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Abstract

[Objective/Significance] This study aims to provide a reference for peers under-
taking similar initiatives by sharing the development process of a data literacy
general education course at Wuhan University. [Method/Process] Through case
analysis, statistical methods, and data mining visualization techniques, this
paper analyzes the teaching objectives, content, distinctive features, and effec-
tiveness of the “Data Literacy and Data Utilization” course within the “Wuhan
University General Education 3.0” framework, thereby exploring the rationality
of its curriculum system. [Results/Conclusion] The design of teaching methods
and practical activities both inside and outside the classroom effectively stimu-
lates student motivation and improves learning outcomes; course assessment re-
sults, pre- and post-course questionnaires, and post-class feedback demonstrate
that the course significantly enhances students’ data literacy.
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Abstract: [Purpose/Significance] This paper aims to share the construction
process of Wuhan University’s data literacy general education course to provide
reference for peers undertaking similar initiatives. [Method/Process] Through
case analysis, statistical analysis, and data mining visualization methods, this
study examines the teaching objectives, content, characteristics, and effective-
ness of the “Data Literacy and Data Utilization” course under the “Wuhan
General Education 3.0” framework, exploring the rationality of the curriculum
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system. [Result/Conclusion] The instructional methods and practical compo-
nents effectively stimulate student engagement and improve learning outcomes.
Course assessments, pre- and post-course questionnaires, and student feedback
demonstrate significant enhancement of students’ data literacy.

Keywords: data literacy; general education course; undergraduate; curriculum
construction; Wuhan University

Preamble

In the era of big data, data profoundly impacts daily life, scientific research, and
social development. In everyday life, people are both data users and intentional
or unintentional data producers, making data literacy a crucial skill affecting the
pace and quality of life. In scientific research, data serves as both the cornerstone
and source of scientific discoveries and as the touchstone for verifying research
value [?]. In terms of social demand, data analysis and application capabilities
have become driving forces across all fields. Employers now need not only data
analysts but also professionals with data literacy in various domains [?], making
data literacy a key competency for college graduates’ employment [?]. Against
this backdrop, strengthening data literacy education for college students has
become an industry consensus.

To deepen educational reform, Wuhan University launched the “Wuhan Gen-
eral Education 3.0” initiative in 2017 [?], restructuring its general education
curriculum system and requiring all general education courses (except public
foundation courses) to reapply for inclusion in the training program. The library
applied for a brand-new course—“Data Literacy and Data Utilization”—which
was approved and designated as an innovation and entrepreneurship course.
Based on two semesters of implementation during the 2019-2020 academic year,
this paper introduces the course’s teaching objectives, content, characteristics,
and effectiveness, aiming to provide a reference case for data literacy general
education in Chinese university libraries.

1. Domestic and International Research and Practice Progress

1.1 International Overview Since 2006, national-level funding agencies in
the United States and United Kingdom have successively sponsored numerous
data literacy education research projects [?], targeting different groups including
secondary school students, undergraduates, graduate students, and researchers.
These projects conducted needs assessments, identified core competencies, de-
signed curriculum systems, and carried out teaching explorations, accumulating
rich theoretical achievements and best practices [?]. Subsequently, data liter-
acy education rapidly proliferated, with university libraries becoming the pri-
mary implementing body. Various forms were adopted, including credit-bearing
courses, embedded instruction, online education, training workshops, and sem-
inars, targeting specific disciplines [?] and/or specific audiences [?]. Although
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syllabi and content systems varied, they generally revolved around the research
data lifecycle, covering multiple or all of the following knowledge and skills:
data management fundamentals, data management policies and planning, data
types and formats, data naming and file organization, data description and
metadata, data quality control, data preservation, security and backup, data
selection and evaluation, data analysis techniques and tools, data sharing and
long-term preservation, data discovery and retrieval, data citation, and data
ethics and legal issues [?].

There are few specialized courses for undergraduates abroad, most adopting an
embedded teaching approach to enhance undergraduate data utilization capabil-
ities. For example, Purdue University Library embedded data literacy instruc-
tion into two required STEM undergraduate courses, teaching partial courses
or assigning coursework to develop students’ abilities to discover, evaluate, and
acquire data [?]. UCLA integrated data literacy content into sociology infor-
mation literacy courses, using two sessions to develop students’ abilities to read
and evaluate data tables, properly cite them, use tools to create tables, and
understand charts in context [?].

1.2 Domestic Progress Domestic research can be divided into three cate-
gories: (1) Comprehensive investigations of data literacy education practices
in the United States, United Kingdom, Canada, and other countries, examin-
ing teaching objects, objectives, forms, content, and evaluation [?, ?], or case
studies summarizing theoretical foundations and practical experiences [?]. (2)
Theoretical discussions and strategic research on data literacy education, in-
volving goal positioning and system construction [?], educational models [?],
content frameworks and curriculum systems [?], and implementation strategies
[?]. (3) Investigations of domestic data literacy education practices. Zhang
Xinhong [?] surveyed and compared 14 domestic and foreign universities, con-
cluding that foreign countries have established complete data literacy education
systems while domestic efforts mostly rely on information literacy education.
Song Jiali et al. [?] surveyed 42 “Double First-Class” universities, finding that
while various teaching and training forms were offered covering scientific data
fundamentals, database usage, data processing, analysis, and application, none
addressed the entire data lifecycle process, and no university offered specialized
scientific data literacy courses.

In summary, data literacy education is already well-established abroad with
diverse teaching systems for different levels and disciplines. Domestically, efforts
remain largely at the theoretical discussion stage with few reported practical
cases. Therefore, this paper aims to timely summarize the construction of the
“Data Literacy and Data Utilization” course to provide a reference case for data
literacy general education in Chinese university libraries.
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2. Course Objectives and Content System Construction

2.1 Teaching Objectives Teaching objectives and content should fully con-
sider the actual needs of enrolled students while maintaining forward-looking
vision. To understand these needs, the course conducted a real-name ques-
tionnaire survey before class, designing over 20 questions from perspectives of
data awareness, knowledge, ability, and ethics. The survey found that most un-
dergraduates had data utilization experience across various scenarios including
coursework, student activities, daily life, research projects, thesis writing, com-
petitions, and social practice (see Figure 1). Their primary concern was how to
acquire and utilize data, necessitating a focus on developing data discovery, col-
lection, processing, and analysis capabilities. Meanwhile, undergraduates are
also data producers, especially at research universities where most graduates
pursue further study or overseas education [?] and will engage in scientific re-
search to varying degrees. Therefore, while enhancing individual foundational
data literacy, research-based data literacy education is also necessary [?]. In
fact, the pre-course questionnaire also indicated that students generally lacked
data application skills and related knowledge, such as using tools for heteroge-
neous dataset processing, understanding disciplinary dataset description meth-
ods, judging and cleaning data, and synchronously recording data background
information.

Based on this analysis, the course objectives are positioned to help students
spontaneously establish data value awareness, master approaches and methods
for acquiring, analyzing, evaluating, managing, and utilizing data, develop their
ability to address data issues in learning and practical activities, and lay foun-
dations for research innovation.

2.2 Teaching Content and Schedule According to the teaching objectives,
the course is structured from a data user’s perspective around the data lifecy-
cle, divided into four stages: (1) Data acquisition: involving primary and/or
secondary data, including library collection data, government data, research
data, and other internet data; (2) Data processing: including data evaluation
and data cleaning; (3) Data analysis: including method selection and result
presentation; (4) Data publication: including formal and informal release meth-
ods. The first three stages may be repeated as needed until satisfactory results
are obtained before entering the data publication stage. Additionally, process
management is required throughout the entire data lifecycle, including data
file naming, format selection, storage and backup, real-time recording of back-
ground information or metadata description, and full-cycle quality control (see
Figure 2).

Based on this lifecycle and referencing the core data literacy competencies and
related skills developed by the U.S. Data Information Literacy (DIL) project [?],
the course developed an 11-week, 32-credit-hour teaching schedule (see Table 1).
The data fundamentals section occupies 5 credit hours, with student learning
exchanges and seminars accounting for 3 credit hours. These two components
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are delivered across three sessions, while remaining content follows the four
stages across eight teaching sessions.

3. Teaching Implementation and Characteristics

The course first opened in September 2019 and has completed two semesters,
enrolling 96 students total. Student grade and discipline distributions are shown
in Figure 3. 97% were first- through third-year students, with sophomores com-
prising the largest group (37%). Discipline distribution favored social sciences
(45%), with engineering, information science, natural sciences, and humanities
having similar proportions. The medical school had fewer enrollees due to cam-
pus distance. Overall, the grade and discipline distribution reflects the charac-
teristics of a general education course.

The first semester used face-to-face instruction, while the second semester
shifted to online video instruction due to COVID-19. Although delivery
methods differed, the teaching philosophy and content remained consistent.
After two semesters, the course demonstrates several distinctive features:

3.1 Rich Teaching Resources with Diverse Reference Materials Due
to the lack of specialized textbooks, the course provides 7 reference books from
the library collection covering foundational data literacy, research data manage-
ment, and introductory statistics, data analysis, and data science. As shown
in Table 1, each chapter includes supplementary learning materials including
courseware, policy documents, standards, relevant websites, academic papers,
and special reports, with key content designated as required reading. Addition-
ally, eight practical micro-videos were produced for after-class self-study, such
as data cleaning demonstrations, SPSS operation tutorials, and creating word
clouds with Tableau.

3.2 Integration of Theory and Practice in Classroom Teaching In
terms of time allocation, the “teaching knowledge points” in Table 1 constitute
the lecture content, with teaching videos totaling 802 minutes (approximately
18 credit hours, 56% of the total). These systematically introduce relevant
knowledge while combining cases to explain typical methods and tools, laying
foundations for future self-directed learning. The remaining 44% of class time
is dedicated to in-class reading, exercises, and discussion (see “In-class exer-
cises/discussion assessment knowledge points” in Table 1). In-class exercises
aim to consolidate learning and enhance practical skills, divided into test ques-
tions and practical tasks. Test questions check knowledge mastery through
multiple-choice and short-answer formats, while practical tasks guide hands-on
computer operations to complete specific assignments. Class discussions stim-
ulate interest through personal experience sharing to identify problems and
exchange experiences.

Attendance, class interaction, and assignments primarily measure student en-
gagement and learning attitudes, with assignment quality serving as teaching
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reference only. The mid-term disciplinary data resource report guides students
to collect professional resources using data discovery and collection methods,
building resource foundations for future specialized study. The final data re-
search report and peer evaluation comprehensively assess students’ integrated
data utilization, teamwork, and presentation skills. Additionally, the course in-
troduces the “Sharing Cup” College Students’ Scientific Data Resources Sharing
Service Innovation Competition [?] and the “Huiyuan Sharing” University Open
Data Innovation Research Competition [?], encouraging students to participate
based on course learning or competition topics to enhance data understanding
and application through practice.

3.3 Comprehensive Use of Teaching Assistance Tools The first semester
used face-to-face instruction, utilizing the university’s online teaching platform
(Luojia Online for computers, Xuexitong for mobile) to share resources and
organize interactions (roll call, tests, assignment submission, discussions, sur-
veys), supplemented by a course QQ group for information dissemination and
communication. The second semester used online teaching with recorded videos
uploaded to the platform for pre-class self-study and review, plus weekly sched-
uled QQ live sessions for assignment explanations and key point discussions.
Based on both semesters’ experiences, using the teaching platform for face-to-
face instruction enables easy transition to MOOC format by simply recording
videos. Moreover, the platform accurately records student learning for teaching
optimization. During online teaching, video access reached 10,655 total views,
with students repeatedly watching videos (up to 6 times maximum), helping
instructors identify interest points and difficulties.

3.4 Emphasis on Process Management and Comprehensive Applica-
tion Ability The course uses comprehensive assessment: attendance (5%-
10%), class interaction and assignments (25%-30%), mid-term disciplinary data
resource report (10%-20%), and final data research report (50%), with the first
three items adjusted slightly by delivery format. Attendance, interaction, and
assignments measure participation and attitudes. The group-based final re-
port, while considering individual contributions, makes it difficult to differen-
tiate scores significantly. This may cause discrepancies between final grades
and regular performance, and primarily assesses data literacy at course comple-
tion rather than learning progress. Future improvements should refine group
assessment with individual and group indicators, the former evaluated by group
leaders [?] and the latter through peer and instructor evaluation [?], while incor-
porating pre- and post-course survey results to comprehensively assess literacy
improvement.

4. Teaching Effectiveness

4.1 Analysis of Learning Outcomes To fully understand knowledge mas-
tery, we analyzed final group data research reports from the second semester
(see Table 2). Regarding data sources, each group used an average of 3 different
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sources across 1.9 resource types, primarily library databases, government open
data, and internet resources, indicating students mastered various data sources.
For data cleaning and analysis, all groups used Excel, no longer viewing it as
simple spreadsheet software but as a common and comprehensive data clean-
ing and analysis tool. Most groups also used multiple cleaning/analysis tools
including OpenRefine, SPSS, and Python, demonstrating students’ ability to
understand and master professional analysis tools under instructor guidance.

Overall, students could select topics based on their majors or interests, collect
data from various sources, choose appropriate cleaning and analysis tools, collab-
orate to complete data research reports, present findings, and provide objective,
insightful peer evaluations, achieving excellent exchange and learning outcomes.

4.2 Student Feedback Analysis Post-course data literacy questionnaires
were administered. Overall, all observation indicators improved significantly
across both classes, with “disagree” responses dropping from 18% to 2% and
“agree” responses rising from 45% to 82%. Improvement varied by indicator,
with the fastest gains in: understanding data and lifecycle knowledge, using
tools for heterogeneous dataset processing, understanding disciplinary dataset
description methods, judging data quality by source, mastering data analysis
and visualization tools, understanding disciplinary data sources, synchronously
recording background information on data acquisition/processing, mastering ba-
sic statistical methods, reasonably interpreting analysis results, saving data files
from different stages for traceability, and other areas with improvement exceed-
ing 40%—most of which were knowledge and skills students initially lacked.

Additionally, we collected 43 final reflections written by students (individual
or group) from both semesters and conducted word frequency analysis using
Python. Figure 4 shows the word cloud after filtering course-related terms like
“data,” “data literacy,” “data utilization,” and “course” with a frequency thresh-
old of 3. High-frequency terms included “data analysis,” “analysis,” “knowledge
points,” “professional knowledge,” “database,” “data processing,” “cleaning,”
“excel,” “importance,” “tools,” and “software,” indicating students gained signif-
icantly in data awareness, data sources, processing, and analysis tools—aligning
with positive changes in indicators like “ability to identify and express data
needs,” “understanding disciplinary data sources,” “ability to verify data in-
tegrity /consistency and clean data,” and “mastering at least one data analysis
and visualization tool.”

5. Summary and Reflection
The “Data Literacy and Data Practice” general education course achieved pos-

itive results in its first year but faces issues requiring continuous improvement.

5.1 Teaching Content: Balancing Methods and Skills Education As
noted, enrolled students span all grades and almost all faculties. Disciplinary
and grade-level differences create varying learning starting points that directly
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affect outcomes, particularly in data processing and analysis. Instructors focus
on cultivating data thinking, systematically introducing basic principles, general
methods, and implementation tools with case explanations. However, limited
class time prevents in-depth tool instruction. Feedback indicates some students
found it “difficult to follow” and “unfriendly to those with weak computer back-
grounds,” requesting “more accessible content” and “detailed software instruc-
tion,” while others suggested “increasing content depth.” This conflict requires
ongoing exploration of solutions, potentially through tiered instruction by grade
[?] or major background for certain content in small classes or groups.

5.2 Teaching Methods: Organic Integration of Face-to-Face and On-
line Instruction COVID-19 enabled the course to trial both face-to-face and
online methods within one year. Pre- and post-course surveys showed simi-
lar learning effectiveness. Face-to-face instruction excelled in progress control,
hands-on guidance, and group interaction, while online teaching offered richer
content, repeatable videos, and observable learning processes beneficial for per-
sonalized learning. Future iterations should combine both strengths through
MOOC-based flipped classrooms [?]. Fundamentals, data acquisition, and publi-
cation could use MOOC-based instruction, freeing instructors to focus on assign-
ment grading and Q& A, while data processing and analysis could adopt flipped
classroom formats with theory and methods learned pre-class and hands-on case
work led by instructors in class, supplemented by case videos for repeated study.

5.3 Assessment Method: Combining Individual and Group Evalua-
tion Although the course uses comprehensive assessment, university regula-
tions require final grades to account for at least 50% of the total. The group-
based final report, while considering individual contributions, makes it difficult
to differentiate scores significantly, potentially causing discrepancies between
final grades and regular performance. Moreover, this method primarily assesses
literacy at course completion rather than learning gains. Future improvements
should refine group assessment with individual indicators (evaluated by group
leaders [?]) and group indicators (through peer and instructor evaluation [?]),
while incorporating pre- and post-course survey results to comprehensively as-
sess literacy improvement.

5.4 Learning Outcomes: Constructing Interdisciplinary Mixed-Group
Learning Models Although overall effectiveness is positive, disciplinary dif-
ferences among students create varying starting points, cognition, and final
outcomes. Surveys show natural science students had the weakest data literacy
foundation, followed by engineering and medical students, with humanities and
social science students having the strongest foundation. After the course, liter-
acy levels converged across disciplines, with natural science students achieving
the highest level and over 50% improvement in 14 indicators, particularly in data
management fundamentals and cleaning/analysis abilities. While surveys reflect
self-assessment, group reports demonstrate practical application ability. Table 2
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shows humanities and social science students used fewer data sources and tools
than STEM students, while multidisciplinary teams generally scored higher.
Therefore, against the national backdrop of accelerating interdisciplinary talent
cultivation [?], the course should leverage its general education characteristic of
student disciplinary diversity to consciously guide early formation of interdisci-
plinary learning teams, promoting vision broadening and learning through dis-
ciplinary integration and knowledge sharing, while cultivating interdisciplinary
thinking alongside data literacy.
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