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Abstract— This paper will describe a three-tier adaptation mechanism to personalize educational web-based games 
according to several special characteristics of preschool children. These games compose the user interface of Adap-
tive Cross-Platform Hypermedia System for Adaptive Assessment of School Readiness (ACPHSAASR), a Cross-
Platform adaptive hypermedia system designed for assessing pre-school children. This mechanism is based on a 
JSON configuration file. The schema of this file is easily extensible to other adaptation parameters. 
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CHOOL readiness is an essential process to assess the level 
of a child before he/she joins grade one. The target is to 
determine whether a student is ready to smoothly adapt to 

the new educational system which differs from the preschool 
education attended by the child for almost six years though 
the period differs from country to country and from one edu-
cational system to another. Applying the same static assess-
ment process is not effective and may lead to failure. Thus, it 
is required to provide a dynamic process that could smoothly 
adapt to the specific child under assessment. However, adap-
tation cannot be easily achieved without an automated system 
that strongly captures expertise in the domain. Further, to 
provide for wider availability of the system, it is important to 
develop a Web-based interface. 

2    STRUCTURAL DESIGN AND APPLICATION OF 

KNOWLEDGE ASSESSMENT SYSTEMS 

Knowledge assessment is an integral part of the learning pro-
cess. However, it is a very time and effort consuming activity 
in the traditional learning process, because it demands from 
the teacher to prepare assessment tasks or questions, to con-
duct assessment activities, to check and evaluate children’s 
works, to provide feedback, among others. This is a main rea-
son for the development of an automated system. Further, to 
increase the availability of the framework, it is important to 
provide a web-based assessment system. 
The mentioned systems are used, on the one hand, to detect 
children’s knowledge and skills, but, on the other hand, to 
regulate teaching and learning process on the basis of informa-
tive and tutorial feedback generated automatically by the sys-
tem. 

• The key factor of a successful application of any web-
based assessment system is the level of its intelligence 
and adaptively. Intelligence mainly refers to the intel-
ligent analysis of solutions provided by children, but 
the adaptivity is related to the adaptive presentation 
of assessment content. Children have different needs 

and these differences should also be taken into ac-
count by providing an individualized approach to 
each child. Otherwise, a unified assessment style can 
have a negative impact on the assessment process 
which may lead to worse results. Therefore, develop-
ers should provide an appropriate level of intelligence 
and adaptively in their web-based assessment system. 

 

2.1  Concept of web-based assessment 

According to [44] web-based assessment is a common term for 
the use of computers in the assessment of child learning. 
However, today there is a variety of other widely used terms 
such as e-assessment, Internet-based assessment, online as-
sessment, Computer-assisted assessment, etc. Actually, all of 
them mean the same, that is, the application of computers or, 
more precisely, of a web-based assessment system to 
knowledge assessment activities. In [16] the following tasks of 
web-based assessment systems are mentioned: 

• The delivery of assessment tasks and results to chil-
dren; 

• Assessments taken in whole or part on computer; 

• Computer marking of assessments; 

• Electronic collation and transfer of grades and as-
sessment data; 

• Electronic delivery of training and support materials. 
 
Web-based assessment systems can be used for initial, forma-
tive and summative assessment. Initial assessment, as a rule, is 
performed at the beginning of the learning process in order to 
gather diagnostic and prognostic information concerning chil-
dren’ knowledge and skills. Formative assessment is carried out 
during the instruction in order to obtain information about the 
regulation of the teaching and learning process, to identify 
obstacles that can be found in the learning process and to de-
tect topics that need to be reinforced. Summative assessment 
takes place at the end of learning with aim to determine chil-
dren’s achieved level of knowledge and skills in a given do-
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main. [17] [5]); [20] the same term "web-based assessment" is 
defined narrowly and refers to the use of computers in as-
sessment, encompassing delivering, marking and analysis of 
assignments or examinations, as well as collation and analysis 
of data gathered from optical mark readers. This definition 
clearly distinguishes two basic forms of web-based assessment 
which exist nowadays: 

• Systems, where children submit their works or an-
swers using a computer that further makes their anal-
ysis and evaluation; 

• Optical mark readers, which scan, interpret and evalu-
ate paper forms of tests completed by children 
through the marking answers on test questions. 

 
The first mentioned basic form of web-based assessment can 
be divided into systems providing objective testing and sys-
tems supporting subjective testing; [41]. Systems based on 
objective tests are the most widespread systems of web-based 
assessment. They offer the child a set of questions, answers to 
which are pre-defined [20], in other words, assessment is not 
subjective, because no judgment has to be made on the cor-
rectness of an answer at the time of marking, [13]. Thus, in 
such systems the child is offered a question and he/she inputs 
an answer. The system compares the entered answer with the 
answer defined by the teacher/instructor and provides the 
feedback to the child. There are different types of questions, 
but the main ones are the following, [16] 

• Multiple choice questions (children are asked to select 
one answer from a list of possible answers); 

• Multiple response questions (children are asked to se-
lect any number of answers from a list of possible an-
swers); 

• Graphical hotspot (children are asked to select areas 
of the screen by moving a marker to the required po-
sition or filling in a block in a particular position 
linked to a graphic illustration on a specially designed 
paper answer sheet); 

• Text/numerical questions (children are asked to input 
text or numbers in the particular field using the key-
board). 

• Once the mouse is controlled, further training should 
introduce young learners in the use of pressing but-
tons. Since "drag and drop" and "double click" are too 
complex actions at this age, they should be practiced 
to prevent children’s rejection of using a mouse. 

 
Computer-assisted objective testing systems vary significantly 
in their functional complexity. Simple systems act as authoring 
tools providing the possibility for the teacher to construct 
questions manually. Complex testing systems are able to cre-
ate questions automatically on the basis of the dynamically 
selected learning content provided by the teacher. Such sys-
tems combine various techniques of natural language pro-
cessing to construct questions. 
 
 

2.2  Advantages and drawbacks of web-based 
assessment systems 

In general, the use of web-based assessment systems provides 
a number of advantages, [17]; [41]; [7]; [31]; [15]; [37]: 

• A wide range of topics can be tested quickly; 

• Large groups of children can be assessed quickly; 

• Provision of the potential for frequent assessments 
and, as consequence, the regular monitoring of the 
progress of children; 

• A variety of media (images, video, audio, etc.) can be 
included in assessment questions or tasks; 

• Extensive feedback can be provided to teachers 
through various diagnostic reports; 

• Decrease in time needed for supervising and marking 
of assessments; 

• Greater flexibility regarding place and time of as-
sessment; 

• Elimination of any prejudices in relation to children; 

• Instant feedback to children; 

• Reduced mistakes in comparison with human mark-
ing; 

• Results can be automatically entered into administra-
tion systems. 

 
Despite all the advantages, web-based assessment systems 
have also some drawbacks, [17]: 

• Implementation of an assessment system can be costly 
and time-consuming; 

• Difficult to reproduce freedom of paper examination 
– e.g. scanning exercises to choose which to make; 

• Assessors need training in assessment design, IT skills 
and examinations management; 

• Children require adequate IT skills and experience of 
the assessment type; 

• Good system maintenance is required to avoid down-
time during examinations. 

 
Considering objective testing the following advantages can be 
identified in addition to the already mentioned advantages of 
web-based assessment systems: 

• It is easy enough to define questions, because a wide 
experience is accumulated in the development of 
knowledge assessment systems based on objective 
tests; 

• Objective testing can be used for initial, formative and 
summative assessment, as well as for other kinds of 
assessment, for example, self-assessment. 

 
Moreover, one of the most promising advantages of the appli-
cation of web-based assessment systems based on objective 
tests seems to be the possibility of automatic bidirectional 
translation of questions and answers from one language to 
other language(-s), as it is implemented in the web-based as-
sessment system, [6]. Thus, it allows an assessment system to 
be used by children and teachers from different nationalities, 
because the author of a course simply writes the questions in 
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his/her own language (for example, in Spanish) and the child 
(for example, an English speaker) receives the question trans-
lated automatically into English, writes the answer, and the 
system automatically translates it into Spanish and compares 
it against the teacher's answer. 
 
However, systems of objective testing have the following draw-
backs: 

• Objective testing does not allow the child to offer 
original answers, so there are restrictions on 
knowledge and skills which can be assessed. Accord-
ing to [13];  [37] such systems allow evaluation only of 
the first four levels in widely accepted in pedagogy 
Bloom’s taxonomy, [45], which includes three levels 
of lower order skills (knowledge, comprehension, and 
application), and three levels of higher order skills 
(analysis, synthesis, and evaluation). In [13] this asser-
tion is said to be erroneous, but it is pointed out that 
designing test questions to assess higher order skills 
can be time consuming and requires skills and crea-
tivity; 

• Objective testing assesses only factual knowledge in-
stead of child's understanding about their intercon-
nectedness and significance in the learning course; 

• Objective tests encourage children guessing. 
 
Subjective testing, in turn, provides the following advantages, 
Module III: [36]; [18]: 

• It allows the child to offer original answers and 
judgments, to demonstrate ability to organize 
knowledge and express opinions, thus, higher order 
cognitive levels can be assessed; 

• Children can display a broader range of knowledge 
about a particular topic; 

• Children less likely to guess. 
 
Systems of subjective testing use methods of artificial intelli-
gence, especially natural language processing and classifica-
tion algorithms. This fact is the reason for the main drawbacks 
of such systems: dependency on a subject and natural lan-
guage, as well as complex structure and functional mecha-
nisms. Moreover, the use of essays and free text responses for 
systematic assessment is a questionable issue due to a high 
cognitive load for children. Other drawbacks are the follow-
ing, Module III: [36]; [18]: limitations of the extent of content 
covered by assessment and more subjective assessment due to 
the taking into account such factors as style and originality of 
assignments. 
 

2.3 General architecture of a web-based assessment 
system 

In general web-based assessment systems are designed to be 
used by three types of users – an administrator, a course in-
structor (a teacher) and a child. The administrator updates 
records of courses, instructors and children are also gives ac-
cess rights to both instructors and children. The course in-

structor organizes curriculum, designs tasks and views as-
sessment results. The child takes published tests or performs 
tasks, [34]; [35]. 
The analysis of web-based assessment systems intended both 
for objective and subjective testing shows that almost each 
system has its own architecture, [22]; [21]. There are two main 
reasons for such architectural differences. Firstly, each web-
based assessment system has its own behavioural model. Sec-
ondly, each developer has its own preferences on dividing 
system functionality into structural units. 
Trying to recap information about available architectures and 

their similarities a general architectural model of a modified 
web-based assessment system is presented in Figure 1. 
 

 

Figure 1- General architecture of a modified web-based 
assessment system, Source:  [33] 

 
The architecture above incorporates the following structural 
units: 

1. Interface (or Interaction) Module that is responsible for 
the provision of interaction between a user and the 
system. The main tasks of this component are the fol-
lowing: to present tasks and feedback, to activate the 
other modules according to the child’s actions, to col-
lect data concerning the child’s observable behaviour 
and to update the child model with the newly ac-
quired information. The interface module passes 
child’s solutions to the evaluation module for their 
evaluation. If the child set some preferences regarding 
the interface and behaviour of the system the interface 
module also stores these parameters in the child 
model. 

2. Adaptation Module that is responsible for the selection 
of tasks suitable for a particular child taking into ac-
count the child’s level of knowledge, skills and pref-
erences. Adapted tasks from the adaptation module 
are passed to the interface module for their presenta-
tion to the child. The mentioned module is the core of 
the web-based assessment system because it provides 
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the intelligent solution analysis, [10]. There are two 
fundamentally different types of instructional (or se-
lection) models for adaptation module: rule-based 
model and algorithm-based model. [19]. 

3. Evaluation (or Diagnostic) Module that is responsible for 
the evaluation of child’s solutions and generation of 
feedback. Evaluation results are used further mainly 
to update knowledge level in the child model. Results 
of each completed task are also passed to the adapta-
tion module and to choice the next assessment tasks. 
They are also passed after each task to the adaptation 
module for the selection of the next assessment task. 

4. Domain (or Expert) Knowledge which stores all possible 
questions and solutions defined by the teacher or the 
instructor. Domain knowledge is passed to the adap-
tation module to adapt assessment tasks to the child 
needs before assessment takes place, and to the inter-
face module to show the child the correct solutions af-
ter assessment is completed. 

5. Child (or Learner) Model which stores information 
about a child such as general information, knowledge 
level, preferences, etc. The child profile is passed fur-
ther to the adaptation module to adapt assessment 
scenario to the child needs. 

 
The adaptation module is depicted by the dot filled box in 
Figure 15 because this component is optional and there are 
systems which do not provide adaptively to a particular child 
and, therefore, offer the same assessment scenario for all chil-
dren regardless of their level of knowledge and skills and 
preferences, i.e., such systems are not able to generate indi-
vidual assessment plans. 
 
 

2.4  Intelligent and adaptive support in web-based 
assessment systems 

The analysis of web-based assessment systems shows that 
there are two important features of such systems, level of intel-
ligence and level of adaptively. A system is called to be adaptive 
if it uses principles and methods of artificial intelligence, [10] 
(such as the processing of natural language, knowledge repre-
sentation, inference mechanisms and machine learning) in its 
structure and operation. 
In turn, adaptively is defined as the capacity of the system to 
change behaviour automatically without a deliberate action on 
the user’s part, [42]. The adaptively and intelligence are features 
of high importance due to the fact that children have different 
needs and these differences should also be considered in web-
based assessment through the provision of an individualized 
approach to each child. Otherwise, if a unified assessment 
style does not match the style of a particular child it can have 
negative impact on assessment process by leading to worse 
results, [43]. Therefore, in order the assessment process im-
plemented through the use of a web-based assessment system 
to be effective an intelligent and adaptive approach should be 
applied. Web-based assessment systems become more flexible 

and useful for children with different preferences and learning 
needs by incorporating a certain level of intelligence and 
providing a certain level of adaptively. 
 
According to [10] intelligence is concerned with the intelligent 
solution analysis and the intelligent problem solving support. 
Unlike systems which do not incorporate intelligent solution 
analyzers and, as a result, are capable of telling only whether 
the child’s solution is correct or not, systems performing the 
intelligent solution analysis can tell what is wrong or incom-
plete and which missing or incorrect pieces of knowledge may 
be responsible for the error. The intelligent problem solving 
support concerns with the provision of intelligent help during 
the problem solving process and the generation of tutorial 
feedback to the child both during the assessment process and 
at the end of it. 
The intelligent help can be given in forms of hints or leading 
questions relevant to the current situation in problem solving, 
Its main task is to allow the child to activate his/her thinking 
processes in order to obtain the correct solution of a task. In 
turn, tutorial feedback can be directed towards filling in gaps 
in knowledge simultaneously with the knowledge assessment 
by providing pieces of relevant learning material or towards 
facilitation of further direction of learning. 
 
It is possible to conclude that systems of subjective testing are 
mainly intelligent systems because they perform not only the 
analysis of text in natural language through the use of corre-
sponding methods of artificial intelligence, but also checking 
of matching of the text to criteria corresponding to the content, 
style, originality and identification of reasons of mismatching. 
In turn, the greater part of objective testing systems is not in-
telligent because they do not provide the intelligent solution 
analysis and the intelligent problem solving support. The 
mentioned systems typically compare the child’s submitted 
answer with the teacher’s predefined answer without the 
identification of the reasons of the mismatching between the 
mentioned answers, as well as the provision of very simple 
feedback in form of short sentences pointing out whether the 
answer is/ is not correct. 
In other knowledge assessment systems, [23]; [43]; [3]; [29]; 
[32] both previously mentioned terms - the intelligent solution 
analysis and the intelligent problem solving support - can be 
closely related. If a system is not able to perform the intelligent 
solution analysis then no tutorial feedback or individualized 
help can be generated. 
 
The adaptively in web-based assessment systems refers mostly 
to the adaptive presentation of assessment content and means 
the ability of a system to generate an individual assessment 
scenario (tasks sequence). If a system is not adaptive then for 
all children the same assessment scenario is applied. In con-
trast, an adaptive web-based assessment system, [6]; [29]; [32] 
provides an individual assessment scenario for each child tak-
ing into account child’s prior knowledge level, preferences 
and already given solutions. 
Objective testing can be adaptive. In this case the terms "com-
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puter adaptive assessment" or "computer adaptive testing" are 
used. In adaptive testing questions of knowledge assessment 
are adjusted to the learner’s knowledge level. In most cases the 
widely known Item Response Theory (IRT) is used to generate 
an individual assessment scenario. In accordance with IRT 
selection of the next question depends on answer given to the 
previous question(s). The procedure is described in [14] in 
detail. At the beginning of the assessment the child receives a 
question of average difficulty. If he/she gives a wrong answer, 
he/she receives a less difficult question. Otherwise, the child 
receives a more difficult question. This process continues until 
the predetermined test termination criteria have been met. In 
such an approach each child receives a unique set of ques-
tions, which allows more accurate determination of his/her 
achievement level. Thus, children at a low achievement level 
are not required to respond to questions that are very difficult 
and far beyond their achievement level, but children at a high 
achievement level are not required to answer questions that 
are too simple for them. 
 
In [29] the system’s ability to support an individualized ap-
proach is divided into adaptively and adaptability. Adaptively 
requires the system to automatically adapt to the child’s cur-
rent level of domain competence and other similar attributes, 
whereas adaptability requires the system to provide suitable 
interfaces by which the child can customize the system accord-
ing to his own preferences.  
The intelligent and adaptive support in web-based assessment 
systems can be achieved by the use of a child model which is 
discussed in the next section in detail.. 
 

2.5  Use of the child model in web-based assessment 
systems 

Child or learner modelling is related to the task of keeping a 
record of many aspects of a child. This record is called a child 
(or a learner) model. The child model reflects specific charac-
teristics of the child and thus it is used as the main source of 
the adaptive behaviour of any web-based assessment system, 
[6]; [22]; [43]; [40]. 
 
The information held in the child model is divided into do-
main dependent information or dynamic information that 
changes during the assessment process and domain inde-
pendent information or static information that is constant 
through the assessment process. Regarding the domain de-
pendent information, the child model keeps information about 
the child’s knowledge level, the child’s errors, the child’s be-
haviour during his/her interaction with the system (number 
of help asked, frequency of errors made, time of response, 
etc.). The domain independent information is the general in-
formation about the child such as the username, child’s fa-
vourite feedback components and knowledge units (i.e., defi-
nition/description, example, and image), last time/date the 
child logged on/off, etc. The child model is dynamically up-
dated during the child’s interaction with the system in order 
to keep track of the child’s "current state". 

Information about the child can be obtained from different 
sources: 

• From user-filled forms at the initial stage of the use of 
the system when the child is asked to answer a ques-
tionnaire about his/her personal data and prefer-
ences; in some cases psychological tests can be ap-
plied in order to get information about child’s pre-
ferred learning style; 

• From child observable behaviour when he/she works 
with the course (e.g., pages visited, time spent in each 
page, navigation path followed, chosen options, etc.); 

• From results concerning solving of practical problems 
and tasks; 

• From the observations of the child through the use of 
different sensors [25]; [38]; [28]. 

 
Thus the process of the acquisition of information about the 
child can run in different modes, [40]:  passive (when the sys-
tem infers the model of children without explicit help from 
them), active (when children may be asked questions by the 
system to assist it) or interactive (when children play an active 
role in the development and maintenance of their own model). 
According to [32] storing all the information in the child mod-
el in standardized formats allows for alternative externaliza-
tions of the child models and sharing of the information with 
other systems. Child models are thus reusable by different 
assessment and teaching systems and other applications. 
Different applications could interpret and portray the availa-
ble data differently. 
 

3    IMPLEMENTATION OF THE MODEL 

Children at preschool acquire knowledge and language skills 
associated with different abilities through educational games. 
The game introduces learning activities by using playful ele-
ments as a source of motivation. The success of the game de-
pends on an optimum relationship between challenge, fantasy, 
curiosity and control. This is also applied to educational com-
puter games. Moreover, if these games contain features which 
have the capacity to adapt the instructional presentation dy-
namically according to the characteristics of a particular 
child's progress, these are referred to as adaptive computer 
games. 
 
In this sense, the web-based adaptive hypermedia system (WAHS) 
makes the individualized assessing school readiness at pre-
school possible by means of adaptive computer based educa-
tional games. In the process of generating interactive games, 
the professional/admin chooses a set of games as appropriate 
for the child’s educational level and domain of knowledge. 
The client side of WAHS sends both the child’s identification 
and the identification of the selected game to the server side, 
which in turn selects the most appropriate multimedia ele-
ments (graphics and audio) in the content database. These 
elements, which are associated to the game according to the 
child’s characteristics -the educational level and the psycho-
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motor skills captured in the mouse interaction style-, are 
adapted by WAHS. 
 
The architecture that makes both content and presentation 
adaptation feasible and presenting how WAHS dynamically 
choose the next educational activity/game considering the 
child’s characteristics and the result of the played educational 
activity/game. Likewise, the process of generating several 
educational adaptive games, Count Balloon Strings, Incom-
plete Shadow, Picture Recognition, Match Rhyming Words 
etc. by modifying their difficulty, mouse interaction style and 
the content according to a particular child’s features and pro-

gressing level in solving the games. 

 
The personal computer is now the most used resource in the 
preschool classroom, ICT in Early Learning is much more than 
this. Highly innovative work, [26]; [27] is being carried out 
using programmable toys, floor robots, digital cameras, scan-
ners, mobile telephones, cassette recorders and video record-
ers. 
Playing games to learn basic life skills has been an important 
learning strategy from the earliest times, and remains so to-
day, especially for early instruction at home. 
 
Preschool children acquire learning, approaches and skills 
associated with different abilities through educational games. 
The game introduces learning activities by using playful ele-
ments as a source of motivation. The success of the game de-
pends on an optimum relationship between challenge, fantasy, 
curiosity and control, [24]. This is also applied to computer-
controlled games where a video display such as a monitor or 
television is the primary feedback device. They are seductive, 
deploying rich visual and spatial aesthetics that draw players 
into fantasy worlds that seem very real on their own terms, 
exciting awe and pleasure. The fact is that, for children and 
youth, computer games "are the most frequently used interac-
tive media", [8]. 
 
Educational computer games motivate via fun (‘part of the 
natural learning process in human development’), via chal-
lenge and instant, visual feedback within a complete, interac-
tive virtual playing environment, whereby ambience infor-
mation creates an immersive experience, sustaining interest in 
the game. To encourage development they should allow the 
children to choose and to control the activity they want to de-
velop. There are higher levels of creativity in children that use 
games whose structure is less rigid, i.e. facilitating free choice, 
[1]. Also, children show greater interest in computer games 
that respond in real time to their interactions, [30]. The multi-
media content that combines in an effective way the audio, the 
text and the images (static as well as dynamic) can stimulate 
the children’s learning and keep their attention during long 
periods of time, [9]. In this stage where they have not yet ac-
quired reading and writing skills, the audio presentation of 
the instructions to complete the activities is very important. 
 
If the educational computer game has the capacity to adapt the 

instructional presentation dynamically according to the char-
acteristics of a particular child and his/her progress, it is 
called an adaptive game. This kind of game offers personal-
ized learning experiences to preschool children. Dynamically 
generated educational games compose the visible user inter-
face of WAHS, [2], a web based adaptive hypermedia whose 
aim is to assess the child if he/she ready for school, and 
WAHS adapts both the content and the navigation according 
to child learners’ characteristics. 
 
 

4    WHAT IS AN ADAPTIVE HYPERMEDIA SYSTEM? 

Hypermedia is developed as a result of linking two technolo-
gies: multimedia and hypertext. A computerized multimedia 
application involves different audiovisual means to represent 
the information (e.g. text, images, sound and video). The on-
line play-based assessment, on the other hand, consists of a 
series of activities connected or linked among them in a way 
that users can pass from one activity to another in the order 
they wish and according to the user’s needs, interests and/or 
point of view. Consequently, the hypermedia allows us to 
structure the information in a non sequential way and that 
information can integrate different means (i.e. text, graphics, 
sound and video). Hypermedia benefits in the learning pro-
cess are unquestionable. On the one hand, it enables the child 
to freely explore the knowledge depending on their necessities 
and goals. On the other hand, the information is transmitted 
by using different sensory channels, important in the didactic 
process. However, in these systems the child can freely ex-
plore the knowledge (information) appropriate or not to their 
cognitive level. 
Intelligent tutoring system (ITS), in the tool mentioned in Sec-
tion 6.4, is developed by WebGL, is a computerized system 
designed to teach knowledge in a subject and skill. An ITS 
presents the child an activity (game) whose level of difficulty 
is appropriate to the child’s age and background. The ITS 
compares the child’s solution with the correct solution regis-
tered, and then, informs the child of the result as a feedback 
answer (see figure 2). The results model is updated with the 
activity result and a Machine Learning Algorithm, [39] (dis-
cussed in the next chapter) will choose the next educational 
activity/game considering the child’s characteristics and re-
sults and then the task model presents the next activity. The 
ITS is interesting because depending on the child’s response it 
modifies in an automatic way its proposal to adapt to the 
learning speed and the detected knowledge level. However, it 
is a highly instructive system where the child has little or no 
control over the learning process. 
Feedbacks are performed whether the child answers correctly 
or not. The feedback is performed audibly and graphically. 
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Figure 2- Feedback answers 

 
The integration of an intelligent tutoring system in a hyper-
media system originates an adaptive hypermedia system 
(AHS),[11]; [12]. The AHS profits from both systems: the tutor-
ing part takes advantage of the flexibility and use of different 
audiovisual methods that the hypermedia part provides. And 
the latter one benefits from the adaptation to the child so that 
the tutor performs as a more customized educational system. 
 
In this sense, the web-based adaptive hypermedia system 
makes the individualized assessing at early ages possible. 
Thanks to its hyper textual structure and multi-sensorial rich-
ness, children can develop their innate curiosity and complete 
the educational activities / games they wish as soon as they 
are adapted to their level. 
 
 

5    ADAPTIVE CROSS-PLATFORM HYPERMEDIA SYSTEM 

FOR ADAPTIVE ASSESSMENT OF SCHOOL 

READINESS 

 
This section will describe the architecture that makes possible 
both content and presentation adaptation and will present 
how Adaptive Cross-Platform Hypermedia System for Adaptive 
Assessment of School Readiness (ACPHSAASR) chooses the ap-
propriate educational activities/games by activating the Ma-
chine Learning Algorithm on a suggested set of activi-
ties/games depending on their difficulty level of the activi-
ty/game, the weight of the specific category/subject, the 
weight of the specific skill, the given activity/game time, the 
terms the skill have to meet, the actual play time of the child, 
the number of correct answers, choosing one of the solve, help, 
backward, forward, start buttons on the screen, mouse interac-
tion style like random clicks, random moves, if the activity 
meet one of the restrictions on the current activity, and the 
content according to a particular child’s features.  
 

5.1  Cross-Platform architecture 

 
ACPHSAASR has a three-layered architecture. This type of 
architecture is an enhancement of the traditional two-level 

client/server architecture. Just like in such a conventional 
type, the three layered architecture separates user interface 
from business logic (programming) by distinguishing access to 
information from business (working with a database). 
 
The Cross-Platform system presents the information to the 
user with WebGL with Java Script (User Interface) and provides 
the adaptation in the server by means of Java Servlets that de-
cide the best task/activity for the child (Machine Learning 
Algorithm), the Intelligent Tutor will build the game accord-
ing to child age and difficulty level.  
The ACPHSAASR is divided into five parts (Figure 3): Navi-
gation Control, Child management, Task and Rules manage-
ment, Assessment Content management, and Testing Man-
agement.  The Navigation Control allows connecting User 
interface. The Task and Rules management according to the 
task and rules database and the results model consults the 
Machine Learning Algorithm in order to decide (according to 
the rules and results) the next task to do. The Child manage-
ment handles the user model that stores the child’s character-
istics. The Testing Management stores the games’ results. Last-
ly, intelligent tutor builds the next activity by consulting the 
Assessment Content management that stores the information 

on each task. 

5.2  Adaptation Parameters 

 
The characteristics which compose the user model of ACPH-
SAASR and will adapt educational video games to preschool 
children are determined by the educational level which refers 
to the child’s knowledge regarding the domain of knowledge, 
the psychomotor and cognitive skills captured through the 
observation of the interaction style with the mouse, cognitive 
abilities, arithmetic readiness, Language Development, Phono-
logical Awareness, and the acquired knowledge. Since pre-
reading and pre-writing stages emphasize educational input 
such as visuals, listening, and gestures, learning styles should 
differ significantly at these early stages. Because multimedia 
activities, which combine video, sound, text, animation and 
graphics to stimulate different senses, are addressed to heter-
ogeneous groups of children, such tasks should be developed 
by accounting for all children’s needs and preferences. 
 
The three-tier architecture of ACPHSAASR keeps the structure 
and the multimedia components that compose the didactic 
domain (hyperspace) independent. This fact allows extending 
the user’s model with more parameters of adaptation. 
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Figure 1- The three-tier architecture of ACPHSAASR 
 
Three educational difficulty levels will be distinguished ac-
cording to pre-school curricula: level 1-easy, involving a con-
ceptual phase addressed to four year old children, level 2-
intermediate, corresponding to five years old, and level 3-hard, 
addressed to six years old. In terms of knowledge, both the 
initial mental capacity and his/her progress with the use of 
the system are considered. Advancement is recorded in the 
user model so that the system can adapt to the child’s pro-
gress. 
 
Whereas many children are proficient in their interactions 
with computers, tablets and smart phones and some others 
have even adapted to electronic game interfaces, this condition 
is not easily applicable for all children. As ACPHSAASR com-
puter games must be accessible to all children, the system will 
adapt the young user’s mouse interaction style to the psycho-
motor skills of the child. 
 
These adaptation parameters affect the choice of the content of 
the next activity/game. The multimedia elements that com-
prise each game according to the content management adapt 
to the child’s educational level in terms of concepts and con-
tent, enabling the most appropriate multimedia element to be 
loaded from the ACPHSAASR subject assessment content da-
tabase. As these games are interactive, the mouse interaction 
style will be accommodated to the psychomotor skills of the 
child. In the ACPHSAASR, the mouse interaction style is 
linked to the educational level, which means that specific psy-
cho-motor skills are assumed for all children in each level. In 
future developments, ACPHSAASR will evaluate the learning 
activities of each child and his/her psychomotor skills inde-
pendently when using the mouse, computer interaction which 

can be assessed by examining the speed at which children exe-
cute the operation, the number of mistakes they make and 
how comfortable children feel while using the mouse, [46]. 
 

5.3  Didactical Domain and Adaptation Mechanism 

 
The didactic domain consists of five units and comprises 
points of interest for pre-schoolers: Mouse Training, Arithme-
tic Readiness, Cognitive Development, Language Develop-
ment, and Phonological Awareness.  
Each game unit includes four parts of activities: vocal instruc-
tions, presentation, playing and evaluation. The first part is 
aimed to direct the child how to play the game by listening to 
information and descriptive hints; the second part is aimed to 
familiarizing the child by reviewing a demo of the game by 
interactive means. The third part is the playing time aimed by 
means of interactive game. The fourth part is saving the eval-
uation of the acquired knowledge into the didactic unit ac-
cording to the child's results. So, before accessing the evalua-
tion part, input and interaction parts should have been suc-
cessfully achieved. Each part includes one activity scene which 
compose the educational game that child must complete. The 
educational level and the acquired knowledge determine the 
following task to be faced. 

 
When the Assessment Content Management selects an educa-
tional activity, the intelligent tutor looks up the corresponding 
user model to determine how to mount the activity and with 
which multimedia elements. With this information the intelli-
gent tutor builds a configuration file. This file is sent to the 
child host and the browser loads the adaptable HTML5 Can-
vas game template and the multimedia elements, then, dy-
namically builds the most suitable activity for this particular 
child (Figure 4). 
The configuration file is a JSON document that stores the spe-
cific values for each adaptation parameter. By means of this 
file, content (educational objectives), language, difficulty, and 
mouse interaction style (double click, drag & drop, one click, 
etc.) will be decided. 
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Figure 2- Game adaptation mechanism 

When the child finishes up an activity, the information is reg-
istered and evaluated by the system. This assessment updates 
the user model, enabling the child to complete educational 
activities which adapt to the newly acquired knowledge. 
 

 6   CONCLUSIONS 

 
Most of the adaptive systems integrate some textual infor-
mation in their user interface because they are addressed to 
users who are expected to have some reading/writing skills. 
However, in this case, the users are children (3 to 6 years old) 
who do not have reading/writing skills. In other words, at this 
early age, children have not yet acquired reading and/or writ-
ing skills, so the multimedia content plays a leading role, and 
adapting it to the user’s characteristics is pedagogically bene-
ficial. 
 

This chapter has described a three-tier adaptation mecha-
nism to personalize educational web-based games according 
to several special characteristics of preschool children. These 
games compose the user interface of ACPHSAASR, a Cross-
Platform adaptive hypermedia system designed for assessing 
pre-school children. This mechanism is based on a JSON con-
figuration file. The schema of this file is easily extensible to 
other adaptation parameters. 
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