INSTRUCTIONAL SYSTEM DESIGN

1. Instruction

Instruction is helping people learn and develop in a structured manner.  The kinds of learning and development may include cognitive, emotional, social, physical, and spiritual. Learning can certainly occur without instruction. We are continuously encountering and interpreting our environment and the events in it.  Learning is a natural process that leads to changes in what we know, what we can do, and how we behave.  However, one function of an educational system is to facilitate intentional learning, in order to accomplish many goals that would take much longer without instruction. Educational institutions teach knowledge and skills that the community feels are desirable, even if they are not of immediate personal interest to the student, and even if they would not be encountered naturally in non-school environments. The government and commercial industries provide both skills and training and continuing refresher training to help employees acquire the skills and learning needed to succeed in a changing workplace (Gagne et. al. 2005).
We define instruction as a set of events embedded in purposeful activities that facilitate learning.  These events can be external to the learner, for example, events embodied in printed pages, an instructor’s lecture, or the activities of a group of students. There are also internal mental events, such as directing attention, rehearsing, reflecting, and monitoring progress. Educational psychologists hypothesize about the nature of these internal events, and from that research derive principles about how people learn.  Instructional designers apply these principles to the design of external events we call instruction.  For example, it is generally accepted that the working memory has limited capacity.  With this principle in mind, organizing information into clusters or categories has been found to facilitate learning. 
Instruction is directing students to appropriate learning activities; guiding students to appropriate knowledge; helping students rehearse, encode, and process information; monitoring student performance; and providing feedback as to the appropriateness of the student's learning activities and practice performance. 

Is teaching different from instruction? Teaching is only one part of instruction. The word “teach” infers that a person is lecturing or demonstrating something to the learner.   However, the teacher or trainer’s role includes many different tasks, such as selecting materials, gauging student readiness to learn, managing class time, monitoring instructional activities, and finally serving as a content resource and a learning facilitator. “Instruction” puts emphasis on a whole range of activities the teacher uses to engage the students. An instructor who has knowledge of the principles of instruction design has a broader vision of what it takes to help students learn: when it would benefit students to be put into groups, when practice and feedback will be most effective, and what are the pre-requisites for problem-solving and higher-order learning skills, for example.
Application of principles of instructional design would benefit a number of persons connected with education, including those who are in the business of producing instructional materials, such as textbook writers, curriculum material developers, web-based course designers, and knowledge management system designers.

Instruction is more likely to be effective if it is planned to engage students in those events and activities that facilitate learning.  Using principles of instruction design, the teacher can select, or plan and develop activities to best help students learn.  This note presents a brief review of instructional system design particularly with reference to engineering education.
2. Instructional-Design Theories (Reigeluth 1999)
An instructional-design theory offers explicit guidance on how to better help people learn and develop.  For example, an instructional-design theory called “Theory One” (Perkins 1992) offers the following guidance for what the instruction should provide:
· Clear information. Descriptions and examples of goals, knowledge needed, and the performances expected.

· Thoughtful practice.  Opportunity for learners to engage actively and reflectively whatever is to be learned.

· Informative feedback. Clear, thorough counsel to learners about their performance, helping them to proceed more effectively.

· Strong intrinsic and extrinsic motivation. Activities that are amply rewarded, either because they are very interesting and engaging in themselves, or because they feed into other achievements that concern the learner.

Instructional-design theory is a design-oriented (focusing on means to attain given goals of learning or development), rather than description oriented (focusing on the results of given events).  Secondly, instructional design theory identifies methods of instruction (ways to support and facilitate learning) and the situations in which those methods should and should not be used.  Third, in all instructional-design theories, the methods of instruction can be broken into more detailed component methods. Fourth, the methods are probabilistic rather than deterministic, which means they increase the chances of attaining the goals rather than ensuring attainment of goals. 

Theories can be thought of as dealing with cause-and-effect relationships or with flows of events in natural processes, keeping in mind that those effects or events are almost always probabilistic.  Most people think of theories as descriptive in nature, meaning that the theory describes the effects that occur when a given class of causal events occurs, or meaning that it describes the sequence in which certain events occur.  Descriptive theories can be used for prediction or for explanation. Design–oriented theories are very different from descriptive theories.  Design theories are prescriptive in nature, in the sense that they offer guidelines as to what method(s) to use to best attain a given goal.  Simon (1969) referred to the distinction between descriptive theories and design theories as “the natural sciences” and “and the sciences of the artificial”, respectively.  Design theories are intended to provide direct guidance to practitioners about what methods to use to attain different goals, whereas descriptive theories attempt to provide a deeper understanding of effects that result from phenomena.  Descriptive theories, therefore, are also useful to practitioners, because they provide an understanding of why a design theory works and because they can help practitioners to generate their own theories for those many situations for which no adequate ones exist.  The major concern for people developing and testing descriptive theories is validity, whereas for design theories it is preferability.
Instruction design theory requires at least two components: methods for facilitating human learning and development (which are also called instructional methods), and indications as to when and when not use those methods (which may be called situations).  An essential feature of instructional-design theories is that the methods they offer are situational rather than universal.  There are two major aspects of any instructional situation: the conditions under which the instruction will take place and the desired outcomes of the instruction.  Instructional conditions include:

· The nature of what is to be learned (e.g., understandings are learned differently from the way skills are learned)

· The nature of the learner (e.g., prior knowledge, learning strategies, and motivation)

· The nature of learning environment (e.g., independently at home, in a group, in a classroom, a team in business)
· The nature of the instructional development constraints (e.g., resources available for planning and developing instruction)

The second major aspect of any instructional situation is the desired instructional outcomes, which are different from learning goals. They do not include the specific learnings that are desired.  Instead, desired instructional outcomes include the levels of effectiveness, efficiency, and appeal you want or need from the instruction.  Some trade-offs are necessary, among the desired outcomes.

Instructional methods are also componential, meaning that each can be done in different ways and therefore made up of different components (or features).  For example, group discussion can be viewed as a method of instruction. But group discussion is made up of many smaller methods, such as forming groups, presenting an issue for discussion, rules to be followed for discussions, and evaluating group’s as well as individuals’ efforts and so forth. In addition, there are usually many different ways in which a method can be performed.  The discussion topic can be presented in many ways; the rules for discussions can be made differently, and so forth.  More details can be provided for a method by offering criteria that the method should meet. An instructional-design theory is easier to apply if it describes methods on a relatively detailed level.
Another characteristic of methods of instruction is that they are probabilistic.  This means that methods do not guarantee the desired instructional and learning outcomes.  They only increase the probability that the desired results will occur.  This is because there are so many factors that influence how well a method of instruction works.

So, instructional-design theories can vary greatly in terms of the level of guidance they provide, ranging from very general theories to highly dedicated theories. Instructional-design theories differ in important ways from learning theories, curriculum theories, and instruction-design processes. 
Learning theories are often confused with instruction-design theories.  Learning theories are descriptive. They describe how learning occurs.  For example, one kind of theory, called schema theory, proposes that new knowledge is acquired by accretion into an existing schema, by tuning that schema when minor inconsistencies emerge, and restructuring that schema when major inconsistencies arise.  If I am able to successfully identify useful methods for a particular situation, I have created an instructional-design theory.  In contrast to learning theories, instructional-design theories are more directly and easily applied to education problems, for they describe specific events outside of the learner that facilitate learning (i.e., methods of instruction), rather than describing what goes on inside a learner’s head when learning occurs. The same kind of analysis applies to theories of human development.
Curriculum theories are concerned with what to teach, whereas decisions about how to teach constitute the province of instruction-design theories.  However, the interrelationships between these two kinds of decisions are so strong that it often makes sense to combine the two. Regarding what to teach (goals), the Instructional System Design (ISD) process has traditionally looked at only what works, through the process of needs analysis.  But many curriculum theories are based on a philosophy (a set of values).  In fact both empirics (data about what is needed) and values (opinions about what is important) are relevant and should be addressed in the ISD process for deciding what to teach, perhaps with different degrees of emphasis for different situations.  Decisions regarding how to teach need also to take into consideration how one situation differs from another, because people differ in their values about what outcomes are important.  Thus, both values and empirics are important for making decisions about how to teach as well as what to teach, so elements of curriculum theory and the ISD process should be combined.
Instructional-Design Process or Instructional System Development (ISD) is the process a teacher or instructional designer should use to plan and prepare for instruction, while instructional-design theory concerns what the instruction should be like (i.e., what methods of instruction should be used).  However, instructional-design theories and instructional-design processes are closely related.  Different theories require differences in the process used to apply those theories to particular situations.

Instructional practice is a subsystem that is part of different kinds of systems, such as public education system, higher education systems, corporate training systems, health agencies, the armed forces, museums, informal learning systems, and many others.  Systems thinkers know that, when a human-activity system (or societal system) changes in significant ways, its subsystems must change in equally significant ways to survive.  This is because each subsystem must meet one or more needs of its supersystem in order for the supersystem to continue to support it.
The supersystem of instruction, consisting of all public, private and nonprofit organizations, has been changing significantly as the world is fast moving from industrial age to information age.  Some of the markers that characterize these two ages are shown in following table.
	Industrial age
	Inofrmation age

	Standardization
	Customization

	Bureaucratic organization
	Team-based organization

	Centralized control
	Autonomy with accountability

	Adversarial relationship
	Cooperative relationships

	Autocratic decision making
	Share decision making

	Compliance
	Initiative

	Conformity
	Diversity

	One-way communications
	Networking

	Compartmentalization
	Holism

	Parts oriented
	Process oriented

	Planned obsolescence
	Total quality

	CEO or boss as “king”
	Customer as “king


These fundamental changes in instruction’s supersystems have important implications for instruction.  Employees need to be able to think about and solve problems, work in teams, communicate, take initiative, and bring diverse perspectives to their work.  Also, people need to learn more, yet they have less time to learn it, and they need to demonstrate an impact on the organization’s strategic objectives.
Our current paradigm in education and training is based on standardization. We know that different learners learn at different rates and have different learning needs. Yet our current paradigm of education and training entails teaching a large group of learners the same content in the same amount of time. One reason is that group-based learning represents logistical and economic efficiencies, even though it does not do a good job of learner’s needs. Even the student assessment has typically been norm based to see who the really bright ones are.  Standardized instruction allows valid comparisons of student with each other, which was an important need in the industrial age.  So our current paradigm was never designed for learning; it was designed for sorting.

Current paradigm of training and education is also based on conformity and compliance.  Students’ training is directed by the trainer or teacher.  But employers now want people who will take initiative to solve problems and who will bring in diversity – especially diverse perspectives – to the work place.
We have seen that the current paradigm of education and training needs from one focused on sorting to one focused on learning – from the Darwinian notion of “advancement of the fittest” to the more spiritual and humanistically defensible one of “advancement of all” – and on helping everyone to reach their potential. This means that the paradigm of instruction has to change from standardization to customization, from a focus on presenting material to a focus on making sure that learners’ needs are met.  This, in turn, requires a shift from passive to active learning and from teacher-directed to student-directed (or jointly directed) learning.  It requires a shift from teacher initiative, control, and responsibility to shared initiative, control, and responsibility.  It requires a shift from decontextualized learning to authentic, meaningful tasks. And, most importantly, it requires a shift from holding time constant and allowing achievements to vary, to allowing each learner the time needed to reach the desired attainments.  

But to change the paradigm of instruction in this way, the teacher can’t teach the same thing to a whole “class” at the same time.  This means the teacher has to be more of a “guide on the side” rather than a “sage on the stage”.  So, if the teacher is facilitator rather than the agent of most of the learning, what other agents are there?  Well-designed resources are one, and instructional-design theory and instructional technology can play particularly large roles in developing these.  But others include fellow learners, local real-world resources (e.g., practitioners), and remote resources (available on the Internet).  Instructional-design theories are needed to offer guidance for the use of all these kinds of resources for the learning-focused paradigm off instruction. 
Instructional System Development is explored, particularly with reference to courses in formal engineering programs, in the following sections.

3. Instructional System Design Model
3.1 Introduction

Instructional Systems Design (ISD) Models are the systematic guidelines instructional designers follow in order to create a workshop, a course, a curriculum, an instructional program, a training session, or the instructional materials and products for educational programs. ISD is a process to ensure learning does not occur in a haphazard manner, but is developed using a process with specific measurable outcomes. The responsibility of the instructional designer is to create instructional experiences, which ensure that the learners will achieve the goals of instruction.  ADDIE is generic model for instruction system design.  All other ISD models can be treated as particularizations of this model for specific purposes.  For example, the very popular Dick and Carey model can be seen as particularization of ADDIE model for training programs, though the authors did not refer to ADDIE. One particularization of ADDIE model to courses in formal engineering programs is presented in the following.
3.2 ADDIE Model
The “ADDIE Model” is a colloquial term used, since 1980s, to describe a systematic approach to instructional development. The term is virtually synonymous with instructional systems development.  The label seems not to have a single author, but rather to have evolved informally through oral tradition. It is not a specific, fully elaborated model in its own right, but rather an umbrella term that refers to a family of models that share a common underlying structure. ADDIE is an acronym referring to the major processes that comprise the generic ISD: Analysis, Design, Development, Implementation, and Evaluation. These processes are sequential and iterative, as depicted in figure 1.

The basic engine of ISD models (Molenda 2003) is the systems approach: viewing human organizations and activities as systems in which inputs, outputs, processes (throughputs), and feedback and control elements are the salient features. Advocates of this model claim that the process of designing instruction can be carried out more efficiently and effectively if the steps are followed in a logical order so that the output of each step provides the input to the next. For example, the outputs of the Analysis phase are a set of learning objectives prepared based on a selected set of competencies, a concept map that arranges the concepts to be mastered to achieve the learning objectives, and course contents arranged as modules. In the Design phase learning objectives at the level of modules are prepared, media in which learning material would be presented is selected, and instructional methods are chosen for different learning units/modules. The blueprint created in the Design phase is converted into instructional materials and procedures in the Development phase. The materials and procedures are used by actual learners in the Implementation phase. The learners and the instructional system are probed, in the Evaluation phase to decide whether revisions are necessary, in which case the process would be repeated with the next version of instruction.


[image: image1]
Fig. 1: ADDIE model of ISD



The iterative aspect of the model is represented vertically down the model by the arrows in both directions between each phase, as depicted in figure 1. Each major phase of the process is accompanied by some sort of formative evaluation, as depicted on the left side of the model, to test the adequacy of the decisions made during that phase. After Analysis, for example, the accuracy of descriptions of the audience and the learning needs are evaluated by a group of experts. After Design, the concept map and instructional methods are judged by experts. After Development, the efficacy of prototype work in a small-scale tryout is evaluated and improvements to the learning materials are worked out. Did the entire intervention achieve its goal, or what remains to be done after Implementation? This summative evaluation is what is symbolized by the final Evaluation phase. At each of these phases, the results of the evaluative activity could lead the developers to revisit earlier steps, hence the arrows between phases in both the directions.

The single most important feature of ADDIE model is the identification, at the beginning of instruction design, of learning objectives that determine the nature and content of learning material.

The activities under all these four phases will greatly depend on the nature of what is being created and the context in which it is being created.  The context is defined by the audience and their background, environment in which the instruction takes place, and the technologies accessible.  

3.3 Analysis

Analysis is the first stage of ADDIE model. The first task in this phase is identification of audience and determination of their entry behavior.  As engineering programs are formal, elaborate mechanisms exist for selection of students to these programs, and the curriculum identifies the course structure and prerequisites of each course, the analysis of audience and entry behaviors need not be undertaken for each course.  The time and budget constraints also do not change from one course to the other very much.  All courses are of one semester duration and have well defined credit load. The system of examination to evaluate the performance of students is prefixed and the instruction designer has only a limited choice in this regard.  Therefore, the major task of the analysis phase is identification of instructional goals.  An engineering program has well defined outcomes, which are generic in nature.  Each course attempts to meet a subset of these outcomes.  The selected outcomes need to be translated into a set of technical and non-technical competencies related to the subject matter of the course. Learning objectives are written for the identified list of competencies. 

The stages of analysis phase for an engineering course may be listed as


· State the context of the course in terms of Mission and Vision of the Institution, Program Educational Objectives, Curriculum of the program of which the course is an element, and course overview.

· Select a subset of program outcomes proposed to be addressed by the course. 

· Identify the competencies related to the subject under consideration that also achieve the selected program outcomes.

· Determine instructional methods proposed to be used for the course.

· Select an assessment pattern for the identified competencies.
· Write instructional objectives that would lead to the identified competencies.

· Create the concept map of the course that arranges in a hierarchical manner the concepts that need to be learnt to achieve the competencies.

· Prepare the course contents as per the concept map.

· Prepare competency-program outcome matrix.

· Have the outcomes, competencies, assessment pattern, learning objectives, and concept map evaluated by peers, and modify them if necessary.

Instructional methods refer to the activities in which the instructor and learner will be involved during the lesson. These are used to create learning environments considered to be effective by the instructor in achieving the instructional objectives. Some examples of instructional methods are direct teaching, structured overview, case studies, conducting experiments, field studies, projects, and group discussions.

4. Design Phase

The design phase represents activities that enable the instruction designer to generate a plan according to which the instructional material would be identified and/or developed. The stages of design phase for an engineering course may be listed as


· Work out instructional strategies for achieving each competency taking the available tools and preferences into account.
· Write overview and instructional objectives for each unit. 

· Select appropriate delivery system for each unit from the available technology systems.

· Work out instructional strategy for a group of units (Module) or for each unit.

· Plan the non-lecture oriented sessions (assignment, laboratory experiments, field trips, reports, group projects, discussion sessions etc.) if required.

· Have the outputs of design phase peer reviewed.

5. Development Phase

The development phase represents activities that convert the blueprints created in the design phase into instructional materials, learning materials and materials and procedures for planned activities.  The stages in the development phase of an engineering course consist of
· Select and/or prepare learning materials for the course.  The learning material could be in the form of learning objects

· Identify reference materials and internet links relevant resources.

· Prepare instructional materials as per the selected instructional methods and strategies

· Work out the procedures for selected instructional activities in the framework of chosen technologies.
· Have the outputs of development phase peer reviewed.
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