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Abstract 
This paper describes a novel approach to adaptive courseware generation. This approach adopts its structure from existing intelligent tutoring 
systems and introduces a new component called pedagogical scenario model to support pedagogical flexibility in the adaptation process of 
courseware generation system. The adaptation is carried out using Dynamic Constraint Satisfaction Problem framework, which is a variant of 
classical Constraint Satisfaction Problem, to deliver courseware tailored to individual learner. Such a framework provides a high level of 
expressiveness to deal with the particular characteristics of courseware generation problem. Further, it automatically designs a sound 
courseware satisfying the design constraints imposed by the domain, the pedagogical scenario and learner models. 
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1. Introduction 
 
The generation of adaptive courseware has been the subject of 

many research efforts resulting in several courseware generations 
systems such as APeLS [1], INSPIRE [2], and DCG+GTE [3], 
providing varying degrees of adaptation. Ullrich and Melis [4] 
and Brusilovsky and Vassileva [5] identify adaptive courseware 
generation as a way to generate a structured sequence of learning 
resources that is adapted to the learner.  

Typically, an adaptive courseware generation system borrows 
its structure from the architecture of intelligent tutoring and 
adaptive hypermedia systems where four well-differentiated 
building blocks can be found. The learner model holds 
information about the learner’s characteristics and preferences. 
The domain model is composed of the educational domain 
describing how the educational content is structured and linked 
together, educational resources and their metadata. The 
adaptation model contains rules which define how the domain 
model relates to the learner model in order to ensure adaptation. 
Finally, the adaptation engine decides what adaptive technique to 
apply and manages the entire process of adaptation according to 
the learner needs and preferences. 

Several systems have been quoted in the literature for 
courseware generation. Most of these systems support the 
adaptation into one or two forms of adaptation [6]: adaptive 
presentation (i.e., the system adapts the content to the learner) 
and adaptive navigation (i.e., the system alters a number of 

visible links to support adaptive hyperspace navigation), but 
often they do not support adaptive pedagogy form. Adaptive 
pedagogy refers to the selection of the appropriate pedagogy 
enabling the system to deliver adaptive courseware that, while 
dealing with the same subject matter and learning goals can be 
designed and structured in a way that best fits the learner’s 
preferences [1]. For instance, a learner which tends to be active 
may prefer a project-based learning method to be followed by the 
delivered courseware; while reflective learner may follow the 
same courseware using a simple presentation method. Therefore, 
it would be of interest to consider also the pedagogical dimension 
in the courseware adaptation process. 

In this paper we propose a novel conceptual model of 
courseware generation system which adopts its structure from 
existing systems and introduce a new component called 
pedagogical scenario model to support pedagogical flexibility in 
the adaptive courseware generation system. We formalize the 
pedagogical knowledge using Dynamic Constraint Satisfaction 
Problem (DCSP) framework, which is a variant of classical 
Constraint Satisfaction Problem (CSP). The advantage of such a 
framework is twofold. First, it automatically designs a 
pedagogically sound courseware satisfying the design constraints 
imposed by the domain, learner and pedagogical models, thus 
avoiding tedious manual controls of these constraints. Second, it 
exhibits a high level of expressiveness to deal with the particular 
characteristics of courseware generation problem. 

This paper is organized as follows. Section 2 reviews the 
existing courseware generation proposals and outlines their 
limitations. Section 3 proposes a new conceptual model of 
courseware generation systems and describes the role played by 
each of its components as well as the adaptation process. Section 
4 shows how courseware generation problem can be mapped to 
DCSP framework and discusses the implementation of the 
proposed courseware generation. Section 5 concludes the paper. 
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2. Related Work 
 
Several systems have been quoted in the literature for 

courseware generation. The DCG+GTE [3] is a courseware 
generation system based on the modelling of the educational 
domain and learner’s characteristics; however, it does not take 
into account the pedagogical perspective in performing the 
adaptation, only a limited selection of exercises and obviously do 
not allow the reuse of resources into different pedagogical 
environments. The adaptation technique used in these systems is 
based on the AI planner. 

APeLS [1] is an adaptive educational system that uses the 
multi-model, metadata driven approach to maintain a set of 
models describing the necessary learner, content and pedagogical 
information which the system can then reconcile, at runtime, in 
order to generate an adaptive course for an individual learner. 
The key advantage of APeLS is the separation of pedagogy from 
other models. This allows APeLS to adapt courseware to 
different pedagogical approaches; however, the model is not 
flexible enough to provide mediating tools supporting the 
implementation of different pedagogical methods. 

PERSO [7] uses a case-based reasoning (CBR) approach to 
determine which course to propose to the learners based on their 
characteristics, namely the levels of knowledge and the media 
preferences. They put less focus on pedagogical knowledge and 
provide only pre-defined templates of courseware upon which 
the adaptation engine can reason what courseware to generate to 
the learners. Another disadvantage is the difficulty of reuse of 
courseware solutions for future needs. 

Karampiperis and Sampson [8] propose a sequencing method 
that selects the best path that matches the learning goal based on 
the use of a suitability function that estimates the suitability of 
educational resources for a targeted learner. A major drawback is 
that the suitability function does not take into account that the 
same learner can have different learning needs regarding the 
same concepts or even the same courseware can presented in 
different pedagogical approaches. 

Mohan et al. [9] and Sicilia et al. [10] use AI planning 
technique to generate the “IMS Learning Design” instances. 
Their descriptions are on a very abstract level and sketches some 
basic operators and methods. Their work provides evidence that 
AI planning techniques can be used for the generation of learning 
designs; however they do not provide any detailed formalization. 

PAIGOS [11] describes a course generator used in the Web-
based learning environment, called ActiveMath. A significant 
amount of pedagogical knowledge is present enabling the 
generation of courses for different pedagogical scenarios. Their 
work show how courseware generation problem can be 
represented and managed by automated planning technique. The 
adaptation engine uses a hierarchical task network(HTN)-planner. 
Their work is similar to our work in the sense that supports 
different pedagogical scenarios but they are restricted to 
constructivist theory. 

To sum up, most of courseware generation systems are 
interested in the adaptation of courseware from content and/or 

presentation perspectives; however, the adaptation of courseware 
from pedagogical perspective is often ignored. This is mainly due 
to the fact that pedagogic information, if they exist, is encoded as 
part of the domain model in courseware generation systems and 
is limited to the semantics encoded in the domain model, so-
called pedagogical relationships (e.g., ‘prerequisite’, ‘part-of’, 
etc.) and/or the pedagogical annotation of learning resources. 
This issue has led to a lack of pedagogical flexibility in the 
existing courseware generation systems. 

 
 

3. Conceptual Model of Courseware Generation 
 
While there are several conceptual models of courseware 

generation, the generic conceptual model emerges from their 
common building blocks: domain model, learner model, 
adaptation model and adaptation engine. These building blocks 
are represented by Vassileva and Bontchev [12] as a triangular 
structure where the adaptation engine is at the core of the model 
(see Figure 1). The main benefits of this structure are it provides 
a strong independence of any of the building blocks; however, it 
does not consider the pedagogical perspective in the adaptation 
of courseware. Furthermore, the adaptation model is not 
represented at the core of the conceptual model although it 
contains all necessary rules for adaptation engine. 

To address these issues we presented in this paper a new 
conceptual model of courseware generation which adopts the 
architecture proposed by Vassileva and Bontchev [12], where 
four components are used: the domain model, learner model, 
adaptation model and adaptation engine, introduces a new 
component: the pedagogical scenario model to stress the 
importance of pedagogical perspective in courseware generation 
and regroups the adaptation model and the adaptation into one 
module called adaptation module and represent it at the core of 
the model (see Figure 1). 

 

 
Figure 1. Vassileva and Bontchev model [12] vs. our proposed model 

 
A clean separation between the pedagogical and domain 

models provides the system with the following advantages: 
 

 Modularity: A strong independence of the building 
models of the courseware generator systems allows 
easy maintenance of the system. For example, changes 
in a particular model do not impact other models.  

 Pedagogical flexibility: The system can easily reuse the 
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courseware content into different pedagogic 
environments without supplementary efforts of content 
adaptation.  

 Reuse: The potential for the reuse of learning resources 
into different pedagogic environments is increased, and 
so is the reuse of different pedagogical strategies. 

 
3.1. Pedagogical Scenario Model 

Pedagogy is a fundamental information source used in 
improving the quality of learning because it influences the 
organization of courseware content and provides guidance and 
learner support. According to Franzoni and Assar [1] pedagogy 
refers to an organized and systematized sequence of activities 
and resources that teachers use while teaching. The main 
objective is to facilitate the students’ learning. An appropriate 
selection of the pedagogy enables the system to deliver an 
adaptive courseware that, while dealing with the same subject 
matter and learning goals, can be designed and structured in a 
way that best fits the learner’s preferences [13]. For instance, a 
learner which tends to be active may prefer a project-based 
learning method to be followed by the courseware; while 
reflective learner may follow the same courseware using a simple 
presentation method.  

Therefore, it is essential that pedagogical information should 
be incorporated into a comprehensive pedagogical model. In this 
context, IMS consortium has developed the IMS Learning 
Design (LD) specification [14] offering an abstract model for 
learning designs. Even though this specification answers the need 
to formalize the representation of learning designs and to provide 
a set of machine interpretable metadata to assure interoperability, 
it has the limitation that it follows a traditional objectivist (i.e. 
behaviorist) theory of learning that asserts that knowledge must 
be objectified in order to be transmitted to learners. It is clear, 
however, that recent teaching and  learning  approaches  have  
moved  away from simply transmitting knowledge from 
teacher/book  to  the  learner  to more  diverse approaches 
that engage the learner in the generation and evaluation of 
knowledge. Furthermore, in IMS LD learning resources are 
bound to learning designs at design time regardless of learner 
profiles, resulting in a limited flexibility in the adaptation of 
learning designs. 

To cope with these issues, we propose an ontological model 
for pedagogical scenarios that accommodate a wide variety of 
pedagogical methods. The main elements composing a 
pedagogical scenario are: 

 
 Pedagogical Identifier Code (PIC), given to reference 

each pedagogical scenario stored in a repository. The 
use of PIC facilitates the search and retrieval of 
pedagogical scenarios from a repository. 

 Pedagogical objective, which identifies the objective to 
achieve through the pedagogical scenario being modeled. 
Pedagogical objectives are defined here based on 
Bloom’s taxonomy [15] which defines six levels of 
learning: knowledge, understanding, application, analysis, 

synthesis, and evaluation. 
 Pedagogical method, which represents the teaching 

approach followed by a particular pedagogical scenario. 
There have been many pedagogical methods in education, 
but the following ten types of pedagogical methods are 
commonly considered in pedagogical design [16]: 
presentation, problem solving, discussion, brainstorming, 
games, simulation, role playing, case study, project 
design method, question and answer method. 

 Activity-sequencing, which refers to an organized 
sequence of didactic activities (used for applying a 
particular pedagogical scenario). A didactic activity can 
be introduction, definition, problem, example, solution, 
etc. It is worth noting that the sequencing of didactic 
activities is the responsibility of instructional designers 
and pedagogical experts.  

 Candidate concepts, which provide the potential concepts 
that might be associated with the particular pedagogical 
scenario. This helps the course author to select the 
appropriate pedagogical scenario in one hand and 
supports the reuse of pedagogical scenarios for different 
learning goals in the other hand. 

 Mediating tool, which identifies the teaching tool or 
technique to implement a pedagogical method. For 
example, a set of PowerPoint slides can be a mediating 
tool for presentation. E-mails can be a mediating tool for 
discussion or project design method. 

 
3.2. Learner Model 

Learner is essential for an adaptive system to provide the 
adaptation effect, i.e., to behave differently for different learner 
or users [17]. Therefore, the information represented in the 
learner model should be able to represent in a convenient way the 
characteristics of the learner which are source of adaptation.  

We envisage to represent our learner model into three parts, 
where the first part, called the general part, holds general 
information about the learner such as his/her unique identifier, 
forename, surname, date of birth, etc. The second part, called the 
knowledge part, represents the primary elements being modeled 
in the learner model, i.e., the cognitive state. This can be 
expressed by the following information: 

 
 Prior knowledge: A set of domain-concepts already 

possessed by the learner 
 Target knowledge: A set of domain-concepts that the 

learner lacks and must acquire to complete the 
courseware 

 Level of knowledge: Novice, intermediate, or expert 
 

The third part, called the preferences part, contains 
information pertaining to the learner`s preferences. This includes: 

  
 Felder and Silverman`s learning style [18]: Felder and 

Silverman propose to categorize learners in four learning 
categories. Each category is characterized by two opposite 
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attributes (e.g., Visual vs. Verbal) which represent the 
range of possibilities for that category (see Table 1). 

 Media type: Text, image, video, audio, illustration, or 
animation 

 
Table 1. Felder and Silverman’s learning styles dimensions [18] 

Learning style Attributes Description 
Perception       Sensitive Deal with facts, raw data and 

experiments; they are patient with 
details, but do not like 
complications. 

Intuitive Deal with principles and theories, are 
easily bored when presented with 
details and tend to accept 
complications. 

Input Visual Easy for them to remember what 
they see: images, diagrams, time 
Tables, films, etc. 

Verbal Remember what they have heard, 
read or said. 

Processing Active Learn by working in groups and 
handling stuff 

Reflective Learn better when they can think and 
reflect about the information 
presented to them. Work better alone 
or with one more person at most. 

Understanding Sequential Follow a lineal reasoning process 
when solving problems and can work 
with a specific material once they’ve 
comprehended it partially or 
superficially. 

Global Take big intuitive leaps with the 
information, may have a difficulty 
when explaining how they got to a 
certain result, need an integral 
vision. 

 
3.3. Domain Model 

The domain model is composed of the domain knowledge 
describing how the knowledge space is structured and linked 
together, resources and their metadata. 

 

 
Figure 2. Partial view of computer algorithm domain model 
 
We define the domain knowledge in a way that represents all 

possible courseware for a given subject in a single model using 
concepts. A concept can be a coarse or fine grained element of 
knowledge about a given subject. The relations between concepts, 
adapted from [19], take five different forms: 

 

 Mandatory: A sub-concept is said to be mandatory 
when it is required to appear when the parent concept 
appears. 

 Optional: A sub-concept is said to be optional when it 
can or not appear when the parent concept appears. 

 Composed-of: A set of sub-concepts are said to have a 
composed–of relation with their parent concept when 
the later can be decomposed into fine grained concepts. 

 Alternative: A set of sub-concepts are said to be 
alternative when only one sub-concept can be selected 
when the parent concept appears.  

 OR: A set of sub-concepts are said to have an OR 
relation with their parent when one or more sub-
concepts can be selected when the parent concept 
appears. 
 

In addition to the structural relations, dependencies are also 
allowed. They refer to additional cross–tree constraints to 
restrict concept combinations and take here two different 
forms: 

 
 Prerequisite: A concept, C1, is a prerequisite of C2 

means that if C1 appears then C2 should appear but not 
backwards. 

 Exclude: A concept, C1, excludes C2 means that if C1 
appears then C2 should not appear and backwards. 

 
Each concept in the domain knowledge is associated with a set 

of resources that focus on this concept. This association is 
established through metadata. Our resources model has the 
following descriptive metadata scheme, extracted from Learning 
Object Metadata (LOM) specification [20]: 

 
 Resource_id, which is the unique identifier of the 

resource. 
 Category, which defines the category to which belongs 

the resource. 
 Pedagogic role, which describes the didactic role 

developed by a resource in reference to didactic activities 
embodied in the pedagogical model. 

 Media type, which indicates the form in which a resource 
is presented. The most used types of media are: 
text/image, video, audio, and simulation. 

 Address, which refers to the physical or logical address 
where an educational resource is stored. 
 

It is worth noting that resources should be sufficiently small 
grained, in the sense that it describes a single concept and is 
presented by one type of data. Indeed with small grained 
resources, the course designer has greater flexibility in the reuse 
of existing resources to assemble new courseware. For example, 
if the granularity level of resources is of a description, theorem, 
or demonstration level then the course designer can add/remove 
content at this finer level to produce several versions of the same 
courseware.  
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3.4. Adaptation Model 
In order to introduce the pedagogy perspective in the 

adaptation process of courseware generation, we take into 
account three hierarchical levels (see Figure 3): domain concepts 
selection, pedagogical scenario selection, and resources selection. 

 
 Domain concept selection level. The first level 

constitutes the classical level of any adaptation process in 
courseware generation systems. It consists of selecting 
concepts related to a learning goal as well as associated 
concepts (sub-concepts and prerequisites) based on the 
domain model relationships. This formulates a 
conceptual structure that represents all the concepts of a 
learning goal and their relationships.  

 Pedagogical scenario selection level. At this level 
pedagogical scenario selection takes place. The course 
author might impose a particular pedagogical scenario to 
use for designing and organizing the courseware or let the 
system decides which pedagogical scenario to select with 
a respect to the attributes of learner model. The 
connection between the pedagogical scenario model and 
the learner model is established based on the adaptive 
teaching taxonomy proposed by [1]. This taxonomy 
consists on matching the different learning styles with 
teaching strategies. It also suggests the suitable mediating 
tool for implementing teaching strategies. Table 2 depicts 
this connection. 

 Resources selection level. The main functionality of this 
level is to associate to both selected concepts and 
pedagogical scenario the corresponding learning 
resources based on the connection of the resources model 
with both learner and pedagogical scenario models. 
 

The advantage of our approach is that it allows a complete 
independence between the domain model, learner model and 
pedagogical scenario model. Such independence enables various 
forms of adaptation (content adaptation, presentation adaptation, 
and pedagogy adaptation). Furthermore, we could identify the 
appropriate pedagogical scenario using some of the identified 
learning preferences to improve the efficiency of the learning 
process through matching leaner and pedagogical scenario models. 
 

 
Figure 3. Adaptation process in courseware generation system 

Table 2. Relating learner model to pedagogical scenario model 
Learner model Pedagogical scenario model 

Learner level: 
- Novice 
- Average  
- Expert 

Pedagogical objective: 
- Knowledge (Novice) 
- Understanding (Novice) 
- Application (Average) 
- Analysis (Average) 
- Synthesis (Average) 

  - Evaluation (Expert) 
Processing category of 
learning style: 

- Active 
   - Reflective

Learning method: 
-Presentation (Sensitive, Visual,    
 Reflective, Sequential) 
- Brainstorming (Verbal, Active, Global) 
- Problem solving (Sensitive, Active) 
- Discussion (Intuitive, Verbal, Active) 
- Games (Intuitive, Visual, Active) 
- Simulation (Intuitive, Visual, Active) 
- Role playing (Intuitive, Active, Global) 
- Case study (Intuitive, Reflective,   
 Global) 
- Project design method (Intuitive, Active, 
 Global) 
- Question and answer method (Sensitive, 
 Verbal, Reflective, Sequential) 

Perception category of 
learning style: 
  - Sensitive 
  - Intuitive 
Understanding 
category of learning 
style: 
  - Sequential 
  - Global 
Input category of 
learning style: 
  - Visual 
  - Verbal 

Mediating tool: 
- Audio recording, audio conference 
(Verbal, Sequential) 
- Forums, Wikis (Sensitive, Active, 
Visual, Global) 
- Blog (Sensitive, Active, Global) 
- E-mail, chat (Active, Global) 
- Animations, graphics, pictures   
 (Sensitive, Visual) 
- Digital newspaper (Reflective,  
 Sequential) 
- Digital magazine (Reflective) 
- Web pages, e-books, Slides shows  
 (Visual, Reflective, Sequential) 
- Internet research (Intuitive, Active,  
 Reflective, Global) 
- Course Legacy System (Intuitive) 
- Tutorial system, WebQuest (Intuitive,  
 Reflective) 
- Podcast (Verbal) 
- Recorded Live events, videoconference, 
 videos (Visual, Verbal) 

 
 

4. Modeling Courseware Generation Using 
DCSP 

 
Dynamic Constraint Satisfaction Problem (DCSP) consists of 

a classical Constraint Satisfaction Problem (CSP) together with 
constraints describing how variables are added (or removed) 
from a problem based on other particular variable assignments 
[21], called activity constraints.  

Formally, a DCSP is defined as (V, Vinitial, D, CC, CA), where 
V = {v1, …, vi} is the set of variables, Vinitial  V is the set of 
initial variables that must appear in all solutions, and D = {D1, …, 
Di} is the set of domains of the variables providing a set Di = {di1, 
…, dij} of values of each variable. The compatibility constraints 
CC correspond to the constraints found in classical CSPs, 
specifying allowed combinations of variables assignments and 
the activity constraints CA specify the conditions under which a 
variable and its associated domain become relevant in 
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constructing a solution. 
Following the DCSP formalism proposed in [22, 23], we 

propose to use the following form of activity constraint: 
 

v1, …, vi m { vj | … | vk} n 

 

where 0  m  n. This activity constraint states that if 
variables v1, …, vi are active in and satisfied by an assignment, 
the subset of variables vj, …,  vk are active in the assignment.  

A solution to DCSP is an assignment A that has assignment to 
the set of initials variables and satisfies CC ∪CA. 
 
4.1. Modeling Courseware Generation Problem as a DCSP 

We define courseware generation problem as a DCSP such 
that each concept included in the domain model is represented by 
a variable, the domain associated with these variables is a set of 
pedagogical scenarios available in the repository. The root 
concept defined in the domain model and target concepts 
specified by the learner are represented as initial variables. The 
relations defined by the domain model are translated into activity 
constraints; whereas the conditions under which a concept is 
assigned a selected pedagogical scenario are specified in 
compatibility constraints. A solution to DCSP is a courseware 
that satisfies all compatibility and activity constraints and has 
assignments for each of the initial variables. 

To illustrate how courseware generation problem can be 
mapped to a DCSP model, let us consider a simplified view of a 
computer algorithms model (see Figure. 2), which consists of 12 
concepts and 13 relations, among which 7 are mandatory, 2 
optional, 3 prerequisite and 1 OR relations. Consider now a 
learner who wants to take a computer algorithms courseware to 
learn about graph representation following a problem solving 
approach assuming he/she has no prior background on that 
domain. 

Tables 3, 4 and 5 describe the mapping of courseware 
generation problem to DCSP model. Each concept is represented 
by a variable, denoted by VCi, and the domain of each variable 
includes one or more scenarios (see Table 3). A scenario is 
represented by SMeth, where S stands for the Scenario and Meth a 
short name of the pedagogical method associated with it. For 
example SPres, SQ&A, SSim, SPS represent the scenarios respectively 
associated with the presentation, question and answer, simulation, 
and problem solving methods. The target concepts which have to 
be present in every courseware solution are included in the set of 
initial variables as well as the root concept (i.e., computer 
algorithms). The activity constraints CA specify the conditions 
under which a variable and its associated domain become 
relevant in constructing a courseware solution. For example, the 
constraint 

V
Ca

 V
Ds

 

 
states if computer algorithms concept is active in a courseware 
solution, data structures concept is then active. This allows the 
selection of relevant concepts to a specific courseware generation 

problem and the removal of irrelevant ones. The compatibility 
constraints CC correspond to the constraints found in classical 
CSPs, i.e., normal constraints specifying allowed combinations 
of variables assignments. The activity constraints CA and 
compatibility constraints CC are respectively given in Table 4 and 
Table 5. 

 
Table 3. DCSP variables of the computer algorithms domain 
Variable Description Domain 

V
Ca

    V
initial

Computer 
algorithms D(VCa) = {SPres, SQ&A} 

V
Ds

 Data structures  D(VDs) = {Spres} 
V

Ls
 List  D(VLs) = {Spres} 

V
Ar

 Array  D(VAr) = {Spres} 
V

St
 Stack  D(VSt) = {Spres} 

V
Ri

 Recursion and 
induction D(VRi) = {Spres} 

V
Sa

 Sorting algorithms D(VSa) = {Spres} 
V

Qs
 Quick sort  D(VQs) = {Spres, Ssim} 

V
Ms

 Merge sort  D(VMs) = {Spres, Ssim} 
V

Ga
 Graph algorithms  D(VGa) = {SPres, SQ&A} 

V
Gr

    V
initial

Graph 
representation D(VGr) = {Spres , SPS} 

V
Gt

     Graph traversal  D(VGt) = {Spres , Ssim, SPS} 

 
4.2. Implementation 

There exist two approaches to solve DCSP. The first 
approach was proposed by Mittal and Falkenhainer [24]. It 
consists of using dynamic backtracking algorithm to solve 
DCSP. The second approach, which we use to solve 
courseware generation problem, was proposed by 
Kambhampati [25]. It consists of compiling DCSP into a 
standard CSP and using the standard CSP algorithms. The main 
idea is to introduce a new “null” value (denoted by “┴”) into 
the domains of each of the DCSP variables. We then model an 
active DCSP variable as a CSP variable which takes the value 
“ ≠ ┴”. Table 6 demonstrates such a compilation. 
 
Table 4. Activity constraints of the computer algorithms domain 

Activity 
constraints Description 

Domain 
model 

relations 

V
Ca

 V
Ds

 
If computer algorithms concept is 
active in a solution, data 
structures concept is then active 

Mandator
y 
relations 

V
Ds

 V
Ls

 
If data structures concept is 
active in a solution, list concept 
is then active 

V
Ds

 V
Ar

 
If data structures concept is 
active in a solution, array concept 
is then active 

V
Ds

 V
St

 
If data structures concept is 
active in a solution, stack concept 
is then active 

V
Ca

 V
Ga

 
If computer algorithms concept is 
active in a solution, graph 
algorithms is then active   

V
Ga

 V
Gr

 
If graph algorithms concept is 
active in a solution, graph 
representation is then active 

∈

∈
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V
Ca

 V
Sa

 
If computer algorithms concept is 
active in a solution, sorting 
algorithms is then active 

V
Ca

 1 
{V

Qs
| V

Ms
} 2 

If sorting algorithms concept is 
active in a solution, quick sort, 
merge sort, or both might be 
active 

OR-
relation 

V
Ca

 0 
{V

Ri
} 1 

If computer algorithms concept is 
active in a solution, recursion and 
induction might be active Optional 

relations 
V

Ga
 0 

{V
Gt

} 1 

If graph algorithms concept is 
active in a solution, graph 
traversal might be active 

V
Gr

 V
Ar

 
If graph representation concept is 
active in a solution, array concept 
is then active 

Prerequisi
te 
relations 

V
Gt

 V
Gr

 
If graph traversal concept is 
active in a solution, graph 
representation is then active 

V
Ri

 V
Gr

 
If graph recursion and induction 
concept is active in a solution, 
graph traversal is then active 

 
Table 5. Compatibility constraints of the computer algorithms 

domain 
Compatibility 

constraints 
Description Domain 

V
Gt

= S
PS

 Graph traversal concept is 
assigned a scenario with a 
problem solving method 

Learner 
Preferences 

V
Ca

=
 
S

pres
 Computer algorithms 

concept is assigned a 
scenario with a presentation 
method Other 

constraints 
(imposed by 
the 
pedagogue or 
the course 
author) 

 
V

Gr
= S

PS
 V

Ga
≠ S

Q&A
 

If the graph presentation 
concept is assigned a 
scenario with a problem-
solving method, the graph 
algorithms concept must be 
assigned a scenario different 
from problem-solving 
method. 

 
Table 6. Compiling DCSP to CSP 

DCSP model CSP model 
Variables Variables 
V

Ca
,V

Ds
,V

Ls
, …, V

Gr
,V

Gt
 V

Ca
,V

Ds
,V

Ls
, …, V

Gr
,V

Gt
 

Initial variables Initial variables 
V

Ca
,V

Gt
    V

initial
 V

Ca 
≠ ┴ ^ V

Gt 
≠ ┴ 

Domains Domains 
V

Ca
 = {S

Pres
, S

Q&A
},  

V
Ds

 =
 
{ S

Pres
},       

V
Ls

 =
 
{S

Pres
},  

…, 
V

Gr
 =

 
{S

Pres
, S

PS
},             

V
Gr

 =
 
{S

Pres
, S

Sim
, S

PS
}. 

V
Ca

 = {S
Pres

, S
Q&A

, ┴},  

V
Ds

 =
 
{ S

Pres
, ┴},    

V
Ls

 =
 
{S

Pres
,┴},  

…, 
V

Gr
 =

 
{S

Pres
, S

PS
,┴},          

  V
Gr

 =
 
{S

Pres
, S

Sim
, P

PS
,┴}. 

Activity constraints Constraints 

V
Ca

 V
Ds 

V
Ds

 V
Ls 

… 

V
Ca 
≠ ┴  V

Ds 
≠ ┴ 

V
Ds 
≠ ┴ V

Ls 
≠ ┴ 

… 

V
Gt

 V
Gr 

V
Ri

 V
Gr

 

V
Gt

 ≠ ┴ V
Gr 
≠ ┴

 

V
Ri

 ≠ ┴ V
Gr 
≠ ┴ 

Compatibility constraints Constraints 
V

Gr
= S

PS 
V

Ca
=

 
S

pres 
V

Gr
 = S

PS
 V

Ga
≠ S

Q&A
 

V
Gr

= S
PS 

V
Ca

=
 
S

pres 
V

Gr
 = S

PS
 V

Ga
≠ S

Q&A
 

 
We use the open source solver CHOCO [26] to generate 

possible courseware solutions. Due to the length reasons, Figure 
4 illustrates a part of the constraint programming code using 
CHOCO solver. The first two lines (lines 1-2) create an instance 
of CPModel() for constraint programming model. The second 
part (lines 4-8) define the domain concepts as CSP variables and 
the boundaries for their domains using the makeIntVar() method. 
The option Options.V_NO_DECISION added in the definition of 
variables specifies that the variables Ca and Ds can be excluded 
from the search strategy if they are not activated. This translates 
the activity constraints and active variables explained above. 
Once the variables are defined, the constraints are then added (lines 
10-11) using the m.addConstraint() method. For example, the line 
11 states if V

Gr
= S

PS then V
Ga
≠ S

Q&A
. Finally, an instance of 

CPSolver() for constraint programming solver is created. Then, the 
solver reads (translates) the model and solves it (lines 13-14). 

Given the above CSP model, CHOCO solver generates eight 
courseware solutions. The assignment A

1 = {V
Ca

= S
Pres

, V
Ds

= S
Pres

, 

V
Ls

= S
Pres

, V
Ar

= S
Pres

, V
St

= S
Pres

, V
Ga

= S
Pres

, V
Gr

= S
PS

, V
Sa

= S
Pres

, V
Qs

= S
Sim

} is a solution since it satisfies the compatibility and 

activity constraints and has assignment to the set of initials 
variables. However, A

2 = {V
Ca

= S
Pres

, V
Ds

= S
Pres

, V
Ls

= S
Pres

, V
Ar

= S

Pres
, V

St
= S

Pres
, V

Ga
= S

Q&A
, V

Gr
= S

PS
, V

Sa
= S

Pres
, V

Qs
= S

Sim
} is not a 

solution since the assignment V
Ga

= S
Q&A

violates the compatibility 

constraints. It is worth noting that a satisfying courseware 
solution allows only the selection of relevant concepts satisfying 
both CC ∪CA, thus discarding the non potential concepts. 
 

1. CPModel m=new CPModel(); 
2. CPSolver  s = new CPSolver(); 
3. … 
4. Ca=Choco.makeIntVar("Ca",tab, 

Options.V_NO_DECISION); 
5. Ds=Choco.makeIntVar("Ds",tab1, 

Options.V_NO_DECISION); 
6. … 
7. Scenarios1=Choco.makeIntVar("scenarios1",A); 
8. scenarios2=Choco.makeIntVar("scenarios2",B); 
9.  …  
10. m.addConstraint(Choco.eq(Ca,pres)); 
11. m.addConstraint(Choco.implies(Choco.eq(Gr,PS), 

Choco.neq(Ga,Q&A)));  
12. …  
13. s.read(m); 
14. s.solve(); 

Figure 4. Partial view of constraint programming using CHOCO 

∈
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5. Conclusion 
 
This paper has proposed a new conceptual model for 

courseware generation to support pedagogical flexibility in 
courseware generation, and formulated the courseware 
generation problem as a DCSP. This approach allows the 
translation of all forms of relations defined in the domain 
knowledge model to activity constraints, learning goals to initial 
variables, and other design constraints to compatibility 
constraints. We argue that DCSP is more expressive than CSP in 
terms of knowledge representation. In terms of computational 
overhead, however, combining different elements or generalized 
definitions requires further optimization. For the future work, we 
plan to extend our DCSP framework to support reusing previous 
courseware solutions for prospective learners with similar 
characteristics. Knowledge conversion techniques such as studied 
in [27] may help this process of reusing knowledge. 
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