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Abstract. The paradigm shift to Outcome-Based Education (OBE) re-
quires a complete re-alignment of the Teaching, Learning and Assess-
ment (TLA) of engineering graduates to encourage higher order cognitive
skills. This study suggests a new Digital Transformation-based Learner-
Centered Andragogy (DT-LCA) model that combines the application
of digital technologies, learner-centered pedagogies and outcome-based
assessment plans to enhance the effectiveness of learning. The frame-
work also integrates active andragogical methods such as problem-based,
project-based, experiential, simulation-based and collaborative learning
to enhance the engagement of students, their conceptual knowledge,
and problem-solving skills in the real world. To guarantee successful as-
sessment, diversified assessment strategies (case studies, mini-projects,
research-based assignments, and rubric-based evaluations) are coordi-
nated with the predefined course outcomes, allowing the continuous for-
mative and summative assessment. Learning effectiveness is measured
by a mathematical model utilizing four key indices: Digital Transforma-
tion, Learner-Centered Andragogy, Assessment Effectiveness and Out-
come Alignment.

The Digital Transformation-Driven Learner-Centered Andragogy (DT-
LCA) framework is empirically tested with academic engagement and
employability measures. Findings show that there were considerable gains
in terms of improvements in Course Outcome (CO) and Program Out-
come (PO) achievement, greater LMS use, better placement and intern-
ship rates, with an overall gain of about 20 percent. The statistical
analysis proves the significance of these outcomes. The approach also
helps in developing cognitive, psychomotor and affective domains, helps
in holistic learning and readiness to industry. The results show that dig-
ital transformation that is integrated with learner-centered andragogies
and outcome-based assessment offers a data-driven model that can be
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scaled up to enhance quality assurance and promote innovation in engi-
neering education.

Keywords: Outcome-Based Education · Engineering Education · An-
dragogy · Innovative Assessment · Program Outcomes · Holistic Learning
· Cognitive Skills.

1 INTRODUCTION

Outcome Based Education (OBE) is a system of education which focuses on
attaining particular results in the respect of learning in students. This strategy
puts the attention on the intended objectives and outcomes of education rather
than the conventional method of teaching, it creates a learning environment that
is more effective and student-centered. The key changes in engineering education
due to digital transformation include interactive technologies and experience per-
sonalization, which primarily enrich the learning process. Learning through the
combination of virtual labs, simulations, and web-based platforms have made
the process more interactive and effective in competency building. Besides these
benefits, digital transformation also faces the issue of the lack of resources and
training for educators. Besides that, the implementation of digital technologies
in education produces engineering graduates who are not only competent but
also capable of continuous learning and innovation, which is very important for
their success after graduation. Our study explicates the fundamental concept of
OBE, a new educational model that prioritizes what students are able to learn
at the end of the educational process over the traditional focus on the teach-
ing activities. It thoroughly discusses the foundational values of OBE, ways of
putting it into practice, positive effects as well as the difficulties that come with
it.

Investigations on digital transformation in engineering education have come to
the forefront as vital issues of research mainly because of their great influence on
the overall system of education including, but not limited to, the alterations in
pedagogy, the experiences of learners, and even the restructuring of institutions.
The unfolding of this discipline outwardly incarnates the ongoing technologi-
cal upheavals which are a hallmark of the Fourth Industrial Revolution. This
transformation has brought some extremely powerful digital instruments like
Artificial Intelligence, Virtual Reality and Digital Twins into educational envi-
ronments [1][2]. Among various factors, COVID-19 playing the role of a pandemic
was the main driving force behind the change as it compelled the usage of digital
technologies which, in effect, altered the traditional education systems for engi-
neering completely, and the emphasis has shifted to offering flexible, accessible,
and innovative learning environments [3][4].

AI, Digital Twins or VR are technologies that enable learners to tailor their
learning experiences and can even result in a greater level of effectiveness; how-
ever, the implementation and experience with these devices still represent some
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of the biggest barriers to their acceptance, both due to their technical capac-
ity and ethical issues. Models of active learning which are supported by digital
technologies are helpful in developing students’ competencies, yet educators need
special skills and training, institutions face certain inertia in making changes.
Challenges faced during the implementation of innovations are mainly associ-
ated with infrastructural deficits, digital inequality, and gaps in governance,
especially in developing countries. Digital transformation of engineering educa-
tion is significant as it enables the development of a new generation of engineers
who will meet modern requirements concerning their competencies [5][6]. Nev-
ertheless, there are still many obstacles connected with conducting research in
this area, which may hinder efficient digital transformation in engineering edu-
cation in the future. First of all, there is no unified conceptual basis that would
cover all the possible directions of change. In addition, differences in infrastruc-
ture and unequal distribution of technological resources should be considered
when implementing digital innovation. Another issue related to the integration
of innovations in educational practice is the bumpy adoption of emerging tech-
nologies among institutions [2][7]. Integration of learner-centered andragogies
and innovations in engineering education can bring great benefits by moulding
conditions that would promote effective learning experience and result in bet-
ter outcomes in terms of developed competencies. The combination of principles
of Student-Centered Learning (SCL) and OBE creates an optimal educational
context, which not only improves the learning process, but also helps to pre-
pare engineers for the challenges of industry. This section explores theoretical
foundations, implementation strategies, and major challenges associated with
this pedagogical approach. The paradigm of Outcome Based Education is an
innovative pedagogical approach that prioritizes student achievements and ac-
complishments. OBE has recently become an influential paradigm in the mod-
ern educational setting that puts much emphasis on student achievement and
accomplishments. Over the past few years, both SCL and OBE have become
new paradigms used in educational settings to facilitate learning and achieve
better outcomes. The former refers to a pedagogical approach that focuses on
needs, interests, and personal peculiarities of every learner, providing them with
a chance to take control over their education. The latter involves defining spe-
cific outcomes and achievements required for successful completion of courses
and programs, thus making learners’ progress and accomplishments predictable.

2 RELATED WORK

This study utilizes a theoretical framework to identify and understand digital
transformation as a concept, which involves the adoption of digital technologies,
innovation in pedagogy and changes in organization in the context of engineer-
ing education. Such an interplay of factors is considered in light of the theo-
ries of educational and digital transformation. By exploring current frameworks,
technology usage, challenges and results, this systematic review assesses the im-
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pact of digital transformation within the field of engineering education. This
will enable the identification of research gaps and help in filling them through
the development of a more comprehensive view of the matter, thereby assist-
ing future researchers in this area. Author [8] discusses five important trends
shaping higher education in the new world following the pandemic, including
such trends as the rise of online education and the growth of popularity of large
language models. The writer examines the challenge to the institution of tradi-
tional campus-based education and what new options can be created to tackle
the problem of Hybrid Learning, Microcredentials, Generative AI, Extended Re-
ality, and Adaptive Learning. Author [9] explores the complex nature of digital
transformation in higher education, emphasizing the existing trends, such as on-
line education and decision-making based on data, and discussing obstacles such
as the digital divide and the adaptation of faculties to new technologies. It also
discusses future trends and offers a roadmap that institutions can follow in this
changing environment. The main contribution [10] is that it has created a frame-
work and a process of a scoping review pertaining to digital transformation of
engineering education, specifically to recognize systematic and holistic methods,
but not individual digital innovations. Author [11] discusses the most prominent
aspects of digital transformation in technical education, such as improving the
quality and efficiency of technical education using online courses, virtual labs,
learning management systems and data analysis. It provides an overview of the
advantages of these digital tools, including the expansion of access to resources,
personalization of learning and enhanced practical training, and gives examples
of successful implementation and directions of development in the future. Author
[12] thoroughly reviews the use of Digital Twins in engineering education, review-
ing 83 of research published in the past decade, and the majority of them have
been published since 2018. It points to the fact that the Digital Twin technology
has a great impact on engineering education as it provides hands-on experiences
with virtual models, increases the learning results, accessibility, and affordabil-
ity. Issues such as the accuracy of the model and data transfer are also covered
in the review and the future needs of the field are discussed. SCL and OBE are
important pedagogical strategies that are set up in higher education [13]. Author
claims that a combination of their implementation, with SCL emphasis on the
needs of individual students and OBE emphasis on explicit learning outcomes,
can be a potent, effective and high-quality learning experience that can influ-
ence curriculum, assessment and relationships within the learning space. Author
[14] examines Outcome-Based Education, its effects on pedagogical practices,
implementation approaches, as well as on theoretical foundations, and discusses
challenges and possible solutions in order to offer information to educators, poli-
cymakers and scholars. It gives a detailed overview of Outcome Based Education
(OBE), which is a paradigm of education that puts more emphasis on attaining
particular outcomes of learning in students by emphasizing on the attainment
of set educational objectives instead of the traditional teaching methods. It ex-
plores the main principles of OBE, its implementation strategies, advantages,
and obstacles, and finally mentions its revolutionary effects on contemporary
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education [15]. It presents a systematic framework for designing, developing,
and implementing an Outcome Based Education curriculum in engineering edu-
cation. The framework aims to address the challenge faced by higher educational
institutions in producing skilled graduates who meet anticipated industry needs,
thereby bridging the gap created by traditional curricula [16]. It outlines a six-
phase approach, from program identification to curriculum implementation, to
facilitate a student-centric teaching and learning process focused on industry-
relevant skills.

3 Proposed Systematic Framework for Digital
Transformation and Learner-Centered Andragogies
[DT-LCA] for Outcome-Based Innovation

3.1 Theoretical Foundations

Student-Centered Learning (SCL) is the pedagogical approach that accounts for
the individuality of students through personalized learning experiences and pro-
ductive student involvement. Students are made aware of their strengths and
weaknesses, and take responsibility for their learning by being involved in the
process. For example, they are allowed to choose their projects according to
their interests and working styles [13]. Outcome-Based Education is character-
ized by the setting of explicit learning goals in terms of knowledge, skills, and
attitudes that students should possess at the end of their learning journey. It
guides the design of instruction and assessment by backwards mapping from
the desired end to the present [14][15]. Implementation Strategies in Curriculum
Design is a typical step-by-step model for an engineering institution to produce
an outcome-based curriculum would be setting the program objectives, building
the curriculum, and adjusting the curriculum according to the changes/latest
trends in the industry [16]. Assessment Practices is determined by the nature of
learning objectives for the purpose of best verifying students’ achievements [14].
The main challenges associated with OBE include its culture clash with the con-
ventional way of teaching and the necessity of teacher professional development
[14]. Industry Alignment is conforming the learning outputs of students to the
requirements of the job market is an essential step in the education phase of a
student’s life [16]. Despite the fact that SCL and OBE are mutually reinforcing
and result in many advantages like SCL increased student motivation and OBE
ensured the relevance to industry. One of the biggest drawbacks is that they re-
quire major changes in curriculum development and assessment methods besides
the possibility of getting educators who are used to the old methods resistant.
One of the benefits of integrating SCL and OBE is student engagement en-
hancement and meeting industry needs more effectively. Besides, it can be diffi-
cult to come up with completely new curriculum designs and assessment meth-
ods, whereas educators who are used to traditional methods may be averse to
change. Collaborating to produce learner-centered andragogies is the best way
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for engineering education to succeed. It is advisable for educational institutions,
policymakers, and industrial stakeholders to collaborate closely when it comes
to engineering education because digital transformation has drastically changed
teaching methods, students’ learning processes, as well the way institutions are
run. It is a statement about the significant technological transformations that
define the Fourth Industrial Revolution that lead to the transformation of ed-
ucation, teaching, and learning through the incorporation of highly advanced
digital tools such as AI, VR, and Digital Twins [1][2].

Fig. 1. Correlation between Digital Usage and Students Outcomes.

Figure 1 presents a scatter plot depicting the relationship between digital tool
usage intensity and learning outcome improvement. While a high concentration
of data points is observed at higher usage levels, there is notable variability in
the corresponding outcomes. The weak positive correlation (r=0.2) suggests that
increased reliance on digital tools alone is not a strong predictor of academic per-
formance, thereby emphasizing the importance of integrating learner-centered
pedagogical approaches to achieve meaningful learning outcomes.
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3.2 Proposed Framework: Digital Transformation–Driven
Learner-Centered Andragogy (DT-LCA Framework)

Fig. 2. Correlation between Digital Usage and Students Outcomes.

Figure 2 shows how the DT-LCA model combines Digital Transformation,

Outcome-Based Education, and Learner-Centered Andragogy into one, technologically-
enhanced educational system that emphasizes student empowerment, aligning
with the industry and producing concrete results. On a theoretical level, it sees
Digital Transformation and OBE as the two main pillars holding up a third one,
Learner-Centered Andragogy, a method that promotes self-directed, project-
based, and experiential learning and is targeted at enhancing the quality of stu-
dent learning experiences, making them industry-ready, and achieving measur-
able academic outcomes. Practically speaking, the framework is made up of six
layers ordered as follows: first, the Input Layer specifies student profiles, the main
engineering courses, and the needs of the industry; the Digital Transformation
Layer contains learning management system platforms, AI-driven adaptive tools,
virtual labs, and data-driven feedback systems; the Learner-Centered Andragogy
Layer relies on theories that back problem-based, collaborative, and simulation-
based learning as well as their implementation; the Assessment & Feedback Layer
depends on continuous, formative, and summative assessments combined with
real-time analytics and rubric-based methods; the Outcome Alignment Layer
links course, program, and program-specific outcomes with the career goals of
each student; lastly, the Output Layer represents the actual outcomes which
comprise technical and soft skill acquisition, employability readiness, innovation
and problem-solving capabilities, and lifelong learning skills, thus becoming a
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closed-loop system where outputs continuously inform and help improve the in-
puts.

3.3 Mathematical Model of DT-LCA Framework

The suggested DT-LCA framework is mathematically framed to measure the
influence of digital transformation, learner-focused practices of pedagogy and
assessment on the effectiveness of learning in engineering education. The model
allows an assessment of the teaching learning processes based on the Outcome-
Based Education (OBE).

Learning Effectiveness Function Model the overall learning effectiveness as:

LE = f(DT,LA,AF,OA) (1)

where,

• DT = Digital Transformation Index
• LA = Learner-Centered Andragogy Index
• AF = Assessment & Feedback Effectiveness
• OA = Outcome Alignment Score

The Learning Effectiveness (LE) on the overall is represented as a function of
four key components:

• Digital Transformation Index (DT): This is an indicator of the degree of
technology used in instruction and education.

• Learner-Centered Andragogy Index (LA): Reflects the use of active and
student-led pedagogy.

• Assessment & Feedback Effectiveness (AF): The quality of evaluation meth-
ods and their variety.

• Outcome Alignment Score (OA): This refers to the extent to which learning
activities are in tandem with COs, POs, and PSOs.

This functional relationship highlights that learning effectiveness is multi-dimensional
and depends on the synergy between technology, pedagogy assessment and out-
comes.

Digital Transformation Index (DT)

DT =
1

n

n∑
i−1

Ti (2)

where,

◦ Ti = normalized score of each digital tool (LMS, AI, Labs, Analytics)
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Learner-Centered Andragogy Index (LA)

LA =
PBL+ PrBL+ CL+ EL+ SL

5
(3)

Where,

• PBL = Problem-Based Learning
• PrBL = Project-Based Learning
• CL = Collaborative Learning
• EL = Experiential Learning
• SL = Simulation Learning

The Learner-Centered Andragogy Index (LA) is a scale that is used to determine
the degree of implementation of active learning strategies. This index reflects
the modification of the traditional teaching based on lectures to the interactive,
experiential, and student-driven learning methods. A higher LA score indicates
enhanced student engagement, critical thinking and development of practical
skills.

Assessment Effectiveness (AF) The Assessment & Feedback Effectiveness
(AF) is computed as a weighted combination of different evaluation methods.

AF = αF + βS + γR (4)

where,

• F: Formative assessment (continuous evaluation, quizzes, assignments)
• S: Summative assessment (end-semester exams)
• R: Rubric-based evaluation (project and skill assessment)
• α, β, γ are weights such that α+ β + γ = 1

This element guarantees a balanced assessment system by incorporating continu-
ous assessment, final evaluation and qualitative rubric based grading. It does not
just focus on the knowledge acquisition, but also on demonstrating and applying
skills, which is in line with the current requirements of engineering education.

Outcome Alignment Score (OA) The Outcome Alignment Score (OA) mea-
sures the degree of alignment between teaching-learning activities and predefined
outcomes such as COs, POs, and PSOs. OA reflects how effectively the curricu-
lum and assessments contribute to achieving desired educational outcomes. It is
typically calculated based on:

• Mapping strength between CO-PO-PSO
• Attainment levels of each outcome
• Contribution of assessments to outcome achievement
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A higher OA value indicates strong alignment with Outcome-Based Education
(OBE) principles, ensuring that students achieve both academic and industry-
relevant competencies.

OA =
(COi × POj × PSOk)

N
(5)

◦ It measures mapping strength between CO-PO-PSO, N = Total Mappings

3.4 Result and Discussion

Result: Performance Analysis before and after the effectiveness of the pro-
posed DT-LCA framework was evaluated using key academic, engagement and
employability metrics. Table 1 presents a comparative analysis of performance
indicators before and after DT-LCA Implementation.

Table 1. Comparative Performance Metrics Metric Before DT-LCA

Metric Before DT-LCA (%) After DT-LCA (%) Improvement (%)
CO Attainment 65 82 +17
PO Attainment 60 78 +18
Placement Rate 55 72 +17
Internship Rate 50 70 +20
LMS Engagemen 58t 85 +27

A remarkable shift is seen in all metrics after DT-LCA framework adoption.
Digitized LMS Engagement remarkably increased (+27%) supporting a compre-
hensive transformation of the digital experience. Internship rate also went up
by 20%, reflecting a better link with the industry. Academic metrics like CO
and PO attainment increased by 17-18%, which means deepening of learning
effectiveness.

Discussion: From the statistical analysis, it is quite evident that the changes we
have noticed cannot be explained only by random changes in data. The changes
in students’ academic skill due to the adoption of the DT-LCA model, which
led to the improvement of attainment in CO and PO (as per Outcome-Based
Education or OBE) combined with active learning techniques geared towards ef-
fective understanding of conceptual content, are the main paths through which
academic performance is enhanced. Increased activity in LMS (Learning Man-
agement Systems) points to the fact that the digital world as well is providing
feature-rich tools and analytics for the construction of personalized and flexible
learning environments. Besides, the increases in internship and job placement
percentages indicate the level of students’ industry readiness which, to a certain
extent, is powered by the incorporation of project and experiential learning in the
curriculum. Overall, the method fulfils the requisites of a well-rounded education
as it successfully integrates knowledge, skills, and practice acquisition.
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Fig. 3. Comparative analysis of Performance indicators before and after DT-LCA Im-
plementation

4 CONCLUSION

In this paper, the framework of DT-LCA is introduced to incorporate digital
transformation, andragogies and outcome-based pedagogies within the engineer-
ing field. The findings indicate that the framework has a significant positive
impact on the academic performance, student engagement and employability
outcomes with an average increase in the key measures of about 20%. The use of
active learning strategies and diversified assessment techniques helps to achieve
a better conceptualization and enhancement of skills as well as be more aligned
with the needs of the industry. The usefulness of the offered approach is statis-
tically proven, with the fact that the meaningful learning outcomes are attained
as a result of the joint action of technology, pedagogy and assessment but not
only due to the digital adoption. Moreover, the framework is also helpful to
utilize data in order to make decisions and complies with accreditation crite-
ria like National Board of Accreditation (NBA) and National Assessment and
Accreditation Council (NAAC). Future research may involve scaling validation,
more sophisticated learning analytics and artificial intelligence, and generaliz-
ing the framework to other fields. Altogether, the DT-LCA framework is a solid
platform to develop innovative, result-driven and future-oriented engineering ed-
ucation systems.
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