
systems, organizational structure, incentives, and the formal synchronization of man-
agement processes, wherein a well-coordinated organizational framework significantly
influences the fruition of the ultimate objective [51,52]. The substantial scale and complexity
encapsulated in both the natural and social realms of hydropower projects necessitate a
collaborative endeavor from owners, designers, contractors, and other involved entities to
pool their competencies for successful project completion. In this discourse, we posit that
the capabilities of each project participant wield a decisive and direct impact on project
performance [53,54].

Hypothesis 6. Enhancing the competencies of each participant positively influences the project
performance.

3.5. Theoretical Model of Learning and Innovation in Hydropower Development

Drawing from the foregoing literature analysis and hypothesis delineation, this re-
search proffers a subsequent theoretical model elucidating the interplay of learning and
innovation within hydropower development. The theoretical model is shown in Figure 1.
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Figure 1. Theoretical model of learning and innovation in hydropower development.

The elements in the model are defined as follows.
Organizational learning orientation: the construction of a knowledge management

system, learning support system, and communication platform among members in the
organization.

Individual learning situation: the status of individual active learning consciousness,
knowledge acquisition channels, and learning ability cultivation.

Level of engineering innovation: the status of hydropower project improvement and
optimization and introduction of new technologies and modes in the stages of planning,
design, construction, and migration.

Competencies of each participant: the business capacity of owners, designers, contrac-
tors, and other stakeholders involved in hydropower project development.

Project performance: comprehensive performance evaluation of hydropower projects
in terms of progress, HSE, and other aspects.
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4. Research Methods
4.1. Questionnaire Design and Data Collection

This study employs a questionnaire to amass quantitative data, analyze said data,
evaluate hypotheses, and formulate a model delineating the interplay of learning and inno-
vation in hydropower development. The questionnaire, a meticulously crafted structured
survey tool, facilitates the gathering of research information from subjects in alignment
with specified investigatory objectives. This method not only enhances the efficiency of
data collection but also simplifies subsequent statistical processing and analysis. The data
harvested through this medium tend to be more objective and distributed, thus accurately
mirroring the realities of engineering projects.

In addition to collecting quantitative data, this study conducted qualitative research in
the form of interviews and the collection of project documents. The interview methodology
helped to generate useful and important information about what people perceived and
how they interpreted their perceptions, thus providing an opportunity to reveal underlying
knowledge. Project documentation enables the reliability of theoretical conclusions to
be tested against practical examples. The adoption of a combination of quantitative and
qualitative research methods enabled the researcher to scientifically and systematically
study the mechanisms of learning and innovation on project performance [55,56].

Questionnaires were administered to managers and technicians engaged in prominent
hydropower projects including Baihetan, Wudongde, and Nuozhadu. Utilizing a Likert
seven-point scale to quantify indices [55], the survey encompassed: respondent demo-
graphics, appraisal of individual and organizational learning dynamics during the project,
assessment of participant competence and collaboration, and evaluation of individual and
project performance. Respondents, key managers, and technicians representing project
stakeholders—owners and design, construction, and supervisory engineers—hail from
varied organizations, bringing valuable professional expertise to ensure authentic project
status representation through the collected data. Of the 563 questionnaires disseminated
and retrieved, 459 were deemed valid based on the study’s information criteria, reflecting a
validity rate of 81.5%. Respondent demographics are delineated in Table 1.

Table 1. Basic information of respondents.

Basic Information Classification Percentage

Gender
male 91.2%

female 8.8%

Educational level

doctoral degree 2.4%
master’s degree 17.0%

bachelor’s degree 59.3%
college degree or below 21.2%

Position

company management 6.9%
company department staff 14.3%

project management 22.6%
project subsector staff 54.4%

other positions 1.8%

Working years in the
hydropower industry

1–3 years 19.2%
4–10 years 31.2%

11–20 years 27.9%
over 20 years 21.7%

Project experience
1–3 62.1%

4–10 32.6%
over 10 5.3%

Within case studies, qualitative analysis enhances the robustness of quantitative mod-
els. The focus of qualitative information collection encompasses engineers and pertinent
case materials from frontline engineering endeavors of notable hydropower projects in
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recent times, including Udonde, Baihetan, Xiluodu, and Xiangjiaba, among others. Primar-
ily nestled in the cradle of the Jinshajiang River hydropower development, these projects
are large-scale terraced power stations within a shared basin, embodying a temporal and
modal coherence in development. This unique configuration potently illustrates the trans-
ference of learning and innovation amidst these projects, thereby fostering a continuum of
knowledge borrowing and novel methodologies.

4.2. Data Analysis Techniques

The data derived from the questionnaire were processed and interpreted using the
Statistical Package for the Social Sciences (SPSS 22.0), specifically the Amos 28 version.
A suite of statistical analysis techniques was employed in this study, encompassing the
consistency test, sample mean analysis, ranking, and path analysis.

A pivotal metric in this context, Cronbach’s α, gauges the reliability of the internal
consistency. It is ascertained through the given formula:

α =
kr

1 + (k − 1)r

k signifies the number of indicators present in the volume table and r denotes the
average correlation observed between pairs of indicators. The thresholds for Cronbach’s α
are demarcated as follows: 0.7 ≤ α ≤ 0.8 (deemed acceptable), 0.8 ≤ α ≤ 0.9 (considered
good), and α ≥ 0.9 (classified as excellent) [56]. Sample means serve as the cornerstone in
deducing population metrics, and they are especially pivotal in discerning concentration
tendencies within behavioral research. This study documented sample means for all
indicators, arranged in a descending sequence. This arrangement aids in the intuitive
comprehension of the relative importance of various issues. Path analysis was used for
regression and the results were tested using significance level tests, which conformed to
the typical 0.05 level, with 0.01 considered highly significant.

5. Research Results and Analysis
5.1. Scale Reliability Test

The reliability and validity of the five research concepts—organizational learning
orientation, individual learning situation, level of engineering innovation, competencies of
each participant, and project performance—were assessed. The findings are presented in
Table 2.

Table 2. Convergent validity and reliability indicators.

AVE (Average Variance
Extracted) Values

CR (Composite
Reliability) Cronbach’s Alpha

Organizational learning
orientation 0.733 0.956 0.956

Individual learning
situation 0.639 0.951 0.958

Level of engineering
innovation 0.536 0.926 0.932

Competencies of each
participant 0.621 0.947 0.976

Project performance 0.772 0.964 0.964

It can be seen from the calculation results that the AVE values for all concepts exceed
0.5, indicating strong convergent validity. This suggests that the evaluation indices within
each construct are coherent, thereby allowing the index system to effectively capture the true
nature of the constructs. Both the CR values and the Cronbach’s alpha coefficients for each
construct subscale exceed 0.9. This underscores the high reliability of the questionnaire data.
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5.2. Analysis of Organizational Learning Orientation Evaluation

The evaluation of organizational learning orientation concerns the creation of knowl-
edge resource management, the establishment of a learning support system, and the
facilitation of communication platforms among organizational members. The question-
naire deployed indicators such as the level of enterprise knowledge database construction,
cross-project experience transfer, and the refinement of training systems to quantitatively
assess organizational learning orientation. In this scoring mechanism, seven points denotes
special compatibility, four points indicates general compatibility, and one point signifies
special incompatibility. The relevant statistics are illustrated in Table 3.

Table 3. Organizational learning orientation evaluation.

Evaluation Indicators Mean Rank

The enterprise learns from the experience of past projects to
improve and optimize the engineering technology and

management process of new projects.
6.17 1

The enterprise has established a project knowledge resource
accumulation system to collect and summarize the lessons

learned during the whole process of the project.
6.11 2

The enterprise has formed special departments or special
positions to manage the knowledge base. 6.08 3

The enterprise carries out various training exercises to strengthen
the knowledge transfer between projects. 6.06 4

The enterprise has established a platform for information
exchange between projects. 6.06 5

The enterprise has established a complete project information
system to collect basic information, meeting materials, and
working documents of all ongoing and completed projects.

6.04 6

The enterprise has established a perfect and fast project
knowledge base, recording all the materials of completed projects. 5.94 7

The enterprise prepares information on similar projects to help
participants learn systematically before promoting new projects. 5.93 8

The average value 6.05

With an average value of 6.05 for the combined scores, it is evident that enterprises
involved in large-scale hydropower projects in China place significant emphasis on assim-
ilating experiences and lessons from past endeavors. This showcases a robust learning
culture and a comprehensive support system.

The score of 6.17 for “The enterprise learns from the experience of past projects
to improve and optimize the engineering technology and management process of new
projects” denotes the importance of learning from historical lessons for the continual
progression of China’s hydropower technology.

However, the score of 5.94 for “The enterprise has established a perfect and fast
project knowledge base, recording all the materials of completed projects” indicates that
the general workforce may face challenges in seamlessly navigating the amassed enter-
prise knowledge system, emphasizing an area for future enhancement in organizational
learning systems.

The lowest score of 5.93 pertains to “The enterprise prepares information on similar
projects to help participants learn systematically before promoting new projects”. This
implies potential inefficiencies during the initial phases of projects due to inadequate
preparatory knowledge dissemination.

As the construction data of Xiluodu Power Station shows, the project department has
implemented the benchmarking management mode, identified many projects of the same
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type at home and abroad, and regularly exchanged relevant technical issues to strengthen
communication and learning with the outside world, which is conducive to avoiding
detours in the project and also strengthens the transfer of information between industries.
At the same time, it grasps the technical development of the hydropower industry and
other related industries, pays attention to the research and application of new technologies,
and effectively learns from experience.

5.3. Assessment of Individual Learning Environments

The assessment of individual learning environments entails an exploration of personal
active learning awareness, avenues of knowledge acquisition, and the status of nurturing
one’s learning capabilities. For this study, we utilized metrics such as the propensity for
anticipatory learning and avenues for and efficiency of knowledge procurement. In our
grading framework, scores of seven, four, and one are indicative of special compatibility,
general compatibility, and special incompatibility, respectively. The aggregated results are
shown in Table 4.

Table 4. Assessment of individual learning environments.

Evaluation Indicators Mean Rank

Taking the initiative to learn from the lessons of similar
projects in the past before undertaking new projects. 6.06 1

Learning and drawing lessons from past projects are
necessary to improve the level of work. 6.05 2

When obstacles arise during a project, actively seek
knowledge and experience from similar projects to help solve

the current difficulties.
6.00 3

Adopt a method of communication with colleagues to learn
from the knowledge and experience of previous projects. 5.96 4

After completing a project, actively seek the knowledge and
experience of similar projects to deepen the learning effect. 5.94 5

Adopt a method of communicating with the personnel of
partner companies to learn from the knowledge and

experience of previous projects.
5.92 6

When carrying out projects, the channels for contacting and
learning from the knowledge and experience related to

previous projects are smooth.
5.86 7

Adopt a method of consulting with team leaders to learn from
the knowledge and experience of

previous projects.
5.83 8

Communication with personal friends outside the company
to learn from past projects. 5.74 9

Learning from corporate experts by consulting with them. 5.71 10

Access to corporate knowledge base to learn from
past projects. 5.68 11

Adopt a variety of training to strengthen the transfer of
knowledge between projects. 5.66 12

Have a large amount of knowledge and experience from
similar projects to support the completion of the work. 5.66 13

Participate in project workshops to learn from
previous projects. 5.64 14

The average value 5.84
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The comprehensive average score of each index stands at 5.84, signifying an overarch-
ing trend of employees’ elevated learning standards. Despite this, individual scores have
seen a decrement when juxtaposed with organizational learning orientation scores. This
suggests that the enterprises’ learning systems haven’t adequately bolstered the individual
learning pursuits of their employees. The inadequate resource optimization and variances
across links signal a primary focus for future enhancement of the enterprises’ learning
frameworks.

Notably, the scores for “Taking the initiative to learn from the lessons of similar projects
in the past before undertaking new projects” and “Learning and drawing lessons from past
projects are necessary to improve the level of work” are 6.06 and 6.05, securing the first and
second ranks, respectively. This underscores a predominant consensus among employees
regarding the significance of deriving learnings from concluded projects. Their keenness
and heightened proactive learning attitude stand as pivotal assets for bolstering personal
competency and, by extension, the holistic quality benchmark of the organizations.

The score for “The enterprise has carried out a variety of training exercises to strengthen
the transfer of knowledge between the projects” is not low, indicating that the enterprises
have established inter-project training exchanges, but also that seminars did not mobilize
staff enthusiasm, and the actual role of the effect is not obvious. In the future, these areas
should be enriched, as well as the content of the activities, and training in the organization
should be conducted in a formal manner.

In the Xiangjiaba project design unit, implementing the annual staff training program
advances the role of older staff to help each new employee to learn from at least one
“master”. Young employees in the process of learning from the experience of older staff
enhance their own knowledge reserve level, while the older staff learn from the relatively
high level of education of the new employees. The older employees also learn a lot of new
technologies and ideas from the new employees with relatively higher education levels.
This reflects the adoption of communication with colleagues to learn from previous project
knowledge and experience.

5.4. Analysis of Level of Engineering Innovations

The evaluation of level of engineering innovations delves into the enhancement and
innovation integrated into every phase of a hydropower project—spanning planning, de-
sign, construction, and migration. This assessment leverages the innovation metrics across
each stage and the synergy and enhancement tactics among stakeholders. In our grading
scheme, seven points denote special conformity, four points reflect general conformity, and
one point indicates special non-conformity. The analytical data is illustrated in Table 5.

The average value of the comprehensive score of the level of engineering innovation
indicator is 6.08, which is high; this indicates that all aspects of the development of domestic
large hydropower projects have shown strong independent innovation ability, which is
more in line with the status quo of China’s hydropower industry, which is constantly
overcoming difficulties.

The indicator “The formulation of the project construction plan has been optimized
and innovated on the basis of the knowledge and experience gained from previous projects
and in combination with the actual project” scores prominently. This shows that, due
to the natural conditions of hydropower projects, the social environment affecting the
project makes a big difference, the parties involved in the construction need to focus on the
progress of the project constantly as new problems appear, and new tests are needed for
continuous improvement and innovation.

The score of “The setting of the project incentive mechanism is optimized and in-
novated based on the knowledge and experience of past projects and the actual project”
is only 5.84, ranking last. This shows that current hydropower projects have not done
well in improving their reward and punishment systems and incentive feedback. An
effective incentive mechanism can fully mobilize the enthusiasm of all parties involved
and enhance the initiative of project personnel in innovation; therefore, optimizing the
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incentive system of the project by addressing the actual conditions and personnel needs is of
great importance.

Table 5. Evaluation of level of engineering innovations.

Evaluation Indicators Mean Rank

The formulation of the project construction plan has been
optimized and innovated on the basis of the knowledge

and experience gained from previous projects and in
combination with the actual project.

6.26 1

Project planning and scheme design have been optimized
and innovated on the basis of past project knowledge and

experience and in light of actual engineering practice.
6.15 2

The formulation of the project risk management plan is
optimized and innovated based on the knowledge and

experience of past projects and the actual project.
6.14 3

The owner will exchange relevant knowledge and
experience from past projects with all parties involved in
the project to help optimize and improve the work of the

designers, constructors, and supervisors.

6.14 4

The HSE management system of the project is optimized
and innovated based on the knowledge and experience

gained from previous projects and the actual project.
6.10 5

The project design scheme was optimized and innovated
based on the knowledge and experience gained from

previous projects and in light of the actual project.
6.09 6

The development of the migration plan was optimized
and innovated based on the knowledge and experience
gained from previous projects and in light of the actual

situation of the project.

6.09 7

Supervisors will share their knowledge and experience of
previous projects with all parties involved in the project to

help optimize and improve the work of the owner,
constructor, and designer.

6.08 8

The design side will exchange relevant knowledge and
experience from past projects with all project participants

to help optimize and improve the work of the owner,
construction side, and supervision side.

6.02 9

The development of the project procurement process has
been optimized and innovated on the basis of the

knowledge and experience gained from previous projects
and the practicality of the project.

6.00 10

The constructor will exchange relevant knowledge and
experience from past projects with all parties involved in
the project to help optimize and improve the work of the

owner, supervisor, and designer.

6.00 11

The setting of the project incentive mechanism is
optimized and innovated based on the knowledge and

experience of past projects and the actual project.
5.84 12

The average value 6.08

This study found from the feedback of many project personnel that their salary level
does not match their working conditions and labor, which affects their motivation for hard
work and innovation. This is reflected in the low score of incentive mechanism innovation,
which deserves the attention of hydropower development enterprises. In the Xiangjiaba
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project, the design optimization incentive mechanism is not well constructed, meaning
that the designers’ active optimization and innovation consciousness is not strong, and
is often only passive; for example, the #1 to #5 diversion bottom holes adopt a hydraulic
tensioning device to open and close the program, unlike the previous program, which had
the advantages of lightweight and simple structure, large capacity of opening and closing,
flexible configuration, good economy, etc. However, the new program was advocated for
by the owner to carry out the optimization work passively.

5.5. Competencies of Each Participant

The “competencies of each participant” refers to the analysis of the business capacities
of owners, designers, contractors, and other stakeholders involved in the development
of hydropower projects. Understanding the competencies of each participant involved in
a hydropower project is crucial for ensuring project success. By evaluating the capacity
of stakeholders to perform their roles effectively, we can identify potential strengths and
weaknesses, ensuring smoother project development. In this study, the performance
indicators of each participant in their respective fields of specialization are used to measure
the competencies of each participant in the project, in which seven points refers to special
compatibility, four points refers to general compatibility, and one point refers to special
incompatibility. The statistics are presented in Tables 6–10 below.

Table 6. Owner capacity evaluation.

Evaluation Indicators Mean Standard
Deviation Rank

Adequate knowledge and experience in
similar projects 6.32 1.03 1

Sound integrated project control system 6.31 0.96 2
Strong ability to manage and control technology 6.18 1.07 3

Strong ability to integrate and
coordinate resources 6.17 1.05 4

Good adaptability and flexibility to adjust
according to the project reality 6.15 1.05 5

Strong information management ability 6.15 1.08 6
The average value 6.21

Table 7. Designer capacity evaluation.

Evaluation Indicators Mean Standard
Deviation Rank

Strong technical design capabilities 6.05 1.04 4
Adequate knowledge and experience in

similar projects 6.11 1.07 2

Strong communication and
collaboration skills 6.01 1.13 5

Good service consciousness and attitude 6.10 1.07 3
Excellent reputation 6.14 1.04 1
The average value 6.08

Owners are deemed most competent when it comes to having “Adequate knowl-
edge and experience in similar projects”. Their ability to maintain a sound “Integrated
project control system” and manage technology effectively also scores high. Their aptitude
to adjust to real-time project changes and implement strong information management
systems are areas that seem closely matched in importance, as reflected by their nearly
identical scores.

Designers score highest when it comes to their “Excellent reputation”, followed closely
by their knowledge and experience in similar projects. Their technical design capabilities
could see improvements, as this category ranks fourth, and their communication and
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collaboration skills are the least prominent, suggesting that interpersonal skills might be an
area where training or focus could be beneficial.

Table 8. Contractor capacity evaluation.

Evaluation Indicators Mean Standard
Deviation Rank

Excellent construction technology 6.04 0.99 3
Strong HSE management skills 5.99 1.04 5

Adequate experience in similar projects 6.18 0.99 1
High level of risk management 5.95 1.06 7

Excellent reputation 6.05 1.06 2
Good service consciousness and attitude 6.00 1.06 4

Strong communication and
collaboration skills 5.97 1.03 6

Strong information management ability 5.84 1.10 8
The average value 6.00

Table 9. Supervisor capacity evaluation.

Evaluation Indicators Mean Standard
Deviation Rank

Sufficient experience in similar projects 6.09 1.07 1
High technical level 5.93 1.10 2

Strong regulatory and review
capabilities 5.89 1.10 3

The average value 5.97

Table 10. Vendor capacity evaluation.

Evaluation Indicators Mean Standard
Deviation Rank

High level of suppliers of strategic
materials and perfect guarantee 6.08 1.01 1

High level of suppliers of important
materials, perfect protection 6.07 1.07 2

The average value 6.08

Contractors seem most experienced when it comes to handling similar projects, as
reflected by the top rank for “Adequate experience in similar projects”. Interestingly, “Ex-
cellent reputation” and “Excellent construction technology” also rate highly. However, their
weakest areas appear to be risk management and leveraging modern digital technologies,
which may require more attention.

The highest-rated competency for supervisors is their experience with similar projects.
While their technical level and regulatory capabilities are valuable, there’s room for en-
hancement, given their lower rank.

Vendors have a strong capability in supplying strategic materials with a perfect guar-
antee, as reflected by the top ranking. Their supply chain strength for important materials
rates closely behind. The average values being almost equal indicates that vendors are
generally consistent in providing strategic and important materials.

Across all roles, including owners, designers, contractors, supervisors, and vendors,
knowledge and experience in managing or contributing to similar projects seem paramount.
This consistent emphasis across the board reiterates the importance of experiential learning
in the hydropower industry. While most entities score near the six-point mark, suggest-
ing a high level of proficiency, areas such as communication, risk management, and the
integration of modern digital technologies emerge as potential areas for improvement.
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In the course of the Udon De project, the owner’s unit gave full play to the role of
communication and coordination and promoted the exchange of all participants, forming a
system of regular quality meetings at all levels and strengthening professional exchanges,
such as monthly (weekly) regular meetings for testing and inspection and weekly meetings
for temperature control. The regular quality meeting of the Ministry of Construction, held
every quarter, is attended by the person in charge of each participant, which ensures the
rapid feedback of information, the timely detection of hidden dangers and the timely
treatment of problems, and enhances the pre-control and increases the rectification of
quality problems. Various feedback and adjustment platforms led by the owner have
favorably promoted the stable, safe, and efficient advancement of all engineering work.

5.6. Analysis of Project Performance

The project performance category encompasses a holistic assessment of a hydropower
project’s multifaceted performance, spanning areas such as project progression, HSE (health,
safety, and environment), and migration-related tasks. In this survey, performance markers
such as construction safety, occupational health, and migration tasks were utilized for a
thorough analysis of the projects’ efficiency. In the adopted scoring system, a score of
seven denotes exceptional conformity, four denotes general conformity, and one denotes
pronounced non-conformity. The results of this assessment are delineated in Table 11.

Table 11. Project performance.

Evaluation Indicators Mean Rank

Good construction safety performance during the project 6.08 1
Good quality performance during the project 6.00 2

Good performance in occupational health during the project 5.99 3
Good performance in environmental protection during the project 5.98 4

Good progress performance in project implementation 5.91 5
High efficiency in solving problems during the project 5.85 6

Good cost performance in project implementation 5.84 7
Good performance in migration work in the project 5.80 8

The average value 5.93

As can be seen from the statistics in Table 11, the project construction safety perfor-
mance score of 6.08 is the only one of the performance indicators that exceeds 6 points.
Safety is one of the most important considerations in the current hydropower project imple-
mentation process, and the need to achieve zero safety accidents and zero hidden dangers
has been repeatedly emphasized during the construction of hydropower plants such as
Wudongde and Baihetan. The HSE management performance indicators of the hydropower
projects are all better, indicating that current hydropower development is people-oriented,
emphasizes environmental protection, and stresses comprehensive benefits. At Xiangjiaba
Hydropower Station, from 2008 to the end of 2013, the release station carried out nine
rare fish fry releases in the Jinsha River waters, releasing a total of 733,000 fish fry; it also
initiated the release of the “four big fishes” in the reservoir area, which has played a positive
role in solving the problem of eutrophication of the reservoir’s local waters, transforming
the mode of fishery development and publicizing ecological and environmental protection.

The indicators of problem-solving efficiency and migration work scored low. Problem-
solving efficiency reflects the speed of cooperation between project parties to optimize
technology and processes according to the actual difficulties of the project; while hy-
dropower projects often involve large-scale resettlement of immigrants, the social problems
faced are more complicated, which is a difficult point of management work. These two
performance indicators are obviously related to the ability of hydropower development
enterprises to optimize and innovate based on historical experience, and the results of this
study initially indicate that the shortcomings of the current hydropower project perfor-
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mance lie in a lack of innovation. The specific relationship needs to be explored in the
next study.

5.7. Correlation Analysis of Hydropower Development Learning and Innovation Model Elements

Our research analyzes the correlation relationship of elements of the hydropower
development learning and innovation model; the results are shown in Table 12.

Table 12. Correlation matrix of elements in the hydropower development learning and innovation
model.

Organizational
Learning

Orientation

Individual Learning
Situation

Competencies of
Each Participant

Level of
Engineering
Innovation

Project Performance

Organizational
learning orientation 1

Individual learning
situation 0.653 ** 1

Competencies of each
participant 0.607 ** 0.630 ** 1

Level of engineering
innovation 0.649 ** 0.671 ** 0.884 ** 1

Project performance 0.641 ** 0.715 ** 0.672 ** 0.711 ** 1

Note: ** denotes significance at the 0.01 level (two-tailed).

From the Pearson correlation analysis, a pronounced positive correlation (p < 0.05)
emerges between the organizational learning orientation, individual learning situation,
level of engineering innovation, the competencies of each participant, and the project perfor-
mance. Notably, the correlation coefficient between the level of engineering innovation and
the competencies of each participant peaks at 0.884, signifying a robust correlation. These
findings provide preliminary support for the interrelations between the study variables,
setting the stage for a deeper examination of the research hypotheses.

6. Hydropower Development Learning and Innovation Model Test Analysis
6.1. Model Test Analysis
6.1.1. Model Testing Situation

The questionnaire data processed by SPSS was entered into AMOS, and the theoretical
model of hydropower development learning and innovation was tested using the structural
equation; the results are shown in Figure 2.
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The connecting line in the figure indicates the action path, the negative number indicates
that the path is not significant, and the positive number indicates the path coefficient.

6.1.2. Fit Indicator Test

Our research tested the model. From Table 13, it can be seen that X2/df is 4.878, while
RMSEA and RMR are less than 0.1, which indicates an ideal fit; CFI, TLI, and IFI are all
greater than 0.8, and NFI is greater than 0.7, which is within the acceptable range, and
therefore it can be judged that the fit is good.

Table 13. Indicators for fitting the model.

X2/df RMR RMSEA CFI TLI IFI NFI

4.878 0.084 0.092 0.829 0.82 0.83 0.795
Excellent <5.0 <0.1 <0.1 >0.80 >0.80 >0.80 >0.70
Standard

value 3.0~5.0 0.08~0.10 0.08~0.10 0.70~0.90 0.70~0.90 0.70~0.90 0.70~0.90

6.1.3. Model Path Analysis

The model path analysis results follow in Table 14. Here, we further analyze the
hypotheses.

Table 14. Path coefficient analysis of the learning and innovation model for hydropower development.

Path Estimate Lower Upper p
Percentage of
Intermediary

Effects

Individual
learning
situation

<---
Organizational

learning
orientation

0.674 0.591 0.747 0.000

Project
performance <---

Individual
learning
situation

0.512 0.388 0.64 0.000

Level of
engineering
innovation

<---
Individual

learning
situation

0.723 0.637 0.796 0.000

Competencies of
each participant <---

Level of
engineering
innovation

0.985 0.921 1.061 0.000

Project
performance <--- Competencies of

each participant 0.374 0.228 0.508 0.000

Competencies of
each participant <---

Individual
learning
situation

−0.033 −0.124 0.047 0.401

Project performance <-Individual learning
situation <-Organizational learning orientation 0.345 0.256 0.457 0.000 52.19%

Project performance <-Competencies of each
participant <-Level of engineering innovation

<-Individual learning situation <-Organizational
learning orientation

0.18 0.113 0.265 0.000 27.23%

Project performance <-Competencies of each
participant <-Individual learning

situation<-Organizational learning orientation
−0.008 −0.032 0.011 0.369

For H1, “A good organizational learning orientation positively influences individual
learning situations”, the coefficient is 0.674 and significance is reflected as p = 0.401. A
positive and significant relation was observed between organizational learning orientation
and individual learning situation. Enhanced organizational focus on learning augments
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active learning in members and heightens their adaptability to evolving technological and
cultural milieus. Such adaptability fosters personal motivation and pushes individuals to
recalibrate their learning techniques and augment their knowledge base.

For H2, “Enhanced individual learning situations positively influence the level of
engineering innovation”, the coefficient is 0.723 and significance is reflected as p = 0.401.
A conducive individual learning environment markedly boosts engineering innovation.
Through individual learning situations, experience and innovative components in the
hydropower sector are accrued, leading to improved proficiency with novel technological
applications.

For H3, “Enhanced individual learning situations positively influence the competen-
cies of each participant”, the coefficient is −0.0334 and significance is reflected as p = 0.401.
Individual learning situation was found to not directly enhance the competencies of each
participant. Instead, the influence was channeled through the mediator of engineering
innovation.

For H4, “Enhanced individual learning situations positively influence the level of engi-
neering innovation”, the coefficient is 0.512 and significance is reflected as p = 0.401. Active
individual learning situations have a pronounced positive impact on project outcomes.
The symbiotic exchange of knowledge and information amplifies the understanding and
deployment of novel technologies, leading to enhanced project performance.

For H5, “An augmentation in the level of engineering innovation positively influences
the competencies of each participant”, the coefficient is 0.985 and significance is reflected
as p = 0.401. Elevated engineering innovation significantly enhances the competence of
project participants. The infusion of cutting-edge technologies and methods broadens the
knowledge spectrum for participants, enhancing their overall efficiency.

For H6, “Enhancing the competencies of each participant positively influences the
project performance”, the coefficient is 0.374 and significance is reflected as p = 0.401. The
competence of participants plays a pivotal role in determining the quality, safety, and
timelines of the project. A direct relationship was observed: the higher the participant’s
capability, the better the overall project output.

The path of “Individual learning situation—Level of engineering innovation—Competencies
of each participant” (Figure 3) has an impact on the competencies of each participant, i.e., individ-
ual learning situations necessitate the mediation of innovation to bolster the project competencies
of each participant. This novel finding underscores the pivotal, yet often overlooked, role of
innovation in translating the experience of individual learning situations into core competencies.
From the hydropower industry perspective, the domestic hydropower sector, rooted in traditional
engineering, displays inertia in the face of rapid changes. While legacy projects such as Sanmenxia
predominantly banked on imported technologies with sub-optimal assimilation, modern projects
such as the Three Gorges have heralded a paradigm of internalization followed by indigenous
innovation, leading to significant engineering accomplishments.
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Figure 3. The path of “Individual learning situation—Level of engineering innovation—
Competencies of each participant”.

The path of “Organizational learning orientation—Individual learning situation—
Project performance” (Figure 4) has a role in project performance, with a coefficient of 0.345
and a contribution rate of 64.6%, which indicates that good organizational learning can
drive individual learning situations, improve individuals’ learning abilities, and promote
the flow of information and the application of technology. A good organizational learning
atmosphere promotes the transfer of knowledge and incentivizes individuals within the
organization to accumulate experience, consolidate technical skills, learn, innovate, and
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absorb new knowledge and new skills. Discovery and innovation in the process of orga-
nizational learning also allow individuals to stimulate their own potential and actively
understand new technology and new modes to better complete their work, improve work
efficiency, and to promote the project’s various phases, which in turn contributes to the
enhancement of project performance.
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performance”.

The path “Organizational learning orientation—Individual learning situation—Level
of engineering innovation—Competencies of each participant—Project performance”
(Figure 5) contributes to project performance with a coefficient of 0.18 and a contribu-
tion rate of 33.7%. This shows the comprehensive impact of learning and innovation on
project performance. Organizational learning promotes individual learning situations,
individuals’ understanding of new technologies, and new, deeper modes of application
while working on new inspiration, generating new innovations, applying knowledge in
the work of innovation, enhancing personal efficiency, improving work, reducing losses,
and, throughout the various stages of the project, enhancing the ability of each participant
to efficiently and effectively complete of the objectives of the project with high-quality
outcomes. While engineering innovation and participant ability can mediate the influence
of individual learning situations on project performance, the relatively low coefficient
highlights existing gaps. There remains a discernible need to fortify the innovation quotient
and the aptitude for learning and innovation among participants.
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7. Discussion

In this study, a theoretical model was constructed to elucidate learning and innovation
in hydropower development and was tailored to the current state of learning and innovation
system construction in China’s hydropower sector. The model is enriched by a comparative
analysis across various stakeholders, integrating the research dimensions of organizational
learning orientation, individual learning, level of engineering innovation, participant
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competencies, and project performance, thereby forming a comprehensive index evaluation
system. This research framework lays a solid foundation for analyzing the challenges
inherent in the learning and innovation systems of hydropower development enterprises
within China.

The empirical validation of this theoretical model was achieved through the analysis of
questionnaire data, augmented with relevant case data. The pivotal intermediary role of the
engineering innovation level in mediating the impact of individual learning on participant
ability is underscored, as detailed in Table 15.

Table 15. Mediation analysis.

Path Estimate Percentage of Intermediary Effects

Project performance<-Individual
learning situation <-Organizational

learning orientation
0.345 52.19%

Project performance<-Competencies
of each participant <-Level of

engineering innovation<-Individual
learning situation <-Organizational

learning orientation

0.18 27.23%

Project performance<-Competencies
of each participant <-Individual

learning situation<-Organizational
learning orientation

−0.008

This demonstrates the important roles of the two paths of “Project performance <-Individual
learning situation <-Organizational learning orientation” and “Project performance <-Competencies
of each participant <-Level of engineering innovation <-Individual learning situation
<-Organizational learning orientation”, provides in-depth guidance for each participant to improve
the learning system and strengthen the innovation capability, helps the hydropower development
enterprise to improve the level of systematic construction, and ultimately achieves the purpose of
promoting the performance of the project.

Building on the empirical evaluation of the hydropower development learning and
innovation model, this research proposes strategic recommendations to boost China’s
hydropower projects:

(1) The capability for engineering innovation critically mediates how learning situations
positively impact participant capabilities. Hydropower development enterprises
should bolster their innovation platforms, focusing on a progression from assimilation
to independent innovation to enhance their competitive edge.

(2) The effectiveness of organizational learning orientation in boosting individual learn-
ing remains suboptimal. Enterprises must operationalize strategies such as pre-
employment education and inter-project seminars, enriching content to facilitate the
transformation of company knowledge into employee skillsets.

(3) While project participants’ capabilities are markedly influenced by engineering in-
novation levels, the translation to project performance lags. Enhanced collaboration,
communication, and complementary skill sharing are vital, with special attention to
challenges in areas such as integration and cost management.

(4) Innovation in hydropower projects markedly diverges from that of individual en-
terprises. Given the dispersed nature of the project’s resources—knowledge, skills,
and materials—it is imperative for participants in enterprises to adopt intensive, col-
laborative strategies. Effective construction of innovation capacity demands mutual
learning, fostering exchanges, and joint development initiatives.



Buildings 2023, 13, 2665 21 of 24

8. Conclusions
8.1. Findings

This study delves deep into the realm of learning systems and innovation capacity
within China’s hydropower development projects. Key insights distilled from the research,
backed by empirical data, shed light on the intricate mechanics of how organizational
learning orientations catalyze individual learning situations, how engineering innovation
mediates the transformation of learning into competencies, and, subsequently, how these
competencies drive project performance. The specific findings of the study are as follows:

Organizational learning orientation plays a positive role in promoting individual
learning situations. Individual learning situations cannot directly affect the ability of
each participant and need to be indirectly promoted through the level of engineering
innovation. Improving individual learning situations can directly promote the level of
engineering innovation and project performance. Engineering innovation cannot be directly
transformed into project performance and needs to be indirectly promoted through the
ability of each participant.

The study of the hydropower development learning and innovation model mecha-
nism found that the impact coefficient of the path “Organizational learning orientation—
Individual learning situation” is 0.674, indicating that the organizational learning orien-
tation has a significant positive impact on individual learning situations; however, there
is room for further improvement of the promotion effect. The impact coefficient of the
path “Individual learning situation—Each participant’s ability” is −0.033, indicating that
individual learning situations can not directly affect the ability of each participant in the
project; however, the impact coefficient of the path “Individual learning situation—Level
of engineering innovation” is 0.723, and the impact coefficient of the path “Individual
learning situation—Level of engineering innovation” is 0.723.

The impact coefficient of the path “Level of engineering innovation—Each participant’s
ability” is 0.723, the impact coefficient of the path “Personal learning—Level of engineering
innovation—Each participant’s ability” is 0.985, and the impact coefficient of the path
“Personal learning—Level of engineering innovation—Each participant’s ability” is 0.712,
indicating that personal learning situations significantly influence the level of engineering
innovation. This shows that individual learning situations can significantly affect the level
of engineering innovation, while the level of engineering innovation can significantly affect
the capabilities of each participant in the project. The level of engineering innovation
plays a necessary intermediary role in impact of individual learning situations on the
capabilities of each participant. The impact coefficient of the path “Level of engineering
innovation—Each participant’s capability—Project performance” is 0.374, which indicates
that improving the level of engineering innovation can enhance project performance by
strengthening the capability of each participant in the project.

The above insights have important theoretical and practical significance, and suggest
the following to improve the current situation of learning and innovation in hydropower
development:

(1) China’s hydropower sector has garnered extensive practical experience in engineering,
forming a robust knowledge base crucial for the ongoing enhancement of hydropower
technologies within the country. Nonetheless, there exists a lack of accessibility
to this resource library, alongside deficiencies in the pre-service learning systems.
The individual learning inclination among staff requires bolstering through tailored
support, expert interactions, and enriched collective training avenues such as project
seminars. The actual impact of these measures requires further augmentation.

(2) The existing incentive mechanisms within domestic large-scale hydropower projects fall
short in fostering innovation, with a notable disparity in staff’s subjective expectations.
The inclination among enterprise staff for an optimized reward and punishment system
is evident, signifying a need for enhanced mechanisms to incentivize innovation.

(3) Engineering innovation capability serves as a pivotal intermediary in translating
learning outcomes into improved business competence for each participant. En-
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terprises should leverage the academic credentials of their personnel, augment the
construction of knowledge bases, and elevate the standards of information technology
management. Fostering cross-sectoral and cross-regional information exchange, com-
munication, and learning will enhance the ability of hydropower projects to assimilate
new technologies and materials effectively.

(4) Amplifying both internal and external communication channels, alongside fostering
multi-party collaboration, is essential for leveraging and optimizing new technology
and machinery within hydropower development projects. Given their large scale,
multifaceted nature, and the myriad stakeholders involved, achieving continuous
progress in engineering innovation necessitates seamless cooperation, rigorous man-
agement, and coordinated development efforts across all participating enterprises.

8.2. Limitations and Future Research Directions

(1) The design of the index system of research elements needs to be improved. There
are various theories on the division of indicators for measuring the learning level
and innovation of enterprises in international studies, and no unified consensus has
been formed so far. This paper has systematically explored the characteristics of
hydropower project development, but theoretical and practical support need to be
further tested. The next research plan is to establish a more perfect evaluation system
through more research and visits.

(2) The theoretical system has not been established comprehensively enough. There
is a certain gap between enterprise innovation and hydropower project innovation.
Enterprises have systematic advantages in the transfer of experience and knowledge,
while the temporary and combined nature of a project makes its influencing factors
more complicated. The next step of the research plan is to combine the project level
variable factors to perform a more comprehensive exploration of the formation and
roles of innovation mechanisms.

(3) The research object of this paper is mainly Chinese large-scale terraced power station
development projects; in the future, the research field can be broadened to include in-
depth studies of international large-scale hydropower development projects and the
role of learning and innovation system mechanisms, comparing the current situation
of domestic and foreign construction and engineering development differences to pro-
vide more specific and effective strategic recommendations for China’s hydropower
development enterprises aiming to expand abroad.
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