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Abstract

The objective of the study is to research evidence of the effectiveness of adaptive
computer software that enables students with intellectual disabilities to acquire
mathematical skills. The hybrid method, in which quantitative and qualitative
research patterns are used together, is our research model. For the quantitative pattern
of the research, an authentic experimental model including a pre-test and a post-test,
was used with the experimental and control group, but for the qualitative pattern, a
descriptive model was used with the aim to describe participants’views of the process.
The research was conducted on a group of thirty participants - students in the fourth,
fifth, sixth, seventh and ninth grades. The materials used in the research had been
developed by the researchers. Additionally, overall assessment forms, achievement
tests and detailed assessment forms were used in the research. For the analysis of
the data, two-way ANOVA for mixed measures and descriptive analysis were used.
The analyses indicated that, while there was a significant difference between pre-
test and post-test, a significant difference could not be found between the traditional
learning environment and adaptive learning environment in terms of effectiveness
of the education. Moreover, the participants’ views of the application were examined.

Key words: adaptive learning; intellectual disabilities; number concept; personalized
teaching.

Introduction

Individuals need certain skills and knowledge to be able to live independently
in the society. The main aim of teaching-learning activities at school is to prepare
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students for social life. Therefore, students are taught functional skills and knowledge

so that they can use them in their daily lives and make their lives easier. This is not

different for students with intellectual disabilities (Cavkaytar, 2001). Intellectual

disability is defined by Schalock et al. (2007, p. 118) in the following manner:
“Intellectual disability is characterized by significant limitations both in
intellectual functioning and in adaptive behavior as expressed in conceptual,
social, and practical adaptive skills”.

Various research studies have been conducted in Turkey regarding people with
disabilities but a countrywide extensive research, which was called The Research on
the Problems and Expectations of People with Disabilities, was carried out in 2010 for
the first time by the Turkish Statistical Institute (TSI). According to the research
results, there are 280,014 people with disabilities registered in the National Disabled
People Database, who live in households within the borders of the Turkish Republic,
and who were reported to have 20% disability in their health report. In the study,
people with disabilities who live in institutions such as old people’s home, senior
centers, hostels, prisons, barracks, hospitals, hotels and nursery schools were left out
of the scope. The Research of Problems and Expectations of the People with Disabilities
aimed to determine the problems and expectations in the daily lives of the people
with disabilities who were registered in the National Disabled People Database. In
Turkey, 29.2% of the people with disabilities who were registered within the National
Disabled People Database were intellectually disabled. 61.1% of them were males
and 38.9% of them were females (TSI, 2010).

The main aim of the education of the people with intellectual disability is to
enable them to achieve independency in society by improving the functional areas
of their lives. The main skills required for this aim are basic development skills,
basic information about numbers necessary for everyday life and sub-skills such
as reading and communication for everyday life (Cavkaytar, 2001).

Recently, with the popularity of technology, computers have been used both as
an objective and as a tool for learning and teaching activities. Having been used in
everyday life frequently, computers have also been introduced in education after
being adapted to school systems. It is known that learning and teaching activities
based on tools increase the level of student motivation, reinforce learning, and add
variety and diversity to the learning and teaching process (Demirel, Seferoglu, &
Yagci, 2001). The level that educational technologies have reached makes it possible
to build systems that have objectives and content that can change depending on the
individual. Systems in which content can differ according to each individual and
where objectives are determined depending on the users are called adaptive and
adaptable systems (Park, 1996).

Adaptive and adaptable systems can differ depending on the users’ behaviors.
Therefore, adaptation made according to the preferences of the individual at the
beginning of the application is an adaptable system but the adaptation in which
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the reactions of the individual during the application are processed by a computer
is called an adaptive system (Sezer, 2011). An adaptation process can be achieved
in two ways: content adaptation and adaptive navigation. In the content adaptation
systems, the content can differ depending on the characteristics of the individual. In
the adaptive navigation systems, the links related to the content can differ depending
on the characteristics of the individual (Brusilovsky, 1998).

Different strategies are used for content adaptation and adaptive navigation.
Researchers can use additional explanations, pre-requirement explanations,
comparative explanations, different explanation forms and ordering strategies for
content adaptation, while for adaptive navigation global guidance, local guidance,
global orientation and local orientation strategies can be used. These strategies were
summarized by Somyurek (2008):

Content adaptation:

Additional explanations: Additional information can only be given to the student
whose readiness level is suitable for that information or to those who want to get
additional information.

Pre-requirement explanations: Giving the information that can be a pre-condition
for the concept before it is explained.

Comparative explanations: Presenting similarities and differences between the
concept that will be introduced and the concepts introduced before.

Different explanation forms: Preparing the same content in different forms and
presenting it differently according to the characteristics of the individual.

Ordering: Explanation of the same content in different orders according to the
characteristics of the individual.

Navigation adaptation:

Global guidance: helping the student find the shortest route to access the
information he/she wants.

Local guidance: Giving the list of links in different orders depending on the
individual’s characteristics.

Global orientation: This strategy helps the student realize her/his absolute place
in the course structure.

Local orientation: This helps the student realize his/her relative place in a local
environment.

In the study conducted in 2008, Cakir examined whether personalization of
verbal mathematical problems in teaching mathematics has any effect on student
achievement. The study established that personalization increased the students’
achievement significantly, however, there was no significant difference between
the post-test points of generalized application and personalized application. In
the study in which the effect of adaptable web environments on student academic
achievement and navigation were examined, Somyurek (2008) did not find a
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significant difference between the groups with the adaptation and the groups
without the adaptation.

In a study (Ozak & Dikmen, 2010) which examined master theses written in
Turkey on Functional Academic Skills of Students with Intellectual Disabilities,
twenty-nine master theses were examined. Seventeen of the theses were about
reading and writing skills while twelve of them were about mathematical skills.
Nine out of twelve theses about mathematical skills were master theses and three
of them were doctoral theses. The study observed that the computer was used as
a tool in reading and writing skills but it was remarkable that in the activities that
were carried out for mathematical skills, the computer was not used. This finding
indicates that computer use in gaining mathematical skills must be reinforced and
there is a need for a study that can be adapted according to the students using a
software program.

Hutcherson, Langone, Ayres, and Cless (2004) conducted a study that aimed to
teach students with intellectual disabilities item selection in grocery stores with
computer assistance. They reported that the time to locate items in grocery stores
decreased while the rate of picking the right item increased.

There are very few studies conducted on groups with intellectual disabilities
in adaptive computer environments, and individual tutoring is very important
for these individuals. Therefore, this study is one of the pioneer studies in the
context of applying adaptive environments to these students. By means of adaptive
learning systems that enable personalized tutoring, the opportunity of individually
personalized tutoring was provided.

The aim of this study is to research the effectiveness of adaptive computer software
in enabling students with intellectual disabilities to gain mathematical skills.

In accordance with this general aim, we searched for answers to the following
questions:

1. Is there a significant difference between the scores of pre-test and post-test in
the experimental group?

2.1Is there a significant difference between the scores of the post-test of the
experimental group and the control group?

3. What are the positive sides of adaptive learning according to practitioners?

4. What are the practitioners’ suggestions about adaptive learning?

Method
Research Model

A hybrid method in which quantitative and qualitative methods were used
together was preferred. For the quantitative pattern of the research, an authentic
experimental model, which included pre-test, post-test, experimental and control
group was used. For the qualitative pattern of the research, a descriptive model was
used as it aimed to describe practitioners’ views.
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Study Group

The study was conducted on a group of thirty participants — students in the
fourth, fifth, sixth, seventh and ninth grades who were selected out of 250 students
of the Ankara Modern Education Practice Center in the 2012/13 school year.
Students with slight and moderate intellectual disability were selected among
trainable students, their IQ scores being between 50 and 60.

Of the thirty students selected, eight were girls and twenty-two were boys. A
control and experimental group of 15 students was formed through random
selection among these students. Three students of the experimental group were
girls and twelve of them were boys. In the control group five students were girls
and ten of them were boys.

Practitioners’ views about the process were obtained with an interview form from
three practitioners who conducted the application.

Material

In the study, the software program with adaptive navigation was applied to the
control group. The program was developed by researchers using Microsoft Visual
Studio 2012 (student license) and Visual Basic Programming Language. In the
program, students are able to adapt their navigation by choosing what they want
from the options such as cartoons, animals or ball (Figure 1).

Figure 1. Software Interface: Introduction

Students can start their training by choosing the category they prefer. The software
contains a system of nine numbers and fifteen stages for each number. Considering
the student’s first choice, the number concept was attempted to be explained to the
students through cartoons, animal pictures or pictures of balls (150*150px).

When the student chooses the correct option, (s)he continues to the next level and
if (s)he chooses four options correctly one after the other, (s)he continues with the
next number. However, the first three levels for each number are arranged as a trial
level and even if the student has made the right choice, scores are not evaluated. As
the stages proceed, pictures change to a different color and objects to a different
object.

In case of a possible error, an administrator panel was included in the software
for administrator’s intervention. In the administrator’s panel, information about the
level at which the student is and how many times (s)he chooses the correct option
one after another can be learned (Figure 2).
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Figure 2. Software Interface: Training Screen

The explanation of the numbers in the figure is given below:

1 This is the reference picture.

2 Option part. The student chooses the picture that has the same object with the
same number referring to the reference picture.

3 Administration part, number and stage unit in this part is only visible when the
operator /practitioner writes the administrator code in part number five. In case of a
possible error, the administrator can achieve number and level management.

4 Successive correct option. This part shows how many correct options students
choose successively. When the number reaches four here, it continues with the first
level of the next number. This part is also only visible to the administrator.

5 Code part. The operator makes the fourth and fifth units visible by entering the
code.

As students progress, the difficulty level of the pictures increases. The screen
showing number six and level ten that the student who takes the ball adaptation
will see is illustrated in Figure 3. As Figure 3 shows, the student sees different kinds
of balls in different colors. Besides, the number of balls used in the options is very
close to each other.
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Figure 3. Software Interface: Training Screen
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When students have completed all the numbers and stages successfully, a new
window opens. In this window, the picture of a popular cartoon character is given
with the sound effect of applaud in the background. The purpose is to give the
student reinforcement. (Figure 4).

Figure 4. Software Interface: Congratulation Screen

Data Collection Instruments

Opverall evaluation forms that the class teachers completed at the beginning of
the term were examined because their mathematical knowledge had to be at the
same level. A pre-test was developed to determine the levels of prior knowledge
about the number concept and a post-test was developed to determine the levels of
knowledge after the experimental process. The information obtained through the
application of these tests was explained in the detailed evaluation form prepared
for the number concept.

Overall Evaluation Form

The Overall Evaluation Form is a surface evaluation to prepare a personalized
training plan in accordance with the individual’s basic needs in coordination with
the family about the training module and related attainments/acquisitions chosen
for the individual who was determined as someone who needs support education
by the Board of the Evaluation of Special Education. While doing overall evaluation,
attention must be focused on whether the individual gets the acquisition or knows
the acquisition. The level of the acquisition is not significant.

Achievement Tests

A test was prepared by making use of the objects the students come across in
their daily lives and visuals that were used in the Turkish National Ministry of
Education’s Mathematics book to develop pre- and post-achievement tests. Six
questions were prepared for each number concept. Two of the prepared questions
include indicating the number one in a set of the same objects marked by different
numbers (1-9), two of them indicate number one in a set of the same objects in
different colors (1-9) and two of them indicate number one in a set of different
objects marked by different numbers (1-9).
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Detailed Evaluation Forms

The detailed evaluation form is used to determine an individual’s level prior
to starting the training of selected acquisitions in the personalized education
plan at the end of overall evaluation. The selected acquisitions should be divided
into smaller sub-scales while the analysis of the subject about the concept or the
discipline is being performed.

A prepared detailed evaluation form consists of 31 items. Four of these items
include prior knowledge that the students are supposed to have. Three sub-scales
were used for each number concept. These indicate the number one item (1-9)
among the sets with different objects marked by different numbers and the sets with
the same objects in different colors, and numbers and sets with different objects
marked by different numbers.

Interview form: The questions of the interview were determined through focus
group discussions that were held with the participants as well as literature reviews
in the study named “teacher candidates and the opinions of the teachers on
personalized teaching” conducted by Cakir in 2013. The views of teachers who
participated in the application were taken by asking questions which were prepared
as a semi-structured interview.

Process

Preconditions that the participants were supposed to satisfy were determined.
The predetermined conditions were: students must not have a physical disability
because they have to use computer, rhythmic count out from 1 to 9 and know the
concept of sets.

Class teachers’ views were taken and overall evaluation forms of the students were
examined in order to elect students who met the above mentioned requirements. At
the end of this study, it was decided that the sample would consist of thirty students
and through random selection, a control and experimental group of fifteen students
were formed.

A pre-test was applied to determine prior knowledge of these thirty students about
the number concept. Data obtained was recorded in a detailed evaluation form.

The students in the control group were asked to play minefield game for two weeks
(two course hours, 40 minutes) in order to acquire the skill of using the mouse.

The application lasted for four weeks (four-course hours).

The number concept was given to students in the control group with the materials
existing in the classroom environment.

The program which was prepared in the computer environment was introduced to
students in the experimental group. The program explained that whenever they give
a correct answer, they continue to the next question and when they give a correct
answer one after the other four times after the first three questions, they continue
to the next number concept.
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At the end of the application, a post-test was applied to measure students’
achievement and the data obtained was recorded in the detailed evaluation form.

During this period, three volunteer teachers wanted to participate in the
application. Brief information about the training was given to these teachers and
the aim of this study was explained. When the program that would be used in the
application was completed, some information about the application was given to
the teachers. These teachers actively participated in every stage of the application
and they were asked to give answers to the questions which were carried out as a
semi-structured interview at the end of the application.

Data Analysis

Pre- and post-test scores for each student were obtained by calculating the total
points in the evaluation form. Since there are 31 items in the evaluation form and
scoring was dichotomous (0 or 1), the minimum score from the evaluation form is
0 and the maximum score is 31.

After examining the pre-test and post-test scores, the pre-test Skewness and Kurtosis
values were -.117 and -.555; post-test’s Skewness and Kurtosis values were -.680 and
-1.008, respectively. So, the distribution of the data is not significantly different from
a normal distribution. The analysis also established a Box’s M=8.437; p>.05 and
Levene Statistics=8.477, p<.05 for pre-test; and Levene Statistics=.340; p>.05 for
post-test. Based on the scores, Skewness and Kurtosis values, Box’s M statistics and
post-test’s Levene statistics, a two-way ANOVA for Mixed Measures was selected
for data analysis because a control and experimental group and pre- and post- tests
were used.

Results

Students’ scores in the control and experimental group before and after the
application and their standard deviation values are given in Table 1.

Table 1
Pre- and post-test values for control and experimental groups

Pre-test Post-test
Grou v v
P N b4 s N b4 s
Control 15 10.80 5.00 15 24.20 6.60
Experimental 15 12.73 2.49 15 26.73 5.66

When Table 1 was examined, it was observed that the mean of pre-test scores for
control group increased from 10.80 to 24.20. The mean of pre-test scores for the
experimental group was 12.73 and the mean of post-test scores was 26.73.

Whether or not there was a significant difference between the scores obtained for
the control and experimental groups before and after the training was tested with
a two-way ANOVA for Mixed Measures and the results are given in Table 2 below.
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Table 2
Pre- and post-test ANOVA results for control and experimental groups
The Source of Variance Sum of Squares df  Mean Square F p
Between Test Subjects
Group (Experimental / Control) 74.817 1 74.817 1.607 215
Within Test Subjects
Measurement (Pre-test — post-test) 2815.350 1 2815.350 408.868 .000
Group-measurement 1.350 1 1.350 .196 661

When the results in Table 2 are examined, it can be seen that there is a significant
difference between the pre- and post-test scores of the participants both for control
and experimental groups (F ,=408.868, p<.01). Besides, the variance between
pre- and post-test scores did not show a significant difference for control and
experimental groups (F ,.=.196; p>.05).

When the views of the practitioners about the process were examined; having
more fun in the lessons, reaching the target, easier classroom management,
instant feedback, better student recognition, observation of student improvement,
recognition of different characteristics of the students, longer student motivation,
more time allocation for students, increased student motivation were reported as
the positive sides of adaptive education.

Practitioner 1 mentioned an increase in student motivation: “As far as I observed
in the application, teaching with different materials and applying them through
games increased students’ motivation”. Practitioner 3 stated his/her views in the
following statement: “I think they seem to be more motivated for the lesson because
on the days of the lessons, the students ask questions such as “when will we have
the lesson?” or “Are there any lessons today?”.

Practitioner 2 stated that this application helped them recognize students better and
she said: “This helped us learn about their different characteristics as well as learning
the things they like or they do not like”. Furthermore, practitioner 2 also stated that
they could observe students’ improvement: “You can see student improvement day
by day”. He/she made a statement about student concentration by saying “They can
concentrate longer because they can study with their favorite objects”

Practitioner 3 gave his/her opinion about time allocation for each student saying,
“There are academic differences among students so we have to work with students
one- to- one and we cannot allocate equal time for each student”. This practitioner
thought that this program increased the time for each student. Practitioner 1
expressed the same attitude saying: “more time allocation for each student”.

There are some negative sides of adaptive teaching: for example, classroom
management is difficult, the other screens distract the attention, students compete
with each other, interests change very fast, problems of self-expression arise, lower
stages cannot be reached, discrimination, lacking interests because of different objects
and an inefficient evaluation are the dominating negative sides of this program.
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Practitioner 2 mentioned problems with classroom management: “I think
classroom management is more difficult because this is the first application for
the students”. Practitioner 1 pointed out that some problems could appear for the
students with physical disability. Practitioner 2 stated that competition between
the students could have a negative effect on their education. Practitioner 3 drew
attention to students who can fall behind: “I think it can create a loss of motivation
in those who fall behind”

Practitioner 1 explained that working with more than one computer in the same
environment affects learning in a negative way, “Although students chose the objects
to work with themselves, when they saw something different on their friends’ screen,
they wanted to change their own screens and this affected learning in a negative
way”. Similarly, Practitioner 3 stated that the students’ wondering what was on their
friends’ screens affected learning in a negative way.

Practitioner 2, in particular, stated that in some cases, students can continue with
the next stage without seeing all the sub-stages , “Students have to be correct four
times in a row but we do not know at what stage they do it correctly. Therefore, I
do not think that the evaluation is exact and precise”

Practitioners’ views about adaptive teaching application were collected under
the headings such as the size of the visuals, reinforce frequency, sound alarms, visual
design and the order of array.

Statements such as “the pictures in the material must be larger and visible
(practitioner 1), larger and clearer pictures can make the program more efficient
(practitioner 2), I think pictures must be larger and more understandable (practitioner
3)” have common perceptions about bigger-sized pictures.

The statement of practitioner 1 “I think the program can be more effective if
reinforcement is given when the time comes for the student to continue to the next stage”
shows that reinforcements must be given more often in the program.

Practitioner 2 proposed the enrichment of the program with visuals: “It can be
more fun if the program is enriched with more visuals like picking apples from the
tree or the rabbits eating the carrots”

Practitioner 3 suggested more detailed sub-stages: “I think the evaluation is
insufficient so more visuals must be added for each sub-goal and the students
should not continue to the next stage without finishing the visuals, which would
help us make a more precise evaluation”.

Discussion and Conclusion

The findings of the study that aimed to research the effectiveness of adaptive
software program to enable students with intellectual disabilities to acquire
mathematical skills showed that traditional education and education with adaptive
materials on the computer are both effective teaching methods at similar levels. In
other words, a software program is as effective as a traditional method in teaching
the number concept.
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If we considered that the teacher cannot deal with each student equally at the
same time in a traditional classroom, it is clear that this result can be promising.

When the views of practitioners about the process were examined, they indicated
that adaptive teaching practices have positive sides such as fun learning, more time
allocated for each individual, students have longer concentration, more motivated
students, immediate feedback and better student recognition.

On the other hand, the program has some negative sides such as distraction of the
students by looking at other students’ screens, difficulty in classroom management,
not being able to reach lower stages and students’ competing against each other.

The practitioners’ suggestions generally refer to the following: make larger
pictures, give reinforcement more often, give audio warnings and make the software
more suitable for students from the visual aspect,...etc.

As a conclusion, it is possible to say that teaching with computer software
programs is as effective as traditional education. Students participate in learning
activities having more fun, there is an increase in student concentration and
they are more interested in the subjects. However, it is concluded that web-based
learning systems need to be improved in some areas and some indicative results
were obtained for future practices.

At the end of this study, the following suggestions were developed for future
studies:

1. A similar study should be conducted after increasing the frequency of feedback.

2. Similar studies should be performed using software programs developed for

different subject areas.

3. The study should be repeated using a software program that collects more

information from the students during the practice.

4. Larger visuals should be selected for future studies.

5. Students’ views should be examined about adaptive software programs.
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Ucinak prilagodljive okoline za

ucenje kod poucavanja pojma

broja ucenika s intelektualnim
poteskocdama

Sazetak

Cilj je ovoga istraZivanja prouciti dokaze o ucinkovitosti prilagodenog racunalnog

softvera koji omogucuje ucenicima s intelektualnim poteskoama da usvoje
matematicke vjestine. Hibridna metoda, u kojoj se zajedno koriste kvantitativni i
kvalitativni istrazivacki uzorci, nas je model istraZivanja. Za kvantitativni uzorak
istraZivanja koristio se autenticni eksperimentalni model koji podrazumijeva
predtest i konacni test s eksperimentalnom i kontrolnom skupinom. Za kvalitativni
uzorak koristili smo se deskriptivnim model putem kojega smo mogli opisati
misljenja ispitanika vezana uz sam proces. IstraZivanje je provedeno na uzorku
od trideset ispitanika - ucenika iz Cetvrtoga, petoga, Sestoga, sedmoga i devetoga
razreda. Materijale koji su koristeni u istraZivanju razvili su sami istraZivaci.
Nadalje, u ovome su se istrazivanju koristili cjelokupni obrasci za ocjenjivanje,
testovi postignuca i detaljni evaluacijski obrasci. Za analizu podataka koristila se
dvosmjerna ANOVA za mjesovita mjerenja i deskriptivna analiza. Na kraju analize,
iako je uocena znacajna razlika izmedu predtesta i zavrsnoga testa, znacajna
razlika nije utvrdena izmedu tradicionalne okoline za ucenje i prilagodene okoline
za ucenje s obzirom na ucinkovitost obrazovanja. Stovise, takoder su bila ispitana
misljenja sudionika u istraZivanju o samoj primjeni.

Kljucne rijeci: prilagodeno ucenje; individualno poucavanie; intelektualne poteskoce;
pojam broja

Uvod

Pojedincima su potrebna odredena znanja i vjestine kako bi samostalno Zivjeli
u drustvu. Glavni cilj aktivnosti za ucenje u $kolama jest pripremiti ucenike za
drustveni Zivot. Prema tome, ucenici uce funkcionalne vjestine i znanja kako bi
se njima mogli koristili u svakodnevnom Zivotu i kako bi njihovi Zivoti bili laksi.
To se ne razlikuje ni kod ucenika s intelektualnim potesko¢ama (Cavkaytar, 2001).
Intelektualnu poteskocu Schalock i sur. (2007, str. 118) definiraju kao:
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“poteskocu (koju) karakteriziraju znacajna ogranicenja u intelektualnom
djelovanju kao i u prilagodenom ponasanju koje se ocituje u konceptualnim,
drustvenim i prakticnim vjestinama prilagodbe”.

U Turskoj su provedena razlidita istraZivanja vezana uz osobe s potesko¢ama, a
nacionalno istrazivanje pod nazivom IstraZivanje problema i ocekivanja od osoba
s poteskoéama, proveo je 2010. prvi put turski institut za statistiku (TSI). Prema
rezultatima istraZivanja postoje 280 014 osoba s potesko¢ama koje su registrirane
u nacionalnoj bazi osoba s potesko¢ama koje Zive u ku¢anstvima unutar Republike
Turske i koje imaju 20 % invalidnosti prema svojim zdravstvenim kartonima. U
istrazivanju su izostavljene osobe s potesko¢ama koje Zive u domovima za stare i
nemocne, centrima za starije, hostelima, zatvorima, barakama, bolnickim hotelima i
vrti¢ima. Istrazivanje problema i ocekivanja od osoba s potesko¢ama za cilj je imalo
odrediti probleme i o¢ekivanja u svakodnevnom Zivotu od osoba s potesko¢ama
koje su bile registrirane u nacionalnoj bazi osoba s potesko¢ama. U Turskoj je
29,2 % osoba s potesko¢ama koje su registrirane u nacionalnoj bazi kao osobe s
intelektualnim pote$ko¢ama. Njih 61,1% su muskarci, a 38,9% Zene (TSI, 2010).

Cilj obrazovanja osoba s intelektualnim potesko¢ama je omoguditi im postizanje
neovisnosti u drustvu, poboljsavajuci funkcionalna podrucja njihova Zivota. Glavne
vjestine potrebne za ostvarenje toga cilja jesu osnovne razvojne vjestine, osnovne
informacije o brojevima potrebnima za svakodnevni Zivot, zatim podvjestine poput
¢itanja i komunikacije za svakodnevni Zivot (Cavkaytar, 2001).

U posljednje vrijeme, kako raste popularnost tehnologije, ra¢unala se koriste
kao svrha i kao alat za aktivnosti ucenja i poucavanja. Rac¢unala koja su postala
uobicajen alat u svakodnevnom Zivotu pocela su se koristiti i u obrazovanju tako
da su prilagodena primjeni u obrazovnim sustavima. Poznato je da aktivnosti
ucenja i poucavanja koje su utemeljene na alatima diZu raznu motivacije studenata,
doprinose boljem ucenju, unose raznolikosti u procese ucenja i poucavanja (Demirel,
Seferoglu, i Yagci, 2001). Razina koju su dostigle obrazovne tehnologije omogucuje
im razvoj sustava koji imaju ciljeve i sadrzaje koji se mogu mijenjati u ovisnosti o
pojedincu. Sustavi u kojima se sadrzaj moze razlikovati s obzirom na pojedinca i
sustavi kod kojih su ciljevi odredeni prema samim pojedincima zovu se prilagodeni
i prilagodljivi sustavi (Park, 1996).

Prilagodeni sustavi i prilagodljivi sustavi razlikuju se s obzirom na osobu koja
¢ini prilagodbu. Prema tome, prilagodba prema sklonostima pojedinca na pocetku
primjene je prilagodeni sustav, ali prilagodba u kojoj se reakcije pojedinca za vrijeme
primjene obraduju ra¢unalno jest ono §to zovemo prilagodljivi sustav (Sezer, 2011).
Proces prilagodbe moze se posti¢i na dva nacina: prilagodba sadrzaja i prilagodba
navigacije. U sustavima prilagodbe sadrzaja sadrzaj se moze razlikovati prema
karakteristikama pojedinca. U sustavima prilagodbe navigacije poveznice o sadrzaju
mogu se razlikovati prema karakteristikama pojedinca (Brusilovsky, 1998).
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Za prilagodbu sadrzaja i navigacije mozemo se koristiti razli¢itim strategijama.
Dodatna objasnjenja, preduvjetna objas$njenja, usporedna objasnjenja, razliciti
oblici obja$njenja i strategije poretka mogu se koristiti za prilagodbu sadrzaja, a
za prilagodbu navigacije koriste se strategije globalnih ili lokalnih vodenja, kao i
potpore lokalnih i globalnih orijentacija. Te strategije sazeo je Somyurek (2008).

Prilagodba sadrzaja:

Dodatna objasnjenja: Dodatne informacije mogu se dati samo onim ucenicima
¢ija razina spremnosti odgovara toj informaciji ili onima koji Zele dobiti dodatne
informacije.

Preduvjetna objasnjenja: Davanje informacija koje mogu biti preduvjet za pojmove
i prije nego $to je pojam objasnjen.

Usporedna objasnjenja: Prikazivanje sli¢nosti i razli¢itosti medu pojmovima koji
¢e biti uvedeni i medu ve¢ uvedenim pojmovima.

Razliciti oblici objasnjavanja: Priprema istoga sadrzaja u razli¢itim oblicima i
razlicita prezentacija sadrzaja prema karakteristikama pojedinca.

Poredak: Obja$njenje istoga sadrzaja razli¢itim poretkom prema karakteristikama
pojedinca.

Prilagodljiva navigacija:

Globalno vodenje: pomaze uceniku u nalazenju najkraceg puta kod pronalazenja
traZzene informacije.

Lokalno vodenje: Davanje popisa poveznica razli¢itim poretkom ovisno o
karakteristikama pojedinca.

Globalna orijentacija: Pomaze u¢eniku da osvijesti stvarno mjesto u strukturi
predmeta

Lokalna orijentacija: Pomaze uceniku da osvijesti svoje relativno mjesto u
lokalnom okruzenju.

U istrazivanju provedenome 2008. Cakir je proucavao u¢inkovitost individualizacije
verbalizacijom matematickih problema kod poucavanja matematike na postignuce
ucenika. Istrazivanje je potvrdilo da individualizacija znacajno povecava postignude
ucenika, medutim, nije uocena znacajna razlika izmedu rezultata posttestova kod
opcenite primjene i kod individualizirane primjene. U istrazivanju u kojemu se
proucava ucinak prilagodljivih mreznih okruZenja i navigacije na postignuce
ucenika (Somyurek, 2008) nije uo¢ena znacajna razlika medu skupinama s
prilagodbom i skupinama bez prilagodbe.

U istrazivanju (Ozak i Dikmen, 2010) koje je proucavalo teme magistarskih radova
u Turskoj vezane uz funkcionalne akademske vjestine ucenika s intelektualnim
potesko¢ama izdvojeno je dvadeset i devet magistarskih radova. Medu tim radovima
sedamnaest ih je obradivalo vjestine ¢itanja i pisanja, a dvanaest ih proucavalo
matematicke vjestine. Devet od ukupno dvanaest radnji vezanih uz matematicke
vjestine bile su magistarske radnje, a tri su bile doktorske radnje. Istrazivanje je
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pokazalo da se ra¢unalo koristilo kao alat za vjestine ¢itanja i pisanja, ali iznenaduje
da matematicke aktivnosti nisu bile vezane uz racunalo. To otkri¢e upucuje na to
da se koristenje racunala za razvoj matematickih vjestina mora pojacati, kao i da
postoji potreba za daljnjim proucavanjem prilagodbe za ucenike koji se koriste
rac¢unalnim programom.

Hutcherson, Langone, Ayres i Cless (2004) proveli su istrazivanje koje je za cilj
imalo poucavati ucenike s intelektualnim potesko¢ama u izboru proizvoda u
trgovinama uz pomo¢ ra¢unala. Oni su utvrdili da je vrijeme potrebno za lociranje
proizvoda u trgovinama umanjeno, a da je povecana brzina biranja potrebnog
proizvoda.

Vrlo je malo istraZivanja provedeno na skupinama s intelektualnim potesko¢ama
u prilagodenim racunalnim okruZenjima, a individualno poucavanje vrlo je vazno
za takve osobe. Ovo je istrazivanje jedno od prvih istrazivanja u kontekstu primjene
prilagodenih okruZenja nad ucenicima s intelektualnim potesko¢ama. Koriste¢i
se prilagodenim sustavima ucenja koji omogucuju individualizirano poudavanje,
omogucuje se pojedina¢no individualizirano poucavanje.

Cilj ovoga istrazivanja bio je prouciti u¢inkovitost prilagodenog ra¢unalnog
softvera u dostizanju matematickih vjestina ucenika s intelektualnim potesko¢ama.

U skladu s op¢im ciljem pokusali smo pronaci odgovore na sljedeca pitanja:

1. Postoji li znacajna razlika medu rezultatima predtesta i posttesta u

eksperimentalnoj skupini?

2. Postoji li znacajna razlika medu razlikama u posttestu kod eksperimentalne i

kontrolne skupine?

3. Koje su pozitivne strane prilagodenog ucenja prema misljenju prakticara?

4. Koje prijedloge daju prakticari u vezi s prilagodenim ucenjem?

Metode

Model istrazivanja

Preferirana je metoda hibrida u kojoj se zajedno koriste kvantitativne i kvalitativne
metode. Za kvantitativni uzorak u istrazivanju koristio se autenti¢ni eksperimentalni
model koji ukljucuje predtest i posttest, eksperimentalnu i kontrolnu skupinu. Za
kvalitativno istrazivanje koristio se deskriptivni model kako bi se opisala misljenja
prakticara.

Uzorak

IstraZivanje je provedeno na skupini od trideset sudionika — uéenika éetvrtih,
petih, Sestih, sedmih i devetih razreda koji su izabrani od ukupno 250 uéenika koji
se obrazuju u Centru za modernu obrazovnu praksu, u 2012./13. $kolskoj godini.
Ucenici s neznatnim i umjerenim intelektualnim potesko¢ama izabrani su kao
ispitanici podobni za istraZivanje, a njihovi rezultati u testovima inteligencije bili
su izmedu 50 i 60.
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Od trideset izabranih uc¢enika osam je bilo djevojcica, a dvadeset i dva su bili
djecaci. Kontrolna i eksperimentalna skupina nastale su nasumi¢no biranjem 15
ucenika za svaku skupinu. Tri uéenika u eksperimentalnoj skupini bile su djevojcice,
a dvanaest su bili djecaci. Pet u¢enika u kontrolnoj skupini bile su djevojcice a deset
su bili djecaci.

Misljenja prakti¢ara o procesu dobivena su od tri praktic¢ara koji su provodili
primjenu koriste¢i se tehnikom intervjua.

Materijal

U samom istrazivanju softver u kojemu je prilagodena navigacija primijenjen je na
kontrolnu skupinu. Program su razvili istraZivaci koristeci se programom Microsoft
Visual Studio 2012 (dopustenje za ucenike) i Visual Basic Programming Language.
U tom su programu ucenici mogli prilagoditi svoju navigaciju odabiruci ono $to
zele iz ponude, poput likova iz crtica, zivotinja, lopte (slika 1).

Slika 1.

Ucenici zapoc¢inju s u¢enjem u trenutku kada odaberu kategoriju koju preferiraju.
Softver sadrzi sustav od devet brojeva i petnaest razina za svaki broj. S obzirom na
prvi izbor ucenika pojam broja pokusava se prenijeti ucenicima putem likova iz
crtica, slika Zivotinja ili lopti (150%150px).

Kada ucenik odabere to¢an odgovor, prelazi na sljedecu razinu, a ako odabere
Cetiri to¢na odgovora uzastopno, prelazi na sljedeci broj. Medutim, prve tri razine
za svaki broj zamisljene su kao probne razine pa se ¢ak i ako ucenik odabere
tocan rezultat, bodovi ne zbrajaju. U nastavku slike mijenjaju boju, a predmeti se
pretvaraju u neke druge predmete.

U slu¢aju moguce pogreske, upravljacki okvir ukljucen je u softver za intervenciju
administratora. U upravljatkom okviru nalaze se podaci o razini na kojoj se u¢enik
nalazi i koliko je puta odabrao to¢an odgovor uzastopno (slika 2).

Slika 2.

Objasnjenje brojeva u slici:

1 Ovo je referentna slika.

2 Izborni dio. Ucenik odabire sliku koja ima isti predmet i isti broj koji oznacava
referentnu sliku.

3 Administrativni dio, broj i razina vidljiva je samo kada prakticar (administrator)
upise lozinku u petom dijelu. U slu¢aju moguce pogreske, administrator moze
uskladiti broj i razinu.

4 Izbor uzastopnog tocnog odgovora. Taj dio pokazuje koliko je to¢nih odabira
ucenik imao uzastopno. Kada dosegne broj ¢etiri, nastavlja na prvu razinu sljedeceg
broja. Taj je dio vidljiv samo administratoru.

5 Kodirani dio. Administrator omogucuje vidljivost ¢etvrtog i petog dijela samo
ako upise lozinku.
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Kako ucenik napreduje, tako se povecava i razina tezine slika. Ekran koji u¢enik
vidi kod broja $est i razine deset prikazan je u Slici 3. Kao §to slika 3 prikazuje,
ucenik vidi razli¢ite vrste lopti razli¢itih boja. Osim toga, broj lopti koje se koriste
vrlo je blizu jedan drugome.

Slika 3.

Kada ucenici uspje$no dovrse sve brojeve i razine, otvara se novi prozor. Taj
prozor, sa slikom popularnog lika iz crtanih filmova daje zvuk pljeska u pozadini.
Svrha je u¢enika ohrabriti za daljnji rad (slika 4).

Slika 4.

Instrumenti za prikupljanje podataka

Obrasci za ukupnu evaluaciju koje su popunjavali nastavnici na pocetku
polugodista proucavani su zbog matemati¢kog znanja koje je trebalo biti na istoj
razini. Predtest je razvijen kako bi se odredile razine prija$njeg znanja o pojmu
broja, a posttest je razvijen kako bi se odredile razine znanja nakon eksperimenta.
Dobivene informacije iz primjene tih testova detaljno su objas$njene u obrascu
procjene znanja o pojmu broja.

Obrazac opce procjene

Obrazac opce procjene je povr$inska procjena koja je priprema za individualizirani
plan ucenja u skladu s potrebama pojedinca i u suradnji s obitelji o modelu treniranja
i povezanim postignu¢ima odabranim za pojedinca, a kojega je odredio Odbor za
evaluaciju posebnog obrazovanja kao pojedinca kojemu je potrebna pomo¢. Kod
opce procjene vazno je imati na umu da li pojedinac usvaja ili poznaje usvajanje.
Razina usvajanja nije toliko znacajna.

Testovi postignucda

Test je pripremljen koriste¢i se predmetima na koje su ucenici naisli u
svakodnevnom Zivotu i slikama kojima se koristi Tursko nacionalno ministarstvo
obrazovanja u udzbenicima iz matematike kako bi se razvili predtestovi i testovi
postignuca. Sest pitanja pripremljeno je za svaki brojevni pojam. Dva pitanja
ukljucivala su pokazivanje broja jedan u skupini istih predmeta, ali razlicitih brojeva
(1-9), dva pitanja ukljucivala su pokazivanje broja jedan u skupini istih predmeta,
ali razlic¢itih boja (1 - 9), a dva su ukljucivala pokazivanje broja jedan u skupini
razlicitih predmeta i razli¢itih brojeva (1 - 9).

Obrazac detaljne procjene

Obrazac detaljne procjene koristio se kako bi se odredila razina pojedinca prije
samog poucavanja odabranih predmeta usvajanja u personaliziranom planu ucenja
na kraju opce evaluacije. Odabrani bi predmeti trebali biti podijeljeni u manje
podskale dok se provodi analiza predmeta o konceptu ili disciplini.
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Osmisljeni obrazac detaljne procjene sadrzi 31 stavku. Cetiri stavke vezane
su uz prethodno znanje ucenika. Tri podskale koristile su se za svaki brojevni
pojam. To su skupine s razli¢itim predmetima razli¢itih brojeva, skupine s istim
predmetima razlic¢itih boja i brojevi koji upucuju na broj jedan u skupinama s
razli¢itim predmetima razlicitih brojeva (1 -9).

Intervju: Pitanja u intervjuu odabrana su za vrijeme rasprave u fokus grupama
koje su odrzane sa sudionicima u istrazivanju i preuzete iz pregleda literature
pod nazivom ,nastavnici ispitanici i misljenja nastavnika o personaliziranom
poucavanju“ $to je proveo Cakir 2013. Misljenja nastavnika koji su sudjelovali
u primjeni dobivena su posredstvom pitanja koja su pripremljena u obliku
polustrukturiranoga intervjua.

Proces

Odredeni su preduvjeti koje su ispitanici morali zadovoljiti. Preduvijeti su bili:
ucenici ne smiju imati fizicke poteskoce jer se moraju koristiti racunalom, moraju
znati brojati od 1 do 9 te moraju poznavati koncept skupine.

Zabiljezena su misljenja nastavnika kao i ukupna evaluacija ucenika kako bi
se izdvojili ucenici koji su udovoljili zadanim kriterijima. Analizom tih podataka
odluceno je da ¢e uzorak biti sastavljen od trideset u¢enika nasumi¢nim izborom,
a kontrolnu i eksperimentalnu skupinu ¢init ¢e po petnaest ucenika.

Primijenjen je predtest kako bi se ustanovilo prethodno znanje ispitanika vezano
uz pojam broja. Podaci su zabiljezeni u detaljnom obrascu evaluacije znanja.

Ucenici u kontrolnoj skupini igrali su igru minolovca dva tjedna (dva Skolska sata
tjedno po 40 minuta) kako bi usvojili vjestinu upotrebe misa.

Primjena je trajala Cetiri tjedna (Cetiri $kolska sata).

Pojam broja dan je u¢enicima u kontrolnoj skupini uz pomo¢ materijala iz
razrednog okruZenja.

Program koji je pripremljen u racunalnom okruZzenju predstavljen je u¢enicima u
eksperimentalnoj skupini. Program im je objasnio da kada god daju to¢an odgovor,
nastavljaju sa sljede¢im pitanjem, a kada Cetiri puta uzastopno daju to¢an odgovor
za prva tri pitanja, nastavljaju sa sljede¢im brojevnim pojmom.

Na kraju eksperimenta, ucenici su dobili posttest kako bi se ustanovilo njihovo
postignuce, a dobiveni su podaci uneseni u detaljan obrazac evaluacije.

U isto vrijeme tri nastavnika dobrovoljca htjela su sudjelovati u eksperimentu.
Njima su dane sazete upute i priprema za sudjelovanje u eksperimentu. Objasnjen
im je cilj istrazivanja. Kada je program koji bi bio koristen u eksperimentu zavrsio,
nastavnicima su dane dodatne informacije o programu. Ti su nastavnici aktivno
sudjelovali u svakoj fazi eksperimenta te su dali odgovore na pitanja koja su
postavljena putem polustrukturiranog intervjua na kraju eksperimenta.

Analiza podataka

Rezultati predtestova i posttestova za svakog su uc¢enika dobiveni zbrajanjem
ukupnih bodova u evaluacijskom obrascu. S obzirom na to da evaluacijski obrazac
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sadrzi 31 stavku, a bodovanje je dihotomno (0 ili 1), najmanji moguci broj bodova
u evaluaciji bio je 0, a najve¢i moguci rezultat bio je 31.

Nakon proucavanja rezultata predtestova i posttestova, vrijednosti asimetrije i
zaobljenosti predtesta bile su -,117 i -,555; vrijednosti asimetrije i zaobljenosti
posttesta bile su -,680 i -1,008.

Distribucija podataka nije znacajno druk¢ija od normalne distribucije. Analizom
smo takoder ustanovili Boxovu M=8,437; p>,05 i Levenovu statistiku =8,477,
p<,05 za predtest; i Levenovu statistiku =,340; p>,05 za posttest. S obzirom na
vrijednosti asimetrije i zaobljenosti, Boxovu M statistiku i posttest Levenovu
statistiku podaci su analizirani dvosmjernim ANOVA testom za mije$ani model
mjerenja s obzirom na to da su kori$tene kontrolna i eksperimentalna skupina, kao
i predtest i posttest.

Rezultati

Rezultati uc¢enika u kontrolnoj i eksperimentalnoj skupini prije i nakon
implementacije i vrijednosti standardne devijacije prikazani su u Tablici 1.

Tablica 1.

Nakon proucavanja podataka iz Tablice 1, srednja vrijednost za rezultate predtesta
za kontrolnu skupinu porasla je od 10,80 do 24,20. Srednja vrijednost rezultata
predtesta za eksperimentalnu skupinu bila je 12,73, a srednja vrijednost za posttest
bila je 26,73.

Postojanje znacajne razlike medu rezultatima dobivenim od kontrolne i
eksperimentalne skupine prije i nakon implementacije mjereno je dvosmjernim
ANOVA testom za mije$ana mjerenja, a rezultati su prikazani u Tablici 2.

Tablica 2.

Nakon proucdavanja rezultata iz Tablice 2, moze se uciti znacajna razlika medu
rezultatima predtesta i posttesta za sudionike i u kontrolnoj i u eksperimentalnoj
skupini (F1’28=408,868, p<,01). Medutim, razlika medu rezultatima predtesta i
posttesta nije ukazala na znac¢ajnu razliku za kontrolnu i eksperimentalnu skupinu
(F, ,;=196; p>,05).

Analizom misljenja prakti¢ara o procesu, ustanovili smo da su sljedece stavke
pozitivne strane prilagodenog obrazovanja: ucenici se vise zabavljaju za vrijeme
sati, dostizanje cilja, lakSe upravljanje razredom, neposredna povratna informacija,
bolje prepoznavanje ucenika, promatranje napretka ucenika, dulja motivacija kod
ucenika, dobivanje dodatnog vremena za ucenike i pove¢ana motivacija.

Nastavnik 1 spomenuo je porast motivacije ucenika: , Koliko sam primijetio
u implementaciji, uvidio sam da poucavanje s razli¢itim materijalima i njihova
primjena kroz igre pove¢ava motivaciju u¢enika“ Nastavnik 3 iznio je sljedece
misljenje: ,,Mislim da ucenici postaju viSe motivirani za nastavu jer u dane kada
su imali tu nastavu, postavljali bi pitanja poput: ,Kada ¢e biti taj sat?“ ili ,Imamo
li danas taj sat?“
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Nastavnik 2 rekao je da je ta implementacija pomogla u prepoznavanju ucenika
preko tvrdnje:,,Ovo nam je pomoglo u razumijevanju razlicitih karakteristika u¢enika
kao i prepoznavanje onoga $to oni vole, a §to ne vole.“ Nadalje, nastavnik 2 takoder je
rekao da je implementacija omogucila pracenje u¢enikova napretka: ,Mozete vidjeti
svakodnevni napredak ucenika.“ Takoder se osvrnuo na koncentraciju u¢enika:
»Mogu se dulje usredoto(iti jer uce sa svojim najdrazim predmetima.“

Nastavnik 3 dao je svoje misljenje o danom vremenu za svakoga ucenika: ,,Postoje
akademske razlike medu u¢enicima pa moramo pojedinac¢no raditi s u¢enicima, §to
znaci da ne moZemo svakom uceniku posvetiti jednako vrijeme.“ Taj nastavnik —
ispitanik smatra da program povecava vrijeme koje posvecujemo svakom uceniku.
Nastavnik 1 rekao je da prilagodeni program povecava vrijeme koje mozemo dati
svakom pojedinom uceniku - ,,vi$e vremena za svakog ucenika®

Postoje i negativne strane prilagodenog u¢enja. Primjerice, upravljanje razredom
postaje teze, drugi ekrani odvracaju paznju, uenici se natjecu jedni s drugima,
njihovi interesi brzo se mijenjaju, nastaju problemi vlastitoga izrazavanja, ne mogu
se dostici niZe razine, diskriminacija, smanjeni interes zbog razlic¢itih predmeta i
nedovoljna evaluacija dominiraju kao negativne strane programa.

Nastavnik 2 rekao je: “Mislim da upravljanje razredom postaje teze jer je ovo prva
takva primjena s uc¢enicima.“ Nastavnik 1 htio je ukazati na to da problemi mogu
nastati zbog ucenika s tjelesnim potesko¢ama. Nastavnik 2 izjavio je da nadmetanje
medu ucenicima mozZe imati negativan ucinak na njihovo obrazovanje. Nastavnik
3 ukazao je na ucenike koji mogu nazadovati: ,,Mislim da to moze stvoriti i gubitak
motivacije kod onih koji ne dostignu oc¢ekivanu razinu.“

Nastavnik 1 objasnio je da rad na vie racunala u istome okruzenju utjece na
ucenje i to na negativan nacin: ,, Iako ucenici sami biraju predmete s kojima ce
raditi, kada bi uocili ne§to drugo na ekranu svoga prijatelja, htjeli su promijeniti
vlastite odabire, a to je imalo negativan utjecaj na ucenje.“ Sli¢no, Nastavnik 3 izjavio
je da znatiZelja u¢enika o onome $to se nalazi na ekranima drugih ima negativan
ucinak na ucenje.

Nastavnik 2 izjavio je da u nekim sluc¢ajevima ucenici mogu nastaviti na sljede¢u
razinu i prije nego $to su vidjeli sve potkategorije: “U¢enici moraju odgovoriti to¢no
Cetiri puta uzastopno, medutim, mi ne znamo na kojoj se razini to dogodi. Prema
tome, mislim da evaluacija nije ispravna i precizna.*

Misljenja nastavnika - ispitanika o prilagodenom ucenju prikupljena su pod
nazivima kao $to su, veli¢ina slika, ucestalost podrske, audio upozorenja, vizualni
pregled i redoslijed prikaza.

Tvrdnje kao $to su ,,slike u materijalima morale bi biti vece i vidljivije (nastavnik 1),
vece i jasnije slike mogu program uciniti ucinkovitijim (nastavnik 2), mislim da bi slike
trebale biti vece i jasnije (nastavnik 3)“ ukazuju na zajednicku percepciju prakti¢ara
o veli¢ini slika.

Tvrdnja Nastavnika 1:,Mislim da bi program mogao biti u¢inkovitiji ako se
uceniku daje podrska kada dode vrijeme za prijelaz na sljede¢u razinu® ukazuje na
to da podrska u programu mora biti ucestalija.

220



Croatian Journal of Education, Vol.17; Sp.Ed.No. 4/2015, pages: 199-221

Nastavnik 2 rekao je da bi program mogao biti dodatno obogacen slikama:
ili gledanje ze¢eva kako jedu mrkve

Nastavnik 3 rekao je da program mora sadrzavati detaljnije potkategorije: ,,Mislim
da nema dovoljnu evaluaciju pa bi trebalo dodati vise slika za svaki podcilj, a u¢enici
ne bi trebali prije¢i na sljede¢u razinu bez prethodnog dovrsavanja slika, $to bi nam
omogudilo i to¢niju evaluaciju®

Rasprava i zakljucak

Rezultati istrazivanja ¢iji je cilj bio testirati u¢inkovitost prilagodenog softverskog
programa kako bi ucenici s intelektualnim potesko¢ama usvojili matematicke
vjestine ukazali su na to da su tradicionalni oblici obrazovanja i prilagodljivi
materijali na racunalu uc¢inkovite metode poucavanja na slicnim razinama. Drugim
rije¢ima, softverski program ucinkovit je jednako kao i tradicionalna metoda
poucavanja pojma broja.

Uzmemo li u obzir da nastavnici u tradicionalnom razredu ne mogu posvetiti
svim ucenicima jednako vrijeme, jasno je da rezultat ne moze biti obecavajuci.

Nakon proucavanja misljenja prakti¢ara o procesu, utvrdeno je da oni smatraju
kako prilagodene nastavne metode imaju pozitivne strane kao $to su zabavno
ucenje, viSe vremena koje se moze posvetiti svakom uceniku, ucenici imaju
dulju koncentraciju, u¢enici su motiviraniji, izravna povratna informacija i bolje
upoznavanje ucenika.

S druge strane, program ima i neke negativne strane poput ekrana drugih
ucenika koji ih ¢esto ometaju jer gledaju u njih, poteskoce u upravljanju razredom,
nemogucnost prjelaza nizih razina, medusobna natjecanja ucenika.

Nastavnici - ispitanici dali su sljedece prijedloge: ponuditi vece slike, ucestalije
davanje podrske, davanje audio upozorenja, u¢initi softver prikladnijim za u¢enike
iz vizualnog aspekta itd.

Kao zaklju¢ak moze se reci da je poucavanje putem racunalnih programa jednako
ucinkovito kao i tradicionalno poucavanje. U¢enici sudjeluju u aktivnostima ucenja
na zabavniji nacin, povecéava se koncentracija ucenika te postaju vie zainteresirani
za predmet. Medutim, zakljucuje se da je ra¢unalne sustave za ucenje potrebno
usavrsiti u nekim podrucjima, a dobiveni su i odredeni indikativni rezultati koje
treba uzeti u obzir u budu¢em radu.

Rezultati ovoga istrazivanja omogucili su i razvoj smjernica za buduca istrazivanja:

1. Treba provesti sli¢no istrazivanje uz ucestalije davanje povratne informacije;

2. Treba provesti sli¢na istrazivanja uz softverske programe razvijene za druge
predmete;

3. Istrazivanje je potrebno ponoviti sa softverskim programom koji prikuplja
informacije od ucenika za vrijeme rada;

4. Za buduca istrazivanja trebaju se koristiti vece slike;

5. Trebaju se proucdavati misljenja uéenika vezana uz prilagodljive softverske
programe.
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