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The evolution of instructional design (ID) has shifted from the observable behaviors of the behaviorist era to the
internal mental processes that define the cognitive approach. In the contemporary digital landscape, where
multimedia learning is the standard, understanding the cognitive architecture of the human brain is no longer
optional; it is the foundation of effective knowledge transfer. This article explores the intricate intersection of
cognitive science and instructional design, with a specific focus on the frameworks established by researchers like
Stephen D. Sorden, Richard Mayer, and John Sweller.

The Theoretical Foundation of the Cognitive Approach

The cognitive approach to instructional design is rooted in Cognitivism, a psychological framework that views the
human mind as an information processor, similar to a computer. Unlike behaviorism, which focuses on stimulus-
response patterns, cognitivism examines how information is received, organized, stored, and retrieved. In the
context of instructional design, this involves creating environments that align with the brain's natural processing
capabilities.

The Information Processing Model

At the heart of cognitive ID is the Information Processing Model, which consists of three primary stages:

e Sensory Memory: The initial point of contact where stimuli from the environment (visual and auditory) are
briefly held.

« Working Memory: The "workbench" of the mind where active processing occurs. It has a limited capacity and
duration, making it the most critical bottleneck in learning.

¢ Long-Term Memory: The permanent repository of knowledge, organized into complex structures known as
schemas.

Instructional designers must engineer content that facilitates the movement of information from sensory memory
into working memory, and finally into long-term memory through a process known as encoding.

Cognitive Load Theory (CLT) and Multimedia Learning

One of the most influential frameworks in modern instructional design is Cognitive Load Theory (CLT), pioneered
by John Sweller. CLT suggests that since working memory is limited, instructional materials must be designed to
avoid overloading it. Sorden (2005) emphasizes that unproductive multimedia—characterized by redundant text,
distracting visuals, or poorly timed audio—can lead to cognitive overload, hindering the learning process.

The Three Types of Cognitive Load

To design effective instructional materials, one must understand the three distinct types of load placed on a learner:



Load Type Definition Instructional Strategy

Intrinsic Load The inherent complexity of the Break complex topics into smaller,
material itself. manageable "chunks" or modules.

Extraneous Load Load generated by the way Eliminate non-essential elements,
information is presented (e.g., poor Ul/ such as "decorative" graphics or
UX). background music.

Germane Load Load dedicated to the processing, Encourage active learning, such as
construction, and automation of self-explanation and problem-solving.
schemas.

The primary goal of a senior instructional designer is to minimize extraneous load, manage intrinsic load, and
optimize germane load.

Sorden’s Cognitive Model of Multimedia Learning

Stephen D. Sorden’s 2005 research on multimedia learning synthesized various cognitive theories into a unified
approach for digital environments. Sorden’s work is particularly relevant for developers of E-learning and computer-
based training. His model relies on three fundamental assumptions:

1. Dual-Channel Assumption: Humans possess separate channels for processing visual/pictorial information
and auditory/verbal-based information.

2. Limited Capacity Assumption: Each channel can only process a small amount of information at any given
time.

3. Active Processing Assumption: Learning occurs when the learner actively selects relevant information,
organizes it into coherent mental representations, and integrates it with prior knowledge.

The 7 Essential Multimedia Principles

Based on Sorden’s and Mayer's findings, the following principles should guide the creation of any multimedia-
based instructional material:

e The Modality Principle: People learn better from graphics and narration than from graphics and on-screen
text. This reduces the "split-attention” effect on the visual channel.

¢ The Contiguity Principle: Words and corresponding pictures should be presented near each other on the
screen (Spatial) and at the same time (Temporal).

* The Coherence Principle: Extraneous words, pictures, and sounds should be excluded to prevent the
depletion of cognitive resources.

* The Signaling Principle: Highlighting important cues or keywords helps the learner focus on essential
information.

¢ The Redundancy Principle: Avoid presenting the same information in both narration and on-screen text if
there are already graphics present, as this creates unnecessary load.

Technical Analysis: The Novex Analysis Framework

A sophisticated technical tool in cognitive instructional design is Novex Analysis(Novice-Expert  Analysis), as
detailed by Taylor (1994). This approach aims to bridge the gap between a beginner's mental model and an
expert's cognitive structure through a systematic nine-step process.



The 9-Step Novex Workflow

1. Identify the Expert: Select a subject matter expert (SME) who possesses automated schemas for the task.
2. Knowledge Extraction: Use cognitive task analysis to uncover the expert's implicit decision-making
processes.
3. Problem Categorization: Map how experts categorize problems compared to novices (experts focus on
structural features; novices focus on surface features).
4. Identify Misconceptions: Pinpoint common cognitive pitfalls for beginners.
Sequence Content: Order instruction from simple to complex to manage intrinsic load.
Design Scaffolds: Create temporary support structures (hints, templates).
Implement Cognitive Tutors: Use computer-based tools that provide real-time feedback.
Fading: Gradually remove scaffolds as the learner gains proficiency.
9. Verification: Test the learner's ability to apply knowledge in novel, expert-level scenarios.

Pattern-Oriented Instruction (POI)
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Pattern-Oriented Instruction (POl)is a pedagogical approach that leverages the brain's natural affinity for pattern
recognition. By incorporating recurring patterns into instructional design, educators can help learners build more
robust schemas. This is particularly effective in technical fields such as software engineering, medicine, and data
science, where recognizing a "pattern” allows for faster diagnosis or problem-solving.

Implementing POI in Technical Training

When designing a technical curriculum using POI, follow this procedural execution:

» Step 1: Pattern Identification. Identify the core architectural patterns of the subject (e.g., MVC in coding or the
Triad in nursing).

e Step 2: Pattern Presentation. Introduce the pattern in isolation with clear visual metaphors.

e Step 3: Variation Analysis. Show how the pattern changes in different contexts to prevent "rote learning."

e Step 4: Pattern Application. Require learners to identify or apply the pattern in a simulated environment.

Comparative Analysis: Instructional Design Paradigms

To understand the unique value of the cognitive approach, it is useful to compare it with other dominant paradigms
in instructional design.



Feature

Learning Focus

Goal

Key Mechanism

ID Strategy

Role of Tech

Behaviorism

Observable behavior
changes.

Correct response to stimuli.

Reinforcement and
punishment.

Drill and practice.

Automated grading
systems.

Cognitivism

Internal mental structures.

Efficient mental processing.

Schema building and
encoding.

Mnemonic devices,
mapping.

Cognitive Tutors,
Multimedia.

Constructivism

Social and personal
meaning.

Creation of individual
reality.

Social interaction and
discovery.

Case studies, collaborative
projects.

Social media, wikis, VR.

Case Study: Troubleshooting Cognitive Overload in E-Learning

Consider a scenario where a global corporation develops an online compliance training module. Initial data shows
a 40% failure rate on the final assessment, despite learners spending significant time in the module. A cognitive
audit reveals the following issues:

Identified Failure Modes

 Issue: The module uses a high-density text layout alongside a video of a narrator speaking. This causes
Redundancy Load.

 Issue: Technical terms are defined in a glossary on a separate page, requiring learners to click away. This
causes the Split-Attention Effect.

« Issue: No prior knowledge assessment is conducted, forcing experts to sit through basic material, leading to
Expert Reversal Effect.

Cognitive Solutions

¢ Solution 1: Remove on-screen text that mimics the narration. Use only key bullet points or diagrams to support
the audio.

¢ Solution 2: Use pop-up "tooltips" for definitions so learners can view them without leaving the context of the
instructional screen.

e Solution 3: Implement a "Pre-test and Pathing" system. Learners who demonstrate expertise in certain areas
can skip directly to advanced modules.

Strategic Implications for Content Development

Adopting a cognitive approach requires a shift in how instructional designers and technical writers view their
audience. Instead of seeing the learner as a passive vessel to be filled with information, they must be viewed as an
active processor with severe hardware limitations (working memory). Effective content strategy involves more than
just accuracy; it requires Cognitive Engineering.

By applying the principles of Sorden, Mayer, and Sweller, organizations can produce educational content that is not
only informative but also cognitively efficient. This reduces the time-to-competency for employees, increases
retention rates, and ensures that the investment in multimedia development yields measurable educational
outcomes.



In the future, as Al-driven adaptive learning systems become more prevalent, the ability to dynamically adjust
cognitive load in real-time will become the new frontier of instructional design. For now, adhering to established
cognitive frameworks remains the most reliable method for creating high-impact learning experiences in a
distracted digital world. The focus must remain on the architecture of the mind, ensuring that every byte of
information presented is optimized for the human brain's unique processing power.
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