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Abstract: Data visualization in campus portals is essential for simplifying complex data into clear and meaningful insights. This
powerful tool allows complex data to be transformed into visually compelling representations, thereby facilitating better decision-making
and increased user engagement. This study employs the Context-Content-Process (CCP) framework in analyzing twenty journal
articles to investigate the impact and potential of data visualization. It particularly focuses on how data visualization enhances user
engagement, clarifies information, and supports decision-making processes in administrative and pedagogical contexts. The findings
of this study show the need for a comprehensive evaluation of data visualization technologies and data analysis methods to further
improve human-computer interfaces. This involves a systematic approach to data management, starting from data collection and storage
to processing and transformation of data into compelling visual narratives within campus portals. These visual narratives can help users
more effectively interpret and utilize the data presented. The insights gained and areas identified for improvement provide valuable
guidance for future research endeavors. These efforts aim to enhance data visualization techniques to foster positive educational
outcomes. By leveraging the knowledge gained from this study, researchers and practitioners can work collaboratively to refine data
visualization practices. This collaboration will empower educational institutions to make data-driven insights more accessible and
understandable. Consequently, these improvements can lead to more informed decision-making and heightened user engagement within
educational settings.
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1. INTRODUCTION
Efficient communication through visually appealing data

representation has become crucial across various sectors in
today’s information-driven world. Data visualization entails
the representation of data associated with functionality,
titles, colors, and layout [1], [2], [3]. These visual
representation of information are employed to convey
complex data relationships and insights in a more
understandable and analyzable manner especially when
confronted with large volumes of information. Data
visualization facilitates data exploration and analysis by
providing both static and dynamic visual representations of
data [4], [5], [6], [7]. In the context of campus portals,
data visualization serves as a solution for faculty, staff, and
students, offering graphical representations of information
such as student academic performance, financial details,

enrollment management, dropout rates, and attendance [6],
[8], [9].

Campus portal acts as gateways to information,
providing users with centralized access to organization
data through a single interface. Different data visualization
techniques, such as charts, graphs, maps, tables, grids,
infographics, data animation, and network diagrams, are
utilized through software tools like Tableau, Google
charts, QlikView, Power BI, and Visual analytics within
campus portals to develop dashboards and present
information relevant to campus operations [6], [8], [10],
[11]. However, challenges persist with data visualization
tools in operational processes, including issues such
as limited technology acceptance, accessibility concerns
for individuals with disabilities, and difficulties in
customization, particularly with colors, axes, and legends
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[1], [11], [12], [13]. Despite the growing potential of
data visualization, there remains a lack of understanding
regarding how campuses would adopt and integrate these
tools to evaluate their datasets.

The integration of Information and Communication
Technologies (ICT) with the Internet has revolutionized
the delivery of services in educational institutions. As web
applications continue to advance, students are increasingly
exposed to new features that enhance personalization
and interactivity [9]. Many studies have explored the
significance of campus portals in diverse educational
institutions, emphasizing their impact on service delivery
and communication among faculty, staff, and students [14],
[15], [16], [17], [18], [19], [20], [21], [22], [23], [24], [25],
[26], [27], [28], [29]. However, there is a need for synthesis
and analysis of the scope of data visualizations in campus
portals. Current research on data visualization in campus
portals is fragmented, lacking systematic sorting, and
comparative studies between different portals. This study
aims to address these gaps by synthesizing and analyzing
existing literature on data visualizations in campus portals,
identifying research gaps, and providing recommendations
for future studies. Through a scoping review procedure, this
study aims to enhance understanding and serve as a valuable
resource for developers, implementers, administrators, and
researchers in the field of information systems.

2. MATERIALS AND METHODS
The scoping review of data visualization literature

followed a systematic process, encompassing the
identification of the research question, development
of a search strategy, selection of relevant studies, data
analysis for themes, and synthesis of results. Adhering to
the structured guidelines outlined in the 2020 Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
extension for Scoping Reviews (PRISMA-ScR), this study
aimed to provide a comprehensive overview of existing
literature, identify research gaps, and offer insights into data
visualization practices. Leveraging the extensive resources
of Google Scholar and IEEE Xplore databases, a diverse
range of scholarly literature, including both peer-reviewed
and non-peer-reviewed sources, was systematically
explored, selected, and analyzed to compile and synthesize
studies focused on data visualizations in campus portals.
Moreover, references of included studies and relevant
reviews were examined, and relevant papers were identified
using Google Scholar and IEEE Xplore tools. The search
strategy, as shown in Table I, incorporated three keywords:
Data Visualization, Campus Portal, and Usability and
Satisfaction, ensuring a comprehensive coverage of relevant
literature. Each keyword had to be present in the selected
articles to ensure their relevance to the objectives of this
study.

Figure 1 illustrates the accumulation of literature results
retrieved from the database using the aforementioned
keywords. Through exploration of Google Scholar and

Figure 1. PRISMA-ScR flow diagram

IEEE Xplore databases, a total of 50,288 results were
identified, comprising 41,313 articles from Google Scholar
and 8,975 articles from IEEE. Subsequent refinement steps
were implemented, including the removal of 668 duplicate
records, narrowing down to empirical records, resulting
in the exclusion of 34,523 articles. Further refinement
involved filtering records with two or more citations, leading
to the removal of 8,056 articles, and excluding those
not accessible via Scopus or Web of Science databases,
resulting in the elimination of 6,538 articles, leaving 503
journal articles. The search process had no restrictions
on publication dates; however, the earliest eligible article
dated back to 2012. During the screening phase, a total
of 503 records were examined, with 67 records excluded
due to non-English language, resulting in 436 articles. This
language-based exclusion was a careful measure undertaken
to maintain the consistency and relevance of the dataset.
Additionally, a criterion involving thorough examination of
the relevance of the journal articles led to the elimination of
336 articles deemed irrelevant, leaving 100 journal articles
for further screening based on title, abstract, and keywords.
These articles were systematically catalogued and stored
in a dedicated Google Drive repository, serving as a
repository of relevant literature. Following comprehensive
review of the scope and discussions of each article, the
researchers synthesized and organized the 100 articles
into a structured journal assessment matrix. This matrix
encompassed distilled hypotheses, methodologies, results,
discussions, and merits for each article. Through this
selection process, 20 academic journal articles meeting
the predetermined inclusion criteria were identified for the
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TABLE I. Keywords used in the search strings.

Keywords Search Strings
Data Visualization
[6], [8], [20], [30], [31], [32], [33], [34], [35], [36]

”Visualization” OR ”Data Visualizations”

Campus Portal
[6], [8], [14], [25], [27], [30]

“Campus Portal” OR ”Student Portal” OR ”University Portal”
OR ”Campus Portals” OR ”Student Portals” OR ”University
Portals

Usability and Satisfaction
[10], [14], [20], [25], [32], [35], [37], [38]

“learning analytics” OR “information visualization” OR
“learning dashboards” OR “Perceived Usefulness” OR
“Satisfaction”

sample size.

A. Scoping Analysis
To gain a deeper understanding of the role of

data visualization in campus portals, the researchers
conducted a scoping review analysis on twenty (20) journal
articles focusing on the implementation and effectiveness
of dashboards within campus settings. The researchers
employed the Content-Context-Process (CCP) framework,
as illustrated in Figure 2, to examine the literature,
providing a comprehensive approach to understanding the
scope of data visualizations in campus portals [39], [40].

Figure 2. Context-Content-Process (CCP)

The CCP framework was initially employed in
organizational strategy, where it was used to evaluate both
internal and external environmental factors in IS research
[24], [29]. Authors recommended CCP for documenting
each step to ensure that all relevant information are captured
accurately [39], [41], [42]. The CCP Framework served as
a guiding tool, facilitating the analysis of the scope of data
visualizations in campus portals.

The study analyzed the Context or ”who” of data
visualizations within the campus portal system, which
refers to the function and purpose of data visualization in
these portals. Functions refer to the practical applications
and specific roles that data visualizations play, which is
concerned with their practical utility and tangible uses

within the campus portal system. Purpose delves into the
intended objectives or reasons driving the implementation
of data visualizations, providing insight into the broader
goals behind their use within campus portals. Purpose
encapsulates the strategic and aspirational aspects of
employing data visualizations to achieve overarching
objectives within the campus portal system.

Furthermore, the study explored the Content or “what”,
which refers to the scope of the study on what data is being
shown visually and how it is presented through different
visualizations to communicate information effectively [8],
[10], [20], [30], [31], [32], [33], [35], [36], [43], [44],
[45], [46]. This exploration aimed to provide insights into
applying Data Visualization on specific datasets and their
practical applications within the campus portal system. This
includes an examination of what specific data is typically
visualized. The type of visualization was then analyzed
to identify various ways used for visualizing data. Data
visualization involves representing information or data in
a visual format. This was accomplished by tallying the
data within campus portals that undergo any form of
visualization and identifying the type of visualization used
for its presentation.

Additionally, the study also analyzed the Process or
”how” of data visualization, focusing on the selection and
integration of data into visualizations within the campus
portal [8], [10], [20], [31], [35], [36], [37], [38], [43], [45],
[46]. This analysis revolved around the workflow, involving
key stages of transforming raw data into valuable insights,
and collected information on data visualization frameworks
utilized in the sample group, organizing them into themes.

To synthesize the literature, the researcher employed an
inductive coding approach to quickly gather essential factors
and themes [10], [35], [37], [38], [45], [46]. This involved
examining and synthesizing the 20 journal articles on data
visualizations in campus portals, categorizing them based on
common themes such as Functions, Purpose, Applications,
Data Visualization, and Workflow. The study utilized a
spreadsheet to organize the collected variables, providing
a structured and easily accessible format for analysis. This
approach facilitated the systematic understanding of trends
within the dataset.
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B. Research Gap Analysis
This section discusses the gaps identified in the data

visualization literature in campus portals. Twenty journal
articles were analyzed to determine common conclusions,
limitations, and recommendations [47], [48], [49], [50],
[51]. The conclusions, limitations, and recommendations
of each article were consolidated, and a tally was used
to identify recurring themes, enabling the synthesis of
conclusions, limitations, and recommendations. Qualitative
inductive and deductive coding techniques were employed
to evaluate the articles based on their respective conclusions,
limitations, and recommendations.

Common conclusions refer to shared findings among
the sample studies, extracted by analyzing the conclusions
of each of the twenty articles [50]. Common limitations
are related to the scope constraints of the studies,
identified by evaluating common issues in the studies
[48], [50]. Common recommendations are commonly
shared suggestions mentioned in the studies, identified by
examining the recommendation sections of each study [50],
[51].

The findings from these three categories are presented
using a structured tabular format for categorization.
Additionally, a mind map diagram, a visual tool for
organizing and structuring information, is utilized. When
applied to studies on data visualization in campus
portals, mind mapping offers a comprehensive overview
of recommendations proposed by field experts. By
organizing these recommendations into a map, the
relationships between different ideas become clearer,
facilitating prioritization and implementation. This mapping
of recurring themes and ideas provides valuable insights and
supplementary information on data visualization in campus
portals for future research and reference.

3. RESULTS AND DISCUSSION
The study conducted a scoping review of 20 journal

articles on data visualization within campus portals.
The analysis revealed diverse functionalities including
student performance and engagement analysis, feedback
and continuous engagement, academic operations,
profiles and list Management, and resource and content
management. These functionalities served purposes such
as communication and transparency, enhance information
comprehension metrics, administrative decision support
and strategic planning, student performance monitoring,
optimization of learning processes and promote resource
allocation efficiency, facilitate faculty performance
evaluation, and financial analysis and budgeting. The
content of the framework revealed the application of
the data visualization on academic performance, data
management, education and training, evaluation and
feedback, digital resources, financial transactions, forums
and collaborations, and user profiles. Commonly used
visualization types like bar charts, grouped bar charts,
line charts, heatmaps, pie charts, bubble charts, and

half-circle charts were identified, each tailored to specific
applications. The procedural workflow was also identified
encompassing stages like data graphing, preprocessing,
processing, collection, and storage.

Figure 3. Scope of data visualizations in campus portals

Figure 3 illustrates the macro view of the CCP
framework of data visualization in the campus portals. By
analyzing themes from literature samples, it is evident that
data visualization in campus portals predominantly focuses
on Student Performance and Engagement Analysis. The
recurring emphasis on Communication and Transparency
across academic literature demonstrates a widespread
interest in using data visualization to understand student
outcomes and improve the educational experience. The
prominent journals for Data Management emphasizes the
need for organizing and interpreting data for strategic
decision-making. Bar Charts, being the most commonly
used visualization type to assist educators in deciphering
complex data trends, facilitating effective communication
and decision-making. Data Graphing emerges as well in
the sample size which is a critical component for the
process in making data visualizations both informative
and accurate. These visual representations of data make
it easier for educators to track student progress, identify
areas for improvement, and ultimately enhance the overall
educational experience. By utilizing tools such as bar charts
and data graphs, educators can more efficiently analyze and
interpret data, leading to more informed decision-making
and ultimately better outcomes for students.

A. Scoping Analysis
1) Context

In this section of the CCP framework, the context
of data visualization in campus portals is explored using
a review of twenty sample journal articles. The main
goal is to address the question: What is the context
of data visualizations in campus portals? This question
not only provides insights into common functionalities
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but also explores the importance of data visualizations
within campus portals. The analysis of data visualization
in campus portals is systematically divided into two
key domains based on the sample size: ”function” and
”purpose”. The ”function” domain focuses on practical
applications of data visualization within campus portals,
such as displaying enrollment statistics, tracking student
progress, or presenting financial information. On the
other hand, the ”purpose” domain examines the intended
outcomes or goals of using data visualizations, which may
include improving decision-making processes, enhancing
user experience, or increasing institutional transparency
and accountability. By categorizing the articles according
to these domains, the CCP framework aims to provide a
comprehensive understanding of the context aspects of data
visualizations in campus portals.

A detailed analysis of journals, as outlined in Table II,
highlights the diverse functionalities of data visualization
in campus portals. The most prevalent theme is ”Student
Performance and Engagement Analysis” which is featured
in 12 journals [6], [10], [25], [27], [30], [31], [32], [34],
[36], [37], [44], [45]. Following closely is ”Feedback and
Continuous Improvement” observed in 8 journals [10], [25],
[27], [30], [34], [36], [37], [45] , followed by ”Academic
Operations” which appears in 3 journals [25], [27], [30].
Additionally, ”Profile and List Management”, ”Resource
and Content Management” and ”Financial Transactions”
are each present in 2 journals [25], [27], [8], [10]. Finally,
”Financial Transactions” is represented in 1 journal [8].
This distribution offers a comprehensive overview of the
emphasis placed on specific themes within the realm
of data visualization in campus portals. The significant
prevalence of ”Student Performance and Engagement
Analysis” suggests a widespread interest in leveraging data
visualization tools to comprehend and improve student
outcomes. The inclusion of other themes such as ”Feedback
and Continuous Improvement”, ”Academic Operations”,
and the management of ”Profiles and Lists” highlights
the diverse applications of data visualization in addressing
various aspects of operations within a campus setting.

These findings show the widespread recognition of data
visualization in campus portals for its role in monitoring
and analyzing various operational aspects in educational
institutions. These visualizations serve as potent tools,
enhancing communication and transparency by simplifying
complex data for users. Presenting data in an easily
understandable visual format improves comprehension
metrics, making information more memorable and
engaging. Moreover, data visualizations facilitate real-time
student performance monitoring, supporting resource
allocation decisions and enhancing transparency, while
also aiding administrative decision-making and strategic
planning by revealing institutional performance patterns.
Additionally, they optimize resource allocation efficiency
by identifying trends in learning processes and aiding
faculty performance evaluation. In the financial domain,

TABLE II. Categorized functionalities of data visualization in
campus portals.

Function Number of
Studies

Student Performance and Engagement
Analysis
[6], [10], [25], [27], [30], [31], [32], [34],
[36], [37], [44], [45]

12

Feedback and Continuous Improvement
[10], [25], [27], [30], [34], [36], [37], [45]

8

Academic Operations
[25], [27], [30]

3

Profile and List Management
[25], [27]

2

Resource and Content Management
[25], [27]

2

Financial Transactions
[8], [10]

2

data visualizations simplify complex financial data, aiding
in budgeting decisions and providing a clear overview of
the institution’s financial health.

Data visualizations are integral to educational
institutions, promoting accessibility, understanding and
transparency, and significantly contributing to informed
decision-making and overall efficiency. This allows
institutions to identify areas for improvement, strategize
resource allocation, and enhance the educational experience
for students. Moreover, with advancements in technology
and data analytics, data visualization in campus portals
has become essential for institutions to stay agile and
data-driven in their decision-making processes.

Moreover, research indicates that interactive
visualization tools developed by Unitelma Sapienza
University and the IISLab of Tampere University of
Technology as plug-ins for the Moodle LMS further
enhance online teaching and learning [6]. These tools assist
both students and teachers in monitoring, evaluating, and
making decisions to improve learning outcomes [6], [8],
[10], [20], [31], [34], [38], [46]. By utilizing discrete graphs
to visualize learning logs, which collect data from e-texts
and learning management systems, the tools facilitate
observing learning activities’ features for each grade and
identifying activities that students should avoid. Moreover,
integrating big data technology into teaching introduces
advanced educational resources, enhancing learning
efficiency and overall teaching quality [52]. The education
sector actively explores combining big data technology with
teaching management to optimize educational processes.
Learning Analytics emerges as a powerful tool for teachers
to iteratively improve course effectiveness and enhance
student performance. Educational institutions leverage
data visualizations to make more informed decisions,
utilizing accumulated transactional data to attain their
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goals. With the growing reliance on IT, particularly in
financial management, institutions produce visual reports
from transactional data stored in the financial management
information system (FMIS) database accessible through
their portals [8].

2) Content
This section of the CCP Framework focuses on

exploring the content aspects of data visualizations in
campus portals. This delves into the content of the
visualizations, encompassing an analysis of what data
are being visualized and what visualizations are being
generated. This approach addresses the scope of the
study, providing insights into how data is presented and
interpreted in campus portals. By analyzing the content
aspects of data visualizations in campus portals, researchers
can gain a better understanding of the information being
conveyed and the visual representations that are being used.
This data involves the seamless transfer of information
across diverse systems in educational institutions. This
comprehensive category includes Data Management, which
delves into class details and course overviews. Education
and Training cover teaching tasks, grade management, and
teaching resources for a dynamic learning environment.
Evaluation and Feedback focus on continuous improvement
by collecting insights on tasks, organizational performance,
and course effectiveness. Financial Transactions handle
monetary aspects for institutional financial health.
Academic Performance monitors student dropout rates
and teaching progress for data-driven enhancements. User
Profiles maintain comprehensive profiles for personalized
experiences. Digital Resources manage educational
materials, including lecture uploads and an e-library.
Finally, Forums and Collaboration bring students and
teachers together for interactive discussions, fostering a
sense of community.

Results illustrated in Table III, show that ”Academic
Performance” emerges as the most prominent theme which
is featured in 7 journals [6], [10], [25], [27], [30], [45],
[46]. Followed by ”Data Management” which appeared
in 5 journals [20], [25], [27], [34], [46]. ”Education and
Training” is addressed in 3 journals [27], [30], [35], while
”Evaluation and Feedback” is discussed in 4 journals
[10], [25], [27], [32]. ”Digital Resources” is the focus of
2 journals [25], [43]. Finally, ”Financial Transactions”,
”Forums and Collaboration”, and ”User Profiles” each
have 1 journal citation [8], [25], [27].

This comprehensive examination reveals the areas
of data visualization within campus portals, providing
valuable insights into research focuses in the field. The
prevalence of ”Academic Performance” indicates the
extensive visualization of student-related data on campus
portals, suggesting a strong emphasis on monitoring student
performance. Moreover, the significant number of journals
dedicated to ”Data Management” highlights the importance
educational institutions place on effectively managing their

TABLE III. Applications of data visualization in campus portals.

Application Number of
Studies

Academic Performance
[6], [10], [25], [27], [30], [45], [46]

7

Data Management
[20], [25], [27], [34], [46]

5

Education and Training
[27], [30], [35]

3

Evaluation and Feedback
[10], [25], [27], [32]

4

Digital Resources
[25], [43]

2

Financial Transactions
[8]

1

Forums
[25]

1

User Profiles
[27]

1

data using campus portals.

The utilization of data visualizations in campus
portals primarily revolves around Academic Performance,
indicating a widespread inclination among educational
institutions to visually represent student academic data
for better comprehension and outcome enhancement.
Concurrently, the emphasis on Data Management highlights
the imperative for educational institutions to efficiently
handle educational data. Moreover, themes such as
Education and Training, Evaluation and Feedback, and
Digital Resources indicate a diverse array of data subjected
to visualization. Furthermore, themes like Financial
Transactions, Forums, and User Profiles show the versatility
of campus portals, extending their scope beyond academic
aspects to encompass financial management, collaborative
learning, and personalized user experiences in education.

Overall, these findings reflect the multifaceted nature
of campus portals in addressing various aspects of
education and data management. By providing clear visual
representations of academic performance, campus portals
empower educators and administrators to identify areas
for improvement and allocate resources accordingly. These
findings resonate with existing literature, contributing to the
broader discourse on the advantages of data visualization
in education. Furthermore, data visualizations in campus
portals facilitate communication and collaboration among
stakeholders. Educators, parents, and students can readily
access and interpret relevant data, fostering informed
discussions and data-driven decision-making. This promotes
a collaborative environment where all parties collaborate
to support student success. Additionally, the use of data
visualizations can improve accountability and transparency
within educational institutions by making academic
performance data easily accessible [53], [54], [55].
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TABLE IV. Data visualization types in campus portals.

Type Number of
Studies

Bar Charts
[6], [20], [31], [32], [34], [35], [36], [38],
[44]

9

Grouped Bar Charts
[6], [20], [34], [35]

4

Line Charts
[32], [35], [36], [44]

4

Heatmaps
[20], [32]

2

Pie Charts
[6], [38]

2

Bubble Charts
[6]

1

Half-Circle Charts
[8]

1

Table 5 presents the distribution of literature on various
data visualization types used in campus portals. ”Bar
Charts” were employed in visualizations featured in 9
journals [6], [20], [31], [32], [34], [35], [36], [38], [44]
, followed by ”Grouped Bar Charts” and ”Line Charts”
in 4 journals each [6], [20], [34], [35], [32], [36], [44] .
”Pie Charts” and ”Heatmaps” were utilized in 2 journals
each [6], [20], [32], [38] , while ”Bubble Charts” and
”Half-Circle Charts” were featured in 1 journal each [6],
[8].

The breakdown of data visualization types in campus
portals demonstrates a diverse range of options for
representing different datasets. The prevalence of bar charts,
featured in 9 journals, indicates their popularity and
effectiveness in data representation. However, the presence
of multiple journals employing other visualization types like
grouped bar charts and line charts suggests the need for
tailored visualization techniques based on specific datasets.
Moreover, the inclusion of options such as pie charts, bubble
charts, and half-circle charts highlights the versatility and
availability of various visualization tools for effectively
presenting data in campus portals.

This variety allows researchers and practitioners to
choose techniques that best suit the characteristics of their
data and their visualization objectives. This information
offers valuable insights into the flexible and varied
approaches adopted by professionals in visually presenting
data in the domain of campus portal research. Furthermore,
according to relevant research, relevant research indicate
that choosing the proper visualization technique can
improve the user experience of the campus portal [6], [30],
[31], [32], [33], [35], [37] . Well-designed and visually
appealing visualizations can streamline data navigation and
exploration, fostering intuitive and engaging interactions
for users. Consequently, this can lead to heightened user

satisfaction and continued utilization of the portal for
information needs [56], [57], [58].

3) Process
This section of the CCP Framework explores the

process aspects of data visualizations within campus portals,
focusing on the subprocesses involved in transforming raw
data into actionable insights. These subprocesses include
data graphing, data preprocessing, data processing, data
collection, and data storage.

The data graphing stage entails creating visual
representations of the data, such as charts and graphs,
to enhance its understandability and interpretability. This
visual presentation makes the data more appealing and
easier to comprehend.

In the data preprocessing stage, the raw data undergoes
cleaning and organization to ensure its accuracy and
consistency. This step involves removing irrelevant or
duplicate data and transforming the data into a suitable
format for analysis.

The data processing stage involves the application
of various algorithms and statistical techniques to the
preprocessed data. This step aims to uncover patterns,
trends, and relationships within the data.

Finally, the data collection and storage stage involve
gathering and storing the data in a secure and accessible
manner for future use and reference. This ensures that the
data remains available for analysis and decision-making
purposes.

The workflow of data visualization found in the
literature is illustrated in Table V. ”Data Graphing” is
featured in 9 journal articles [6], [20], [31], [32], [34], [35],
[36], [38], [44] . Following this, ”Data Preprocessing” and
”Data Processing”, each presented in 8 articles [6], [8],
[10], [20], [31], [34], [38], [46], [25], [27], [30], [36], [37],
[45] . ”Data Collection” is discussed in 5 articles [10],
[36], [44], [45], [46] , while ”Data Storage” is associated
with 2 articles [25], [43].

These findings highlight the intricate steps involved in
the data visualization process, emphasizing the importance
of each subprocess in facilitating effective representation
and interpretation of data. The subprocesses identified in
campus portal data visualization include data graphing, data
preprocessing, data processing, data collection, and data
storage.

Data graphing plays a crucial role in selecting
suitable visualization modes and chart types to ensure
visual continuity, aiding in efficient data processing. The
abundance of articles focusing on this stage underscores its
significance in visually conveying insights.

Data preprocessing lays the groundwork for efficient
data analysis by organizing the data in a format that
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TABLE V. Data visualization workflow in campus portals.

Workflow Number of
Studies

Data Graphing
[6], [20], [31], [32], [34], [35], [36], [38],
[44]

9

Data Preprocessing
[6], [8], [10], [20], [31], [34], [38], [46]

8

Data Processing
[10], [25], [27], [30], [34], [36], [37], [45]

8

Data Collection
[10], [36], [44], [45], [46]

5

Data Storage
[25], [43]

2

is conducive to analysis techniques and algorithms. This
organized and cleaned data becomes the foundation
upon which insights are derived, making the subsequent
visualization process more effective and meaningful.

Data processing refines data from analytical abstractions
to visualization forms, enabling the derivation of insights
from collected data. Studies highlight the importance of
systems that offer unified interfaces for querying SQL
databases, as well as the use of Python and R language
tools for pattern identification, trend analysis, and statistical
examination.

Data collection involves gathering information from
various sources, including databases and surveys, with raw
data often presenting challenges due to specific formats.

Data storage practices, such as utilizing big data storage
for real-time manipulation and secure databases, contribute
to the accessibility, security, and efficient management of
large datasets. Subsequently, data processing refines data
from analytical abstractions to visualization forms, enabling
the derivation of insights from collected data. Studies
highlight the importance of systems that offer unified
interfaces for querying SQL databases, as well as the use
of Python and R language tools for pattern identification,
trend analysis, and statistical examination [6], [8], [44].

Overall, it is evident that data visualization process
in campus portals is well-documented and researched
in the academic community. Understanding these
interconnected subprocesses is crucial for creating
effective and informative visualizations, as they play a key
role in communicating complex information clearly and
concisely. This understanding not only helps the audience
comprehend the conveyed message but also empowers
them to analyze and explore the data themselves, leading
to more informed decision-making and deeper insights
[58], [59], [60].

TABLE VI. Common conclusions found in the literature.

Conclusion Number of
Studies

Improves user engagement
[6], [8], [10], [14], [20], [27], [30], [31], [33],
[34], [35], [36], [38], [43], [44], [45]

16

Useful for decision-making and reporting
[6], [8], [10], [14], [20], [30], [31], [32], [33],
[35], [38], [43], [44], [45], [46]

15

User-friendly
[6], [8], [20], [30], [31], [32], [33], [34], [35],
[36], [43], [44], [45], [46]

14

Shapes the behavior or attitude of the user
[6], [10], [20], [32], [33], [34], [35], [45]

9

Low visualization literacy
[6]

1

B. Research Gap Analysis
1) Common Conclusions

This study analyzed 20 journal articles focused on
data visualization within campus portals. The findings,
summarized in Table VI, revealed several consistent
conclusions across these studies. Specifically, 16 studies
noted that the implementation of data visualization in
campus portals correlates with increased user engagement
in accessing and utilizing data [6], [8], [10], [14], [20],
[27], [30], [31], [33], [34], [35], [36], [38], [43], [44],
[45]. Additionally, 15 studies highlighted its widespread
usefulness for decision-making and reporting purposes [6],
[8], [10], [14], [20], [30], [31], [32], [33], [35], [38],
[43], [44], [45], [46], while 14 studies emphasized its
user-friendly nature, attributed to its clarity through simple
designs [6], [8], [20], [30], [31], [32], [33], [34], [35], [36],
[43], [44], [45], [46]. Furthermore, 9 studies indicated that
user behavior or attitude is influenced by the significant
impact of data visualization [6], [10], [20], [32], [33],
[34], [35], [45]. Finally, one study pointed out that users’
visualization literacy remains low [6].

The studies suggest that data visualization in campus
portals enhances user engagement in accessing and
utilizing data. They highlight its positive impact on
user satisfaction, serving various purposes such as
assessing academic performance, improving information
comprehension metrics, strategic planning, and optimizing
the learning process and resources. The utility of data
visualization in campus portals is emphasized, aiding
users in decision-making and reporting [56], [59].
The studies were primarily facilitated through functions
such as student performance and engagement analysis,
feedback mechanisms, academic operations, profile and
list management, content management, collaboration and
communication hubs, and financial transactions.

Moreover, some studies emphasize the user-friendly
aspect of data visualization, noting its clarity, feasibility,
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TABLE VII. Common limitations found in the literature.

Limitation Number of
Studies

Insufficient evaluation
[6], [8], [10], [14], [20], [27], [31], [33], [35],
[36], [37], [38], [43], [44], [45]

17

Limited exploration and improvement
[14], [20], [25], [30], [27], [31], [32], [33],
[38], [43], [44], [45], [46]

13

Lack of attention to data complexity
[10], [36], [44], [45], [46]

5

Certain data visualization are not useful
[6], [14], [25], [31], [44]

5

Limited use of data visualization
[32], [33], [35]

3

and simplicity [61]. While some studies recommend
its preferential use, others disagree, citing that some
users cannot understand the relevance of certain data
visualizations. Additionally, some studies suggest that data
visualization shapes user behavior and attitudes, impacting
how effectively users utilize campus portals. However, it
was also found that visualization literacy remains low in
some studies, attributed to users who were unable to engage
in the exploration and research of data visualization.

2) Common Limitations
Table VII highlights common limitations identified

across the studies. Seventeen studies were found to
lack sufficient evaluation [6], [8], [10], [14], [20], [27],
[31], [33], [35], [36], [37], [38], [43], [44], [45], while
thirteen studies exhibited limited exploration for further
improvement [14], [20], [25], [30], [27], [31], [32], [33],
[38], [43], [44], [45], [46]. Additionally, five studies failed
to adequately address the complexity of the data [10], [36],
[44], [45], [46] with challenges arising particularly from the
utilization of large datasets. Certain data visualizations were
found to be unhelpful and not easily recognizable to users
in five studies [6], [14], [25], [31], [44]. Moreover, three
studies noted a limited incorporation of data visualizations
across the research landscape [32], [33], [35].

The majority of studies primarily focus on evaluating
data visualization technologies within campus portals,
limiting the scope of insights into their effectiveness
and efficiency in conveying information to users. This
narrow focus restricts the understanding of how well users
comprehend the conveyed information or how effectively
data visualization facilitates understanding. Some studies
emphasize the importance of evaluating data visualization
to identify potential improvements or optimizations in
design, interactivity, or clarity. This lack of evaluation may
overlook opportunities for enhancing user experience and
effectiveness [6], [8], [10], [14], [20], [27], [31], [32], [33],
[35], [36], [37], [38], [43], [44].

Moreover, limited exploration and improvement within
studies suggest a deliberate choice to narrow the focus
or scope of research to specific dimensions of data
visualization in campus portals. While some aspects of data
visualization may be more feasible or practical to investigate
given the research constraints, this approach may overlook
opportunities for broader insights and enhancements [58],
[59].

Attention to data complexity is also lacking in
some studies, indicating insufficient consideration of the
intricacies associated with visualized data structures. While
some studies argue that certain data visualizations are
unsuitable for handling complex data structures, others
contend that they are compatible and user-friendly for
managing large datasets. This discrepancy highlights the
need for further research to better understand the suitability
of different visualization techniques for diverse datasets
[62].

Additionally, certain data visualizations are deemed
ineffective in some studies, suggesting that they do
not align with the specific needs and preferences
of users. This discrepancy shows the importance of
selecting appropriate visualization techniques tailored to
the audience and context. While unfamiliarity with
certain visualizations may hinder the ability of users
to extract information, many studies refute this claim,
citing instances where visualizations have improved
understanding, decision-making, engagement, and user
satisfaction.

Furthermore, some studies acknowledge limitations in
the use of data visualization and advocate for usability
testing to assess how users interact with visualizations
and how these interactions impact user experience
and effectiveness. This approach allows for iterative
improvements and optimizations based on user feedback
and preferences.

3) Common Recommendations
Outlined in Table VIII are common recommendations

from the literature, intended to guide future research
in the field of data visualization in campus portals.
These recommendations include evaluating the impact
of data visualization on decision-making processes of
users within campus portals [6], [8], [10], [25], [30],
[31], [32], [34], [35], [43], exploring various methods
and techniques [14], [20], [25], [30], [31], [32], [33],
[38], [43], [44], [45], [46], theoretical studies, and
data processing. Recommendations also emphasize the
importance of human-computer interaction [10], [25],
[30], [31], [32], [35], [36], [44] with a focus on
enhancing information visualization, user interface design,
and usability. Additionally, some studies suggest integrating
advanced data visualization with data analysis techniques
[33], [36] and extending the data warehouse to explore other
database technologies [8].
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TABLE VIII. Common recommendations found in the literature.

Recommendation Number of
Studies

Research and exploration
[14], [20], [25], [30], [31], [32], [33], [38],
[43], [44], [45], [46]

12

Evaluate the impact of data visualization on
decision making of users
[6], [8], [10], [25], [30], [31], [32], [34], [35],
[43]

10

Focus on human-computer interaction
studies
[10], [25], [30], [31], [32], [35], [36], [44]

8

Combine advanced data visualization with
data analysis techniques
[33], [36]

2

Explore other database technologies
[8]

1

The literature highlights the importance of continued
research and exploration in the field of data visualization
within campus portals. This includes further investigation
into various methods, theoretical studies, and data
processing techniques [52], [58]. Research into methods
ensures that campus portals remain updated with the latest
visualization approaches, allowing for the integration of
cutting-edge techniques. Developers are advised to gather
feedback from users to understand their preferences and
refine visualizations for continuous improvement on the
effectiveness of the the campus portal.

Moreover, there is a call for additional research in
theoretical studies to identify and understand concepts,
functionalities, principles, and frameworks. Research on
data processing is crucial to integrate, transform, and
optimize performance, especially when dealing with
real-time or near-real-time updates on campus portals.
Additionally, evaluating the impact of data visualization on
user decision-making is recommended, as most studies have
focused on the data visualization process rather than its
effects. Furthermore, while some studies have explored the
short-term effects of data visualization on decision-making,
there is limited exploration of its long-term impacts.
Further study into the long-term effects is necessary to
comprehensively understand the sustained influence of data
visualization features.

Several studies have indicated a positive correlation
between data visualization and enhanced academic
performance among users. However, finding suggests
that low-performing student users may derive limited
understanding from data visualization tools. This highlights
the need for further investigation into how data visualization
impacts user groups, particularly those facing academic
challenges.

Human-computer interaction studies, covering
information visualization, user interface design, and
usability testing for users, are also recommended by
some studies. Additionally, combining data visualization
with data analysis techniques is crucial to identify more
trends, patterns, and outliers [55]. Advanced visualization
is also suggested to make it easier for users to grasp the
implications of the analysis.

Furthermore, extending the data warehouse is
considered a recommendation for future research
to incorporate newer database technologies, such as
in-memory databases or NoSQL databases, providing more
up-to-date insights for users in campus portals.

4. CONCLUSIONS
This scoping review, based on the

Context-Content-Process (CCP) Framework, synthesizes
the literature on data visualization in campus portals to
demonstrate its pervasive use and central role in education.
It encompasses three key dimensions: context, content, and
process, each highlighting how data visualization enhances
the educational experience.

In the context dimension, the analysis shows the
significant impact of data visualization on student
achievement and engagement. It illustrates the widespread
application of data visualization across academic
disciplines, emphasizing its crucial role in fostering
an engaging educational environment.

The content analysis identifies the most common types
of data visualizations utilized in campus portals, with
bar charts emerging as particularly effective in presenting
complex data clearly and accessibly. This emphasizes the
importance of transparent communication for informed
decision-making in educational settings.

The process analysis delineates the workflow for
visualizing data, spanning from data collection to graphing.
It shows the importance of each stage in transforming
raw data into coherent visual narratives essential for
effective communication and understanding. The emphasis
on data processing and graphing stages highlights
the significance of converting data into meaningful
visual representations, thereby enhancing information
dissemination and interpretation.

Integrating data visualization into campus portals is
imperative as a strategic asset to enhance information
comprehension, facilitate decision-making, and optimize
learning methodologies. It has the potential to revolutionize
higher education by offering a comprehensive understanding
of various applications, visualization types, and delineated
workflows. Data visualization can create personalized and
compelling learning experiences, streamline administrative
processes, and support informed decision-making within
academic institutions.
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These findings reinforce the importance of
data-driven decision-making and the positive impact
of data visualizations in education. Further research is
recommended to explore the specific impact of data
visualization features on user decision-making within
campus portals.
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