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Abstract teaching. Firstly we present an adaptive course
designed to give attention to diversity in a Mathé&os
Attention to diversity is growing concern in public COurse. Secondly, three experiences with 79 stadent
secondary schools in Spain. This paper presents anbetween 12 and 15 years old are presented; thiésresu
approach to support diversity by using Adaptive of these experiences show that AH technology is not
Hypermedia technology. Three experiences were©Only suitable for supporting attention to diversitya
carried out with an adaptive course on Mathematics ~ Urban secondary school with heterogeneous popnlatio
test the effects of this technology on the hetereges but also its use improves the performance of stisden
population of secondary schools. Their results and
conclusions are also presented. 2. Adaptive cour se design

1. Introduction Adaptive Hypermedia Systems can be defined as
hypertext and hypermedia systems that store user
Current social context in Spain, as well as a |0nge features in a user model and use this model totadap

mandatory schooling, promotes a heterogeneous kchooSOme aspects of the system to the user. In thik ther
population. If the goal is a secondary-educaticstesy =~ TANGOW system [2] was used. TANGOW provides a
which provides opportunities for everyone, without flexible support for the creation of courses with
segregation and without leaving behind students different adaptative features. With the intentioh o
because of their academic results, but being capzbl ~ testing the effect of adaptation in this specitmiext,
providing actual satisfaction for the educationakds  two courses were developed, one with adaptaticesrul
of every student, then the attention to diversityshbe ~ and the other designed to provide the same corfients
a foreground concern. all the students. The courses teach the introoludt
When dealing with diversity, the fundamental ideai Whole numbers for students of first grade of seeoyd
that students are different one from the other asda ~ Mandatory education, according to the Spanish
consequence, school must help each one to develogducational system.
his/her abilities. With this goal, the School h&e t Analysing what aspects of the course to adapt and
responsibility to offer to each student at everynreat what features of the user model to consider,niesded

the right answer in order to develop his/her skitel ~ to take into account the goal of the secondary atitut
potential at the very best. in Spain. Due to the heterogeneous population atind w
A traditional approach to support attention to the goal of promoting the potential of every studen
diversity consists of adapting the classical cutdge ~ More important that teaching similar contents tde
where the goals and evaluation methods for everystudents is to provide the conditions for eachesttito
subject are customized for each student. The pmoble 9et the most out of the secondary education. Irrord
with this approach is that is very difficult to itement words, teachers are more concerned with the legarnin
due to the number of students, and most of thestime ~Curve of every student than the extent of the kedge
closer and more personalized tutoring is not ptssib ~ (how much he/she has learnt rather than how much
In this work, we show how Adaptive Hypermedia he/she knows).
[1] can help to solve real problems in secondary [N this case, what is needed from the adaptivessour

education, by providing support to a persona“zed is the ablllty to adapt the level of the conterusbe



learnt and the corresponding tests to the student The relevant features of the user model considered
knowledge, and to evolve that level accordinglyhwit in this course are the initial knowledge levébw
the student progress. The system should be able taormal, high and the grade obtained in the last task.
evaluate not only the level of contents acquireat, b The knowledge level is set accordingly to previtest

how much the student has progressed. marks and knowledge the teacher has about thengtude
The rules prescribe that whenever a student gets a
2.1. Adaptive features score above 70% (grade > 0.7), exercises fromeie n

level are proposed. On the contrary, when the sigore

Considering the goals of the adaptive course, two below 50% (grade < 0.5), exercises from the presiou
adaptation methods were designed. The first onelevel are presented. For example, next rule wiivate
consisted of adapting the amount of contents to behighlevel exercises for the “subtraction” task, attes
learnt: this quantity depends on the student kndgde  “addition” task, for a given student:
more advanced students are presented with more
contents, while students with lower level just wark  (experience == "normal” && task.addition.grade >= 0.7) ||

(experience == "high" && task.addition.grade >= 0.5)
part of those contents.

The second adaptation regards the level of the e
contents or, more specifically, the level of thstdethe y ) e <,
students are required to pass. Depending on therstu T [ g
level, tests with different difficulty, includingifferent
format, are proposed. Within this adaptation a
fundamental ideal is implemented: when a studesitha
good mark on the exercises of a given level, egesci
from the following level are proposed next; on the
contrary, when the mark is below a given threshold,
exercises of a lower level are proposed.

For example, a student with low level at the
beginning of the course is presented with low level
tasks. If the student answers correctly, the systdin oo
propose higher level tasks. Two different thingsyma Figure 1. Exercise for low level
occur: if the student goes on answering correctlihe
questions, he/she will be able to finish the coumsa o 205 o e -
level higher than the original; if the studentddib pass e - 8
the tests when the level is raised, the system will === — .
decrease again the level, until the next opporuoit .
level rising is found.

The intention behind this design is for the student
go beyond his/her initial level, reaching the higthe
level according to the potential skills. If a givetadent
does not attain this goal, he/she will be anywdg &b
finish the course with a good mark, because the
contents will be according to his/her level. Theii#
not be students with very high or low marks, asin
traditional educational system, but all the stugemitl g =
get similar marks: in every case they will have a Figure 2. Exercise for normal and high levels
positive grade.
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Not only the difficulty of the exercises is adapted
2.1. Implementing adaptation but also how they are presented and must be ardwere
Exercises at thelow level are multiple choice

subtasks, and rules triggering their activatione files ~ fields where the student should type the answers.

will active some tasks or others depending on given Figures 1 and 2 show an example of the same egercis
conditions over the student model. presented differently according to the studentlleve



3. Experiments lack of rules for changing the level of the mateaiad
exercises proposed to the students.

The adaptive system was used by students from the The experience was carried out with 47 students
first course of mandatory secondary education ef th from the secondary school, which have no previous
“Colegio La Presentacion de Nuestra Sefiora de knowledge about the contents studied through the
Madrid”. In the Spanish educational system, this course course. The students were assigned to the expeeimen
is intended for students 12-13 years old, but duga¢ ~ @nd control group randomly, only testing that both
described heterogeneity of school population, sttede 9groups have no apparent difference in previous
taking the course were between 12 and 15 years old. knowledge. Students were no aware of the experiment

goal; actually, they were not told there were aaltiph

3.1. Experience 1: adaptation at work rules being used at all.
After they finished the course, either adaptive or

The first experience was designed to test whethernon-adaptive, the students were required to pass an
the basic premise, that adaptation was a valuaiole t €*X@m, the same for all of them. The grades theirgot
for supporting attention to diversity, was true. this exam (control mark) was then compared against
Specifically, the goal was to test if the systenipse the mean of each student in previous Mathematics
each student to work accordingly his/her skillsisTh courses (reference mark). _
experience was carried out with a small group (10 A Ssummary of the results are shown in table 1
students), because more important than extracting(marks are given in a 0-10 scale, being 5 the minim
statistical conclusions was the personalized tragitie  required to pass the exam). The mean differeneggef
teacher can do of the development of each student. {0 the differences between control and referenagsna

The results of this first experience were very vv_hlle the standard deviation refers to deviatiothefse
motivating. As it was intended, all the students go  differences.
final mark above 50%. Even students with very low

initial knowledge were able to access to the normal Table 1. Results from experience 2
level in some points of the course, although sdmest Non-adaptive | Adaptive
they were returned to the lowest level becausdeif t | Total students 23 24
low scores at thenormal level. Students with high | Reference mark mean 5.79 5.77
initial knowledge were able, in general, to keep th | Control mark mean 6.13 7.4
high level through the course. Mean difference 0.33 1.63
From the teacher point of view the experience was| Standard Deviation 1.73 0.98
very successful because he could attest that stersy
motivated each student to do his/her best, anchtir& As can be seen, students using the adaptive course

each one got was proportional to the student effort exhibited a mean improvement of 1.63 points (28%),
Regarding motivation, it is important to note thla¢ while students using the non-adaptive course imgutov
systems provided stimulus even to some students wit an average of 0.33 points (5%). Although the sample

serious problems of attention and idleness in tiauhl for the evaluation is relatively small, the results
classroom. described are statistically significant (p<0.05).

It should be noted that previous performance on
3.2. Experience 2: adaptive vs. non-adaptive Mathematics course was very similar, in average, fo

both groups. These figures suggest that additional

Being aware of the needing to evaluate the use ofreasons like intelligence, previous knowledge amodg
adaptive hypermedia technology, an empirical attitude towards learning can be disregarded asilpes
evaluation [3] was designed to test whether the causes for the better performance of the experahent
proposed adaptation makes a real difference owalge  group.
the students learn. The experiment followed the Another remarkable result is that both groups
traditional between-subjects design [4], with an increased the grades. Moreover, the number of stade
experimental group working with the adaptive course with marks below the minimum required (50%) was
and a control group working with a non-adaptive reduced from 8 to 2 in the experimental group (75%)
version of the course. This non-adaptive course wasand from 8 to 6 in the control group (25%). This
developed based on tmermal level of the adaptive improvement on the performance of both groups is
version, being the only difference between them the Supposed to be related with the use of technologlye



classroom. Generally, students are more motivaded f previous knowledge, as the students in the expetahe

the novelty of learning through the computer. group improved their performance by 89%, while
However, this result does not mean that using only students in the control group improved by 60%.

the computer to teach the students would produce

better results in the long term. In this case, estisl will Table 2. Results of experience 3

grow bored and the final results would not be as Non-adaptive | Adaptive

expected. The best situation is to use technolegg a | Total students 10 12

complementary support to the work developed in| Reference mark meah 2.45 2.69

traditional classrooms. Experience 3 aims to finds| Control mark mean 3.92 5.08

results supporting this statement. Mean difference 1.47 2,39
There is one last result derived from experient® 2 | Standard Deviation 241 1.49

be analyzed: the marks obtained by the studentsrwit

the own system. In this case, comparisons between; 4 Experience 2 vs. experience 3
groups are not possible, as the tests presentéideto

students of the experimental group were adapted t0 \yhen comparing results from experience 2 and 3,

their level; therefore, they may_be different frahe the advantages of using the system with studeniada
tests presented to students in the control group.yreyious knowledge become clear. Table 3 shows the
Nevertheless, it can be noted that the number of oq s when considering the whole set of students,

students with marks below 5 is 50% greater in the \ynije taple 4 shows the results when considerinlg on
control group, and the standard deviation is alSO e gy dents that used the adaptive version.
slightly greater (30% against 22%). This result is

consistent with the goal of the adaptive course of
having less variability among the marks of studeitth
different knowledge level.

Table 3. Comparing experience 2 and 3
First time | Reinforcement

Total students 44 22
. . . Reference mark mean 5.78 2.58
3.3. Experience 3: students with previous Control mark mean 6.76 455
knowledge Mean difference 0.98 1.97
Standard Deviation 1.54 1.97

The third experience was oriented towards testing
whether the adaptive course would have the saraeteff
on students with previous knowledge on the topics
being studied, that is, when it is used as a comgie

Table 4. Comparing experimental groups
First time | Reinforcement

- Total students 23 12
to traditional lessons.
. ) Reference mark meahn 5.77 2.69
In this case 22 students from the first cycle of Control mark mean 72 5 08
secondary education (between 13 and 15 years old M it 163 2'39
were part of the empirical evaluation, designed ean difference : :
Standard Deviation 0.98 1.49

similarly to experience 2. The courses they userkwe
the same than in experience 2, but in this casgdhé . ) .
of the learning process was reinforcement of previo N this analysis the results showing a greater
knowledge. The reference mark used was the grae thincrement in the performance for students with
students got in a previous exam about the same topi PreVious knowledge are statically very significant
(Whole numbers). An important remark is that stuglen (P<0-01). However, it should be noted that thisukes
participating in this experience were requiredeiew My be affected by the fact that students participa
the contents because of their low grade in the firs IN the third experience had an initial level muoiwer
exam. The control mark was obtained through an examth@n the students from experience 2. Thus theitrabn
harder than the exam used for students in experignc ~ Marks were compared with lower reference marks.
The results of third experience are shown in table Nevertheless, the control exam was harder for this
In this evaluation the observed difference between 970UP. and one can expect that students partiogati

experimental and control group are not statistcall experience 3_ would have get much better results is
significant. This is due to the small sample arelttigh confronted with the same control exam than students

variance of means, mainly in the control group. [TOM €xperience 2.

Nevertheless, it seems that the tendency observed i  1h€ results shown in tables 3 and 4 affect both the

experience 2 still applies in the case of studevits adaptive and non-adaptive versions of the course.
When analyzing whether students with or without



previous knowledge take out more benefits from the differences, a growing need in the current social
adaptive features, it seems that there is pragtical context of public schools in Spain.

difference. Another important conclusion is that computer-
supported learning, and particularly AH technology,
4. Related work produce their best results when combined with

traditional classes. Students that improved theemor
There are two works especially relevant when Were those that used the learning system to reiefor
considering previous reports about usage of adaptiv contents already studied in previous years.
systems in secondary schools. Additional benefits can be obtained by taking into
John Anderson [5] reports an experience of Severa|considerati0n more aSpectS of the user mOdel, like
years using intelligent tutorials at Mathematicsrses ~ learning style and cultural background, for example
in Pittsburgh Public Schools. He claims that the Further workitis needed in this direction.
fundamental contribution of intelligent tutors ihat In order to consider a wider use of AH in secondary
context is the increment they promote on the timehe  Schools a lot of work remains to be done, espgciall
student devotes to studying Mathematics, as well as regarding tools and techniques to make easier the
better use of that time. In our case, benefitévddr elaboration of educational material by the teachers
from the use of the adaptive system are mainlytdue
the extra encouragement it provides to the students 6. Acknowledgments
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