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Abstract

In the changing educational environment, technology integration has become a priority to address the
dynamic learning demands of the 21st century. As there is speedy progress in educational technology and
the growth of virtual learning environments, there is an increasing need for remodeling instructional
approaches that are able to properly capitalize on these innovations. This paper examines the
revolutionary impact of technological progress in reshaping modern instructional design. It emphasizes
important innovative models like the Pebble-in-the-Pond model, the Layered Instructional Design model,
and the Holistic 4D model, exploring how they support learner-centered, adaptive, and effective learning
experiences. The study concludes that the integration of these models in instructional planning increases
student engagement, personalization, and long-term learning results. It recommended that institutions
have to organize ongoing professional development for teachers so that they can be prepared to effectively
and fairly incorporate new technologies into their teaching design processes.

Keywords: Technological advances, Trend of innovation, Instructional Design and
Technology, Pebble-in-Pond model, Layered model and Holistic 4D model

Introduction

The 21st century has been marked by an exponential explosion in technology innovation,
revolutionizing almost all aspects of human existence, including education. As we
explore an ever-more-digitized global landscape, educational paradigms are shifting with
great rapidity to integrate digital tools that complement the needs, tastes, and skills of
contemporary learners (Zawacki-Richter et al., 2020). There is unrivaled technological
development, giving rise to revolutionary changes in education systems worldwide. It
has been seen that the impact of technology on effective learning has wonderfully grown,
as the learners of the 21st century seek new and innovative practices and approaches to
learning. As digital platforms, online learning environments, and artificial intelligence-
powered tools grew, instructional design (ID) emerged as a key element in guaranteeing
meaningful and effective learning experiences (Mishra, Koehler, & Henriksen, 2021).
The digital revolution has taken learning beyond the confines of a four-walled classroom
and fostered personalized, collaborative, and flexible learning spaces. The old, cookie-
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cutter instruction no longer suffices in addressing the varied and dynamic learning needs
of learners today. Technology in education is no longer an add-on choice but an integral
driver of the instructional process. Rather, instructional design has to be re-imagined to
incorporate new technologies that promote learner interaction, individualized learning
paths, and real-time feedback loops (Bates, 2022). With the global education system
shifting more and more towards blended, hybrid, and fully online modalities, especially
propelled by the COVID-19 pandemic, there is a compelling necessity for instructional
designs that are both pedagogically sound and technologically sophisticated (Bond et al.,
2023). Such change has ensured that instructional design is no longer a technical activity
but a strategic process that converges technology, pedagogy, content, learner psychology,
and sociocultural context. Despite the emergent use of technology in learning, numerous
institutions and teachers find themselves unable to optimally adjust instructional design
practices to suit the shifting requirements.

Although technological tools are readily available, there is still a wide gap between
availability and effective integration. Many schools and institutions of higher education
implement LMS, multimedia materials, and interactive spaces without making effective
connections to instructional objectives or learning outcomes (Koehler et al., 2013).
Inadequate coherent strategies and professional development for teachers lead to
underutilization or misutilization of educational technology, restricting its potential for
enhancing learning outcomes. In addition, instructional design practices tend not to take
into account the varied learning requirements, socio-cultural contexts, and levels of
digital literacy of the students. This neglect not only compromises the concept of equity
in education but also diminishes the overall efficiency of technology-based teaching. For
example, whereas Al-based personalized learning systems claim to provide customized
instruction, they can end up widening disparities if students do not have access to a
reliable internet connection, computers, or digital competencies (Selwyn, 2021).

There is also the challenge of misalignment between well-established instruction design
models and new digital spaces. Most educators continue to use old instruction templates
that were not created with interactive technologies in mind. This leads to poorly
constructed e-learning experiences—that are frequently text-based, linear, and
engaging—when the interactive and immersive potential of contemporary technologies
like VR, simulations, or Al chatbots is contradicted (Almusharraf & Khahro, 2020).
There should be a reconceptualization of instructional design as a dynamic and adaptive
process involving feedback loops, learner analytics, and adaptive mechanisms to
continually improve. Further, there is scarce research regarding the efficacy of more
recent instructional design models in the context of digital education. Though models
such as Pebble-in-the-Pond, the Layered Instructional Design Model and the Holistic 4D
model are getting prominence, empirical evidence supporting their use across various
educational environments is scarce. The lack of evidence-based recommendations
hinders mass adoption and prevents institutions from making sound decisions on
instructional planning. There is also a pressing need for in-service training and support
mechanisms for faculty that enhance the gap between technology access and its
instructional use. Research shows that few professors do not know about the most recent
ID models or are hesitant to execute them effectively in virtual and mixed learning
environments (Trust et al., 2021). Absent institutional support for building capacity and
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ongoing professional development, the digital revolution in teaching will be shallow and
fragmented.

With these challenges in view, this research responds to the imperative of assessing and
embracing the new instructional design models pertinent to the technological
advancements in the 21st century. It is not just about the presence of digital tools but
about how these can be intentionally and inclusively incorporated into the pedagogical
process. This study attempts to close the gap between theory and practice by investigating
efficient, flexible, and evidence-based pedagogic design models conducive to high-
quality, inclusive, and stimulating learning experiences within technologically advanced
educational environments.

Statement of the Problem

Despite the availability of advanced digital tools and instructional technologies, many
educational institutions struggle to implement them effectively within instructional
design frameworks. Challenges such as limited professional development, inequitable
access to technology, lack of institutional support, and resistance to pedagogical change
hinder the seamless integration of these tools into classroom practice (Trust & Whalen,
2020; UNESCO, 2023). Additionally, many educators still rely on outdated instructional
strategies that are not aligned with the learning preferences or digital fluency of modern
learners (Reich & Mehta, 2022). This gap between technological potential and practical
application in instructional design creates inconsistencies in educational quality,
engagement, and outcomes. Therefore, there is a critical need to examine how
technological advancements can be systematically integrated into instructional design to
foster inclusive, innovative, and impactful learning environments. Addressing this gap
will enable educators and institutions to move beyond basic digitization toward
transformative teaching and learning practices. The purpose of this study is to explore
the technological advancements as innovative trend in instructional design and how these
advancements act as an innovative trend to improve the instructional design process and
product.

Significance of Study

The integration of technological advancements into instructional design systems (IDS)
has become a transformative force in shaping modern education. This study holds
significant value in exploring how instructional technology has evolved over recent years
and the ways in which it has redefined both the processes and outcomes of instructional
design. By examining emerging trends and tools, the study contributes to a deeper
understanding of how technology can be strategically applied to enhance the
effectiveness, accessibility, and adaptability of instructional materials and learning
experiences. For students, this research offers insights into how technology-enabled
instructional strategies can support personalized and active learning. For instructional
designers, it provides a framework for aligning digital tools with pedagogical goals,
enabling the creation of more responsive and learner-centered designs. For faculty and
educators, the findings will highlight best practices for integrating technology into
curriculum development and delivery, ensuring more engaging and outcome-driven
learning environments. Furthermore, the study contributes to the broader academic
discourse by identifying key models, such as the Holistic 4D model and the Pebble-in-
the-Pond approach, as examples of innovation in instructional design. Understanding
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these developments is critical for stakeholders aiming to improve instructional quality,
drive innovation, and respond effectively to the evolving demands of 2Ist-century
learners and learning contexts.

Literature Review

The proliferation of online platforms, learning management systems (LMS), adaptive
learning technologies, mobile apps, gamified modules, virtual and augmented reality
(VR/AR), and artificial intelligence (AI) in education has transformed the instructional
landscape. These tools have shifted the traditional passive learning approaches to active,
participatory, and student-centered models, emphasizing autonomy, interaction, and real-
time feedback (Hodges et al., 2020). Consequently, instructional design now must cater
to multidimensional learning environments, where diversity in learners’ backgrounds,
learning preferences, and access to digital resources must be taken into account.

Though informal use of instructional design was in practice since 18™ century but
formally the history of instructional design goes back in World War II when military
persons were first time trained through a systematic and organized process by developing
specific training material (Dick,1987). The start of Audiovisual Instruction Movement
(1920) is marked with the inclusion of sound and major medium used was Radio which
received warm attention and adoption but due to great resistance from teachers, poor
equipment and weak signal reception it couldn’t create great impact on Instructional
Systems (Cuban, 1986; Reiser, 2018). During World War II through Audiovisual
movement lost its pace due to lack of finances and chaos around the world but still
various forms of audiovisual material were widely used for training of U.S military
employees through via training films, film projectors and overhead projectors. In 1940’s
and 1950’s more systematic type of training material was started to be developed which
included more comprehensive analysis of needs and demands, plan and evaluation
methods. Use of Instructional television in 1950’s was initiated but it could not gain much
attention and dwindled in mid-1960’s (Reiser, 2018).

However, with the advent of multimedia in 1950’s the instructional designers started to
combine it with many other forms of technological tools and teaching-learning process
enhanced. Teaching machines and Programmed Instructions (skinner 1958) were also the
significant hallmarks of 1950’s and 1960’s which strengthened the concept of
reinforcement and incorporated much better versions of instruction and learning.
Through programmed instruction behavioral objectives, step wise presentation of
content, active learner participation by on spot question answers, self-paced learning and
instant feedback were achieved.

After the evolution of educational taxonomies instructional designers started
incorporating these taxonomies in their instructional designs. Later in 1970’s
information-processing based approach was used by Instructional designers. In 1980’s
major concern of Instructional Designers remained on development of Instructional
Designs based on cognitive load theories. Cognitive theories helped in focusing on
concept-based approach, problem-solving approach and information processing
approach. This time period not only brought Computer-Assisted Instructions (CAI) but
also boosted the use of Constructivist approach where learners were required to make
collaborative efforts in order to solve the complex issues and problems. The ideas of
computer -based Trainings (CBT) and Computer-based Instructions (CBT) were in
practice alternatively and promoted the learning to a great extent. The use of computers
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for drill and practice (word processing) purpose by teachers massively increased in this
time period, however on many places teachers also reported very little or even no use of
computers either because of the lack of computer facilities or lack of relevant trainings
to use the computers (Reiser, 2018).

1980’°s marks the combination of computers with audio visuals, textbooks and motion
media with computers as well (Heinich, 1999). The innovative trend of use of hyper-
media cards by teachers in schools was also initiated in same era. In Hypermedia
computer software is used to connect different text elements, graphics and audio-videos
which makes easy for user to move within information. The terms of hypermedia,
multimedia and interactive videos were often used alternatively and these technological
advances introduced innovative trends in the field of instructional designs by combining
print, animations, pictures and other forms of pictorial illustrations. Integration of
different medias resulted in production of better versions of instructional designs by
increasing the efficiency of design development, better implementation ideas, and
evaluation processes (Liao at. al, 1999).

In 1990’s the introduction of World Wide Web (www) revolutionized the whole process
which incorporated the Constructivist approach in Instructional System Design Process.
This age characterizes the cost-effectiveness of the training, Electronic Performance
Support System (EPSS) and technologies related to Distance learning. With the
advancement in online technology the system of correspondence was updated and it led
towards the exponential growth of distance education. Soon after that emergence of
world wide web in 1991 online courses were started by majority of universities and
colleges. Besides that, non-profit institutions in 1998 jumped into the field and started
offering different online courses and generated revenues (Kentnor, 2015).

21° century emerged with new advancements which promoted the e-learning, online
learning, blended/hybrid learning and mobile learning while using the approach of
connectivism developed by George Siemens (2004). Social media, internet and mobile
brought revolution in the field of Instructional design by introducing new trends of social
interaction, collaboration, openness, active user participation, sharing of knowledge and
development of self-explanatory content thus promoted blended and online learning
platforms (Boyd & Ellison, 2007). Because of the flexibility and accessibility online and
blended learning is playing a pivotal role in Instructional designs. A rough estimate
shows that in 2007 about 33% of trainings were conducted by using various forms of
online platforms in corporate sector.

In this context, Instructional Design (ID) emerges as a critical field for optimizing
learning by purposefully integrating technology into teaching strategies, learning
experiences, and assessment systems. Instructional design, at its core, involves the
systematic planning, development, implementation, and evaluation of learning
experiences based on sound pedagogical and psychological principles. Traditionally,
instructional design relied heavily on models like ADDIE (Analysis, Design,
Development, Implementation, Evaluation) and Dick and Carey’s Systems Approach,
which provided structured frameworks for instructional planning (Branch, 2009).
However, with the onset of rapid technological progress, these models are now being re-
evaluated and reconfigured to accommodate emerging digital tools and media-rich
learning environments.
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Instructional design models that embrace these technological innovations are becoming
increasingly relevant. For example, Merrill’s Pebble-in-the-Pond Model (2002)
emphasizes starting instruction with real-world problems, allowing for situated and
authentic learning. Gibbons’ Layered Instructional Design Model (2014) integrates
multiple design layers, including content, strategy, control, and representation, making it
highly adaptable for technology-rich learning. Similarly, the Holistic 4D Model (Martin
& Ertzberger, 2013) emphasizes the need to define, design, develop, and deploy
instructional solutions with continuous iterations and user feedback. These models
represent a shift from rigid instructional planning toward flexible, iterative, and learner-
centered frameworks, enabling educators to better harness the power of technology for
pedagogical innovation.

The latest technological tools and platforms has changed the traditional approaches of
learning to non-traditional styles with multidimensional approaches, thus defining role
of learner active from passive state. It not only increases the productivity but also
enhances the efficiency of human work-force. Instructional design models such as the
Pebble-in-the-Pond (Merrill, 2002), the Layered Instructional Design Model (Gibbons,
2014), and the Holistic 4D Model (Martin & Ertzberger, 2013) are gaining traction as
innovative frameworks that align pedagogical principles with technological
advancements. These models emphasize systems thinking, learner-centered strategies,
and adaptive instruction based on data-driven decision-making. As global education
shifts further toward hybrid, blended, and online modalities, the demand for instructional
designs that are both technologically advanced and pedagogically sound has never been
greater (Bond et al., 2023).

Research Methodology

This study employed a qualitative, literature-based research design, focusing on a
systematic review and thematic analysis of existing scholarly works relevant to
technological advancements and their integration into instructional design. The research
process was guided by a constructivist epistemological stance, recognizing that
knowledge is co-constructed through interpretation and interaction with existing
academic discourse. To ensure a comprehensive exploration of the topic, a wide range of
academic databases were utilized, including Google Scholar, ScienceDirect, ERIC, Web
of Science, JSTOR, and ResearchGate. These platforms provided access to peer-
reviewed journal articles, theoretical papers, empirical studies, and policy reports. The
search focused on works published between 2013 and 2022, providing a decade-long
perspective on trends and innovations in instructional design influenced by technological
advancement.

The research methodology followed a systematic literature review process to ensure
objectivity and transparency in the selection and analysis of sources. Key search terms
included:  “instructional  design,” “educational technology,” “technological
advancements in education,” “digital pedagogy,” and “innovative learning models.”
Inclusion criteria were established to prioritize studies that focused on models of
instructional design, technological integration in educational settings, and the
implications of these changes for teaching and learning effectiveness.

To analyze the collected data, the thematic analysis method as proposed by Braun and
Clarke (2006) was employed. This qualitative technique allowed the researcher to
identify, code, and interpret recurring themes and patterns across the reviewed literature.
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The six phases of thematic analysis including familiarization with the data, generation of
initial codes, searching for themes, reviewing themes, defining and naming themes, and
producing the report were systematically followed. The available literature was evaluated
not only for content relevance but also for methodological rigor and contribution to the
evolving body of knowledge in instructional design and technology. The review enabled
the researcher to construct a conceptual understanding of how models such as the Pebble-
in-the-Pond Model (Merrill, 2002), the Layered Instructional Design Model (Gibbons,
2014), and the Holistic 4D Model (Martin & Ertzberger, 2013) have responded to or
incorporated emerging technological innovations in their frameworks.

Findings

Instructional design models that embrace technological innovation have become
increasingly vital in meeting the demands of 21st-century education. These models shift
the instructional focus from rigid, linear approaches to more dynamic, learner-centered,
and iterative design processes. Among the most influential frameworks that illustrate this
evolution are Merrill’s Pebble-in-the-Pond Model, Gibbons’ Layered Instructional
Design Model, and Martin & Ertzberger’s Holistic 4D Model. Each of these models
presents a structured yet adaptable methodology that aligns with current educational
technologies and learning theories.

Merrill’s Pebble-in-the-Pond Model (2002) begins with the identification of a real-world
problem as the core of instructional planning, metaphorically represented as the “pebble”
dropped into a pond. This model is rooted in problem-centered instruction, which ensures
that all instructional activities are designed in concentric layers around authentic tasks.
The model supports situated learning, where learners engage in tasks that reflect real-life
applications, promoting deeper understanding and transfer of knowledge (Merrill, 2007).
The pebble-in-the pond model given by David-Merrill (2002) which is based on five
principles of problem centeredness, activation, demonstration, application and
integration and provides better solution to instructional designer for challenges they come
across in different stages of instructional design process (David-Merrill, 2002b, 2007).
Recent studies have affirmed its relevance in designing instruction for digital and remote
learning environments where contextual learning and active problem-solving are key
(Jonassen & Land, 2022). Furthermore, it resonates with constructivist principles,
emphasizing experiential and learner-directed learning, which are essential when
leveraging technologies like simulations, virtual labs, and case-based e-learning modules
(Spector, 2021).

More recently, Layered model proposed by Gibbons and Rogers (2009), ensures the
application of technology in all seven design layers which are content, strategy, message,
control representation media and data management layer. With the help of incorporating
technology all layers produce a better version of product development. The Layered
Instructional Design Model by Gibbons (2014) suggests that instructional design should
be conceptualized as a multi-layered process, each with its own distinct concerns and
considerations. These layers include content, strategy, message, representation, control,
and media logic. This model is especially useful in the design of technology-enhanced
environments where various instructional and technical components must work in
harmony (Gibbons & Rogers, 2020). For instance, the representation layer ensures that
digital content (text, images, audio, and video) is communicated effectively, while the
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control layer focuses on user interaction, which is crucial in adaptive learning systems
and intelligent tutoring systems (Reigeluth et al., 2022). The model supports the
integration of design thinking and systems engineering principles, allowing instructional
designers to iteratively refine instructional products in response to learner data and
technological shifts. It has been praised for enabling high levels of personalization and
scalability, especially within online course development and corporate training settings
(Bannan-Ritland & Baek, 2023).

Meanwhile, the Holistic 4D Model introduced by Martin and Ertzberger (2013) offers a
comprehensive and iterative approach that includes four phases: define, design, develop,
and deploy. This model emphasizes a cyclical rather than a linear process, where
designers continuously revisit earlier stages based on feedback and contextual shifts.
Holistic 4D model is a recent advancement of ID model which is a merger of instructional
design model with learner centered theory and used holistic approach (top-level, mid-
level and low-level) rather than fragmented approach. So, we can say that technology
has not only improved the implementation and evaluation phases of instructional design
systems but also provided the framework for development and designing of more refined,
integrated and advanced instructional design models.

The model encourages active involvement of end-users throughout the design process,
promoting inclusivity and relevance (Martin et al., 2020). A key strength of this model
is its emphasis on flexibility and rapid prototyping, which is particularly important in
fast-changing technological environments such as mobile learning, gamified platforms,
and learning analytics tools (Al-Azawei, Serenelli, & Lundqvist, 2022). The model aligns
well with Agile development methodologies, making it a preferred choice for projects
requiring fast iteration and real-time adaptation based on learner performance and
engagement metrics (Koehler, Mishra, & Cain, 2023).

Collectively, these models represent a significant paradigm shift in instructional design.
They move away from static lesson planning toward responsive, technology-enhanced,
and learner-centered frameworks. They are built around principles of flexibility, real-
world relevance, multimodal communication, and feedback-driven improvement, all of
which are foundational for effective digital pedagogy. They also align well with
emerging trends in artificial intelligence in education (AIED), learning analytics, and
universal design for learning (UDL), positioning them as highly relevant for both current
and future educational contexts (Bond et al., 2023; Popenici & Kerr, 2017). By
integrating these models, instructional designers can create environments that are not
only pedagogically sound but also technologically innovative, scalable, and inclusive.
The adaptability and iterative nature of these frameworks enable continuous refinement
and contextualization, which are critical when addressing the diverse learning needs and
technological capacities of modern learners.

Majority of educationalists such as Gustafson and Branch (2007) explained that by using
improved instructional design tools improvement can be made, having a view of social,
cultural and financial accountability matters in assessment. Therefore, instructional
designers are in dire need of provision of new technologies like virtual tools and
interactive media. According to Hannifin, Hill & McCarthy 2002, we should be well
informed that how we will be using the technology and how particular technology will
serve our educational purposes. Standards or bench marks for the learning will be
required to be formulated in future because confrontation with learning objectives is
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expected regardless the nature of technology. So, in future we must look forward for
better utilization of technological advancements which can be used as innovative trend
keeping in mind easy availability, cost-effectiveness and user-friendly approach.

It is well augmented that the latest advancements in technology have revolutionized the
instructional design system by making it more practical, economic, easy to implement
and evaluate to make value judgement. Instructional Design and Technology (IDT)
model should have a relation with linked objects by Technology-Based Training (TBT)
program. Electronic training jackets, meta-data tags and applications relate to artificial
intelligence are additional types of technological advancements in current era. So, we can
say that technology-based tools will not only help to create IDT process but will address
the challenge of evaluation more effectively. The foundations of IDT can be based on
learning philosophies, media usage by comparative studies, system thinking, curriculum
planning and development for the users of multiple settings like schools and industry
(Ismail et al.,2008).

Whereas, the old models and approaches of ID cannot meet the needs of 21 century
learner so the addition of these technological advancements has changed the trends and
introduced innovations which not only meet the demands of learners but engages them
appropriately. Fun based gamification has not only proved it funny but attention seeker
technology as well. The traditional models of ID are linear and rigid which do not allow
any kind of infiltration in between hence they take much time if redesigning and
modification is required while new trends and models of ID are using parallel or non-
linear iterative approach which allows the intrusion in all steps side by side which
characterizes the construction and utilization flexible and open to change. Rapid Pro-
typing model proposed by Tripp and Bichelmeyer (1990) is an example of such model
which reduces the time and is cost effective as well (Piskurich, 2015).

Conclusion

The evolution of instructional design systems reflects a dynamic interplay between
educational theory and technological advancement. As technology continues to reshape
educational landscapes, it has become a catalyst for shifting traditional, instructor-
centered models to learner-centered, flexible, and holistic instructional approaches. The
integration of digital tools, learner analytics, and adaptable instructional models such as
the Pebble-in-the-Pond, Layered Instructional Design, and Holistic 4D demonstrates how
innovation enhances the effectiveness, relevance, and inclusivity of learning
environments. These advancements not only improve the design, development, and
delivery of instruction but also foster deeper engagement, personalization, and practical
application of learning outcomes. The increased accessibility and adaptability of modern
instructional technologies allow educators and designers to respond efficiently to diverse
learner needs across contexts. Thus, the use of technological advancements as innovative
trends is not only justified but essential in developing responsive instructional design
systems that align with 21st-century educational goals and global demands.
Recommendations

Based on insights drawn from the systematic literature review several practical
recommendations emerge to strengthen the integration of technological advancements
into instructional design. Promoting the use of modern digital tools as drivers of
innovation enhances teaching and learning experiences across diverse educational
contexts. Embedding advanced technologies into instructional design systems at the
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policy level ensures alignment with contemporary learner needs and evolving
educational landscapes. Establishing structured and clearly defined frameworks helps
institutions plan and implement technology integration more effectively. Organizing
targeted training programs on emerging instructional technologies equips educators and
instructional designers with up-to-date competencies. Lifelong learning initiatives can be
enriched through continuous, technology-focused professional development. Employing
the Cascade Training Model enables the transfer of knowledge from trained individuals
to broader groups, supporting wide-scale adoption and equal access to new instructional
trends. These approaches contribute to creating a responsive, inclusive, and forward-
looking educational environment that leverages technology for impactful learning.
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