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Abstract: This paper provides a review of existing instructional planning approaches, classified in two
groups: delivery and content planning (Wasson, 1990). It is suggested that instructional planning doesn’t
have to be associated with a particular teaching style or locus of control. Two examples are used to
illustrate how instructional planning can implement different instructional strategies, some of which
allow the student a high degree of freedom and initiative. Finally, the paper suggests new applications of
instructional planning in educational collaborative problem solving- and simulation-systems.
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Introduction

The debate about the locus of control (LOC) between the Computer System / Designer (SYS) and the Learner
(L) has been active since the dawn of the development of Computer Based Learning Systems. LOC is defined as "the
relative balance of initiative between any two parties" (McAleese, 1990). So far in practice both extremes - “LOC in
SYS” and “LOC in L” have been realised in computer systems. The first extreme can be seen in numerous examples of
CAI and curriculum-based intelligent tutoring systems; the other one in microworlds, open learning environments, and
educational hypermedia systems. Arguments against both extremes can be found. Reiber (1994) would characterize this
as a debate between instructivists and constructivists, respectively. However, these arguments seem to be on different
wavelengths: they assume different roles of computers in education. While the "LOC in SYS" camp advocates the role
of the computer is to teach the student some knowledge i.e. a role taken by human teachers, the "LOC in L" camp
accepts computers only as a teaching medium which is completely neutral with respect to teaching, (like an OH
projector, a laboratory tool, an encyclopaedia or an enhanced telephone). Since both a teacher and a teaching medium
are necessary components of the learning environment, the arguments favoring one over the other, are unacceptable.
AI-ED research has taken a course between the two extremes. Usually, in Intelligent Tutoring Systems (ITS)
the LOC lays closer to the SYS (since the system selects the problems which the student is going to work on, and
interferes with instructional interactions when certain events occur). Yet there are coaches and systems supporting
negotiation of teaching goals, and collaboration among groups of students, where the LOC is moved far in the direction
of the learner.
Instructional Planning is irrelevant only if we take the "LOC in L" position, i.e. if we assume that the computer
is nothing more than a passive medium. In this case planning has to be made by a human teacher during the
organisation of the learning session, by selecting and providing the appropriate environment for every single learning
step (or small discovery) that the learners are supposed to make. This automatically excludes the possibility of learning
alone with the computer, which significantly shrinks the impact of computers in education. We hope this is not the role
that constructivism defines for the computer in learning. Even if the learning environment is only a passive “electronic
Play-Doh", material allowing the learner to build her own mental models of the Reality, someone has to take the
decision to provide this material with specific properties (color, consistency, hardness etc.) or to select another material
(e.g. LEGO building tiles) which is more appropriate for modeling a certain object or phenomenon. Therefore, in this
case the planning of instruction again becomes a major issue. As Pontecorvo explains, there are some constructivists,
e.g. Bruner (1966), Simons (1993), who would accept this argument: "We look at instruction as systematic and planned
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activity which is aimed at learning and includes teaching. There is no opposition between the view of constructivist
learner and the view of a planning teacher (Pontecorvo, 1993, p. 139)".
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Approaches for Instructional Planning

Pedagogical decision making is concerned with both the content (what goals to focus on) and the delivery
(how to achieve the goals) of instruction (Wasson, 1990; Dijkstra et al., 1992). Content planning entails generating,
ordering and selecting which content goals should be the focus of an instructional interaction given the current state of
the student, and monitoring the execution of the content plan in order to determine when to re-plan, or generate a new
plan (Wasson, 1990). Delivery planning is concerned with choosing the actual activities and instructional interactions
that help the learner achieve the goals (e.g., Mohan, et al., 1992; Merrill, Li and Jones, 1992). Delivery planning is
what many authors call "teaching strategies" in ITS research.

2.1

Delivery Planning Approaches

The majority of instructional planners developed to date have focused on aspects of delivery. The systems
essentially start with an already chosen content and concentrate on determining how to deliver it — translating the
already chosen content into a pedagogically effective form for presentation to the student. "Delivery planning" should
decide how to sequence explanations, tests, presentation, problems, exploration, and how to manage the initiative in a
tutorial dialogue. Most of the early approaches have been influenced by ideas and methods developed in dialogue
systems and text generation. Woolf & McDonald (1984) model discourse strategies used by human tutors. They are
computationally represented as augmented transition networks (ATNs). KAFITS (Murray & Woolf, 1992) uses a 4layered representation of instructional primitives: goals, topics, presentations and responses and a template network
representing a "dummy" teaching strategy. It can be seen as a general delivery plan which is instantiated by the teacher.
Mohan (1991) has implemented Shuell's (1992) cognitive theory of instruction (learning functions) in IDP, an
instructional delivery planner. GTE (Van Marcke, 1992) represents teaching expertise with generic tasks, methods (for
carrying out these tasks) and objects (units of learning materials employed by the method). COCA (Major & Reichelt,
1992) uses teacher-defined rules for selection of: next concept to teach (content planning), nature of next interaction
(teach, test, summarise), content of next interaction and the response to the student. McArthur et al. (1988) have
focused on a mechanism for generating a task which encompasses the chosen set of skills that are the current focus of
instruction — a step of delivery planning. Winkels & Breuker (1993) describe a method for generating instructional
tasks from domain knowledge representation. For them a curriculum is a network of didactic goals. The curriculum is
generated off-line from the domain knowledge representation and can be later used by an intelligent tutoring or help
system.

2.2

Content Planning Approaches

The evolution of content planning can be traced from the days when systems were built on top of a rigid
course graph. In WUSOR-III domain knowledge is represented in terms of a genetic graph (Goldstein, 1982), which
keeps track of predictable stages in the evolution of student knowledge. The various links connect related concepts via
possible cognitive operations through which one concept might be learned from another. The tutoring (coaching)
strategy in WUSOR-III is to identify fringe nodes known to the student, and then use genetic relationships from these
fringe nodes to suggest where coaching might help. The student's way through the genetic graph is dynamically
generated based on the student model (overlay). In this way for the first time the content of what is going to be taught is
decided flexibly adapting to the progress of the student.
McCalla, Peachey & Ward (1982) proposed the use of an AND/OR graph representation of domain concept
and classical planning to structure a large CAI course. Recognising the granularity of knowledge, any node in the
AND/OR graph can be broken down into a sub-graph of finer grained concepts which together constitute the
superconcept. The student model in this nested AND/OR graph is a standard overlay, indicating which concepts are
known or unknown to the student. Peachey & McCalla (1986) develop further the idea of applying classical planning
techniques to content planning, by applying a STRIPS-like representation of the concept structure where the AND/OR
graph is encoded in operators. The conditions and effects of the operators are logical propositions. The student model is
also specified as logical propositions indicating concepts the student knows or misconceptions.
Macmillan and Sleeman (1986) pioneered the use of a blackboard architecture in an instructional system.
Murray’s system (1989) builds on this work. It uses a particular blackboard architecture called BB1 where the
instructional plan is kept. The tutoring strategy essentially takes part in three phases: plan lesson objectives, select a
tutorial strategy, and execute the instructional plan. During lesson planning, topics are sequenced and a current topic is
selected. The lesson plan is created from stored skeletal plans and is not individualised to the student. The second
phase, selecting a tutorial strategy, involves finding an appropriate presentation and assessment strategy for the current
topic. The combination of the lesson plan and the presentation plan constitute the system's full instructional plan, which
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is stored on the control blackboard. During the third phase, plan execution, any number of knowledge sources may
think they are relevant (i.e. they may "want to fire"). The central role that Murray sees for the instructional planner is as
an arbiter among competing knowledge sources. In this way extremely dynamic teaching strategies can be
implemented.
A comprehensive survey of how instructional planning has evolved from rigid course graphs to flexible,
dynamic content planning systems can be found in McCalla (1992).

3

Instructional Planning for Various Instructional Strategies

3.1

PEPE: Content Planning and Cognitive Apprenticeship

PEPE (Wasson, 1990; 1992) is a competence-based computational framework for a content planner that views
pedagogical decision making as a planning problem. A prototype based on the PEPE framework has been implemented
and tested within the domain of recursive LISP programming. 51 planning rules encode a top-down prerequisite-first
tutoring strategy. Content planning, as defined in PEPE, centres around content goals which are expressed in terms of
the concepts the student must learn, and the various cognitive abilities a student could have in using these concepts.
These can be learning outcomes as defined by, e.g., Bloom (1956), Gagné (1985), or Romiszowski (1984). For
example a content goal might be "have the student learn to analyse the relationship between two concepts". The
specification of a particular cognitive ability that it is expected that the student perform, constrains the type of learning
situation in which the system engages the student. For example, if the goal is to have the student learn a fact, the system
might direct, tell or show, whereas if the goal is to have the student analyse a concept, the system might probe, guide,
observe or provide required resources (e.g. provide an appropriate cognitive tool).
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Content Plan

Content Planning Rules
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Figure 1: PEPE's conceptual architecture
Figure 1 presents the conceptual architecture of PEPE and the additional knowledge bases that provide the
required knowledge. A concept knowledge base (CKB) identifies the concepts to be learned and the relationships (e.g.
prerequisite, subconcept, specialization, etc...) between them. It constitutes the tutoring system's conceptual
understanding of a domain. That is, the CKB abstracts, into concepts, the domain knowledge the student is to learn (i.e.
the CKB does not constitute the domain knowledge, but rather it is the goal structure for learning it). The
misconception knowledge base (MKB) enumerates common misconceptions that occur in the domain and relates them
to concepts in the CKB. The student model (SM) keeps track of the system's beliefs about the student's understanding
(and misunderstanding) of the domain. The SM used by PEPE is an overlay model where each entry corresponds to a
concept in the CKB and an ability to use that concept. The student history (SH) maintains the history of concepts the
system believes the student has learned, and the plan history (PH) records the goals and plans that have been generated
by PEPE to date, and whether or not they were successful.
Content planning in PEPE consists of three phases: goal generation, plan generation and plan monitoring.
Content planning rules (CPR) encode these three phases. First, a content goal relevant to the student's current
knowledge state, the goal structure of the domain to be learned, and the pedagogical principles for manoeuvring
through the goal structure, is generated. This is a system goal for generating a content plan and not a goal for the
student. Once the current goal has been set, a content plan is generated based on the history of the student's learning,
the current knowledge state of the student, and the pedagogical principles which express how to engage the student in
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achieving the content goal. Finally, the execution of the content plan (by the delivery planner) is monitored in order to
determine when the current content plan has been carried out successfully, needs to be interrupted, or has failed and
replanning must take place.
The CPR consist of two types of rules: pedagogical planning rules which encode pedagogical principles
(PPR), and control rules (CR) which manage the interactions of the pedagogical planning rules. The pedagogical
philosophy encoded in the PPR is captured in goal generation rules, plan generation rules and plan monitoring rules
which correspond to the three phases of content planning. An example of the PPR can be found in Table 1. The rules
shown here encode a tutor-style instructional strategy where the system controls the decision of the next concept on
which to focus. The CR manage the planning cycle and thus determine when each of the phases is carried out. They
consist of meta-rules that describe the interactions of the rules within each phase of the planning cycle as well as
between the phases.
Table 1 Pedagogical planning rules for a content planner
1. Goal Generation
• goal prerequiste rules (e.g. achieve facts before analysis)
• subgoal generation rules (e.g. when achieving analysis of a concept achieve analysis of one of its specializations)
• subgoal selection rules
- meta selection rules (e.g. use concept prerequisite rules before pedagogical preference rules)
- concept prerequisite rules (e.g. do iteration before recursion)
- pedagogical preference rules (e.g. prefer cdr recursion before car recursion - can be domain dependent preferences
of an individual teacher or domain expert)
2. Plan Generation
• operator assignment rules (e.g. if the student knows concept x then review it)
• modifier assignment rules (e.g. when to plan to achieve fact, analysis or synthesis of a concept)
• plan subgoal generation rules (e.g. if planning to achieve analysis of x then focus on analysis of x and then have the student
acquire x)
3. Plan Monitoring
• blocking rules (e.g. if the executor has tried twice in a row to satisfy a goal without success, assign the goal block-1 status)
• plan adaptation rules (e.g. if the currently planned for goal is not achieved and the current plan has been carried out, then the
plan has failed)

In PEPE, a content plan is derived to achieve a content goal. Each node in the content plan consists of an
operator, a modifier and a content. The operator encodes the notion of planning "learning events" (or "learning
functions" Shuell (1992)) by indicating to the delivery planner the type of cognitive processing in which to engage the
student. In figure 1, a plan for the content goal "have the student learn to analyse recursion" has been generated using
three operators: achieve, focus and acquire. Achieve means have the student learn, focus refers to setting up an
expectation for learning, and acquire means set up a learning situation where the student can acquire the new
information. Note that it does not say anything about how to help the student acquire it, that is a delivery issue. The
content of a plan node is the concept from the current content goal (recursion in figure 1). The plan node's modifier
indicates which ability (e.g. f-fact; a-analysis; s-synthesis adapted from Bloom (1956)) is appropriate, and it too is
taken from the current content goal. The nodes of the content plan are linked by either substep links that indicate a
hierarchical organization, or by sequence links indicating an execution order. If a plan node has subnodes then
execution of the node is carried out by executing the subnodes.
Wasson (1990) and McCalla & Wasson (1992) present a version of PEPE's PPR extended to allow for systemstudent negotiation of content goals. Furthermore, Wasson (1990) gives examples of how the instructional strategies
Socratic Tutoring and Cognitive Apprenticeship have been encoded by PEPE's PPR and how rules for determining how
to select an appropriate instructional strategy have been given. For example:
If the domain to be learned involves problem-solving
Then use a cognitive apprenticeship strategy.

The apprenticeship model provides encouragement and instruction when needed and lets the "master"
(teacher) fade back when the student has reached an acceptable level of performance. To encode a simplified cognitive
apprenticeship strategy in the PPR, the operators (re)summarize, demonstrate, and perform were added to enable an
interleaving of system summaries (to give an overview of part of the domain to be learned) and demonstrations (which
could interactively involve the student, but the system is mainly in control) with student problem-solving (which could
be interrupted with local plans for giving remediation consisting of various levels of hints). The choice of "demonstrate
x" or "perform x" (or a sequence of both) was encoded into the planning rules. Two examples are:
If the student model (SM) indicates the student knows concept x
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Then have the student solve a problem using concept x (i.e. operator = perform).
If the SM does not contain any information as to whether concept x is known,
and concept x has no specialization,
Then have the system demonstrate solving a problem
that requires knowledge of concept x (i.e. operator = demonstrate).

3.2

TOBIE: Reactive Planning for Coaching and Tutoring

In a real teaching process the goals are far more complex than the content goals in Peachey & McCalla (1986),
Murray (1989) etc. and usually contain several dimensions. In didactic literature a distinction is made among three
types: cognitive, affective and psychomotoric, and four levels of instructional goals: analysis / synthesis, knowledge,
application, transfer. In addition, one can distinguish between cognitive and meta-cognitive goals. The fact-analysissynthesis dimension has been considered by PEPE. The other types and levels of goals have not been accounted for in
instructional planning so far. In practice these goals are often pursued simultaneously by teachers. For example,
teachers interrupt working on a specific cognitive goal to pursue an affective goal (to increase the student’s motivation)
or to stress a meta-cognitive issue or which has been in the background and comes to play only when a good
opportunity arises. Sometimes they even change the current content, for example, to show how the same or an similar
method is applied in a different domain or problem. However, if during planning we consider all possible levels and
types of simultaneous teaching goals, as well as the potential opportunities for fulfilling them, planning of the teaching
session becomes too complex to be practically possible. The only solution is to plan in a limited description of the
content-world and representation of goals, but provide the system with the ability to "sense" the changes in the
environment in order to recognise opportunities for achieving a given set of background goals and furnish it with a set
of means to achieve these goals.
A technical approach for this solution provides reactive planning. A system is called reactive, if it can react in
an acceptable amount of time to any changes that occur in the world while the system is running (Wilkins, 1988) which
at the planning stage have not been foreseen for different reasons (e.g. because they were not known or because it
would have been too expensive to consider them). The important feature of this definition of a reactive planner is that
via continuous sensing it lets the dynamic characteristics of the environment define the points when a change in the
plan execution may happen. Unlike in other planners, these points are not defined by the planner in advance (at
planning stage). In order to implement realistic instructional planning, we need to have the possibility to represent and
teach a larger diapason of knowledge of a given domain, e.g. curricular, conceptual and problem solving knowledge.
We proposed a framework for reactive instructional planning called TOBIE (Vassileva, 1990), (Vassileva et al., 1991).
It provides a uniform and modular language for domain knowledge representation and thus allows different levels of
knowledge organisation to be represented at the same time in the system (see Figure 3).
TOBIE is an ITS-shell architecture based on content planning. It centres around a domain knowledge
representation consisting of a multi-layered directed AND/OR graph. AND/OR graphs provide a mighty representation
language in which curricular (concept) structures, goal (task) decompositions and problem-solving spaces can be
expressed. These graphs are represented by sets of production rules, encoded in TOBIE by means of Teaching
Operators (TOs), similarly to (Peachey & McCalla, 1986). The model of the student's domain knowledge is an overlay
of the AND/OR graphs. A model of the student's personal characteristics represents psychological and motivational
parameters, such as field-dependence, concentration, motivation, confidence, and persistence. The Pedagogical
Component contains a Planner, which dynamically generates content plans in the knowledge structure to achieve
certain content goals, and an Executor, which carries out the plan, re-invokes the Planner or reacts locally to arising
opportunities.
During the execution of the plan a situation can arise from a combination of external (environmental) factors
which can not be predicted at planning stage. For example, a violation of time-restriction, evidence that the student is
no longer concentrated or motivated, opportunity to fulfil a teaching goal that has been staying in the background (for
example, on a different level of organization of material), evidence from history that the student has had difficulties
with a concept before etc. This type of situation is recognised by the so-called "Diagnostic operators". They are rules
encoding combinations factors (variables) with different values describing the current context. TOBIE provides four
principle types of reactions: ignoring the situation, an opportunistic reaction without changing the plan; local plan
repair and global re-planning. A set of pedagogical rules (PR) is responsible to select a reaction to situations that occur
during plan-execution. A tool for creating PR and diagnostic operators is provided that allows the definition of new
possible situations as combinations of factors.
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Figure 3. Representing different levels of knowledge organization
It is extremely difficult to mix interactively different teaching strategies, for example to teach new material
and to give the student the freedom to explore and try solving the problems alone. In TOBIE tutoring and
coaching, two radically opposite (with respect to the LOC) teaching styles can interact. Currently we are investigating
the didactic issues involved in taking pedagogical decisions to support such a mixed initiative environment. Both
strategies can be modelled as a planning process. The only difference is who takes the LOC. In the first case, it is the
system who creates a plan for teaching a given concept (or solving a given problem) and leads the student to achieving
the goal. In this way, depending on the level of the domain knowledge representation, the system can either present a
given content (i.e. teach certain concepts) or demonstrate a problem solution step by step.
A typical use of coaching style is to support the student in practising problem solving. By using its planning
mechanism in the problem-solving level of domain knowledge representation, the system can generate a solution: a
problem-solving space (AND/OR graph) and a subgraph (solution plan) which leads from the initial state (problem
condition) to the goal state (problem solution). If several plans are possible, it selects an optimal one according to
specific domain-dependent or pedagogical criteria. Instead of executing the plan, the system only observes the student's
actions and tries to match them with its own plan. In the case that the student goes along the system's plan, no reaction
from the system is needed. In case of a difference, however, a situation occurs which may need a reaction from the
system. The possible reactions are: ignoring the difference (keeping silent); local reaction aimed at bringing the student
back on the system's plan; local plan-repair (trying to find a way to accommodate the student's solution within the
system's plan); global replanning with the same goal (trying to find another plan for solving the problem that fits with
the student's solution), or global replanning with a different goal (giving the student another problem, or switching from
coaching to tutoring mode to demonstrate the solution of the problem step by step).
Other situations that need reaction can be defined in analogy with those described in the previous section: a
combination of factors (e.g. environment, the history, the student model, the structure of the problem solving space,
opportunities to discuss background teaching goals, personal characteristics of the student). For example, if the time is
nearly over, and the plan which the student is following is too long or involves complicated (expensive) steps, interfere
to motivate the student or give help. The pedagogical rules for selecting a concrete reaction for the specific situation
involve the factors mentioned above and depend on the type of situation. For example, if there is enough time and the
student is confident, choose a re-planning reaction to accommodate his way of solving (i.e. keep silent) instead of
bringing him back with a remedial operator to the corresponding state in system's plan (Cronbach, 1967). A
combination of the two strategies is shown with an example from the domain of symbolic integration in (Vassileva,
1995).
Here we must stress once again that there is no difference in the planning and executing mechanisms used to
implement both teaching styles. Planning is only a technique, which in the case of TOBIE is not only “content”
planning (Wasson, 1990), but in some sense, “delivery” planning. It also shows that instructional planning does not
presume that LOC is entirely in the System; just the other way around; it can be used to implement a “LOC in the
Student” and a broad spectrum of mixed initiative behaviors.

4

Summary and Future

The notion of instructional planning was born from the desire for more flexible control in CAL systems
(McCalla, 1992). Ideally, systems to support human learning should play a role in helping learners to choose their next
learning activity. In traditional CAL systems, the system controlled the interaction with the learner, choosing the
instructional activity and judging when, or even if, the learner was allowed to move onto new activities. With the
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advent of ITS, however, it became possible to provide more learner control in making instructional choices. Techniques
were found that allowed the learner more freedom and gave the system the ability to act as a coach and advisor, rather
than an all-knowing controller of the learner's destiny.
Instructional planning is the process of mapping out a global sequence of instructional goals and actions that
provides consistency, coherence and continuity in the instructional process. It can be applied at two levels:
• planning of content - the process of selecting the content for an instructional goal that places the student on an
appropriate learning path.
• planning of delivery - the process of optimal selecting and sequencing of the tutorial interactions focused on a
given content.
It has been shown that instructional planning is applicable to more than just strict tutoring style ITSs.
Planning approaches have been used to implement various instructional and teaching strategies such as tutoring,
coaching, cognitive apprenticeship, Socratic dialogue, and combinations of these. PEPE, which focused only on content
planning, demonstrated its usefulness for encoding strict tutoring -> negotiated tutoring -> cognitive apprenticeship.
TOBIE, a complete ITS-shell architecture modelled strict tutoring, coaching and opportunistic pedagogical decision
making. We re-emphasise that planning does not imply "LOC in SYS", but can be used to cover the whole spectrum
between "LOC in SYS" and "LOC in L".
In fact, any environment to support learning can be enhanced through the use of planning techniques since
they can be used as a basis for implementing certain teaching strategies. For example, a kind of planning is performed
in COSOFT Hoppe (1995), Ikeda, Hoppe & Mizoguchi (1995), which is a system supporting students’ collaborative
problem solving. Based on modeling the individual students and comparing their progress in solving a problem, it is
able to suggest partners for a team or knowledgeable students who can help with a specific problem. One can imagine
such “invisible” planning taking place in a free learning environment, for example, based on simulation, by changing
its parameters, difficulty etc. in order to support the acquisition of particular knowledge or training a specific skill.
Planning is only a technique; it is neutral to the particular educational philosophy underlying the system. However, it
can be used to implement a given educational philosophy. That is why we don’t think that the age of planning is gone
— it has arrived!
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