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Abstract

This study empirically explored how the five key input factors in higher education affect
the value added in college students’ core competencies in the era of artificial intelligence
(Al), utilizing data from a 2019 graduate employment sample survey focusing on value-
added contributions. The findings were summarized as follows: (1) A convergence
phenomenon was observed in developing core competencies within Chinese higher
education, where students from regular undergraduate universities, despite having
moderate academic advantages, exhibited weaker value-added growth across multiple
core competencies. (2) Higher education institutions (HEIs) continued to serve as the
primary platform for cultivating students’ core competencies, with curriculum delivery
being the most significant practical factor in shaping these competencies. Interdisciplinary
courses strongly contributed to higher-order core competencies such as innovation and
creativity. (3) The contribution of input factors to different core competencies varied
significantly across HEls. Although institutions under the Double First-Class Initiative
appeared to have lower net contributions compared to higher vocational colleges, this
gap was offset by their students’ more advantageous individual endowments and family
backgrounds. This study suggests reforms in classified management and evaluation
systems, curriculum design, and faculty and teaching to ensure students acquire
the higher-order thinking skills and competencies necessary to adapt to emerging
technologies and effectively respond to continuous changes.

Keywords artificial intelligence (Al); core competencies; value-added contribution;
college students

1 Introduction

Artificial intelligence (Al), the core driving force of a new wave of scientific and
technological revolution and industrial transformation, is significantly transforming the
world. It has increasingly become the critical focus in the latest technological and intellectual
competition worldwide. General Secretary Xi Jinping profoundly pointed out during the 14th
BRICS Summit in 2022 that those who seize the opportunities of the new economy, such as
big data and Al are in sync with the pulse of the times (Xi, 2022). The Chinese government
has placed substantial emphasis on the development of Al, formulating a series of strategic
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plans that systematically incorporate Al advancement into the nation’s modernization agenda.
China’s Al technology has developed rapidly, and it has been rising to global leadership in just
over a decade. According to the report World Robotics 2022, China witnessed a 51% surge in
robot installations in 2021, establishing itself as the world’s largest and fastest-growing robot
market. The Report on Artificial Intelligence Development 2020 indicated that between 2011
and 2020, China filed 389,571 Al patent applications, accounting for 74.7% of the total global
population and ranking first worldwide. As a disruptive technology of the 21st century, Al
has significantly enhanced corporate productivity while improving the convenience of daily
life. However, it has also sparked widespread concern regarding the risk of job displacement.
The rapid development of Al technology has eliminated many repetitive and routine jobs,
resulting in substantial transformations in the competency structure of the labor market. The
Economic Potential of Generative Al, a report issued by McKinsey & Company, indicated
that Al could progressively replace 50% of current occupations between 2030 and 2060, a
timeline 10 years earlier than the previous estimate. Additionally, the World Employment and
Social Outlook: The Future of Technology, published by the International Labor Organization,
forecasted that Al-driven automation may lead to the loss of over 430 million jobs globally by
2030. Up to one-third of global occupational and competency transformations are expected
in China. Al is fundamentally altering the demand for competencies in the labor market, and
China is confronting unprecedented large-scale competency transformations and occupational
shifts.

In recent years, the emergence of various Al products has driven technologies to
encapsulate human-exclusive experiences and competencies increasingly. As a result, the
“knowledge advantage” traditionally held by college students has encountered a “disruptive
downgrade,” thereby altering the competency supply-demand dynamics in the labor market
for graduates of higher education institutions (HEIs). The Al era has introduced new demands
on human capital, with higher-order cognitive and social behavioral competencies, such as
critical thinking, problem solving, communication, and collaboration, becoming pivotal assets
in the “human-machine competition.” Higher education graduates, constituting the largest
cohort entering the labor market annually, have seen their numbers steadily increase in recent
years. In 2023, the total number of graduates reached 11.58 million (Ministry of Education
of the People’s Republic of China, 2023). Despite the growing number of college students in
China, most graduates continue to engage in repetitive tasks rather than creative endeavors
(Zhao et al., 2018). HEIs in China have increasingly emphasized the vocational and applied
aspects of education, leaving significant room for improvement in cultivating higher-
order core competencies among students. These competencies, including critical thinking,
communication, teamwork, and creativity, are particularly crucial in the Al era (Yue et al.,
2019).

The primary threat Al poses to employment is not the reduction in the total number of jobs
but rather the lack of competencies among workers to adapt to new roles after being rendered
obsolete. Therefore, addressing the Al-induced employment challenges requires a strategic
focus on ensuring that higher education graduates acquire advanced core competencies
aligned with the demands of emerging technologies. HEIs are positioned at the intersection
of science and technology as the primary productive force, talent as the foremost resource,
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and innovation as the key driver. In the “race between education and technology,” it is
imperative to address how to develop graduates with the core competencies required in the
Al era. This can be achieved by further reforming the higher education system to meet the
needs of technological advancements, such as Al, adjusting the structure of higher education,
reshaping talent cultivation models, and revising curricula content. Against this backdrop, this
study raised the following research questions: How effective are the input factors in higher
education in enhancing college students’ core competencies in the Al era? How should HEIs
restructure and adjust key input factors such as endowments, curriculum design, and faculty
and teaching quality to foster students’ higher-order core competencies?

2 Literature Review and Theoretical Basis
2.1 Literature Review
2.1.1 Measurement of the Value Added in Competencies and Current Status of Competency
Development of College Students
As early as the 1960s, U.S. academia began to measure and evaluate the value added in
competencies among college students. The evaluation of the value added in competencies
primarily employs three methods: “measuring outcome by input,” standardized tests (Shen
et al., 2019; Zhao et al., 2015), and self-assessment. However, each of these measurement
approaches has certain limitations. To some extent, the “measuring outcome by input”
method overlooks factors such as individual aptitude, the degree of knowledge absorption,
how various competencies are acquired, and the level of interaction between learners and
educators during the knowledge and competency acquisition process. This can lead to
significant biases in the measurement results. While standardized tests provide advantages
such as objective results, comparability, and ease of operation, their effectiveness heavily
depends on the quality of the test questions and the testing environment (Shen & Zhang,
2017). Moreover, not all competencies can be effectively assessed through standardized test
questions. Such tests are more suitable for measuring cognitive competencies but struggle
to evaluate the value added in non-cognitive competencies objectively. Self-assessment,
conversely, derives from individuals’ subjective evaluations of their competencies. Due to
differences in self-expectations, self-perceptions, and preferences among individuals, the
validity of self-assessment results is often subject to skepticism. However, due to the inherent
challenges in effectively measuring non-cognitive competencies and the associated high costs,
current assessments rely primarily on self-reported evaluations to gauge their value-added
development (Huang & Luo, 2019).

Previous studies on the value added in college students’ competencies have primarily
focused on supply and demand perspectives. From the supply perspective, cognitive
competencies such as comprehension and research are the most well-developed among
college students, followed by self-awareness and social communication competencies. Core
critical thinking, innovation, and creativity competencies exhibit the slowest development
(Lu & Liu, 2017). College students generally score higher in areas like integrity, awareness
of social norms, interpersonal competencies, and social adaptability. However, they tend to
score lower in global awareness, international perspectives, and foreign language listening,
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speaking, and communication skills (Fan & Yang, 2016). At the institutional level, students
from key institutions tend to show a lower level of the value added in competencies but
maintain their competencies at a relatively high level. In contrast, students from regular
institutions show an initial increase followed by a decline in the value added in competencies.
Disciplinary comparisons revealed that students majoring in humanities and social sciences
show a trend of initial rise followed by fluctuations in the value added in competencies, with
their scores generally surpassing those of students in STEM (Ma & Guan, 2016). From the
temporal perspective, self-assessments of the value added in competencies among students
transition from a significant rise during the first year to a notable decline by the senior
year. Research demonstrated that approximately 60% of college students’ value added in
competencies can be attributed to institutional contributions (Fan, 2016).

From the demand perspective, employers report that higher education graduates generally
excel in academic and professional knowledge and competencies, as well as competencies
for problem solving, practical operations, writing, adaptability, stress resistance, teamwork,
and self-management. However, they often underperform in terms of interpersonal
communication, adaptability, innovation, organization, and leadership, as well as foreign
language proficiency (Yang, 2018). However, some studies suggested that it is necessary
for college students to enhance innovation, planning, organization, leadership, and
communication competencies. For students in Chinese HEIs, the value added in innovation
and critical thinking competencies remains relatively weak and slow (Liu & Wu, 2010).
Notably, over 26% of students from institutions under the Double First-Class Initiative lack
sufficient critical thinking competencies (Tian et al., 2020).

2.1.2  Demands for Core Competencies and Contribution of Higher Education in the Al Era

Over the past decade, China has made substantial efforts to promote the development
of the Al industry, laying a solid foundation for its growth. According to The Skills
Revolution and the Future of Learning and Earning, a 2023 research report by McKinsey
& Company, automation and Al will significantly reshape workforce competencies in the
future. This transformation is expected to occur faster and on a larger scale than previous
shifts. The McKinsey Global Institute analyzed approximately 2,000 work activities across
800 occupations in 46 countries, projecting that by 2030, the top three competencies, in
terms of anticipated demand, will be technological competencies, social and emotional
competencies, and higher-level cognitive competencies.

Based on internet recruitment information, Li and Zhang (2022) examined the
competency requirements for college students in the Al era from the perspective of the
labor market demand. Their findings showed that the labor market places significantly
more emphasis on non-cognitive competencies than cognitive ones. Additionally, industries
with low risks of Al replacement tend to prioritize cognitive competencies such as
learning, reflection, reasoning, and analysis, as well as non-cognitive competencies like
communication, collaboration, and professional ethics and spirit. Wei et al. (2021) indicated
that HEIs should cultivate students’ innovation & entrepreneurship competencies to address
emerging challenges. In Al development, it is essential to enhance industry—academia-
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research cooperation, transition toward interdisciplinary paradigms, and implement
differentiated cultivating strategies for students across various majors to achieve the
value added in college students’ innovation & entrepreneurship competencies. Liu (2020)
suggested that the repositioning of the workforce in the Al era necessitates educational
institutions to prioritize the development of students’ Al literacy, creative thinking, social
communication competencies, and adaptability to dynamic environments. There is a
consensus within the academic community that AT will replace repetitive and routine
cognitive tasks. At the same time, competencies, such as creativity and social interaction &
collaboration, remain challenging for Al to replace.

The academic community has primarily examined the sources contributing to the
value added in college students’ core competencies from multiple dimensions, including
individual characteristics, family socioeconomic status (SES), and institutional
characteristics. Among these factors, institutional characteristics play a more substantial
role in enhancing the value added in students’ competencies. Regarding the internal
characteristic factors of institutions, Lu and Hu (2015) demonstrated that teacher-student
and peer interactions significantly enhance the value added in students’ compentencies,
with teacher-student interactions exerting a more significant influence than peer
interactions. Subsequently, Lu and Liu (2017) combined the institutional impact model
with learning environment theory, finding that the classroom learning environment
contributes more to the value added in students’ compentencies than the campus
atmosphere. Furthermore, the positive effect of teacher-student relationships on the value
added in competencies is contingent upon students taking the initiative. Luo and Ma
(2013) drew similar conclusions, identifying teaching environment characteristics as a key
source influencing the improvement of students’ comprehensive competencies. Bao et al.
(2023) categorized institutional characteristics into five educational factors: institutional
endowments, curriculum delivery, extracurricular activities, teacher-student interactions,
and peer effects. They analyzed the impact of higher education on the value added in
students’ moral cognitive competencies using ordinal logistic regression and Shapley value
decomposition. Shi and Ren (2023) utilized data from the 2021 undergraduate database of
the National College Student Survey (NCSS) to compare the employability of graduates
from application-oriented and research-oriented institutions, finding that faculty teaching is
a primary factor influencing students’ employability development.

2.1.3  Cultivation of Core Competencies and Reforms in Higher Education to Adapt to the Al Era
The transformation driven by Al technology is reshaping the competency requirements in
the labor market for higher education graduates. Moreover, the rise of Al is significantly
impacting existing educational paradigms. In response to challenges posed by Al, it is
crucial to identify the core competencies that college students must possess and understand
how higher education can effectively cultivate talents aligned with the demands of the Al
era. These are urgent topics of concern.

Chinese scholars have proposed strategies for higher education in the Al era from
multiple perspectives, including talent cultivation goals, faculty teaching models, and
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student learning approaches. Xun (2023) emphasized that the value and mission of higher
education need to be reevaluated in the Al era. It is necessary for higher education to
prioritize fostering students’ Al competencies while nurturing their ability to collaborate
and coexist harmoniously with Al. Jiang (2023) further suggested that the core content
of education in the Al era encompasses cultivating Al thinking, innovation & creativity
competencies, innovative design thinking, and competencies for communication, teamwork,
problem posing, and learning with the assistance of Al. Zhu and Yang (2023) cautioned
that while embracing Al technology, it is crucial to remain vigilant about potential
educational challenges such as technological dependency, academic misconduct, and Al-
driven discrimination. Yang et al. (2018) argued that with technological transformations,
the impact of advancements on employment can be managed through enhanced education
and training, aligning labor competencies with labor demands. Zhang (2020) categorized
jobs into four zones: safe, slow-changing, dangerous, and integrated, based on the influence
of Al on employment. In the slow-changing and integrated zones, Al both replaces and
creates jobs. He proposed that higher education should develop long-term talent cultivation
strategies to maximize AI’s job-creation potential, nurturing “Al-native residents” capable
of achieving human-machine collaboration and addressing the unemployment crisis in the
Al era. The academic community has generally concurred that in the Al era, educational
goals should shift toward cultivating Al thinking, innovative design thinking, and
competencies for innovation & creativity, communication, teamwork, problem posing, and
learning assisted by Al, thereby establishing a human-machine collaborative educational
model.

Current research on the demands and influencing factors for the core competencies of
higher education graduates in the Al era is still in its early stages, yet scholars have reached
some consensus. It is widely acknowledged that Al, as a competency-based technology,
continues to advance and break new ground but still faces bottlenecks. Al cannot serve
as a substitute for jobs requiring human social collaboration, creativity, and higher-order
cognitive competencies. The most significant impact of Al on the employment of college
graduates hinges on whether they can meet the rapidly evolving competency requirements
in the labor market for higher education graduates driven by technological advancements.
Therefore, to better adapt to the Al era, higher education graduates must possess higher-
order thinking, innovation & creativity competencies, social behavioral competencies, and
socio-emotional competencies. Existing studies have focused on theoretical explorations of
the competency requirements for employment in the Al era. In this context, scholars have
proposed recommendations for how HEIs can cultivate talents with core competencies
from perspectives such as teaching modes, curriculum design, talent cultivation goals,
and educational evaluation. However, there is a lack of empirical evidence regarding the
development and sources of value added for these core competencies. Empirical studies
evaluating the effectiveness of input factors of HEIs in enhancing students’ higher-order
core competencies are particularly scarce. Given the current state of studies outlined above,
this study aimed to conduct an empirical analysis on the contribution of higher education
input factors to the value added in college students’ core competencies in the Al era,
thereby enriching the existing body of knowledge in this domain.
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2.2 Theoretical Basis

Previous studies have shown that college students’ core competencies in the Al era are
primarily Al-resistant (difficult to replace by Al and other advanced technologies). While
Al is capable of replicating various behaviors and executing tasks at extremely high speeds,
“soft competencies” that characterize an individual’s comprehensive competencies, such as
creativity, attention, inclusiveness, and self-confidence, remain challenging for Al to replicate.
Generally, it is widely accepted in the academic community that tasks replaced by computers
and robots thus far are predominantly routine tasks (both manual and cognitive). The most
Al-resistant competencies include social and emotional cognition, solving complex problems,
coordinating group activities, engaging in social interactions, creative thinking, as well as
innate human empathy and unique aesthetics (Department of Economic and Social Affairs
Economic Analysis of United Nations, 2017; McKinsey Global Institute, 2017).

By integrating and categorizing the above perspectives, the core Al-resistant competencies
of college students can be distilled into the following four dimensions: (1) problem-solving
competencies, including problem-solving skills, hands-on competencies in specialized fields,
and competencies for working independently and under pressure; (2) social interaction &
collaboration competencies, including competencies for teamwork, planning, coordination,
organization, language communication, negotiation, and decision making; (3) attitudinal &
emotional competencies, characterized by confidence, decisiveness, determination, loyalty,
integrity, responsibility, and inclusiveness; and (4) innovation & creativity competencies,
including thinking critically and innovatively.

Regarding the sources contributing to the value added in college students’ core competencies,
educational ecosystem theory posits that students are embedded within micro-, meso-, and
macro-systems, such as families, HEIs, and society. The interactions among factors and within
these systems significantly influence students’ competency development. Among them, HEIs,
as an important meso-system, play a pivotal role in enhancing students’ core competencies.
HEIs provide opportunities for acquiring academic knowledge and competencies, laying
the foundation for the value added in various competencies. Factors within HEIs, such as
teaching quality, curriculum design, faculty expertise, and institutional facilities, affect
students’ learning effectiveness and competency cultivation. Effective teaching methods,
a positive learning atmosphere, and access to rich academic resources and extracurricular
activities can stimulate students’ interest and initiative, further improving their competency
development. Drawing on the classification system of higher education input factors
proposed by Bao et al. (2023), this study categorized the sources that influence the value
added in students’ competencies within HEIs into five dimensions: institutional endowments,
curriculum delivery, extracurricular activities, faculty and teaching quality, and hardware
facilities. Specifically, institutional endowments are proxied by the type of institution,
following standard academic practices. The curriculum structure includes major courses,
general education courses, interdisciplinary courses, career development courses, innovation
& entrepreneurship courses, and other degree-required components. Extracurricular activities
are assessed by students’ involvement in leadership roles, participation in student clubs/
societies, international exchanges, and academic research experience. Faculty and teaching
quality, a key determinant of educational outcomes, are evaluated through multiple indicators.
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Given that students are the main agents in the learning process, their learning effectiveness
and value added in core competencies serve as key indicators for assessing the attainment of
teaching objectives. Therefore, this study used students’ overall evaluation scores of faculty
and teaching quality as a proxy variable. The value added in students’ core competencies also
relies on the support provided by hardware facilities such as libraries and laboratories. This
study incorporated the overall assessment of library facilities, book collections, and teaching
auxiliary resources, as well as experimental, trial, and field training conditions, into the
educational factors of HEIs. The theoretical analysis framework for this study is illustrated in

Figure 1.
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3 Study Design

3.1 Data Sources

The data used in this study were derived from a questionnaire survey on the employment
status of college graduates conducted in 2019 by a research team from the Graduate School
of Education at Peking University. This survey covered 32 HEIs across 17 provincial-level
regions, including 14 in the eastern region (Beijing, Tianjin, Shanghai, Liaoning, Hebei,
Shandong, and Zhejiang), 7 in the central region (Jilin, Henan, Hubei, and Hunan), and 8 in
the western region (Xinjiang, Gansu, Inner Mongolia, Ningxia, Shaanxi, and Sichuan). The
HEIs included in the survey consisted of six universities selected for world-class university
development under the Double First-Class Initiative (hereinafter referred to as Double First-
Class universities), four universities selected for first-class discipline development under the
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Double First-Class Initiative (hereinafter referred to as universities with Double First-Class
disciplines),' nine regular undergraduate institutions, nine higher vocational colleges, two
private colleges, and two independent colleges.

Using stratified sampling based on institutional disciplinary profiles and degree-level
distributions, we allocated 500-1,000 questionnaires per HEI (proportional to graduate
cohort sizes). Among the valid samples, 23.4% held associate degrees, 62.6% held bachelor’s
degrees, 13.0% held master’s degrees, and 1.0% held doctoral degrees. The proportions of
male and female graduates were 49.0% and 51.0%, respectively. Graduates from Double
First-Class universities accounted for 23.2%; those from universities with Double First-Class
disciplines accounted for 9.3%; those from regular undergraduate institutions accounted
for 32.3%; those from higher vocational colleges accounted for 24.3%; those from private
colleges accounted for 5.1%; and those from independent colleges accounted for 5.8%. Due
to the relatively small number of graduates holding master’s and doctoral degrees in this
survey and their concentration within a limited number of institutions, this study focused on
the analysis of groups with associate and bachelor’s degrees.

3.2 Description of Variables

This study employed a self-reported assessment approach to measure the value added in
college graduates’ core competencies during academic tenure. Specifically, the measurement
protocol targeted senior-year undergraduate and third-year associate degree students, who
rated their perceived value added in competencies on a 5-point Likert scale (with a higher
score indicating more significant value added in competencies). While self-assessment data
inherently reflect subjective evaluations, thus raising potential validity concerns, this method
remained the predominant approach for measuring non-cognitive competencies due to the
operational challenges and prohibitive costs associated with alternative objective assessments.
The reliance on self-reported measures is consistent with prevailing methodological practices
in competency-based education research. As presented in Table 1, the dependent variables in
this study were the scores measuring the value added in college students’ Al-resistant core
competencies during their academic tenure. These scores specifically encompass four key
dimensions: problem-solving competencies, social interaction & collaboration competencies,
attitudinal & emotional competencies, and innovation & creativity competencies. Each
dimension is comprised of multiple sub-competencies, as detailed in Table 1. This study
also presented the reliability and validity test results for the dimensionality of the dependent
variables. According to the reliability test results, the Cronbach’s a coefficients for the four
dimensions of competencies, namely problem solving, social interaction & collaboration,
attitudinal & emotional development, and innovation & creativity, are 0.815, 0.803, 0.833,
and 0.776, respectively, indicating a good level of reliability. The Kaiser-Meyer-Olkin (KMO)
value was 0.964, with a significance level of less than 0.05, indicating excellent validity.

" The survey was conducted in 2019, and the type of institutions was based on the list of the first round of 42 first-class
universities and 97 first-class disciplines under the Double First-Class Initiative, released by the Ministry of Education of the
People’s Republic of China in 2017. In 2022, the second round of the Double First-Class construction list was announced.
The list no longer distinguished between first-class universities and first-class disciplines but collectively referred to them
as Double First-Class construction universities. A total of 147 universities were selected, and the dynamic adjustment
mechanism was emphasized.
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Table 1 Variables in the Study and Their Operational Definitions

Variable Type Description
Dependent Problem-solving competencies Measured by four items, namely “problem-
variables solving skills,” “hands-on skills in

2

specialized fields,” “competency for
working independently,” and “competency
for working under pressure.” The answers
range from 1 to 5, with a higher score
indicating more significant value added in
competencies.

Social interaction & collaboration Measured by four items, namely
competencies “competency for teamwork,” “competency
for planning, coordination, and organization,”
“competency for language communication,”

and “competency for negotiation and
decision making.” The answers range from
1 to 5, with a higher score indicating more
significant value added in competencies.

Attitudinal & emotional competencies | Measured by four items, namely “confidence,
decisiveness, and determination,” “loyalty
and integrity,” “responsibility,” and
“inclusiveness.” The answers range from

1 to 5, with a higher score indicating more
significant value added in competencies.

Innovation & creativity competencies | Measured by two items, “competency for
innovation” and “competency for critical
thinking.” The answers range from 1 to
5, with a higher score indicating more
significant value added in competencies.

Core Institutional Academic Double First-Class universities = 6,
independent | endowments selectivity universities with Double First-Class
variables: of HEls disciplines = 5, regular undergraduate
inputs in institutions = 4 (control group), higher
higher vocational colleges = 3, private colleges = 2,
education and independent colleges = 1

General education Overall evaluation on general education

courses courses (1 = very poor, 5 = very good)
Curriculum Major courses Overall evaluation on discipline core courses
delivery (1 = very poor, 5 = very good);

overall evaluation on professional
competency courses (1 = very poor, 5 =

very good)

Interdisciplinary Overall evaluation on interdisciplinary courses
courses (1 = very poor, 5 = very good)

Innovation & Overall evaluation on innovation &
entrepreneurship entrepreneurship courses or lectures (1 =
courses no help, 5 = very helpful)

Career Overall evaluation on career development
development courses or lectures (1 = no help, 5 = very
courses helpful)

(To be continued)
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(Continued)
Variable Type Description
Core Extracurricular | Student leadership | Dummy variable, whether in a student
independent activities leadership role (1 = yes, 0 = no)
variables:
in_puts in Participation in Dummy variable, whether a club/society
higher student-led clubs/ member (1 = yes, 0 = no)
education societies
International Dummy variable, whether with experience of
exchanges international exchanges (1 = yes, 0 = no)
Academic research | Overall evaluation of opportunities for
experience participating in academic research projects
(1 = very poor, 5 = very good)
Faculty and Teacher-student Overall evaluation of the quality of teaching
teaching interactions by the faculty as a whole (1 = very poor, 5
quality = very good)
Hardware Book collections Overall evaluation of the facilities and book
facilities collections of libraries (1 = very poor, 5 =
very good)
Teaching facilities Evaluation of teaching auxiliary facilities
and experimental, trial, and field training
conditions (1 = very poor, 5 = very good)
Control Basic Gender A dummy variable (male = 1, female = 0)
variables characteristics
of individuals | Political status Dummy variable, whether a CPC member
(yes=1,n0=0)
Place of origin Dummy variable (urban = 1, rural = 0)
Discipline Dummy variable (disciplines of humanities
& social sciences = 1, disciplines other than
humanities & social sciences = 0);
disciplines of humanities & social sciences
include arts, literature, history, philosophy,
economics, management, law, and
education; disciplines other than humanities
& social sciences include science,
engineering, agronomy, medicine, and
military sciences.
Family SES Household income | Categorical variable (low income = 1
[reference groupl), medium income = 2,
high income = 3)
Father’s occupation | Dummy variable (technical or management
positions = 1, non-technical or management
positions = 0)
Mother’s education | The number of years of schooling for the
student’s mother
Social Social engagement | Duration of off-campus internships per month

environment

(hours)
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Drawing on the classification system of higher education input factors proposed by
Bao et al. (2023), this study empirically explored the contribution of diverse educational
input factors in HEIs to the value added in college students’ core competencies, thereby
providing countermeasures and recommendations for higher education reforms in the Al
era. This study categorized the sources of HEIs to influence the value added in college
students’ core competencies into five categories: institutional endowments, curriculum
delivery, extracurricular activities, faculty and teaching quality, and hardware facilities.
The details of each category of proxy variable are presented in Table 1. Additionally, the
value added in college students’ core competencies is closely related to various factors,
including basic characteristics of individuals, family SES, and social environment. These
factors were considered control variables in this study to more comprehensively assess the
contribution of higher education input factors to the value added in college students’ core
competencies. Regarding the operational definition of the social environment, since off-
campus internships during college constitute an essential component of practical education
and serve as a crucial pathway for students to engage with society, the average monthly
hours spent on off-campus internships were utilized as the specific operational variable to

represent the external social environment.

3.3 Empirical Models
Considering the significant disparities in student sources, resources, platforms, training
programs, and goals among different types of institutions, as well as the variations in
the initial competency levels of students and their expectations for the value added in
competencies, among other subjective and objective factors, this study classified institutions
into four subsamples: Double First-Class universities, universities with Double First-Class
disciplines, regular undergraduate institutions, and higher vocational colleges. A multiple
linear regression model was utilized to analyze and compare the factors affecting the value
added in problem-solving competencies, social interaction & collaboration competencies,
attitudinal & emotional competencies, and innovation & creativity competencies, categorized
by institutional type. The specific model is as follows:

Lnd)=a + XX +e. (1)

In Equation 1, 4 represented the score of value added in college students’ core
competencies, X; was the explanatory variable that influences the value added in college
students’ core competencies, including the five educational factors in HEIs, social
environment, basic characteristics of individuals, and family SES variables (see Table 1), j;
represented the coefficient of influence of each explanatory variable on the value added in
college students’ core competencies, and ¢ was a random disturbance term.

Coefficients in the traditional regression analysis indicate the extent and direction of
influence that a single variable exerts on the value added in competencies. As the measurement
units vary among various variables, it becomes challenging to objectively compare the
contribution magnitudes of different variables to the value added in competencies. Therefore,

this study extended traditional regression analysis techniques by incorporating the Shapley
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value method based on R’ to clarify the effects and contribution ratios of three-level factors—
namely, family (including endowment characteristics of students), society, and institutions—
on the value added in college student’s core competencies. The fundamental concept of this
method is to distribute a whole income to each participant according to the extent of each
participant’s contribution to the whole, to balance fairness and efficiency well. Expanding
on the topic of this study, this method allocated the value-added changes of students’ core
competencies across contributing factors. By quantifying the proportional impact of each
factor, the analysis facilitated informed and targeted resource allocation within higher
education systems. This method directly addressed the goal of cultivating students’ core
competencies, which can significantly improve the quality and efficiency of higher education,
enabling it to respond to the opportunities and challenges posed by Al more effectively. The
specific model is as follows:
Y=o+ B, Ind;+ B, Soc; + By Sch, + B, Cur; + ps Exp; + B Tea; + f; Sou; + &,. (2)
In Equation 2, ¥, represented the value-added score of college students’ core competencies,
with the subscript i representing the ith individual. /nd represented the endowment
characteristics of students, including the basic characteristics of individuals and family SES.
Soc represented the social environment, and f, and f, represented the contribution vectors
of basic characteristics of individuals and social environment factors to the level of value
added in college students’ core competencies. /ns represented institutional endowments, Cur
represented curriculum delivery, Exp represented extracurricular activities, Tea represented
faculty and teaching quality, and Sou represented hardware facilities. The above five factors
together constituted the five dimensions of the influence of HEIs. S5, f., fBs, B, and f3;
represented the contribution vectors of the above five factors to the level of value added in

college students’ core competencies, and ¢ denoted a random disturbance term.

4 Findings
4.1 Current Situation and Trend of the Value Added in College Students’ Core
Competencies

According to the survey data, regarding the value added in college students’ core competencies,
the highest scores were achieved in attitudinal & emotional competencies such as confidence,
loyalty, integrity, and responsibility. Social interaction & collaboration and problem-solving
competencies followed closely. In contrast, the lowest scores were observed in innovation
& creativity competencies. From the perspective of different types of institutions, students
from regular undergraduate institutions with moderate advantages generally exhibited the
lowest level of value added across various core competencies. Students from Double First-
Class universities outperformed their peers from other institutions regarding the value
added in problem-solving, social interaction & collaboration, and attitudinal & emotional
competencies. However, this group of students fell behind those from higher vocational
colleges and private colleges in cultivating innovation & creativity competencies.

As shown in Figure 2, while the value-added scores of innovation & creativity

competencies were relatively low, they demonstrated a pronounced upward trajectory from
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2015 to 2019. The value added in competencies for problem solving and social interaction
& collaboration also increased, albeit at a more moderate pace. Meanwhile, the value-
added scores of attitudinal & emotional competencies declined between 2013 and 2017
but subsequently rebounded to their previous high levels by 2019. A cross-institutional
comparison highlighted variations in the trends of value added in core competencies among
students from different types of institutions. Students from institutions under the Double First-
Class Initiative demonstrated substantial improvements in the value added in competencies
for problem solving and attitudinal & emotional development, followed by moderate
advancements in the value added in competencies for innovation & creativity and social
interaction & collaboration. In contrast, students from regular undergraduate institutions
exhibited the slowest growth across all core competencies, with particularly stagnant progress
in innovation & creativity and attitudinal & emotional competencies. Meanwhile, students
from vocational and private colleges showed an upward trend in problem solving, social
reactions & collaborations, and innovation & creativity. However, the improvement in
innovation & creativity was relatively modest compared to other competencies.

4.2 Factors Influencing the Value Added in College Students’ Core Competencies
Regarding the factors influencing the value added in college students’ core competencies,
there were significant variations in the sources of influence across different types of
institutions. As shown in Table 2, for Double First-Class universities, the primary contributors
to the value added in students’ problem-solving competencies were the major courses, faculty
and teaching quality, and academic research experience. Innovation & entrepreneurship
courses and academic research experience contributed to improving social interaction &
collaboration competencies, while major courses most influenced attitudinal & emotional
competencies. Innovation & creativity competencies were primarily enhanced by students’
academic research experience, major courses, and entrepreneurship courses. For universities
with Double First-Class disciplines, major courses played the most significant role in the
value added in problem-solving and attitudinal & emotional competencies. In contrast,
interdisciplinary courses exerted the most decisive influence on students’ competencies for
social interaction & collaboration and innovation & creativity. For regular undergraduate
institutions, major and interdisciplinary courses were highly effective in strengthening
students’ problem-solving competencies. Student leadership experiences and faculty and
teaching quality significantly impacted social interaction & collaboration competencies, while
attitudinal & emotional competencies were primarily influenced by faculty and teaching
quality. Interdisciplinary courses were the most crucial factor in fostering innovation &
creativity competencies. For higher vocational colleges, major courses and faculty and
teaching quality were most effective in enhancing students’ competencies for problem
solving, social interaction & collaboration, and attitudinal & emotional development. Major
courses, interdisciplinary courses, and faculty and teaching quality contributed the most to
enhancing students’ innovation & creativity competencies, with interdisciplinary courses
playing a crucial role in developing higher-order competencies for innovation & creativity.
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4.3 Main Sources of Contribution to the Value Added in College Students’ Core
Competencies
As shown in Table 3, the contribution rates of influencing factors for the value added in core
competencies required in the Al era exhibited distinct patterns of change. Overall, HEIs and
endowment characteristics were the primary sources of contribution to the value added in
students’ core competencies. Notably, the influence of HEIs consistently played a dominant
role in contributing to the value added in core competencies, with an overall contribution rate
exceeding 80%. This indicated that HEIs remained the cornerstone for cultivating the Al-
resistant core competencies of college students. When examined by institution type, Double
First-Class universities contributed significantly less than other types of institutions to the
three categories of irreplaceable core competencies: problem solving, social interactions &
collaborations, and innovation & creativity. Regarding innovation & creativity competencies,
which were most urgently needed in the Al era, the Double First-Class universities
demonstrated a lesser contribution compared to higher vocational colleges and other
institutions with lower academic selectivity. This disparity can be attributed to the differing
talent cultivation models across institution types. According to the Teaching Standards of
Major Courses for Higher Vocational Colleges issued by the Ministry of Education of the
People’s Republic of China, the practical teaching hours of higher vocational colleges should,
in principle, account for no less than 50% of the total teaching hours, with the cumulative
duration of the in-post internship generally six months. Compared with the institutions under
the Double First-Class Initiative, higher vocational colleges place a stronger emphasis on
practical teaching and school-enterprise collaboration, which are widely regarded in the
academic community as essential strategies for cultivating innovative talent in today’s era.
From the perspective of internal institutional factors, curriculum delivery remained the most
significant contributor to the value added in college students’ core competencies. Additionally,
faculty and teaching quality and extracurricular activities played a significant role in nurturing
these competencies. Their contribution rates were among the highest across all educational
factors. Specifically, extracurricular activities had a more pronounced impact on the value
added in core competencies among students from the institutions under the Double First-Class
Initiative. At the same time, faculty and teaching quality exerted more significant influence at
regular undergraduate institutions and higher vocational colleges.

4.4 Decomposition of the Value-Added Contribution of Curriculum Delivery to College
Students’ Core Competencies
Considering that curriculum delivery was the most significant contributor to the value added
in college students’ various core competencies, this study further decomposed the contribution
levels of different types of courses within the curriculum delivery framework. This analysis
addressed two key questions: Which courses contribute more significantly to the value added
in college students’ core competencies, and whether there are variations in contribution levels
across different types of institutions. As shown in Figure 3, the value-added contribution of
curriculum delivery to students’ core competencies was normalized to 100% in this study.
For problem-solving and social interaction & collaboration competencies, interdisciplinary
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and major courses exhibited the highest contribution rates. Regarding attitudinal & emotional
competencies, major courses functioned as the primary vehicle for curriculum delivery.
Regarding innovation & creativity competencies, interdisciplinary courses demonstrated the
highest contribution rate. A key finding from the comparison across institution types revealed
that interdisciplinary and general education courses significantly enhanced the value added
in innovation & creativity competencies among students from the institutions under the
Double First-Class Initiative. These course types surpassed all others in contribution rate,
with their cumulative contribution rate notably exceeding that of other institution types. This
finding aligned with experiences in the United States, where the success of cultivating top-
tier innovative talents in U.S. research-oriented universities is partly attributed to integrating
interdisciplinary courses and a strong emphasis on general education. Similarly, fostering
top-tier innovative talents in China requires building upon a complex and diverse knowledge
network and promoting broader creative thinking among students through multidisciplinary
teaching approaches (Wang & Quan, 2014).

5 Conclusion
First, regarding the value added in core competencies, college students showed the highest
level of development in attitudinal & emotional competencies, such as confidence, loyalty,
and responsibility. This was followed by competencies for social interactions & collaboration
and problem solving, while the value added in innovation & creativity competencies got
the lowest score. Additionally, significant disparities were shown in the value added in core
competencies among students from different types of institutions in China. Specifically,
students from regular undergraduate institutions, with moderate academic selectivity,
exhibited the lowest levels of value added across all core competencies. Regarding the
trends in the value added in core competencies, college students exhibited an upward
trajectory across three categories of core competencies: problem solving, social interaction
& collaboration, and innovation & creativity. However, the growth patterns differed among
these categories. Problem-solving and social interaction & collaboration competencies
demonstrated more pronounced growth, while innovation & creativity competencies
progressed slower. Notably, attitudinal & emotional competencies, encompassing qualities
such as confidence, loyalty, integrity, responsibility, and inclusiveness, maintained a relatively
high level of development but experienced a significant decline between 2013 and 2017. A
comparison across institution types revealed that students from institutions under the Double
First-Class Initiative showed more noticeable value added in problem-solving and attitudinal
& emotional competencies. In contrast, their innovation & creativity and social interaction &
collaboration competencies grew moderately. Students from regular undergraduate institutions
started with the lowest baseline levels in nearly all core competencies and displayed the
slowest growth rates. In contrast, students from vocational and private colleges demonstrated
a more balanced state of development in terms of both baseline levels and growth rates of the
value added in core competencies compared to other types of institutions.

Second, regarding the factors influencing the value added in core competencies and their
contribution rates, there were notable disparities in the sources of influence across various
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types of institutions. For the Double First-Class universities, major courses, faculty and
teaching quality, and academic research experience were the most significant contributors to
the value added in college students’ core competencies; for institutions with Double First-
Class disciplines, major and interdisciplinary courses exerted the most significant influence.
Major courses, interdisciplinary courses, and faculty and teaching quality played the most
critical roles for regular undergraduate institutions and higher vocational colleges. HEIs
continued to serve as the primary platform for cultivating students’ core competencies.
Overall, the contribution rate of HEIs to the value added remained above 80%. However,
the degree of contribution varied across different types of institutions. Institutional factors
contributed less to the value added in core competencies in institutions under the Double First-
Class Initiative and other institutions with stronger academic selectivity. In comparison, they
played a more significant role in institutions with lower academic selectivity, such as higher
vocational colleges. This trend was particularly pronounced in the value added in innovation
& creativity competencies. From an internal institutional perspective, curriculum delivery
was the most important practical factor for HEIs in fostering students’ core competencies,
contributing over 30%. Within the scope of curriculum delivery, interdisciplinary and
major courses demonstrated the highest contribution rates for problem-solving and social
interaction & collaboration competencies. For attitudinal & emotional competencies, major
courses served as the primary vehicle. Regarding innovation & creativity competencies,
interdisciplinary courses exhibited the most significant contribution. Interdisciplinary and
major courses were relatively practical educational approaches for cultivating students’ Al-
resistant core competencies.

Based on the aforementioned findings, this study proposes reforms in three key areas:
classified management, curriculum design, and faculty and teaching within HEIs. These
reforms aim to ensure that students develop higher-order thinking skills and competencies
necessary for adapting to emerging technologies, enabling them to address ongoing changes
effectively. Regarding institutional management, the government should grant greater
autonomy to HEIs, promote a system of classified management and evaluation, and facilitate
the transformation of development models to encourage HEIs’ competition and growth
across diverse fields. In curriculum design, HEIs should dismantle the barriers of traditional
disciplinary teaching and strive to develop interdisciplinary and transdisciplinary courses.
This approach will foster innovation through the integration of multiple disciplines across
curricula. Regarding faculty and teaching, HEIs should guide educators in recognizing
their evolving roles within the Al era, reinforcing their pedagogical functions, and actively
acquiring and applying Al technologies. Under a “teacher—-machine—student” collaborative
teaching framework, educators are expected to excel in designing meaningful and practical
educational activities that enhance students’ creativity and awareness and ability to utilize
tools effectively.
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