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The Effects of Adaptive Educational Web Environment on Students’
Academic Achievement and Motivation'

Uyarlanabilir Egitsel Web Ortamlarinin Ogrencilerin Akademik
Basarilarina ve Motivasyonlarina Etkisi

Ozlem CANAN GUNGOREN?

Ozet

Bu ¢alismanin amaci uyarlanabilir olan, uyarlanabilir olmayan ve yiz ylize 6grenme etkinlikleri ile desteklen-
mis uyarlanabilir web temelli 6grenme ortamlarinin, 6grencilerin basarilari ve motivasyonlari Gizerindeki etkilerinin
farkh olup olmadigini belirlemektir. Arastirmada iki faktorli 3x2’lik faktoriyel desen kullanilmistir. Arastirma de-
seninin birinci faktori deneysel islemleri iceren 6grenme ortami (uyarlamalarin bulundugu web temelli 6grenme
ortami, uyarlamalarin bulunmadigi web temelli 6grenme ortami ve ylizylize 6grenme etkinlikleri ile desteklenmis
uyarlamalarin oldugu web temelli ortami), ikinci faktori ise 6ntest ve sontest dlciimlerini iceren ve basarinin degisi-
mini ortaya koyan tekrarl 6l¢limlerdir. Arastirmanin bagimh degiskenleri basari ve motivasyondur. Arastirma 2013-
2014 6gretim yili bahar déneminde Sakarya Universitesi Egitim Fakiiltesi Sinif Ogretmenligi, ilkdgretim Matematik
Ogretmenligi ve Fen Bilgisi Ogretmenligi béliimlerinin 2. sinifinda 6grenim gérmekte olan ve Temel Bilgi Teknolojisi
Kullanimi dersini alan 72 6grenci ile yiritilmustir. Elde edilen bulgulara gore ylizylize 6grenme etkinlikleri ile
desteklenmis uyarlamalarin oldugu web temelli ortamdaki basari anlamli olarak daha yliksektir. Farkli 6grenme or-
tamlarindaki 6grencilerin Grlinlerinin incelenmesi sonucunda kullanilan ortam tirlerinin 6grencilerin rubrik basari
puanlarini etkilemedigi ortaya konmustur. Ayrica kullanilan 6grenme ortamlarina gére 6grencilerin motivasyonlari
arasinda farklilik olmadigi tespit edilmistir.

Anahtar Kelimeler: uyarlanabilir 68renme, web temelli 6grenme, basari, motivasyon

Abstract

The aim of this research is to determine whether the effects of adaptive web-based learning(WBL) environment,
non-adaptive WBL environment and adaptive WBL environment supported by face-to-face learning activities on
the students’ achievement and motivation are different. A 3x2 factorial design was used in this study. The first
factor of the research design is learning environment including experimental procedures (adaptive WBL environ-
ment, non-adaptive WBL environment and adaptive WBL environment supported by face-to-face learning activi-
ties) The second factor is repeated measures, which revealed the change of achievement including pre and post
measurements. The dependent variables of the study are academic achievement and motivation. The research was
conducted in 2013-2014 spring semester with 72 second-year students, who took the course of Basic Information
Technology at Sakarya University, Education Faculty, Department of Primary Education, Primary Math Education
and Science Education. In such a way that each group of 24 students, learning environments were formed as peer
groups based on pretest. According to the findings, academic achievement in the adaptive WBL environment supp-
lemented with face-to-face learning was significantly determined to be higher. As a result of the examination of
the students’ products in different learning environments, it was shown that environment type did not influence
students’ rubrics grade points. Moreover, there was no significant difference among students’ motivation according
to their learning environment used.
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Extended Summary

Introduction

With the increasing number of WBL environments and individual learning, setting web-learning environments
specific to individual traits is a noteworthy aspect. It is stated that every learner will perform different activities
of learning based on the adoption of the principle “one size does not fit all”(Reigeluth, 1996), and the learning
requirements of individuals using the same environment varies according to their different personality traits, ways
of learning, analysis of information and usage of different information sources(Riding & Rayner, 1998). However,
traditional educational web systems offer the same content and connections to all users. Uniformly designed web
environments have emerged due to the opinion that users are monotype/standard users(Brusilovsky, 2001). The
adaptivity presented as web-based is important for users(Weber, 1999).

In this research, an answer was sought for the question “Is there any difference between the achievement and
motivation in the adaptive WBL environments in which there are adaptations of both adaptive presentation and
navigation suitable for students’ individual characteristics, such as their pre-knowledge, learning modality, learning
approaches and preferences, adaptive WBL environments, non-adaptive WBL environments and adaptive WBL
environments supported by face-to-face learning activities?”.

Method

Research Design

The two-factor 3x2 factorial design was used in the research. The first factor of the design is the learning envi-
ronment. Repeated measures are the second factor of the research design. The second dependent variable of the
research is motivation.

Experimental Groups

The experimental groups(72 students) were selected from second-year students who take the Basic Information
Technology class that replaced the Computer class in the new program and has the same content.

Data Collecting Tools

The tools used in the research were a pretest-posttest; four module tests and three scales.

Achievement Test (Pretest and Posttest)

An achievement test used in pretest and posttest was developed to measure students’ achievement in the re-
search.

Module Tests

The aim of module tests is to determine the transitions between modules.

BiG16 Learning Modality Inventory

In the research, the adaptations were made taking students’ learning modality into account. To this end, the
BiG16 Learning Modality Inventory developed by Simsek(2002) was used.

The Revised Two-Factor Study Process Questionnaire(R-SPQ-2F)

The Revised Two-Factor Study Process Questionnaire(R-SPQ-2F) was used to reveal students’ learning approa-
ches.

Scale of Student Motivation in Adaptive Environments

To measure students’ motivation in the adaptive educational web environment, the Student Motivation Scale
developed by Erdogan(2013) was used.

Rubric

In the research, the PowerPoint presentation titled “Internet and Social Networks” prepared by students for
primary fourth-grade students at the end of the application was evaluated with the holistic rubric.

Teaching Materials

The materials were developed based on three learning environments: adaptive WBL environment, adaptive
WBL environment supported by face-to-face learning activities and non-adaptive WBL environment.

Adaptive Web-Based Learning Environment

The adaptive WBL environment was developed within the framework of a model through the examination of the
components of adaptive educational systems.

Adaptive WBL Environment supported with Face-to-Face Learning Activities

The adaptive WBL environment supported by face-to-face learning activities was established using and running
both WBL environment in which face-to-face education continues and adaptive WBL environment at the same time.

Non-Adaptive Web-Based Learning Environment

Content related to Microsoft PowerPoint 2010 was prepared regardless off students’ individual characteristics in
the non-adaptive WBL environment.
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Application, and the Collection and Analysis of the Data

Experimental procedures were conducted for 4 weeks in the spring term of the academic year 2013-2014. 72
students who participated to the research and continued the experimental process realized their learning of Mic-
rosoft PowerPoint 2010 through the WBL system.

Results

The effect of experimental procedures on achievement and motivation was examined in the research. Firstly,
as a result of the Covariance Analysis, significant differences were found between the mean of adjusted posttest
achievement scores according to groups’ pretest achievement scores (F(2-68) = 5.493, p < .05, np2=.139). As a re-
sult, it was observed that the achievement in the adaptive WBL environment supported with face-to-face learning

activities at a significance level of .05 ( 3 = 69.947) was higher than the achievement in the adaptive WBL envi-

ronment (:“: = 62.550), and no significant difference was observed between the achievements in the adaptive
and non-adaptive WBL environments. Secondly, since there were rubric scores for three independent groups to be
compared in the research, one-way variance analysis (ANOVA) was used for unrelated samples. It was found that
there was no significant difference between groups in terms of rubric achievement scores (F(2, 69) = .869, p>.05,
n2= .025). This shows that the environments used were not effective on students’ rubric achievement scores.
Thirdly, to compare the motivation scores of three independent groups in the research, one-way variance analysis
(ANOVA) was used for unrelated samples. It was found that there was no significant difference between groups in
terms of motivation scores (F(2, 69) = .1.164, p>.05, n2=.033). This shows that the environments used were not
effective on students’” motivation scores.

Conclusion and Discussion

The research results show that students’ achievements in the adaptive WBL environment supported with fa-
ce-to-face learning activities were higher than students’ achievements in the adaptive and non-adaptive WBL envi-
ronments and no significant difference was observed between the achievement scores in the adaptive and non-a-
daptive WBL environments. It was found as a result of evaluating student products within the scope of the research
that students’ achievement scores did not differ in terms of learning environments. Moreover, it was found that
there was no difference between the motivations of the students learning in the adaptive and non-adaptive envi-
ronments and the environments supported with face-to-face activities.

Adaptive WBL environments are designed in different ways, student modeling is performed according to diffe-
rent individual characteristics, different adaptation methods and techniques are used, different adaptation appro-
aches are preferred, and therefore, studies performed with these environments result in differently. The findings
obtained with the adaptive WBL environment modeled in the research comply with studies in differently designed
adaptive WBL environment from some aspects and conflict them from other aspects.
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1. Introduction

Recently, web-based learning (WBL) is becoming more popular with the increasing use of Internet, information and
communication technologies, and web applications. Indeed, WBL has become one of the most benefited applicati-
ons in higher education. WBL, which was first applied in large companies, colleges and universities in the US in 1997,
became widespread in two years with 10% of colleges and universities and 25% of companies engaging in it. The rate
reached 80% in colleges and universities and 60% in companies in 2001 (Lynch, 2002). The number of students taking
WBL courses reached 3.6 million after an increase of 360,000 in 2005 compared to the previous year (Allen & Seaman,
2006), reaching 4.6 million in 2008 (Allen & Seaman, 2010), 6.1 million in 2010 (Allen & Seaman, 2011), and 5.8 million,
increased the rate by 3.9% in fall 2014 compared to the previous year (Allen, Seaman, Poulin & Straut, 2016). The fact
that, as of 2008, Massive Open Online Courses (MOOCs) had been developed to provide students with the opportunity
of participating in the course whenever they want, communicating with instructors and everyone taking that course,
asking questions, and accessing tools such as videos, lecture notes, etc. (Lewin, 2013) can be considered to be an im-
portant factor of the increasing number of students taking WBL courses.

In Turkey, many universities utilize WBL-related applications and WBL continues to become widespread (Horzum,
2012). According to the 2017 data from Turkish Statistical Institute (TSI), 66.8% of individuals in Turkey are regular In-
ternet users; Internet is used for getting information, ordering goods or services for personal use; over 1 million higher
education students continue their education through WBL. This development indicates that WBL established a power-
ful learning environment and may have wider area of usage in future.

With the increasing number of WBL environments and individual learning, setting web-learning environments spe-
cific to individual traits is a noteworthy aspect. It is stated that every learner will perform different activities of learning
based on the adoption of the principle “one size does not fit all” (Reigeluth, 1996), and the learning requirements of in-
dividuals using the same environment varies according to their different personality traits, ways of learning, analysis of
information and usage of different information sources (Riding & Rayner, 1998). However, traditional educational web
systems offer the same content and connections to all users in the same way. Uniformly designed web environments
have emerged due to the opinion that users are monotype/standard users (Brusilovsky, 2001).

Learning environments differentiating according to personal needs are needed with the rising importance of in-
dividual learning. Traditional educational web systems cannot meet the requirements of the personal learning of in-
dividuals with different knowledge, needs and interests (Brusilovsky, 2001). Accordingly, there is a need for setting
adaptable, adaptive and personalized WBL environments that take individual differences into account.

Adaptable learning environments are established with learners selecting their own learning experiences; on the
other hand, adaptive learning environments are formed in a way that the learning system changes environments and
courses by using the learner’s needs and traits. In personalized learning systems, adaptivity and adaptability can be
used together (Burgos, Tattersall & Koper, 2007).

Adaptive learning environments from web systems that take individual differences into consideration are advanced
hyper-environment systems that are configured through modeling with learner goals, interests and preferences and
are able to customize learning for each student (Brusilovsky, 1998). Content area and student characteristics are de-
termined via adaptive environments, and individual spaces are formed in accordance with these data in the adaptable
environments. These individual spaces can adapt both presentation and navigation to individual traits, and therefore,
both presentations and links can be shaped in accordance with the personal needs, individual traits and preferences
of students.

Adaptive presentation is the presentation of content to students with different pre-knowledge, goals, and prefe-
rences; in other words, different types of characteristics (Brusilovsky, 1994). For adaptive presentation, multimedia
presentation, text presentation, and modality can be adapted (Kelly, 2005). Adaptivity can be performed with different
methods and techniques (Methods: additional explanations, prerequisite explanations, comparative explanations, sor-
ting, explanation variants, Techniques: inserting/removing fragments, conditional text, stretchtext, fragment variants,
page variants, frame-based technique, dimming fragments) (De Bra, 1998; Brusilovsky, 2001). Different information is
offered to different students. For example, novice students are provided with introductory explanations, while expe-
rienced students are provided with more detailed information. Adaptive navigation means changing or explaining the
rich connection structure to direct students to interesting and related information and keep them away from unrelated
information. By this means, orientation problems about navigation can be eliminated (De Bra, Houben & Wu, 1999).
Methods that could be used for adaptive navigation are global guidance, local guidance, global orientation, local orien-
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tation; techniques are direct guidance, link sorting, link hiding, link annotation, link generation, and map adaptation
(Brusilovsky, 1996; De Bra, 1998). Adaptive learning environments are the environments that can be altered according
to individual traits, thanks to adaptive presentation and adaptive navigation, which have different methods and tech-
niques.

The web is a very popular tool in terms of online learning (Khan, 1997), adaptive learning environments, which can
be shaped according to individual traits and personal needs with the advancing technology and can be presented in
a web-based form. The adaptivity presented as web-based is important for users. Web-based applications are used
by more diverse users, differently than any independent application; a web application designed for a certain class of
users may not be suitable for other users. In this sense, adaptivity is important for providing the environment suitable
for every user in web applications and in terms of diversity (Weber, 1999).

In the literature there are many studies on adaptive WBL environments in which adaptations are made according
to different individual traits and preferences. Learning styles (Brusilovsky, Eklund & Schwarz, 1998; De Bra et al., 2013;
Despotovié-Zraki¢, Markovi¢, Bogdanovi¢, Bara¢ & Krco, 2012; Graf, 2007; Limongelli, Sciarrone & Vaste, 2011; Mec-
cawy, Blanchfield, Ashman, Brailsford & Moore, 2008; Ozyurt, 2013; Somyiirek, 2008; Stash, Cristea & De Bra, 2006),
personality types (Despotovié¢-Zrakic¢ et al., 2012; Kim, Lee & Ryu, 2013), cognitive styles (Cesur, 2013; Lo, Chan & Yeh,
2012; Yang, Hwang & Yang, 2013), pre-knowledge level (Brusilovsky et al., 1998; Celebi, 2014; De Bra et al., 2013; Erdo-
gan, 2013; Eryilmaz, 2012; Limongelli et al., 2011; Meccawy et al., 2008; Weber & Brusilovsky, 2001), intelligence (Kelly,
2005), learning goals (Brusilovsky et al., 1998; De Bra et al., 2013), and motivation (Sang & Keller, 2001) are among
primary the individual characteristics in the studies.

Various studies have examined whether variables are affected by adaptive WBL environments in which adaptations
are made in accordance with different individual characteristics. These variables include achievement (Despotovi¢-Zra-
ki¢ et al., 2012; Eryilmaz, 2012; Graf, 2007; Hopcan, 2013; Kelly, 2005; Limongelli et al., 2011; Magoulas, Papanikolaou,
& Grigoriadou, 2003; Ozyurt, 2013; Simko, Barla & Bielikovd, 2010; Somyiirek, 2008; Tseng, Chu, Hwang & Tsai, 2008;
Uysal, 2008; Weber & Brusilovsky, 2001), motivation (Erdogan, 2013; Sang & Keller, 2001; Simko et al., 2010; Yang et al.,
2013), cooperation (Gaudioso & Boticario, 2003; Simko et al., 2010), satisfaction (Eryilmaz, 2012; Gaudioso & Boticario,
2003; Somyiirek, 2008), and cognitive load (Eryllmaz, 2012).

The literature reports that adaptive WBL environments designed using different methods and techniques may affe-
ct the learning of students from several aspects, and some variables are not effective. In this research, an answer was
sought for the question “Is there any difference between the achievement and motivation in the adaptive WBL envi-
ronments in which there are adaptations of both adaptive presentation and navigation suitable for students’ individual
characteristics, such as their pre-knowledge, learning modality, learning approaches and preferences, adaptive WBL
environments, non-adaptive WBL environments and adaptive WBL environments supported by face-to-face learning
activities?”. Within this context, the following hypotheses were tested:

e There is a significant difference between participant students’ test-based academic achievements in the
adaptive, non-adaptive and adaptive WBL environments supported with face-to-face learning activities.

e There is a significant difference between participant students’ product-based academic achievements in the
adaptive, non-adaptive and adaptive WBL environments supported with face-to-face learning activities.

e There is a significant difference between participant students’ motivations in the adaptive, non-adaptive and
adaptive WBL environments supported with face-to-face learning activities.

When the goals and hypotheses are taken into consideration, this study, in which an adaptive educational web-ba-
sed environment was developed, is original in terms of supporting the developed adaptive educational web environ-
ment with face-to-face learning activities, addressing the achievement and the motivation in adaptive, non-adaptive
and adaptive educational web environments provided with face-to-face support and using students’ pre-knowledge,
learning modality, learning approach and preference for student modeling, and making adaptions through methods
and techniques suitable both for adaptive presentation and adaptive navigation; up-to-date in terms of addressing
the adaptive web environment, which also looks out for individual differences in learning environments; necessary for
revealing the achievement and the motivation in adaptive educational web environments and for these variables to be
able to offer solutions for individual differences; and functional in terms of giving advice to designers who are planning
to make more effective designs by enhancing students’ achievement and motivation in the adaptive educational web
environments through its results.
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2. Method
Research Design

The two-factor 3x2 factorial design was used in the research. The first factor of the design is the learning environ-
ment, which includes experimental procedures. There are three sublevels of the learning environment: adaptive WBL
environment, non-adaptive WBL environment and adaptive WBL environment supported with face-to-face learning
environments. Repeated measures, which include the pretest and posttest measures and reveal the change in the ac-
hievement, are the second factor of the research design. The second dependent variable of the research is motivation.
Symbolic notation of the research is given in Table 1.

Table 1. Symbolic Notation of Research Design

Experimental Groups Group Assignment Pretest Procedures Posttest
Adaptive WBL environment G1 R 01.1 X1 01.2
Non- adaptive WBL environment G2 R 02.1 X2 02.2

Adaptive WBL environment supported

with face-to-face learning activities 3 R 03.1 X3 03.2

The variable that includes the repeated measures in the research design is a pretest performed on experimental
groups before the experimental procedures and a posttest performed after the 4-week experimental procedures. The
measure for the independent motivation variable was performed only while the posttest was in progress.

Experimental Groups

The experimental groups were selected from second-year students studying at Sakarya University, Faculty of Educa-
tion, Departments of Science Teaching (ST), Class Teaching (CT) and Elementary Mathematics Teaching (EMT) who take
the Basic Information Technology class that replaced the Computer class in the new program and has the same con-
tent. Although 87 students were included in the research by forming equal groups according to the pretest results, 15
students who did not participate in the 4-week application period or whose application data was found to be deficient
were excluded from the scope of the research. A total of 72 students who kept taking part in the research during the
experimental process constitute the study group. There are three groups, each composed of 24 students. The groups
used three learning environments (adaptive WBL environment, non-adaptive WBL environment and adaptive WBL
environment supported with face-to-face learning environments).

Data Collecting Tools

The tools used in the research were a test that was used as a pretest and a posttest to measure achievement; four
achievement tests that ensure the transition between modules and are applied at the end of each module; two scales
that determine students’ learning modality and learning approaches to be used for modeling students in the adaptive
WABL environment; a scale that determines students’ motivational levels in learning environments; and a holistic rubric
evaluation tool to evaluate the homework prepared by students at the end of the application.

Achievement Test (Pretest and Posttest)

An achievement test used in pretest and posttest was developed to measure students’ achievement in the research.
Test items, which were prepared with questions and distractors in accordance with goals determined beforehand, were
examined by three field experts and an assessment-evaluation specialist. Adjustments were made in accordance with
the suggestions of the experts, and it was decided that the test would include 25 items. The 25-question achievement
test was applied to 264 third-year students who study at Sakarya University, Faculty of Education, Class Teaching, Men-
tally Handicapped Teaching and Social Studies Teaching in the fall term of the 2013-2014 academic year. Ten questions
were excluded from the achievement test, of which item analysis results were obtained via ITEMAN software, as their
distinctiveness was below 0.25 and their distracters in the questions did not function. In the light of the data obtained,
the 15-item achievement test’s average difficulty index was found to be 0.519; average distinctiveness level was found
to be 0.316. According to Ozgelik (2010) and Giiler (2012), it can be concluded that these values can exist in a good test.

The test’s KR20 reliability coefficient was found to be 0.512. This value seems to be consistent with the statements
of Rosenthal et al. (1979; Matthews, Zeidner & Roberts, 2004: 574) stating that a KR20 value is expected to be 0.35 on
average in tests with 20 or less items and of Kehoe (1995) stating that it may be satisfactory when the KR20 reliability
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coefficient takes lower values such as 0.50 in 10-to-15-question tests, and it can also be said that the value of KR20
reliability coefficient shows the test is a reliable one.

Considering the goals and the answers given by the students to the 15-question achievement test, the scoring of
test items was decided to be 10 points for question 15; 8 points for questions 1, 6 and 9; 6 points for questions 2, 3, 4,
5,7, 8,12 and 14; and 4 points for questions 10 and 13, in accordance with the opinions of the experts.

Module Tests

The aim of module tests is to determine the transitions between modules. The following tests were prepared
for the transitions of the students: Module 1 Test to control students’ transition from module 1 to 2; Module 2 Test
applied at the end of module 2 to control students’ transition from module 2 to 3; Module 3 Test applied at the end
of module 3 to control students’ transition from module 3 to 4; and Module 4 Test applied at the end of module 4 to
control students’ completion of modules and transition to the posttest. In accordance with the goals, Module 1 Test
was prepared with 11 questions; Module 2 Test with 5 questions; Module 3 Test with 12 questions; and Module 4 Test
with 7 questions. Module 1 Test was applied to 143 second-year students studying Preschool Teaching; Module 2 Test
to 96 second-year students studying Turkish Teaching; Module 3 Test to 144 second-year students studying Psychologi-
cal Counseling and Guidance; and Module 4 Test to 94 second-year students studying English Teaching and Mentally
Handicapped Teaching. As a result of the application, item discrimination distinctiveness levels, item difficulty indexes
and distracters’ functionality were examined via ITEMAN software, and some items were excluded from the tests. The
6-question Module 1 Test’s average difficulty index, average discrimination level and KR 20 reliability coefficient were
found to be 0.630, 0.468, and 0.487, respectively; the 4-question Module 2 Test’s average difficulty index, average disc-
rimination level and KR 20 reliability coefficient were found to be 0.840, 0.662, and 0.573, respectively; the 5-question
Module 3 Test’s average difficulty index, average discrimination level and KR 20 reliability coefficient were found to be
0.611, 0.477, and 0.364, respectively; and the 4-question Module 4 Test’s average difficulty index, average discrimina-
tion level and KR 20 reliability coefficient were found to be 0.949, 0.617, and 0.485, respectively. These values can be
evaluated to be suitable for the tests.

BiG16 Learning Modality Inventory

In the research, the adaptations were made taking students’ learning modality into account. To this end, the BIG16 Learning
Modality Inventory developed by Simsek (2002) was used. The 5-point Likert type scale is composed of 48 items and covers three
learning modalities, which are kinesthetic, auditory and visual styles, and there are 16 items for each learning modality. Explained
total variance of the scale of which validity and reliability studies were performed by Simsek (2002) was found to be 42.923%. The
factor loads of all its items were found to be over .40, and the Cronbach’s Alpha reliability coefficient was found to be .684 for the
kinesthetic style, .774 for the auditory style, .793 for the visual style, and .844 for the whole inventory.

The Revised Two-Factor Study Process Questionnaire (R-SPQ-2F)

The Revised Two-Factor Study Process Questionnaire (R-SPQ-2F) was used to reveal students’ learning approaches,
decide whether the student is a deep or surface learner and determine whether the adaptive system runs smoothly.
This scale was developed by Biggs, Kember and Leung (2001) and adapted into Turkish language by Onder and Besoluk
(2010). The 5-point Likert type scale with 20 items is composed of “Deep Learning Approach” (10 items) and “Surface
Learning Approach” (10 items) scales and each scale is composed of “Strategy” and “Motive” sub-scales, each with 5
items. In the adaptation study of the two-factor study, the factor loads of all items were found to be over .30, Cronba-
ch’s Alpha reliability coefficient was found to be .78 for “Deep Learning Approach”, .74 for “Surface Learning Approa-
ch”, and it was also found that item-total score correlations were between .333 and .691.

Scale of Student Motivation in Adaptive Environments

To measure students’ motivation in the adaptive educational web environment, the Student Motivation Scale de-
veloped by Erdogan (2013) was used. The scale is composed of 45 items and four dimensions which are self-efficacy
(5 items), intrinsic motivation (16 items), encouragement of the environment (8 items) and anxiety (6 items). In the
development studies of the scale, it was stated that the factor loads of the items were above .40 and the four-factor
structure explained 55.58% of the total variance, while Cronbach’s Alpha reliability coefficient was found to be .87 for
the whole scale, .85 for the self-efficacy factor, 0.93 for the intrinsic motivation factor, .81 for the encouragement of
the environment factor, and .77 for the anxiety factor.
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Rubric

In the research, the PowerPoint presentation titled “Internet and Social Networks” prepared by students for pri-
mary fourth-grade students at the end of the application was evaluated with the holistic rubric. Criteria and items
were prepared using the steps suggested by Andrade (2001), then which type of rubric to be used was decided upon.
Performance levels were determined and levels were defined, which were then evaluated by two field experts and an
assessment-evaluation specialist, and necessary corrections and adjustments were made as a result of the evaluation.

This is a holistic rubric that is composed of 5 criteria, which are the placement of slides, the selection and shaping of
constituents, the placement of constituents, color and target group and includes 4 different performance levels graded
as (0), (1), (2), and (3); each student can score within the range of 0-15 through this rubric. The student homework was
evaluated by three field specialists through the rubric prepared and the consistency between evaluators was examined.
It was determined that there was a highly positive relationship between the evaluation scores of the first and second
evaluators (r=.764, p<.05), the evaluation scores of the first and third evaluators (r=.666, p<.05), and the evaluation
scores of the second and third evaluators (r=.672, p<.05). In addition, it was found that the scores given by the three
evaluators were in concordance with each other according to Kendall’'s W Coefficient of Concordance [w=.723, p<.05].

Teaching Materials

The materials were developed based on three learning environments that include training for Microsoft Power-
Point 2010 software in the research: adaptive WBL environment, adaptive WBL environment supported by face-to-face
learning activities and non-adaptive WBL environment. Asp.Net-C #, HTML, Css, Javascript and SQL languages and Mic-
rosfot Visual Studio Ultimate 2012, Adobe Dreamweaver CC and Microsoft SQL Server Management Studio package
programs were used to create the environments and web-based software was developed with the help of a computer
programmer. Students accessed each of the three environments by logging into a web address.

Adaptive Web-Based Learning Environment

The adaptive WBL environment was developed within the framework of a model through the examination of the
components of adaptive educational systems. The developed environment is an adaptive environment organized ac-
cording to the macro-adaptive approach defined by Park and Lee (2004) as environments in which adaptations are
made grouping the students according to the measurements before the educational process and the student groups
are not changed during the educational process.

There must be 4 basic components of adaptive environments. These are the content area model, the student model,
the reasoning mechanism and the adaptations. Determining the goals and the module contents within the framework
of the content area model, achievements tests were developed to control the learning of students, ensure the inter-
modular transition and find out whether the module requirements are met. In the software developed to configure the
student modeling in the study, direct questions were asked and information on students’ characteristics was collected
in the light of the result of the interaction between students and the system. Four types of student characteristics were
gathered in the study: Preknowledge, Learning Modality, Learning Approach, Preference of Monitoring Stretchtexts.
The reasoning mechanism was established based on the content area model and the student model. The system drew
conclusion related to four factors: Content, Type of presentation, Type of knowledge, Stretchtext. It was decided with
which module the students could start according to their preknowledge; which learning modality the students had as
a result of the BiG16 Learning Modality Inventory in the Type of Presentation; students’ learning approach as a result
of the Revised Two-Factor Study Process Questionnaire and their interaction with the text named Visual Design in the
Type of Knowledge; and whether there would be stretchtext in the content given to the students in accordance with
their preference of monitoring stretchtexts during their interaction with the text named Visual Design in the stretch-
text. Based on the content area model and the student model, the adaptations were designed in regard to presentation
and navigation. Inserting/removing fragments and stretchtext methods were used as the adaptive presentation; link
hiding and link annotation methods were used as the adaptive navigation. The components of the WBL environment
with adaptations are presented in Figure 1.
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Figure 1. Adaptive WBL Environment Model

Within the framework of the Adaptive WBL Environment and based on three environments mentioned in the rese-
arch (adaptive, non-adaptive and adaptive supported with face-to-face learning activities) materials were prepared in
438 different ways for the environment with adaptations and a way for the environment without adaptations, totally in
49 different ways, to cover the same content. 17 of 48 different materials prepared were used. The most used material
types were deep knowledge-visual presentation-stretchtext unavailable-link passive-link annotation available (9) and
surface knowledge-visual presentation-stretchtext unavailable-link passive-link annotation available (8).
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Figure 2. Adaptive WBL Environment Screen
Adaptive WBL Environment supported with Face-to-Face Learning Activities

The adaptive WBL environment supported by face-to-face learning activities was established using and running
both WBL environment in which face-to-face education continues and adaptive WBL environment at the same time.
The adaptations were made as they were in the adaptive WBL environment. Face-to-face activities continued for 4
weeks (4x1 class hours) in the laboratory environment and lessons were taught and applications were made in respect
to the topics in the WBL environment.
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Non-Adaptive Web-Based Learning Environment

Content related to Microsoft PowerPoint 2010 was prepared regardless off students’ individual characteristics in
the non-adaptive WBL environment. All students were presented with the same content in the same order as in other
environments. The presented content was selected randomly from the different material types prepared before. In
addition, connections and stretchtext were not offered in accordance with student preferences but the connection
feature and the stretchtext preference in the randomly selected material type.
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Figure 3. Non-Adaptive WBL Environment Screen
Application, and the Collection and Analysis of the Data

The software and materials developed within the scope of the research were evaluated by three field experts after
the developmental process. Moreover, a pre-application was performed before the final application to control and test
the software, identify its deficiencies and correct its faults. 70 first-year students studying at Computer Education and
Instructional Technologies Teaching in the spring term of the academic year 2013-2014 participated to the pre-applica-
tion. In the light of data obtained from the pre-application, the software was updated and finalized.

Experimental procedures were conducted for 4 weeks in the spring term of the academic year 2013-2014. 72 stu-
dents who participated to the research and continued the experimental process realized their learning of Microsoft
PowerPoint 2010 through the WBL system. The 4-week application was performed in 4 different modules. The subjects
given in the modules were basic concepts and text procedures in Module 1, design elements in Module 2, visual ele-
ments in Module 3, and how to make the presentation in Module 4. Among three experimental groups composed of
24 students each, 24 students who were studying in the adaptive WBL environment accessed the content prepared in
accordance with the content area, the student modeling and the adaptations during the application.

In the analysis of the data collected during the research, also based on the pretest effect for pretest-posttest achie-
vement scores, a Covariance Analysis was performed examining the assumptions to compare students’ achievement
scores in all three environments, and the ANOVA test was performed examining the assumptions to obtain unrelated
measurements for achievement scores obtained from the examination of homework prepared by students at the end
of the application through rubric and for the motivation variable. Microsoft Excel 2010, IBM SPSS Statistics 20 and
ITEMAN software packages were used in the analysis of the data. The significance level of .05 was taken as a basis in
all statistical analyses.

3. Results

The effect of experimental procedures on achievement and motivation was examined in the research. Also consi-
dering the pretest effect for the pretest-posttest achievement scores, the assumptions were examined and the Cova-
riance Analysis (ANCOVA) was applied. As a result of the Covariance Analysis, average posttest achievement scores of
students in respect to groups and the adjusted mean of the same scores in respect to the pretest achievement scores
were found. The distribution of students’ posttest achievement scores in respect to groups is shown in Table 2.
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Table 2. Descriptive Statistics of Posttest Achievement Scores in respect to the Experimental Groups

Group N X Adjusted X
Adaptive WBL environment 24 61,250 60,170
Adaptive WBL environment sup- 24 70,166 69,947
ported with

face-to-face learning activities
Non- adaptive WBL environment 24 61,250 62,550

According to the adjusted posttest achievement scores in Table 2, the most contributing environment is the adap-
tive WBL environment supported with face-to-face learning activities (Xx= 69.947). It is observed that the adaptive WBL
environment is the least contributing one in terms of achievement (X= 60,170). The results of the Covariance Analysis
performed to test the significance of the difference between groups’ adjusted posttest achievement scores are given
in Table 3.

Table 3. Covariance Analysis Results in respect to the Experimental Groups of Posttest Achievement Scores adjusted
according to Pretest Achievement Scores

Source of Variance  Sum of Squares Sd  Means of Squares F P np2
Pretest  (Regres- 1451,097 1 1451,097 12,780 ,001 ,158
sion)

Group 1247,391 2 623,695 5,493 ,006 ,139
Error 7721,236 68 113,548

Total (Adjusted) 10444,444 71

(*p<.05)

According to the results in Table 3, significant differences were found between the mean of adjusted posttest
achievement scores according to groups’ pretest achievement scores (F(Hg) =5.493, p<.05, np2= .139). This shows that
the environments used were effective on student achievement. The partial eta squared effect size value, which gave
the variance rate explained by the posttest when the pretest was excluded, supports the fact that the environments
were an intermediate level of effect on student achievement based on the eta squared values explained by Green and
Salkind (2005: 187) (.06< npz <.14).

LSD multiple comparison test was performed to reveal the differences between groups’ adjusted posttest achieve-
ment scores. As a result, it was observed that the achievement in the adaptive WBL environment supported with face-
to-face learning activities at a significance level of .05 (X= 69.947) was higher than the achievement in the adaptive
WBL environment (X= 62.550), and no significant difference was observed between the achievements in the adaptive
and non-adaptive WBL environments.

The rubric scores developed to evaluated students’ products were used as achievement marks and students’ rubric
scores were compared according to their learning environments. Since there were rubric scores for three independent
groups to be compared in the research, one-way variance analysis (ANOVA) was used for unrelated samples and the
results in Table 4 were obtained with the analysis.

Table 4. Variance Analysis Results of Experimental Groups’ Rubric Achievement Scores

Group N X S Source of Sum of Squares Sd  Means of F P n2
Variance Squares
Adaptive WBL environment 24 10.918 3.021 Between groups 11.354 2 5.677 .869 .424 .025

Adaptive WBL environment 24 11.877 1.872
supported with face-to-face
learning activities

Non-adaptive WBL environ- 24 11.253 2.641 Within groups 450.869 69 6.534
ment

Total 72 11.450 2.552 Total 462.223 71
(*p<.05)
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As for Table 4, it was found that there was no significant difference between groups in terms of rubric achievement
scores (F(2 69} = .869, p>.05, n?= .025). This shows that the environments used were not effective on students’ rubric
achievement scores.

To compare the motivation scores of three independent groups in the research, one-way variance analysis (ANOVA)
was used for unrelated samples and the results in Table 5 were obtained with the analysis.

Table 5. Variance Analysis Results of Experimental Groups’ Motivation Scores

Group N X S Source of Sum of Sd  Means of F P n2
Variance Squares Squares

Adaptive WBL environment 24 130.333 24.608

Adaptive WBL environment Between 1331.540 2 665.770 1164 318
supported with face-to-face 24 120.083 31.040 groups
learning activities .033
Non-adaptive WBLenviron- = 155315 15141 WithIn 39077639 69 572.140
ment groups
Total 72 125910 23.975 Total 40809.178 71
(*p<.05)

As for Table 5, it was found that there was no significant difference between groups in terms of motivation scores (F(2
¢9) = -1.164, p>.05, n*=.033). This shows that the environments used were not effective on students’ motivation scores.

4. Conclusion and Discussion

The learning environments changing along with the improvement in web technologies contribute to offering indi-
vidual-specific environments. These environments come across as systems that can respond to changing needs and
preferences, and individual differences today. Adaptive WBL environments is among these learning environments that
can adapt to the improving technology and the changing needs and can meet individual responsibilities. Within the
scope of the research, students’ preknowledge, learning modalities, learning approaches and adaptation preferences
were used for student modeling. The environment of the presentation and navigation adaptation was formed through
the reasoning mechanism prepared accordingly. The effect of the achieved adaptive WBL environment on achievement
and motivation was investigated.

A significant difference was found between students’ posttest achievement scores in the adaptive environment,
the non-adaptive environment and the adaptive environment supported with face-to-face learning activities. Pretests
were controlled in terms of achievement, and next, posttests were compared accordingly and it was found that stu-
dents’ achievements in the adaptive WBL environment supported with face-to-face learning activities were higher
than students’ achievements in the adaptive and non-adaptive WBL environments. This finding indicates that sup-
porting an adaptive educational web environment with face-to-face activities increased students’ achievement. The
reason for this may be that students are more accustomed to face-to-face learning, they do not have experiences with
educational web environments and they are resisting using new learning environments (Weibelzahl, 2005).

As a second result, no significant difference was observed between the achievement scores in the adaptive and
non-adaptive WBL environments. However, there are many studies in the literature showing that adaptive learning
environments increase achievement. Weber and Brusilovsky (2001) who developed ELM-ART (Episodic Learner Model
- The Adaptive Remote Tutor) found that this multi-adaptive and intelligent tutoring system are more successful than
ELM-PE (Episodic Learner Model - Programming Environment) that cannot be adapted. It was found that Triantafillou
et al. (2002) who developed a prototype of an adaptive educational system that was adapted to cognitive styles incre-
ase students’ achievements, performances and satisfactions in the adaptive hypermedia learning environment. With
ALEF (Adaptive LEarning Framework) system, Simko et al. (2010) supported the idea that adaptive WBL environments
increase student achievement with their study. Despotovi¢-Zrakic¢ et al. (2012) who created an adaptive remote training
course in the Moddle learning management system found as a result of the application that student achievement was
higher in the adaptive e-Learning environment. Ozyurt (2013) observed that eleventh grade students’ achievements
increased with the adaptive intelligent web-based mathematics learning environment named UZWEBMAT. Yang et al.
(2013) who used an adaptive learning system adapted to Felder-Silverman’s learning styles through field dependent/
independent learning styles showed that students were more successful in the adaptive learning system than in the
traditional learning system without adaptations. Research results are not in compliance with these studies showing
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that adaptive learning environments affect achievement. The reason for this may be that experimental group, the sub-
ject selected, student modeling and adaptations in the research are different.

There are studies in which the difference between the achievements in the environments with and without adap-
tations. In the study performed by Somyirek (2008) on adaptive educational web environments, there is no difference
between student achievements in the adaptive and non-adaptive environments, and the study provides data suppor-
ting the results of this research. In the study performed by Uysal (2008) to reveal the effect of teaching software and
exercise software that can be adapted to teaching software and learning styles on students’ academic achievement,
it was found that whether exercise software was adaptive for learning styles did not affect students’ academic achie-
vement. These studies have similar results to the results of this research. Similar measurement of the achievement
variable in the studies, student modeling and adaptive system structure caused that the results resembled each other.
For the achievement variable, Weibelzahl (2005) defined the problems experienced in adaptive environments. One of
them is that learners who do not have experience with educational web environments follow the way they prefer in
adaptive web environments all the time. Hence, the path students choose to go in the environments with and without
adaptations may not differentiate and this choice of path may diminish the effect of learning environment on learners’
achievement. Based on this test-oriented finding, experimental duration and number of materials can be increased to
improve students both cognitive and psychomotor knowledge and skills in the adaptive WBL environment. It is thought
that, by increasing the experimental duration and number of materials, it can be ensured that students improve their
metacognitive skills and the permanence and transfer of the information and skills they have learnt.

It was found as a result of evaluating student products within the scope of the research that students’ achievement
scores did not differ in terms of learning environments. This result shows that the achievement scores and the findings
obtained from the achievement scores measured with the grading key based on the product contradicted the different
achievements of the adaptive WBL environment group and the group in the adaptive WBL environment supported
with face-to-face activities. It was revealed with pretest-posttest achievement scores that cognitive knowledge of stu-
dents who realized their learning in different environments differed within the context of environments. However,
upon evaluating student products, no difference was observed between the environments in terms that students ref-
lected the knowledge and skills they obtain on their activities, transferred the knowledge and turned it into metacog-
nitive skill. It can be said that the reason for the difference in the test-based and product-based achievement measures
was that the test rather gave place to measures concerning basic cognitive levels. Measuring the metacognitive skills
is in question in product-based measures. The second reason for the difference may be that the fact that students
reflected the information they acquired and used to the product-based achievement measure. It was revealed in this
sense that all three environments used in the research did not make any difference in terms of achievement in gains
based on acquiring information and using, in other words, applying this information. Based on this finding obtained
from the product-based achievement measures in the research, a macro-level adaptive educational web environment
can be prepared on a micro level in future. Hence, system can be adjusted dynamically and optimized for the change
in accordance with the changes in students’ characteristics during the process. Students’ behaviors and performances
can be monitored and evaluated on this system.

The motivation was examined as the second dependent variable in the research, and it was found that there was
no difference between the motivations of the students learning in the adaptive and non-adaptive environments and
the environments supported with face-to-face activities. However, there are many studies in the literature showing
that adaptive educational web environments increase motivation. Simko et al. (2010) found that ALEF (Adaptive LE-
arning Framework) adaptive WBL environment developed by them increased students’ motivation. In the study con-
ducted by Erdogan (2013) to investigate the effect of the adaptability of Learning Management System prepared by
Erdogan according to different adaptive teaching approaches on student satisfaction, motivation and achievement, it
was concluded that motivations of the students learning in the micro-level adaptive environment than those of the
students learning in the non-adaptive environment. Yang et al. (2013) determined with regard to learning motivation
that adaptive learning system was more effective on learning in terms of control belief. The experimental group, the
type of adaptation, student modeling, the adaptive system structure, measure of the motivation variable and types of
motivation in previous studies differ from this research. Hence, it can be said that the results of the research do not
resemble with other studies.

Even though there are studies showing that adaptive educational web environments increase motivation, motivati-
on did not differ between the three environments used in the research. The fact that Horzum and Balta (2008) found in
their study on achievement, motivation and computer anxiety in different web-based teaching environments that pre-
sentation of information in different ways did not differentiate motivation between different web-based environments
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supports the results of this research. The fact that presentation of the content in different ways did not affect the
motivation in the adaptive WBL environment; students who chose their paths in the adaptive WBL environment used
the same path to browse the system; they did not accept to use the WBL environment; they had a negative attitude
towards using the WBL environment; and they did not have or did have little experience with WBL environments can be
shown as the reasons for the results of the research. Moreover lower motivation scores may be due to students in the
adaptive WBL environment scoring low in the Confidence dimension of Keller’s ARCS Model. In addition, groups’ moti-
vation was not measured before the application in the research, and groups’ motivations were assumed to be similar.
It is also possible that students’ motivations were not similar in all three environments before the application. With
this possibility because dissimilarity of groups’ motivation before the application might affect their motivation after
the application, their motivation might not have been differed according to the environments. Based on this finding,
identifying groups’ motivations before the application in future studies can ensure that both pre-and post-application
motivation and post-application group motivations can be compared.

Adaptive WBL environments are designed in different ways, student modeling is performed according to different
individual characteristics, different adaptation methods and techniques are used, different adaptation approaches are
preferred, and therefore, studies performed with these environments result in differently. The findings obtained with
the adaptive WBL environment modeled in the research comply with studies in differently designed adaptive WBL en-
vironment from some aspects and conflict them from other aspects. Within this context, the following factors not only
explain that the research have different results than other studies but also reveal the limitations to the research: whet-
her the participant students took education in any educational web environment and had such experiences before this
study was not investigated; the experimental process was limited to 4 weeks; the WBL environment was included in
the experimental process with a certain course and within the framework of certain topics; and the adaptations and
the student modeling were limited to certain methods and techniques.

The research results and the structure of the adaptive WBL environment designed may serve as an example for
future studies. In this sense, it is suggested for future studies that the experience with educational web environment
be taken into account while establishing the study groups; the experimental process be managed without associating it
with a course; adaptive educational web environments also be set for primary and secondary education levels; student
models be created in accordance with students’ different individual characteristics; adaptive educational web environ-
ments be established using different types of adaptive navigation and adaptive presentation; the effects of adaptive
educational web environments on students’ metacognitive knowledge and skills be investigated and investigation be
carried out as to whether students’ achievements are affected by the change in the metacognitive knowledge and
skills, as well as a change in other factors (attitude, self-efficacy, satisfaction, readiness, etc.) affecting the achievement
other than motivation in WBL environments and their effect on achievement.
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