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Abstract

With the current technological advancement, tradal ways of teaching and learning are
considered as an oldest approach that does nofosusin active learning required of this
generation. Because of this, adapting different svafy learning and teachings are being
developed, one of which is the one used in thidystblended learning approach). This study
was aimed to investigate the effect of blendedniegr approach in enhancing students’
algebra learning with respect totheir achievememd affection. It also explored the
perspectives of instructors and students as thpgreenced the blended approach. In order to
improve the learning process that will addressabeve purpose, an interactive web-based
learning platform was developed to supplement #ee-to-face instruction in a university
algebra course. To achieve the goal of the studynied research methodology was
employed. For the quantitative cause-effect ratstiip, a quasi-experiment with a pretest-
posttest design was employed. For the qualitatarg p case study has been used. The study
comprised three universities found at Southernadxiateand Nationalities regions of Ethiopia.
The data were collected over one full semestehefyear 2017. The analysis followed an

embedded analysis of quantitative and qualitat&&.dThe quantitative data was analyzed



using both inferential and descriptive statistiadiereas for the qualitative part, thematic
analysis was employed. Results indicated that @es@alt of the blended learning approach,
students tend to advance their achievement ancegtteHowever, the study highlighted that
the affective aspect of students depend not onlyhenway of the teaching and learning
process, but largely on other external factors. Bhedy further found out a 95.74%

satisfaction of students in the blended coursenddd learning is also effective in lessening
the gender gap in mathematics learning. While #dridarning approach has the potential to
reasonably infuse the future, it remains criticallgportant that it should be designed

curiously and purposefully, which requires a thglowneed assessment, and aimed to fill
specific gap. Based on the results, additional nampee implications for practice and future

research are forwarded.
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Chapter 1:Introduction

1.1. Background of the Study

Mathematics is studied at every level of formal@&tion because of its immense role in the
development of individual and society(Suratno, 20XBompared with other subjects and
fields of study, mathematics is fundament of alesce and technology as its applications
spear in different areas(Simamora, Simamora, Sjr&agzalderon, 2017). Having knowledge
of mathematics is therefore indispensable; it egjaip individual with critical abilities such
as reasoning, abstraction, relationshipand pateognition. Those skills are the foundations
of higher-order thinking that are linked to othelbgects. These aspects of mathematics are
bases for a fast growing world.

Any educational program aims to change the humdraier in order to adapt to the
changing environment. Study shows that quality dfication has a strong influence on
economic growth(Hanushek & WéRmann, 2007).So, raaiimg quality education will bring
about changes in the development of society anidmat large. Despite this fact, these days,
quality of education, especially students skillnrathematics,have deteriorated in western
countries(Pohjolainen, Nykanen, Venho, & Kangad,80in Australia (Plenty & Heubeck,
2013), Uganda(Kiwanuka, Damme, Noortgate, Anumend&mamusisi, 2015), in South
Africa (Preez, 2018); as well as in Indonesia (Smoea et al., 2017); and America (Tokpah,
2008). This is also true in Ethiopia. For instantke national learning assessment
conductedby the National Educational Assessment Examinations Agency in 2014
confirms this phenomena, depicting the decline @nthchievement of students in

mathematics(NEAEA, 2014). Though this assessmembiglucted on grades 10 and 12,
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those results can be inferred here because ofainedétional contribution of secondary
school education for higher education.Particuladyades 11 and 12 are organized as
preparatory for higher education in the Ethiopiantext. Research also shows that university

entrance examination has strong predictive powenofersity performance(Tesfa, 2014).

Learning outcomes in mathematics are not dependergly on good teaching and sufficient
resources, but also on what a student does suditiagles, orientations, intentions and
motivations(Pohjolainen et al., 2018).There are ynaariables, such as teacher-beliefs,
instructional approach, gender, environment, ldgkaoental support, lack of self-confidence,
learning styles, mathematics anxiety, and helplEessnappearing to affect students
mathematics learning(lossi, 2007). Generally, thetdrs can be seen from two different
perspectives namely behavioral and psychologicatidfs external to students’ personality
are considered as behavioral or environmental factehich include learning facility, family
support, teacher factor, peer support etc. On tiner dnand, mathematics anxiety, motivation,
attitude, confidence, self-efficacy, satisfactiondaacademic hardinesscan be taken as

psychological factors that affect academic achiee@iMushtaq & Khan, 2012).

The maximum impact of educational research is abthonly when affective issues become
a central position in the minds of researchers(btt|e1992). To this end there is a need for
more research focusing on students’ engagementyation and satisfaction as part of
students’ academic performance(Drysdale, Grahamngp& Halverson, 2013). Students
learning can also be affected by factors other #féect. Such factors include the pedagogy

being used and social factors.



Currently, our world is experiencing scientific aredthnological changes.But, the traditional
methods are relatively unable to cope with thesenghs(Alotaibi, 2013). This movement
may force schools to adapt technological innovatibm achieve their goals. But, if not
managed effectively, it may lead to failure ratfiean success. Scholars rose the negative
sides of technological adoption mainly due to tesise and failures(Asseffa, 2017a, 2017b).
Not only this, technology has also other obsentamtsomings such as dependency among
students and the killing of time on social mediar lstance, a meta-analysis conducted by
Huang (2018) found a negative relationship of daniedia and academic achievement. But,
in the course of action and effective use, edunatitechnology may improve the quality of

education (Asseffa, 2017b).

In the 2% century, the increasing popularity of computerd anline learning environments
are rapidly becoming more pervasive(Viz & Kaur, 2P1However, online learning
environments lack many notable advantages thatttat@ce environments have.This leads
to the notion of blended learning approach, whiah compensate weaknesses and pack the
strengths of both traditional and online environteeBlended learning is the integration of
classroom face-to-face learning experiences witlinenlearning experiences. Blended
Learning (BL) combines some characteristics of b#ditionallearning and technology
based learning which can overcome the limitatidnisadh kinds of learning. It combines the
traditional face-to-face learning environments withe information technology and

telecommunications(Graham, 2009; Kitchenham, 2011).

Blended learning is further described by ThorneD@s a way of meeting the challenges of

tailoring learning and development to the needmdividuals by integrating the innovative



and technological advances offered by online Iegrnvith the interaction and participation
offered in the best of traditional learning.The ioel learning environment ensures the
flexibility and effectiveness which cannot be fouimda classroom environment, whereas
face-to-face learning environment provides the aoagiteraction which is required for
learning(Akyuz & Samsa, 2009). Hence, blended legrinvolves activities such as contact
with students through interactive sessions, e-nfailyms, promotion of interaction and
communication between students, publishing elearbandouts, enriching information and
links related to the content of the lectures, gjvam electronic lecture, publishing samples of
previous exams and providing students with an elaeat environment of cooperative
learning (Alotaibi, 2013). Furthermore, the teacten use the web discussion area to address

students’ questions.

Blended learning is a formal and informal educatpwagram in which a student learns at
least in part through online learning with someredat of student control over the time or the
pace. Employing only educational technologies isbhdended learning rather it is taken as e-
learning. More importantly, the method guarantéesdase of communication with students
as well as providing them with all useful materialsthe course (Alotaibi, 2013).Since

definitions vary in the literature, blended leamims defined in this dissertation as a
combination of face-to-face and web based envirattiwhich is similar to(Akyuz & Samsa,

2009; Graham, 2009), where blended learning isntad® the combinationof face-to-face

instruction with technologymediated instruction.

Previous researches on BL show contrasting resulterms of students’ achievement and

critical thinking. For instance a study conductedbiew-Eng, Ariffin, Rahman, and Kim-



Leong (2010) revealed that students feel satisfiedn they use blended learning in relation
to achievement, flexibility, social learning, maition, participation, reaction and self-
learning. Similarly, a study conducted byBurge30@® and Cameron (2003)also confirmed
the effectiveness of BL in boosting students’ matiion to learn and in ensuring immediate

feedback.

Though as a professional in the field of learningsle (2006)argued that the greatest
learning is blended, some studies found it worthldSor instance, a study conducted
byAlotaibi (2013) and Akyuz and Samsa (2009)foudstatistically significant difference
between experimental group and control group orcthieal thinking measure. Their result
may be ascribed to many factors such as the natutke materials in fostering critical
thinking and their experimental design lacking hgereity, the length of the experiment for
being short and lack of statistical control foraafiding variables. They themselves admitted
this limitation of their research by claiming thihe existence of serious weaknesses in their
design and the duration of the study to be too tstwrfoster critical thinking. Another
potential reason for this may be the nature ofollead, as Masie (2006) strongly argued that
effective blended learning depends on the mix, @makitizing context for the learning to
take place. However, a study conducted by Korknmakzkearakus (2009)on the effectiveness
of blended learning in fostering critical thinkirdispositions and skills found a positive
results. Because of such contrasting findings, &4dh, 2014; Dang, Zhang, Ravindran, &
Osmonbekov, 2016; Means, Toyama, Murphy, & Bakil.2®hao & Breslow, 2013) argue
that the field is still new and the overall pattehat would indicate effective methods of

blended learning is still not visible. Thus,expezirtal research testing design principles for



blending online and face-to-face instruction fdifetent kinds of learners is needed (Means,

et al., 2013).

According to Garrison and Vaughan (2008), groupitigy call it community of inquiry)
provides the condition for free and opens dialogastical debate, negotiation and
agreement, which is the characteristic of higheucation. They also underlined the
effectiveness of blended learning in facilitatihngde components by magnifying the presence
of cognitive, social and teaching in a communitynefuiry. However, it should be noted that
the notion of group work (one-to-five that is cuntlg practiced in Ethiopia might lead to
failure if not continuously assisted by the teacheengagement is missing from students;
because, the task may be left for one talentediohaal and the others become observers and
consumers of the product instead of learning. im ¢hse there is no inquiry. Though students
rarely achieved the benefits of discourse in isoatat the same time, to be a critical thinker
there should be control of one’s thought processgsgain a meta-cognitive understanding
of learning to learn(Garrison & Kanuka, 2004).Sarly, Shea (2007) argued that learning is
both a social activity as well as cognitive actiwithich is shaped by affect. So, learning can
be taken as the accumulation of individual's exgaeze. The experience might be seen from
different perspectives such as personal, soci#tlyrall and so on. Specially, in mathematics

there is a need for plenty of learning experietoamderstand mathematical concepts.

According to Abramovitz, Berezina, Berman, and $tsrman (2012), students face difficulty
in learning mathematics due to the abstractnesaathematical concepts, and as a result,
they are afraid of it. Thus, theusual approach lvictv courses are presented and the specific

level of the language used matter a lot. Studdmtays relay on instructors lecture note and



show poor motivation to study and read foreignlierks available in a university library and
because of that, instructors are also forced tghiyuhandle contents without undergoing the
required depth, which resulted in surface learmiegce there is a need for a different
approach that supplements the face-to-face lectamestutorials. Among the many such

approaches, blended learning is considered irsthy.

1.2. Statement of the Problem

It is true that technology, if it is used effeclivecan save time in achieving the desired
purpose.That is why the need for blending alscearisis therefore, the goal of this study to
explore the effectiveness of blended learning im#eof improving academic achievement
and components of affection including academic in@ss, satisfaction, motivation, and math

anxiety.

One of the crucial challenges in Ethiopia is the lchievement of students in general and
mathematics in particular(MOE, 2017; NEAEA, 2014.large-scale national surveys
continue to show poor academic achievement of stsdm mathematics.Atnafu (2012),
conducted a study on grade ten students to askessnotivation, social support and
alienation from the school, and their contributiamrs mathematics achievement. His study
revealed that motivation, social support and afiena from school in mathematics
significantly affected mathematics achievement #meir achievement in mathematics is

below average.

The low achievement of students in mathematicslse abserved in a needs assessment

conducted by (Gebremeskel et al., 2017). The aitheif study was to understandthe status



of science and mathematics teaching particularlfnrhara Regional State of Ethiopia. The
intention of the study was to identify the challeagn the preparation of primary school
science and mathematics teachers and teacher eduéat Colleges of Teacher Education
(CTE). The result of this intensive needs assestsistenws that prospective teachers have

avery low performance in mathematics and sciensgamines(Gebremeskel et al., 2017).

A study conducted in Dire-Dawa University also skowhe low level of students’
mathematical competency (Tadesse, 2014). This dtudlyer shows that students’ average
score on Ethiopian university entrance examindtds from 41.11 in 2008 to 38.55 in 2011,
showingpoor mathematicsability of students in [Dx@wa university. From the
aforementioned studies it can be seen that studmtteevement is low and the main areas of
mathematics in which students fail to achieve idelatrix operations and solving system of
linear equation, which are the gist of algebra. fiethe main reason found for this
unpleasant achievement was the negative attitudstuafents towards mathematics, low
motivation to learn, less practice and avoidancmathematics courses(Tadesse, 2014). It is
also agreed that for many years, mathematics adncabmmunity has realizedstudents
difficulty in algebra (Warren, Trigueros, & Ursir2016). Algebra is also taken as a base for
other branch of mathematics such as calculus apliedpmathematics. It therefore demands
further research as to how the current technolbgicevations influence algebra learning
(Warren et al., 2016).Though research conductedestern countries confirmed that blended
learning produces higher levels of student achi@rgrbetter than the traditional classroom
learning, it is not clear and should not be assuthatl it will produce the same levels of
achievement in the developing world like Ethiopihis is because, the context is markedly

different.



Blended learning and e-learning are recent devedmpsnin Ethiopia. For instance,Melesse
(2014) conducted a research by taking the e-legragian experimental intervention. The
purpose of his study was to examine the influerfialearning on the academic performance
of mathematics students. However, he came up witbuecessful ending, that is the
experimental and comparison group students tendedbet similar at the end of the
intervention. Articles on blended learning are adsothe rise. For instance,Geta and Olango
(2016) conducted a research by using blended leguas their experimental intervention to
improve students English writing performance at wmdergraduate level in Hawassa
University. Their research shows a significant ioy@ment of students writing skill which is
also better than the comparison group that are gtitowith the usual face-to-face
instructional approach. However, the concept ohdel learning for mathematics courses

has not yet come into the spot.

The use of radio and TV in the teaching-learningls® a well-known practice in Ethiopia.
The notion of television supported learning wagsodticed in 2004 for the purpose of
providing equal coverage of contents throughoutcthentry. It also aimed toattract students’
attention for learning and to ease abstract coscefih visual demonstration.After facing
challenges in terms of speed, electricity blacke@md language issue, it has been
confronted(Kim, 2015b).It is also criticized of hgi techno-centric (Asseffa, 2017a).
Currently, the government of Ethiopia is designang e-learning project with the support
obtained from the World Bank.The forefront issuetlo$ project is to enhance the existing
video learning service, launch acomputer laborab@sed learning experience, and expand
the reach of online-based out-of-class learningigisnobiledevices.This is an initiative

aimed at fostering personalized and interactivenieg.
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Research shows that interactive learning playsoanjrent role in students understanding of
concepts. For instance, Aslam and Kingdon (2008)tpdhat teachers’ classroom practices
and the teaching process such as students patiticipaatters a lot in students learning. This
argument leads to examinebetter practices thatgensfadents in the learning process. In line
to this,Eshetu, Dilamo, Ayele, and Zinabu (2009)bagized the need for the development of
new pedagogical approaches to improve science atidematics instruction in Ethiopia. The

pedagogical approach should also be endowed wéhctirent students’ expectation and

technological advancement.

The rapid emergence of technological innovatiors d&uge impact on the possibilities for
web learning and inclination towards technologicalovations to solve problems.Blended
learning as a pedagogical approach is not wellgesi and researched in Ethiopian context,
and the method is still new in the world beingtsinfancy stage(Nazarenko, 2014; Spring,
Graham, & lkahihifo, 2018; Zhao & Breslow, 2013)asresult, intensive research is
neededtoprovide evidence about the maximum udeecdpproach.Especially, more research
is needed on how technology can be used withineadald environment(Drysdale et al.,
2013) and also on the types of blends that prodieep and meaningful learning(Bernard,
Borokhovski, Schmid, Tamim, & Abrami, 2014; Der&tIMotschnig-Pitri, 2005), which is
also stressed by Xiaoqing (2017)adding a clueHemeed of further study to determine how
to innovatively design an appropriate blended legrmodel for different content areas and
different instructional levels.There is also a nded a clear design, development, and

implementation of blended learning solutions iniédn context (Boitshwarelo, 2009).
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Upon my experience and observation,the currenhieg@nd learning practice in Ethiopia at
all stages of schooling is transmissive rather timeractive, though the education policy
calls for interactivity (TGE, 1994). A research doaoted byTeshome (2012)similarly shows
the poor practices of active learning in Haramayaversity. The way courses or school
subjects are taughtand learned depend on the yartiechnological developments of that
generation. One of the pedagogical practicesafteainteractive and comply with the current
technological advancementis blended learning,whicidsthe foundation for effective

pedagogical practice in 2tentury(Graham, 2009).

Thus, motivation for this research arises as aorespto one of the central issues recognized
nationally, that is the current trend is not onwaey of achieving its goal(Eshetu et al., 2009;
NEAEA, 2014). The decline in achievement, the néaddeveloping new pedagogical
approaches to improve science and mathematicsuatisin (Eshetu et al.,, 2009; MOE,
2017), and also the contemporary movement towaadmblogy gives a clue for the need to

do something.

Determining an effective system to meet the demaridsproved learning in a growing

technology age also takes a priority. This is beeathe emergences of technology have
expanded the possibilities for distributed commatian and interaction which urges schools
to do so; because, students get technological totkeir early age and they trust it as a
knowledge base and believe on its ease of comntionca&tudents today expect schools to
be as technology rich as the world around themyHiso tend to prefer teachers who have
digital competences(Motschnig-Pitrik & Standl, 2DT2us, it is decisive to relate the latest

thinking to the way mathematics is taught and ledrn
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1.3. Objectives of the Study

The purpose of this study wasto investigate thecefbf blended learning approach in
enhancing students’ algebra learning with respetheir achievement and affection
(academic hardiness, motivation, math anxiety,statiion and affective aspect of self-

regulated learning). Particularly, the followingesgic objectives were addressed:

1. To evaluate the impact of blended learning on sttglealgebraachievement and
affection.
0 To investigate the effect of blended learning ayebla achievement.
o To investigate the effect of blended learning adsents’ affection.
2. To investigate gender difference on the variabteatéd in the study within and
between groups.
3. To examine students’ and instructors’ perceptiavatals blended learning.
4. To examine the challenges of applying blended lagrmethod.
5. To examine the effectiveness of blended learningragch with respect to algebra

achievement and affection.

1.4. Research Question
In order to provide a structure and focus for tbgearch, the following research questions

wereposed.

1. Are there a statistically significant differencesthe students’ algebra achievement

and affection between the experimental and compagsoups?

12



1.1. Is there a statistically significant differenon the pretest of students’ algebra
achievement between the experimental and compagisups?

1.2. Is there a statistically significant differensetween the experimental groups and
comparison group on algebra achievement duringafted the intervention?

1.3. Is there a statistically significant differenon the pretest of students’ affective
components between the experimental and compagieups?

1.4. Is there a statistically significant differenon the posttest of students’ affective
components between the experimental and compagieups?

. Are there differences in gender on the variablestéd in the study within and

between groups?

. How do students and instructors perceive blendachieg environment?

. What are the challenges of applying the blendechieg method?

. How effective blended learning is in improving stats’ algebra achievement and

affection?

1.5. Significance of the Study

The purpose of this study wasto investigate thecefbf blended learning approach in

improving students’ algebra learning with respeotheir achievement and affection

(academic hardiness, motivation, math anxiety,statiion and affective aspect of self-

regulated learning). Thus, the findings might bendfieial in many ways.The first and

foremost benefit is that it produces a shift in ggogy for effective and personalized

learning. This is because, learning requires sooré &f ownership. Blended learning

represent an opportunity to create variety of le@rexperiences at the right time and place
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for each and every individual. At the same timedshis get themselves engaged and
motivated as a result success will be achievedchvis the aim of any educational program.
It can also develop students’ ability to pose goestlearn to express themselves in written

forms and work together to achieve a common goal.

Therefore, the findings of this study might encgerainiversities, educational leaders and
policy makers to reconsider blended learningtotereffective learning environments. Which
place the teaching and learning process in lind Wié current instructional practice. Hence,
the result of this study might become a basis ittate policy reform. Itmight also serve as a

foundation for future researchers to conduct resean BL in different contexts.

1.6. Scope of the Study

This study was conducted at course level (Linegelaia Il) which is a compulsory course
designed for mathematics major students. It corapreoncepts like characteristic equation
of a matrix, orthognality,bilinear forms, quadrafmms, canonical forms, direct sum and
decomposition of vector spaces (Harmonized ModQlariculum for B. Sc Degree Program
in mathematics, 2013). According to the harmonizediculum the course is offered at year

I, semester II.

The study contains intervention, as a result ohhgduniversities were involved.For ethical
issues, the names the universities are not memtidheughout the dissertation. Thus,
pseudonyms are used instead. Accordingly, Ul isefgperimental group 1, U2 is for
experimental group 2, U3 is for comparison grouma &4 is for the pilot group. The study is

further delimited on the following variables; acade achievement, academic hardiness,
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satisfaction, motivation, self-regulation, and matixiety. So, other variables which might

affect achievement of students are beyond the sobibhe study.

1.7. Operational Definition of Terms

Affection: affection in the context of mathematics educatisaeduin this studyrefers to the
beliefs and feelings of students. In this studyfecive aspect or simply affection is
conceptualized using the five affective variablesnely: math anxiety, academic hardiness,

satisfaction, affective aspect of self-regulatiod anotivation.

Blended learning: Refers to the combination of face-to-face and waked learning

environment. It is conceptualized as learning ftomblended environment.

Web-based learning environmentlt is a learning platform in which instructiondglivered

over the internet.

Mathematics anxiety. It is a feeling of nervousness that ruinsstudealslity to solve

mathematics problems.

Algebra achievement It is taken to be the score of students in thel@a achievement tests

developed by the researcher at each stage (beimiag and after the intervention).

Linear Algebra Il: A compulsory university course designed for math&samajor

students.

Academic hardiness Refers to the tendency of students to managetheademic
failure.Thus, hardy students are characterized lwillngness to engage in challenging

academic work, with no fear of failure.
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Motivation : In this study, it is taken as the trend of beamgrgized or activated toward an

end.

Technology It is a tool that assists the learning proceg$ wiechanical manipulations of
contents. It is effective in terms of saving tinakgrity of contents, simulations and speedy

communication.

Mathematics e-learning refers to the use of mathematical software aralithernet to

deliver and facilitate instruction of mathematietated courses.

Self-regulation: it is the tendency of students to become selfrawavell-informed and
decisive in their approach to learning. It is tle@arher’s ability to understand one’s own

affective actions and reactions, recognize androbahe’s own environmental conditions.

Satisfactiont in this study, it is defined as the notion ojoyment and accomplishment in

the learning environment.

Face-to-faceit is taken as the traditional classroom envirentr(the usual chalk and talk).
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Chapter 2: Review of Related Literature

2.1. Introduction

The purpose of this study wasto investigate thecefbf blended learning approach in
enhancing students’ algebra learning with respetheir achievement and affection
(academic hardiness, motivation, math anxiety,s&atiion and affective aspect of self-
regulated learning).A review of previous researelevant to this study can provide a
foundation for understanding how the blended l|e®mynenvironment is organized and
learner’'s outcomes of a blended learning envirorinfrem different dimensions. All of the

sources used in this literature review were cadl@édrom credible and reliable academic
journals and abstract databases available in pmedia and electronics including Google

scholar, Academic Search, EBSCO host, CrossRelCERBTOR, etc.

The use of BL is on the rise in higher educatiohu@ Goodyear, & Ellis, 2007; Garrison &
Vaughan, 2008; Graham, 2006; Mestan, 2019). Silpjlddalverson, Graham, Spring,
Drysdale, and Henrie (2014), found that higher atlon is the most top-cited publications
on blended learning, comprising of 66.1% of the-¢tpd publications. Whereas, 20%

focused on all settings, 12.5% focused on corpamaganizational training, and only two
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publications (1.8%) focused on the K-12 educatidre review begins with the description
and conceptualization of e-learning in mathemagagcation and issues associated with BL
that include confusions, practices in general etlmcaand that of higher education. In
addition, the review also addresses affective gga Way ahead the review tried to explore
empirical researches related to BL and find oueaesh gaps. Finally, informed theoretical
framework is developed that guided the developnwénthe conceptual framework with

which this research was guided.

2.2. Learning Environment

Learning environment stands for the different pbgkilocations, contexts, the pedagogy
being used, and cultures in which students leahast a notable effect on student learning,
such as their engagement in the content, theirvetodin to learn, and their personal safety.
The majority of schooling took place in a tradi@bnclassroom (face-to-face) manner.
However, as technology expands to impact educatmane types of learning environments
have emerged these days. Such environment incloliigecand blended environment. It is

also evident that many schools throughout the waalgé using more educational

technology(Freihofner, Campbell, & Smala, 2018).

Face-to-face or traditional learning occurs in ggital presence of both students and a
teacher. This means that assignments, discussindsactivities occur in the classroom under
the direction of the teacher. According to Harrigd@14)withintraditional approach, learning

is more teacher directed than student directets thore appropriate for younger students
who need guidance. In challenging courses likeatgetiudents oftenbecome frustrated and

hopeless(Lin, Tseng, & Chiang, 2017). The tradalomethod force students to learn at the
18



same pace. On the other hand, the classroomteaftearrun to cover course contents and

hence has little time to assist individual students

All courses are not suitable for blended learningmline learning. For example, Harrison
(2014) found that science labs are more effectivaafface-to-face classroom where students
can take part in hands on learning. It can alsadied that some practicum classes cannot
take place online, as there are concepts that téenlearned in a virtual environment. Thus,
a systemic understanding of the nature of the eoangl context enables designers to create

meaningful learning environments(Singh, 2003).

For the online learning that occurs through intebesed platform, the teacher sets up
lessons and assignments beforehand, and studeata knd interact through the
platform.According to Harrison (2014)online leamitends to be more student centered than
tradition classrooms. There is an opportunity toidents to direct their learning and interact
with course materials. Blended learning on the rothend utilizes both face-to-face and
online learning. Students are scheduled for clasmrinstruction, but also to complete tasks

and further exploration through the online platform

In today’'s educational concept, the insight of hearcentered education enhances the
efficient learning environments with the help ofetlileveloped technology(Ozerem &
Akkoyunlu, 2015). As context is at the heart ofriteag to take place, learning environments
on the other hand should encompass the needsd#rgsuso as to improve their motivation
and engagement. When thevarious factors includiolgnology, space, time, and culture, are
integrated into a unified whole, it helps studetdsdevelop knowledge, attitudes, and

behaviors in order to meet the S2tentury competencies(Harrison, 2014; Ozerem &
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Akkoyunlu, 2015; Vinales, 2015). Thus, modern l&gagrenvironments can have a potential
to effectively promote and support a range of ungional practices such as delivering,
applying, designing, and communicating. It is alage that such pedagogical approaches
require learners to regulate their own learningngean emerging learning environment and
a pedagogical approach, blended learning has aigeoof building effective instructional

practice.Because, it contains both the physicatespand technological systems to learning.

2.3. e-learning in Mathematics Education

e-learning in mathematics, refers to learning byamseof systems built on computer and
communication technologies (Bass, Evia, & Seil&0& Borba et al., 2016). It covers all
learning that takes place using electronic meamsh ss the computer, and that uses the
Internet or storage devices such as CD-ROMS, D\dDsnultimedia. So, e-learning is an
innovative approach that uses electronic technolaigigh is learner centered and interactive
learning environment to anyone, anyplace, anytirgeutilizing the internet and digital
technologies(Hedge & Hayward, 2004). Specificaiyathematics e-learning refers to the use
of mathematical software and the internet to delared facilitate instruction of mathematics
related courses (Juan, Huertas, Cuypers, & Loch2R0t is clear that these technologies can

support collaborative learning and active reflati@s students interact with the technology.

These Web-based strategies are being used in Earmpether developed countries. Its use
varies from fully e-learning model to partial reganent (blended) or supplements course
offerings (Juan et al., 2012). Research indicdtesitgent need to undertake more research to
inform best practices specific to the disciplinentdthematics e-learning (Bass et al., 2006;

Borba et al., 2016; Juan et al., 2012).
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Not only mathematics but also e-learning practioesther disciplines can also be given an
emphasis to produce a positive shift in qualitycadion. It is also important to consider local
conditions in which the e-learning is being imp&ht As fully e-learning course may be
difficult especially in Ethiopia where there is paaofrastructure, learners’ background and
capability, blended learning can be taken as beg&on. On the other hand, research also
shows that fully e-learning course receives loweatance among students(Gamal & Aziz,
2011). This shows that the future movement mayt dlofvards blended learning and
gradually to fully e-learning system. The next smttdiscusses about basic concepts

associated with blended learning.

2.4. Confusion Surrounding the Blended Learning Cocept

It is widely recognized that the term blended l@agns subject to multiple definitions(Oliver
& Trigwell, 2005).The definitions seem general dad to account the variety within BL
environments.Graham (2006), observed that blengi@ahing is often mistakenly considered
synonymous with distributed learning, mixed-modarméng, open learning, and flexible
learning, all of which are taken as a broad deéinit This is due to the nature of the term

“blended” which requires two or more different kendf things that can be mixed.

Garrison and Kanuka (2004), discussed the poteottinlended learning in higher education
by considering on problems in higher education.yTeited that “blended learning is the
thoughtful integration of classroom face-to-facarfeng experiences with online learning
experiences.” In addition, they explored benefitblended learning in higher education with
respect to administration and development charattey that those benefits are policy,

planning, resources, scheduling and support. Tesirlts indicated that blended learning can
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lead the process to redefine higher educationtutisths as being learner centered and

facilitating higher order learning experience.

The current trend is the mix of online and facdace learning environment. But, the
guestion: how much online and how much face-toHasdo be taken as blended learning is
still debatable and unsolved. As Garrison and Kan@04) argued, it is not clear as to how
much, or how little, online learning is associatdgth blended learning. It is dependent on the
nature of the course content and instructional gyoanlineresources, availability of
technology, student characteristics and learningfepences, instructor experience and

teaching style, and institutional goals(Owston &¥,2018).

On the other hand, the term ‘blended learning’lfité® subject to criticism.Oliver and
Trigwell (2005) on their article, ‘can blended leisxg be redeemed’, argued that the term
‘learning’ should be replaced. They prefer to udentted learning design, blended

pedagogies or learning with blended pedagogiesandst

In all cases, the issue is not the terminology,thatingredients in the mix. So, the possible
nature of those things, and of their mixing, wik lexplored in this section and finally,

appropriate contextual definition will be identdi@and formulated for use in this dissertation.

In their review of undergraduate blended e-learnm@/K, Sharpe, Benfield, Roberts, and
Francis (2006), recognizedthe difficulty of defigiblended learning and they refrain to have
their own definition throughout their review. Fratime institutional visits and evaluations,
they observed three ways in which the term ‘blendadhing’ was being used. Tlest and
widely used type of blended learning is the pransof supplementaryresources for courses

that are conducted along predominantly traditidimesthrough an institutionally supported
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virtual learning environment. Theecondis an impressive example of transformative course
level practicesunderpinned by radical course daesighese often make use of technology
tofacilitate interaction and communication and aepl other modes of teaching andlearning.

Thethird type of blended learning is the blend that stuslemike themselves.

By pointing the diverse meaning of blended learniBgscoll (2002) identified the most

common themes associated with each definition:

o0 To combine or mix modes of web-based technology.,(8ve virtual classroom, self-
paced instruction, collaborative learning, streamirdeo, audio, and text).

o To combine various pedagogical approaches (e.qistaativism, behaviorism,
cognitivism) to produce an optimal learning outcomiéh or without instructional
technology.

o To combine any form of instructional technologyg(evideotape, CD-ROM, web-
based learning, film) with face-to-face instruction

o To mix or combine instructional technology with et job tasks in order to create a

harmonious effect of learning and working.

The first two positions suffer from the problem tthlaey define BL so broadly that they
encompass almost all learning systems. It is implesso find any learning system that did
not involve multiple instructional methods and nplé delivery media, at least there is a
field trip or home activities. So, such definitiohblended learning is not a foundation for the
current growing tendency of the issue. Ratherthire and fourth positions seems better and
are foundations for the emergence of blended legreiystems (Graham, 2006). So, it is

evident that the idea of BL is the combination mdtruction from two historically separate
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models of learning: traditional face-to-face leagsystems and computer mediated learning

systems.

This definition is valuable because of its spetifichowever, it does not adequately address
the details and complications of blended learnfbge approach that attempt to describe the
complexity of blended learning is the view of Gaon and Kanuka (2004); they described
blended learning as a simple and complex concepthd simple level, they describe it as
“the thoughtful integration of classroom face-tadalearning experiences with online
learning experiences” (2004, p.96). Complexity egisvhen this idea is put into action and
the need to respond to different settings whiclultesn an immense variation in learning

design possibilities.

From this conceptualization of the term blendedriea, it can be noted that in Ethiopian
higher education there is little or no indicatidrbtended learning. Some universities such as
Addis Ababa university, University of Gondar, Jimmaiversity,Debrebirhan university,
Dredawa University, Arbaminch University, Addigraniversity, Mekele university, Bahir
Dar university and others combine instructionahtedogy (the web) with actual job tasks,
usually issues related to student dormitory placgma&cademic status, and post academic
calendar which can be assessed anywhere at anyBumeblending of such technology in

academic course is the missing practice.

In the history of modern education in Ethiopia, tis® radio in primary schools and plasma
television transmission in secondary schools cartaken as blended learning. However,
asthe current movement is towards online and pahgedl learning, those practices are no

more valid blended learning.
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The former radio transmission is used once a weekgevise every concept covered by
classroom teacher. Whereas, the plasma televidmchvihas been implementedstarting from
2004 in Ethiopian secondary and preparatory schealsompasses 75% of the whole lesson.
The remaining 25% was left for classroom teacheutnmarize the lesson. It is sometimes

felt to be an effort to replace the teacher.

| have had an experience to learn through plasmafofMwo years (2004&2005). The

experience was different to a real classroom egpeé. As a student, it was very tough to go
with the speed of the TV program and to understiwedlanguage of the televised teacher
which is usually foreigner. Many students at th@aetvere disappointed with the technology
for being too rigid and disregard the conditiommdny students.Nor does the ongoing effort
enhance interaction in the classroom. The situagimes less emphasis for students, the
speed and pace is determined by the televiseddeaghich can be taken as one size-fits-all.
The greatest criticism is made by (Kedir, 2006) owkcognized that plasma TV-teaching
method doesn’t consider learning and literacy aatore activities through which learners’

analyze and interpret lived experiences, make adiums between these experiences and
those of others so as to extend both consciousuaddrstanding actions with reflection.

Because of this and other pitfalls this program diasontinued for many years.

However, currently the government is trying to lelunt again by revising its content. The
revised Plasma TV broadcast is in use in most skggnschools in Addis Ababa. Some
contents are selected and the speed is controfiédebclassroom teacher. He can pause and
reverse back if needed. The new transmission tadé®f the period and the other half is left

for the classroom teacher. Students can also \hewitleo on computer lab connected with
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school net technology. This type of learning canaken as a blended learning since it gives
flexibility for students. Accordingly, the Ethiopiaministry of education has planned to reach
100% coverage of secondary schools with accessldwision-assisted instruction and 50%
of schools to access digital education resouraesitjin internet within the coming five years

(MOE, 2015).

To be consistent and focused, it is important tgehaperational definition of the term
blended learning. For that reason, blended learmngefined in this dissertation as a
combination of face-to-face and web-based envirarirméhich is similar to the definition
used by (Akkoyunlu & Soylu, 2008; Garrison & KanulZ®04; Garrison & Vaughan, 2008;
Graham, 2009). Defining blended learning in thisnmex, emphasizes the central role of
computer-based technologies in blended learningl{&@n, 2009). The basic principle is that
face-to-face oral communication and online commations are optimally integrated such
that the strengths of each are blended into a enlie@rning experience which is congruent

with the context and intended educational purpose.

It is also important to lay foundation for the @ant and future debate on the term ‘blended
learning’ itself. The dictionary definition of tiierm ‘blend’ is a combination of something in
an attractive or effective way (OED, 2017). The atebis now on the term ‘learning’. If
blended imply the mixing of two or more things, rihis it the learning that is going to be
mixed or the learning environment? It is clear tin@t mix is on the environment: namely the
face-to-face and the online environment. So, ageDiand Trigwell (2005) argued, does the
term learning be abandoned? In either cases (whittiseabandoned or not), learning has to

be perceived from the learners’ perspectiveto ceflecent pedagogic developments, which
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place learners at the center of control of theindearning. What is more important in this

pedagogy is the mix, as Massie (2006) put it:

The magic is in the mix, when blended learning bezgopular as a term in the
1990s. The magic is the power of adding two or nleaning elements. Learners
have always known this. They have been blendinthieg for thousands of years.
They add what is missing, they mix it with whatytheeed, and they subtract what is
not valuable. They socialize it. They find conteahd they transform training and

instruction into learning (p.23).

Thus, the terminology issue on the term blendedhieg should be shifted to the mixing
elements which bring maximum learning. Therefolentied learning can be conceived as
learning from the blended environment. Though tla@eemany elements that can be blended,
in this dissertation blended learning refers todbmbination of traditional face-to-face and

the computer mediated web based learning.

2.5. The Practice of Blended Learning

The movement towards blended learning places téapypa@t the forefront, hence, emphasis
is to be found on the electronically facilitatecan@ing. This situation arises due to the
increasing influence of e-learning on the curretwaation system (Bass et al., 2006). Its
influence is also profound on the development oy aountry. Especially, developing
countries like Ethiopia are convinced that theiurjeey towards civilization is mainly

dependent on technological support (Derebssa, 200, 2015).
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The delivery mode facilitated through the World Wiweb (internet) is relatively ‘young’
when compared to other technologies that have naadeampact on education (Hofmann,
2006).The following table summarizes some of thenntachnological developments in

education adapted from (Bersin, 2004; Hofmann, 28@6land & Kurland, 1987).

Table 2.1. Technological tools for educational use

Year Technological development

1450 Johannes Gutenberg introduces the first westentiqyipress

1840 First correspondence study (a secretarial progoemsid on teaching shorthand)

1900s Audio recordings

1920s Radio station

1960s Computer use as administrative office tools

1980s Satellite of grounded based video, distance legrriiber optics, audio visual/CD-ROM

1998s First generation World Wide Web (e-learning)

2002 Integrated Blended Learning: Web based learningacetto-face

The latest technological advancement enhances @yocemmunications by providing tools
such as emails, online discussion boards etc. Earopniversities are popular in effectively
using the web. This is confirmed by the study caeld in 113 universities (Paulsen, 2003).
The study shows that majority of the universitiesvide sufficient capabilities for successful
delivery of online education. This situation lay$oandation for the emergence of blended

learning.

The benefit of online learning is profound. Fortarce, Garrison & Kanuka (2004)
forwarded that learning with internet communicatiechnology has a significant educational
implication resulting from the emphasis on writtesmmunication; because, under certain

circumstances, writing can be a highly effectivenfoof communication that encourages
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reflection and precision of expression. Next, défe scenarios reflecting successful blended

learning designs associated with types of coursesron in higher education are presented.

2.6. Blended Learning in Higher Education

In recent years, traditional face-to-face learnmg@nments and computer mediated
learningenvironments have begun to converge, agatiew learning paradigm called
blended learning (Graham, 2006).As the learners aahdts, higher education demands
individualized engagement and self-regulated |e@xniTo this end, the support BL has in
realizing this intention is of paramount importandeesearch has found that effective
combination of face-to-face class time and selfhgtwith an online workbook is a helpful
and inexpensive way to enhance learning (Graham6;2Bapata & Sagarra, 2007). As a
result, blended learning is becoming an increagipgissible option in many universities
(Kobayashi & Little, 2011).So, it can be noted thahost all courses nowadays have some
online component, often using web-based technoltgyfacilitate delivery of course

documents, which is not true for developing counlilke Ethiopia.

The primary goal of blended learning is to redueetdring while increasing inquiry and

discourse(Garrison & Vaughan, 2008). For effectiwarse or program design, it is important
to examine different scenarios that reflect sudoéddended learning designs in higher
education.According to Garrison and Vaughan (2@0®8) Garrison & Kanuka (2004) the key
assumptions of blended learning design are: coradiglg integrating face-to-face and online
learning, deeply rethinking the course design tbnape student engagement, reorganizing

and replacing traditional class contact hours.
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The idea of blended learning recognizes the sthengt integrating verbal and text-based
communication and creates a unique fusion of symgus (face-to-face) and asynchronous
(text-based internet)Garrison and Kanuka (2004)ecti and mediated modes of
communication in that the proportion of face-todamnd online learning activities may vary
considerably(Garrison & Vaughan, 2008).Blendedrieay is an approach thatmerges the
best of traditional and Web-based learning expedsnto create and sustain vital
communities of inquiry andcritical thinking. Thusnany western higher education
institutions are quietly positioning themselvestonmect its transformational potential

(Garrison & Vaughan, 2008).

Educational technologies have to support the comguatts of higher education, specifically
in blended learning contexts(Kitchenham, 2011). Du¢he growth of technology, students
expect flexible, innovative and engaging learningpeziences withtechnology that they
commonly use in today’s social environments. Thaeefit is not about a choice but, it is a

must scenario to catch students’ interest and eamgagt.

2.7. Trends of Blended Learning in the World

Though developing countries are still in the corieral instructional approach, blended
learning is on the rise across the world. Resesinchvs that the most frequently citedarticles
discussing blended learning (BL), are from North &iwan(Halverson, Graham, Spring, &
Drysdale, 2012). However, BL is growing worldwidadaeach region is an important part of
the community. The discussion and its implementatd blended learning is at the infant

stage in developing countries, whereas some of #gremmot still aware of the approach and
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have no capability to accommodate it.The goal @ #ection is to discuss the trends of

blended learning and to see where the hot disaussio blended learning occur worldwide.

Higher educational institutes in Asia have adaptexhded learning as an alternative for
interactive learning.The review made by Tham andrih(2011), shows that blended
learning has met varying degrees of success in,iAslading different perceptions of
instructors and students towards blended learmipgoaches. For instance, in China, blended
learning is well-received, but educational insgtitand staffs lacked the appropriate
knowledge for developing courses that would hinther full potential of blended learning.
According to the report of Economist IntelligenceitEIU) in 2010, the Asian countries
China, Korea, Japan, and Singapore were surveyethdo digital development, previously
known as the “e-readiness rankings(EIU, 2010). Adiog to this report all countries being
surveyed show a state of e-readiness. AccordiBihgapore ranked™ South Korea ranked

13", Japan ranked ¥6while China ranked %6

However, these countries encountered challengels ascculture, pedagogy and design.
Cultural issues included teacher dependency in&bimjective strategies in Korea, and non-
Western learning and teaching styles in Japan. gégilzal and design issues included
competition in China, lack of interaction in Koreand limited Internet use in Japan and
Singapore (Tham & Tham, 2011). Thus, there areiksyes and challenges which prevent

Asian countries from getting the full potentialld&énded learning.

According to recent analysis, North America is adieg region both in total citations and
average citations per year(Spring & Graham, 20IRe study conducted by Spring and

Graham also shows Europe to emerge concurrently tivé most cited articles from North
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America (2004-2006). Thus, clearly the most citeetles from North America and Europe
have been used by hundreds of researchers incluténig blended learning field to establish

context for their study.

According to Economist Intelligence Unit (EIU) 020, some African countries have shown
considerable level of e-readiness. On its reporank of 70 countries, South Africa ranked
40" Egypt 57, Nigeria 61and Algeria ranked 88 However, Ethiopia is not ranked in this
report of e-readiness or digital development. Havein the latest report made by EIU in
2017, Ethiopia is ranked B%ut of the 75 surveyed countries. The report shihas poor
connectivity, access and high pricesare barriens developing countries including
Ethiopia(EIU, 2017). According to this report, irmtet access remains unaffordable for many
peoples in the developing world. The summary of réq@ort is presented in the following

table.
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Table 2.2. E-readiness ranks of African countries

Countries Rank (Africa) Rank (world)
South Africa 1 27
Morocco 2 34
Egypt 3 37
Nigeria 4 45
Seychelles 5 48
Ghana 6 49
Kenya 7 51
Algeria 8 52
Tanzania 9 57
Senegal 10 58
Angola 11 59
Cote D’lvoire 12 60
Cameroon 13 61
Sudan 14 62
Rwanda 15 63
Uganda 16 64
Mozambique 17 65
Burkina Faso 18 67
Zambia 19 68
Ethiopia 20 69
Malawi 21 70
Madagascar 22 71
Mali 23 72
Liberia 24 73
Niger 25 74
Congo (DRC) 26 75

Source (EIU, 2017)

The inception of blended learning in Africa is vdate as compared to North America,
Europe and Middle East. Because, conversation ended learning flared early in Europe

and North America which can be placed in 2004. Hmrein Middle East it can be
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accounted as of 2007, in Asia 2008, whereas incAfend Latin America it is as of 2012.
African countries that have started discussing alimended learning approach includes:
South Africa, Tanzania, Egypt, Sudan and Botswagna{§ & Graham, 2017), there is also a

reasonable debate in Nigeria (Abidoye, 2015).

South Africa is among the leading African countrtesadapt blended learning approach.
There are numerous articles in the field of blendedrning in South Africa. The
implementation of blended learning in South Afrleavever faced many challenges such as
uncoordinated efforts to implement blended learnim@adequate infrastructure, humble
computer skills of students and lecturers(Tshabaldldeya-Ndereya, & Merwe, 2014).
There is also a reasonable articles from Botsw&na, theuse of blended learning into
teaching and learning is not adequate, subject fethinking of pedagogical

reform(Kebualemang & Mogwe, 2017).

Therefore, theexecution of blendedin African coiastiis still very low, regardless of their
intention to impose educational technologies. Fwstance, the government of Tanzania
hasremoved all taxes related to computers andaimguipment for the purpose of infusing
the technological requirements throughout the ag(inivoga & Sanga, 2007). According to
Iwoga and Sang, developing countries are still untiallenge of lack of systemic approach
to ICT implementation, awareness and attitude tdwaCT, lack of administrative support,
lack of technical support, lack of sufficient pregtgon of staffs to implement the intended

ICT integration, and inadequate funds.

In Ethiopian context, the first article on e-leaiis published in 2014 by Kassahun Melesse

of Jimma University. As far as the knowledge of tlesearcher is concerned, he is the
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pioneer for adapting an e-learning mechanism tdoRian higher education institutions. The
purpose of his study was to examine the influerfialearning on the academic performance
of mathematics students.His result shows negligiifference between the conventional and
ICT supported learning on student performance.chasi on blended learning are slowly on
the rise. For instance, Geta and Olango (2016) wted a research by using blended
learning as their experimental intervention to ioyar students English writing performance
at an undergraduate level in Hawassa UniversityeirTistudy shows a significant

improvement of students writing skill which is aksignificantly better than the control group
that are thought with the usual face-to-face irgtomal model. However, the concept of
blended learning for mathematics courses is notgate into the spot. Hence, it is evident

that interest in BL worldwide is currently increagiand to emerge in Ethiopia.

At the early stage of blended learning in any pdrthe world, the insertion of blended
learning is after havingmuch experience of prodgciend using e-content(Derntl &
Motschnig-Pitri, 2005). That is the emphasis onegnating technology to improve
thelearning process in terms of depth and scopatisobserved. This is also to happen in
Ethiopia, as the government in its strategic pla615-2020) dictates to produce more e-
contents and ICT infrastructures used for accesiage-content (MOE, 2015). The major
intent is to introduce the ‘SchoolNet Cloud-Compgtitechnological infrastructure, which is
the portal through which students and teachers laaecess to a range of centrally stored
digital contents. Though providing e-contents iga@od start for the movement towards
digitalized learning, it should not be taken asdh&/ element to be added to the educational
context. There should be a learning managemenéraystr interactive learning. This will

then ensure the increased access to and qualtgumfation at all levels of education. Thus, it
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is important to bounce off immediately towards dagplearning management system so as

to produce interactive learning environment basedaund pedagogical ground.

2.8. Designing Blended Learning Environment

According to Garrison and Vaughan (2008) desigraniglended learning environment is a
horrifying challenge. They believe that educatiodesigners must accept and adjust to the
strengths and weaknesses of the medium. The progjtaaid also be designed in such a way
that it provides an opportunity for trust and ogemmunication that will support interaction.
On the other hand Wilson and Smilanich (2005) sfiprsuggest not to start extensively.
This is because, if the former program relies anyface-to-face environment, students need
time to be familiar with the technology and e-leaga So, at the first instant allowing
students to learn how to learn in the new learréngironment helps to benefit from the

blend.

On the other hand, describing a blend in termsenEgntage, for instance 30% online and
70% face-to-face, is not informative without knowitine nature of the activities occurring in
the distinct learning environments and how the sewffectively uses the affordances of the
two environments (Cross, 2006). According toRoval dordan (2004), a blended course can
lie anywhere between the continuum fixed at opposiids by fully face-to-face and fully
online learning environments. Thus, the degree wine and face-to-face learning is
dependent on the students’ background, infrastralctissue and cultural context. For
instance,Dziuban and Moskal (2001) reported thanhded courses at the University of
Central Florida takes place by replacing a threa-lomurse by one hour of actual face-to-

face classroom time. Which placesefficient use xaétang university infrastructure. Such
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replacement might not be effective for other cotgewhere technological infrastructure is

not well organized.

Thus, for blended learning to reach its full tramsfational potential, the primary goal should
be rethinking and redesigning the teaching andniegr relationship (i.e., improved

pedagogy) with efficiency and convenience (Garri&iKanuka, 2004). Specifically, Pappas
(2014) outlined seven elements that help in crgatiformative, interactive and immersive

blended learning environment:

o Clearly identify the blended learning course’s chjes

o Create a blended learning course outline and sylab keep your learners motivated
and on-track

o Determine the blended learning course's level tefactivity

o Integrate group collaboration activities

o Develop communication and feedback guidelines

o Compile a list of resources and references

o Create an effective assessment plan

Objectives will become a road map since they gvedpportunity to see where the blended
learning course is directed. Objectives requiringmmarization and knowledge acquisition
might be good if delivered online (Hofmann, 20a8dwever, if the concept is abstract, more
clarification might be required to avoid rote meimation. Creating a blended environment is
highly context dependent and no specific guidedirists for mixing up the ingredients of the
blend (Hofmann, 2006), hence there is an infimtenber of possible ways to create

effective blended learning environment. Due to tkienario, Shea (2007) suggested
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researchers to articulate conceptual frameworkswiilhserve blended contexts. Shea also
suggested to examine learner characteristics amilable resources while designing a

blended learning environment.

In developing countries like Ethiopia, students Imigot get high bandwidth connectivity, as
a result they might be challenged of accessingthise content. Thus, for effective design

and implementation of blended learning, care madtken in all aspects.

According tocorporate and vendor consulting sesvi¢Bersin and Associates), blended
learning goes through some process. The four psesamentioned by Associates (2003), are
(1) define learning challenges, (2) develop leagrplan and develop measurement strategy,
(3) develop contents, (4) implement and track pegrand measure results. Similarly,
Alammary, Sheard, and Carbone (2014) have idedtifieee distinct design approaches of
blended learning:

1. Low-impact blend: adding extra activities toexsting course

2. Medium-impact blend: replacing activities ineqsting course

3. High-impact blend: building the blended coumsenf scratch.
The low-impact approach is associated with progditra online activities to a traditional
face-to-face course. This is done without redueinyg of the existing activities. Adding such
extra online activities onto an already establistvedirse happens when inexperienced
teachers build their first blended learning cour8ecording to Alammary et al. (2014) a low
impact approach is a swift approach to producibtgaded learning course.
In the medium-impact approach, an existing cousseedesigned by replacing some of the

face-to-faceactivities by online components. Thseuagption behind this approach is that
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some parts of the course would be more effectivenine activities(Alammary et al., 2014).
In some cases, the remaining face-to-face sessimn&eptthe same, while in other cases
some changes are made to the inclass activitieg([V&i003b). This type of approach allows
to start simply and then implement incrementallg@Amary et al., 2014).

In the high-impact approach, the blended learniogyrse is built from scratch. A common
way to apply this approach has been described bg{adn, 2006). Shecontends that instead
of looking at an entire course, the instructor et look at each single course learning

outcome, which allows a better integration of oaland face-to-face components.

2.9. Affective Variables and Mathematics Learning

Achievement in mathematics is influenced by a ramigiactors including mathematics self-
concept(Scarpello, 2005; Wang, 2007; Williams & Naihs, 2010); mathematicsanxiety
(Ashcraft & Kirk, 2001; Hembree, 1990; lossi, 20@Bhishigu, 2018); mathematics self-
efficacy(lossi, 2007; Williams & Williams, 2010);ttaude towards mathematics(Hannula,
2002; Pohjolainen et al., 2018); gender and pri@ath@matics achievement(lossi, 2007;
Kiwanuka et al., 2015; Shishigu, 2018); socio-ecoito status, parental support, peer

influence and teachers(Kiwanuka et al., 2015).

These factors can be seen from two different pets@gs namely behavioral and
psychological. Factors external to students’ peabtynare considered as behavioral or
environmental factors, which include learning fiagil family support, teacher factor, peer
support etc. On the other hand, mathematics anxmedfivation, attitude, confidence, self-
efficacy, satisfaction and academic hardiness eataken as psychological factors that affect

academic achievement(Mushtaq & Khan, 2012). Thalgfactors contribute towards better
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mathematical achievement, studies shows that s¢beell factors have little effect compared
to student-level factors(Kiwanuka et al.,, 2015)ud&nt-level factors include attitudes,
orientations, intentions and motivations(Pohjolaie¢ al., 2018).Because of this and the fact

that students’ affection drives their cognitionistetudy focused on affective components.

The affective domain in the context of mathemagidscation refers to beliefs, feelings and
moods such as anxiety, confidence, frustration,ivattbon and satisfaction that describe
mathematics tasks (Scarpello, 2005). Similargerna (2017), describes ffective
characteristic as a complex ofinterests, attitstices and self-assessment.Vermunt (1996)
also posited affective factors as attributing leagrresults to causal factors, motivating one

self, concentrating, judging oneself, appraisiegerting effort and generating emotions.

These factors are found to have a strong relatipnslith successful learning both in
traditional classrooms as well as in ICT basedniear (Katz & Yablon, 2011). Research
reported that learner motivation, learner autonolegrner control of the learning process,
learning flexibility and ICT user friendliness (kka& Yablon, 2011), learner self-esteem,
learner attribution and learner technological effgKatz, 2014) are some of the major

affective factors contributing to enhanced learning

Research also shows that emotional and motivatiasécts have played an important part
on learning (Caviola, Primi, Chiesi, & Mammarelk917; Ignacio, Nieto, & Barona, 2006).
It is also argued that the role of affect is inéispable forlearning in general and mathematics
learning in particular (Ignacio et al., 2006; W@i010). Some students enjoy learning
mathematics, but many dislike it. According to Wéhe affective aspect in learning

mathematics has always been a concern in matheneticcation. Not only the learning of
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mathematics, affection has also an influence on hpupils perceive and value
mathematics(lgnacio et al., 2006). Given the msiteness of the field of study
embodied by the affective dimension in math@seaeducation, the present study
focuseson some affective component that are belielee have a prominent role in
mathematics learning. These are mathematics anxaepdemic hardiness, self-regulation,

satisfaction, and motivation.

2.9.1. Mathematics Anxiety

Mathematics anxiety, as one of the affective reastito learning mathematics, has received a
large amount of attention from educators during0k98nd 1990s. Research on mathematics
anxiety consistently demonstrates that the low-@mistudents outperform their highly-
anxious peers in mathematics(Caviola et al., 2(H&mbree, 1990; Hill et al., 2015;
Shishigu, 2013; Wei, 2010; Zakaria, Zain, AhmadE#&ina, 2012).This indicates that math
anxiety is a barrier for students learning of mathgcs. As evidenced in the above research
findings, it is recognized that anxiety states &wlings of helplessness experienced during

mathematics classes or related activitiesare faetith a negative influence on mathematics

learning.

Mathematicsanxiety refers to unhealthy mood resp®nghich occur when students come
upon mathematicsproblems and manifest themselvdaseiag panicky and losing one’s
head, depressed and helpless, nervous, fearfdl so on (Adams, 2001). According to
Adams, learners who are anxious when confrontimgthematicsproblems are known to
experience rapid pulse, nervous stomach, hpabhpitations, upset feelings, and sweaty

palms.
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The negative effects of mathematicsanxiety inclutigturbance during the process of
learning algebra, department and career selectiohigher education. The construct of
mathematicsanxiety are the emotional and mentaiedis that occurs in some students while
attempting to understand mathematics. So, mathesaatxiety can be defined as the negative
emotions that interfere with the solving of mathéosproblems. It leads students to avoid
taking math classes and avoid situations in whielthnbecome necessary (Ashcraft & Kirk,
2001; Ashkraft & Krause, 2007; Hellum-Alexander, 100 Sparks, 2011). Tobias, who is a
pioneer in the study of math anxiety, describedsit‘the panic, helplessness, paralysis and
mental disorganization that arises among some pewapken they are required to solve a

mathematicsproblem” (Tobias & Weissbrod, 1980).

Physical symptoms of math anxiety include increasedrt rate, sweaty hands, and upset
stomach. On the other hand, psychological symptmmside inability to concentrate and
feelings of helplessness, worry and disgrace. Behalvsymptoms include avoidance of
math classes, putting off math homework until tast Iminute and not studying regularly
(Jackson, 2008). Therefore, it can be said thahaakiety is a phenomenon that is often
considered when examining students’ problems irhemaatics. Studies also show the direct
effect of math anxiety on achievement of studefis. instance, a study conducted by
Sheffield and Hunt (2007), Khatoon and Mahmood @0lLuo, Wang, and Luo
(2009),Caviola et al. (2017)Shishigu (2013),andsBigu (2018)shows the negative effect of
math anxiety on students mathematicsachievemenis, Tleducing math anxiety is essential

in preparing the future workforce, who has highrbicy and competency in mathematics.
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Research also shows that avoidance of mathemaiesally applies to females(Hembree,
1990; Hill et al., 2015; Shishigu, 2013; Tobias &elMsbrod, 1980). In response to why
female students are underrepresented, Witt (20deéd)tified cultural belief as a factor that
many girls are exposed. At this instant, studemés emtangled with math myth (cultural
belief) at their early stage. Similarly,Zaslavsk®94)contested that the belief that females
have an inborn, unalterable inferiority when it @smo doing math is among the myths that
induce them to avoid mathematics.In line to thiakatia et al. (2012), argues that female
students are often characterized as shy, whichaffatt their ability to learn. A study
conducted in India also shows that malestudentsram@ active in a wider range of social
activities than female students(Khatoon & Mahmd@f0). This situation may lead women

not to be competent in mathematicsas men.

However, several studies do not support this thddegause, there is an evidence that shows
the success of women in mathematics, notwithstgnta challenges they are continuously
exposed to. For instance, Crisp, Bache, and Mai{®@09) found that female students are
unaffected by the typical stereotype threats, arHib& enhanced performance on a
mathematics test. Similarly, a meta-analysis cotetldy Lindberg, Hyde, and Petersen
(2010) showed that gender difference in mathenmaifsrmance were very small and,
depending on the sample and outcome measure, soesefavored boys and sometimes
favored girls. So, the difference lies on their &y@ment and hardiness. Thus, females may

be as competent as male or may be better than male.

Though there are many studies conducted on gemheparison, contrasting finding exists

and also effect size was missing. On the other hdiffiérent studies have used different
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measures of both mathematics performance and d&f amdtiety, making their results hard to
compare given that some measures used may haveds=ereliable than others. Hence in
this study, gender difference is investigated immte of all affective variables and

achievement.

Math anxiety is a measurable construct. It can kasured in two different ways. The first
and widely used technique is by a self-examinadod evaluation when presented with
various types of mathematical situations, posswith the help of a pre-prepared anxiety
scale. A degree of anxiety is determined arsdially falls under categories such as
“very anxious”, “moderately anxious”, and “low anxis”. The second method of measuring
anxiety is by a second party, who is usualpmeone who is trained to see
physiological signs of anxiety and the actionsoagted with them. Psychiatrists and
psychologists are an ideal individuals to diagneseh a problem(Tobias & Weissbrod,

1980).

The most widely used instrument in the literatuseMathematics anxiety Rating Scale
(MARS)developed by Richardson & Suinn in 1972. Tiwginal MARS is a longer
instrument having 98 items, 5-point, likert-typatimment that assesses the levels of anxiety
in situations involvingnumbers. This scale is vienyg and might become boring for students.
For that reason, researchers tried to minimizentmaber of items to an optimal level. For
instance,Mahmood and Khatoon (2011)conducted aresdo develop a theoretically and
methodologically sound bi-dimensional instrumentnzdth anxiety with high psychometric
gualities, specifically item total correlation, énhal consistency, reliability and validity. They

collected 50 statements positive and negative taéegressive of anxiety toward math, on a
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5-point likert scale after undergoing a carefuldstwf related literature and discussion with
several experienced math teachers, expert and tparepinions. Based on experts’
comments, 25 items were left for possible tryoutgt The tryout study in tern reduced the
scale to 14 items. Thus, the final form of the tes$s 14 statements which is designed to
measure the math anxiety of students. MARS is dirbensional and shorter instrument in
which 7items are worded positively and 7 items wdrdegatively. It is a 5-point likert type
instrument that assess positive and negative dimensof math anxiety(Mahmood &

Khatoon, 2011), which had an internal consistertiability of 0.87 using Cronbach’s alpha.

Similarly, Suinn and Winston (2003)also conductegsearch which was aimed to create a
shorter version of the MARS and provided reliapiiind validity information for the new
version. They have compared the original 98 iteaesevith the shortened 30 item scale
found in the literature. Using Cronbach alpha, thaye found that the internal consistency
reliability of the 30- item MARS to be 0.96 which ¢onsistent with previous findings of .97
for the longer MARS 98-item scale (Richardson &r1i1972). The test-retest reliability for
the MARS 30-item was .90, which is again equivalenthe test-retest reliability of MARS
98-item(.91). Their final data confirms that the KR8 30-item scale has acceptable
reliabilities and validity which is comparable teetoriginal MARS. Hence, the shorter scale

is preferable.

However, the above review of the existing math atyxinstruments is unidirectional, except
the one developed byMahmood and khatoon. This pwotuced two factors, the first
representing concerns about doing well in mathasaiind the second represent strong

negative affectivereactions to mathematics. Thaestasa split-half reliabilityof .89 and

45



Cronbac’s alpha of .87, which is still in the adedye range. Hence, in this study, the two
dimensional instrument developed by Mahmood andt¢dra (2011) was used to measure

students level of math anxiety.

Studies shows that technology supported learnirgnesediating approach for reducing math
anxiety. For instance, a study conducted by(Ba2Ql7; Reissman, 2017; Sun &
Pyzdrowski, 2009)posited that anxious students fgaining math by computer as a great
solution.As there are varied causes of math anxiegn be noted that there are various ways
of overcoming it. If the cause is the teacher’'s pacents’anxiety, it is necessary to reduce
the teachers and parentsanxiety(Sun & Pyzdrow§Ki9R On the other hand, if the anxiety
is caused by the failure of cognition, then impnavithe students’ cognition is a solution.
When technology is used as a tool to enhance didiegrning, it can overcome the math
anxiety caused by the cognitive failure on its v@ay{ & Pyzdrowski, 2009). They further
explored the idea of websites and software, comfigmthat websites and software
technologies can have a potential to provide vimo@nipulative and hands on activities that
are easily accessible by both students and teaSbets technologies allow students to
engage in different activities that help them foquack retrieval of information, which is
associated with a deep understanding of a particalacept. In doing this, students became
engaged in the learning process and strengthendbegnition. Thus, blended learning as an
emerging pedagogical approach has a promise ofcoweng some difficulties in

mathematics learning.
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2.9.2. Academic Hardiness

The other affective factor that affects academibieaement of students is academic
hardiness. This factor was not thoroughly studigddsearches across the world(Ahmadi,
Zainalipour, & Rahmani, 2013). It is also impossiltb find a research conducted on this
construct in Ethiopia. Academic hardiness referghte essence of students to academic
failure, where hardy students are characterized lwillingness to engage in challenging

academic work, commit to academic activities antspits, and perceive they have control
over their academic performance and outcomes (Bekig Lopez, 2001).Thus, academic

hardinessisasetofbeliefsoneholds regarding the, s#lfl emphasizing the importanceof
involvement andcontrol rather than isolation and w@dessness(Kamtsios &

Karagiannopoulou, 2013).

A hardy individual is the one who believes thatdaa control the events and can influence
them, he believes that psychological stressorsbeachanged, he is able to feel deep tribute
and commitment to activities that heshould do.tlmeowords, he is deeply involved with his
daily activities (Ahmadi et al., 2013). Thus, hi¢gvels of hardiness promote personal
growth, spirit and well-being; whereas, low levelssult in self-handicapping and
unhappiness (Creed, Conlon, & Dhaliwal, 2013). &s#bdefined hardiness in terms of three
components (3Cs) (Ahmadi et al., 2018hmmitment refers to the individual’s tendency to
be involved, and to find meaning in one’s actigtiand environment; it also includes
willingness to expend extra time and effort to mgeels.Challengas to appraise potentially
stressful situations as exciting and stimulatirag:egptance of difficulties associated with task;
facilitates positive process of growth through feag; it is an expected part of life, and is a

necessary ingredient for personal developm€ntitrolis the perception that the individual
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can manage important life events through the usémefination, knowledge, skills and

associated withgood time management, prioritizing@simimportant activities, taking

responsibility for own learning (Sheard & Golby, (). Thus, hardiness helps to the
development of broad coping responses and actiwwhsh enables the individual to act
purposefully, rather than being passive or feelpmyverless in the face of stressful and
changing situations (Bartone, Roland, Picano, &lMfits, 2008). Furthermore, it facilitates
turning stresses to advantage, growing in suchrexddthperformance criteria as creativity,
wisdom, and fulfilment, and maintaining or enhangiphysical and mental health(Maddi,

Harvey, Khoshaba, Fazel, & Resurreccion, 2009).

Studies typically find small positive associatidietween academic achievement when total
academic hardiness scores are used (Ahmadi e2(dl3; Lifton, Seay, & Bushko, 2000).
Although the findings are less consistent when camept scores are used, some studies have
found significant relationships for commitment, it for challenge or control (Sheard,
2009; Sheard & Golby, 2007), while others have tbdime main associations to be with
challenge and commitment (Ahmadi et al., 2013). tha other hand, some studies have
found academic hardiness to be associated withegéB&nishek & Lopez, 2001); but not all
(Maddi et al., 2009). The result of gender commarishows higher commitment scores of
female students than male (Benishek & Lopez, 200kijs is consistent with Vogt, Rizvi,
Shipherd, and Resick (2008), which have shown thah and women use the appraisal

processes of commitment, challenge, and contrdiffarent ways.

Regarding the measurement of the construct, Creed. €2013) recommended to usethe

revised 17-item Academic Hardiness scale, aftewsiwit to be psychometrically stronger
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than the original 18-item version, which they clagnto have content and factorial validity
weaknesses. They also forwarded that the three @oemts to be interpreted at the subscale
rather than at the total score level, by claimimg problematic practice of summing the sub-
domain scores to form composite hardiness scorailaély, Sinclair and Tetrick (2000)
showed the possibility of losing information conuag the effect of different components on
any outcome variable when the components are sumifihey also suggested the importance
of increasing the number of positively worded item&ardiness scales, as it either produces
response bias problems such as cognitive procesdfiegts, demand characteristics and

respondent carelessness or inadequately reprakerttardiness content domain.

In this study, the revised Academic Hardiness sbgl€reed et al. (2013) was used as it is
validatedto have content and factorial validity.wéwer, during the pilot analysis, one item
from commitment subscale, one item from challenggssale and the four items of control
were deleted because of their low inter item catreh with the overall subscale. Hence,
academic hardiness was measured and defined i@ngpmmitment and challenge aspects

only.

2.9.3. Self-regulated Learning

Self-regulation of learning (SRL) means having &hdity to develop knowledge, skills and

attitudes which enhance and facilitate future lesyrvhich in turn can be transferred to other
learning situations. SRL can be described as a-agoatted process of active and
constructive knowledge acquisition, involving theided interaction of an individual's

cognitive and motivational/emotional resources (&mets & Corno, 2005). Self-regulated

learning (SRL) is an academically effective form lefrning, through which learners
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transform their mental abilities into academic Isk{(Zzimmerman, 2002). That is learning is

viewed as an activity that students do for theneseln an active way rather than as a hidden
event that happens to them in reaction to teachAmgl these learners are active in their

efforts to learn, because they are aware of thengths and weaknesses. Zimmerman also
contends that if self-regulated learners encouabestacles such as poor study conditions,
confusing teachers or complex text, they find a i@aysucceed and in terms of meta-

cognitive process, self- regulated learners plah,geals, organize, self-monitor and self-

evaluate at various points during the process guiadion (Zimmerman, 1990). Now in

doing this they become self-aware, well-informed dacisive in their approach to learning.

There are different models of Self-Regulation (SR)education. According to Pintrich
(2003), these models are: volitional aspects, ¢vgniaspects, and socio-cultural aspects.
However, all of the models share some basicassangtiAll theorists assume that students
who self-regulate their learning are engaged algtiamd constructively in a process of
meaninggeneration and that they adapt their thaudgelings and actions asneeded to affect
their learning and motivation. Another common elati® all models is an integration of
both affective and cognitive issues. They alonenoariully describe the variousaspects of

student academic learning (Pintrich, 2003).

Self-regulation requires reflection in the sensebeing aware of one’s own beliefs and
strategies. Reflection can develop through disonsslebates and essays, where students are
encouraged to express their opinions. Another itapbraspect of reflection is being able to

distinguish appearance from reality, common belieds scientific knowledge (Vosniadou,
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2001). Generally, teachers can help students torbecself-regulated and reflective by

providing opportunities (Vosniadou, 2001):

o0 To plan how to solve problems, design experimentsraad books.

0 To evaluate the statements, arguments, solutioptdems of others, as well as of
one’s self.

0 To check their thinking and ask themselves questatiout their understanding (Why
am | doing? what | am doing? How well am | doingBadremains to be done?).

0 To develop realistic knowledge of themselves askga (I am good in reading, but
need to work on my mathematics).

0 To set their own learning goals.

o To know what are the most effective strategiesseandwhen to use them.

To be successful and regulate oneself, there igedl to show willingness to learn and to
practice.Self-regulated learning includes: settiggals for learning, concentrating on
instruction, using effective strategies to organimkas, using resources effectively,
monitoring performance, managing time effectivetyl dolding positive beliefs about one’s
capabilities(Schunk, 1982). Many of the self-regedalearning strategies are useful in many
ways. Specifically, self-regulated learning corssief three components: cognition, meta-
cognition and motivation. The cognition componamtludes the skills and habits that are
necessary to encode, memorize and recall informatgowell as think critically. The meta-
cognition component enablesstudents to understaddn®onitor their cognitive processes.
The motivation component enhances the beliefs atitudes that affect the use and

development of both the cognitive and meta-cogaisikills.
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Research shows thatself-regulatory processes asgnalde and can lead to an
increasedstudent motivation and achievement(Schuif82).lt also helpsto create better
learning habits and strengthen study skills (Welt@011). Schunk recognized an important
part of self-regulation to be goal setting thatulates an individual’'s actions. In the
classroom, goals may be as simple as earning a gaatk on an exam or as detailed as
gaining a broad understanding of a topic. Shortitaettainable goals often are used to reach
long-term aspirations. In this regard, researclyssty that encouraging students to set short-
term goals for their learning can be an effectivaywo help students track their progress
(Zimmerman, 1990). In achieving such short-termlgastudents then achieve their desired

goal at the end.

Self-regulated learners do not try to accomplisérgvask on their own, but rather frequently
they seek help from others when necessary. Thaghées can promote positive help
seekingbehaviors by providing students with on-goifeedback that they can easily
understand and allow opportunities to resubmit gmssents after making appropriate
changes(Butler, 1998).Social support from teachetspeers can also play an important role

as students are learning to be more self-requlé@uenbrunn, Tadlock, & Roberts, 2011).

There is a considerable agreement about the impmataf self-regulation in learning and
human survival in general(Saks & Leijen, 2014)rdtluces the need for teacher directed
management at all time and it develops studenibis sike problem solving, reasoning, and
decision making (Zimmerman, 1990). So, self-moimigrinterventions equip students to

recognize and keep path of their own behavior (HbfbuPaul, 1998). It also improves
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students’ self-esteem and overall classroom manageon the part of the teacher (Boekaerts

& Corno, 2005).

The major concern of practitioners is the measuneénmesue. So far, measuring students’
SRL has been made through self-report questiormafRintrich, Smith, Garcia, &
Mckeachie, 1993). The most popular instrumentusesiudies is the Motivated Strategies for
Learning Questionnaire (MSLQ). The MSLQ is devebbg®yy McKeachie and Pintrich in
1986 (Pintrich et al., 1993). Questions in thideseae designed to assess various facets of the
student’s self-regulated learning strategies. Hagedue to less trustworthiness of self-
report data, some researchers use SRL think-aloatdgols in their studies(Saks & Leijen,
2014).MSLQ originally consists of 81-item dividedto 15 sub-scales, six within the

motivation section and nine withinthe learning t&gées section (Pintrich, et al., 1993).

Based on the needs of the researcher, the scaldseaased together or individually, because
the instrument is completely modular (Duncan & MeKlkie, 2005). The overall score for a
given scale represents the positive wording oitaths within that scale and so higher scores
indicate greater levels of the construct being mess(Duncan & McKeachie, 2005). On the
other hand there is a 24-item Online SRL Questimar{®SLQ) developed by(Barnard-Brak,
Lan, & Paton, 2010) and used to evaluate stud&t skills in a web-intensive learning
environment.The OSLQ consists of six subscalest ggtting, environment structuring, task

strategies, time management, help seeking ancgalfration.

Regarding its reliability, Duncan and McKeachie @@fiound that the MSLQ had good
internal reliability &predictive validity. The facthat it has been used by hundreds of

researchers in numerous countries around the wsrhl proof to its good reliability and
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validity. However, as a result of statistical advaments, some researchers are motivated to
revisit the MSLQ(Dunn, Lo, Mulvenon, & Sutcliffep22)to create a more valid and reliable

instrument.

Particularly, this study examined self-regulatedriéng in view of the online and face-to-
face learning environment. The instrument used @asure SRL was adapted from (Barnard,
Lan, To, Paton, & Lai, 2009). The original 24-itescale was revised by the panel of experts
and reduced to19-item scale. This is based ondhkand context of the study.Additionally,
the pilot analysis found one item with poor intemn correlation with the overall item.

Hence, self- regulated learning was measured usdritem scale.

Regulating ones own learning is a meaningful predbat is needed in everyday life. It is
also a necessary phenomenon for adult learnersifeckearning takes place inside a person
and cannot be forced, ordered or fulfilled by soneeelse (Bauer, Derntl, Motschnig-Pitrik,
& Tausch, 2006). Because of this, recently the eptsof learner autonomy, independence,
and self-regulated learning have attracted a lotaténtion (Rajabi, 2012). The rapid
development of e-learning on the hand has led gortynity for self-learning.Blended
learning environments are suited to practice SRewan foster its development. Because of
the great emphasis given to collaborative actiwitreblended learning, meta-cognitive skills
are at the front of the learning process(Lynch &ribe, 2004). Research findings also show
that self-regulation in online and blended learisag essential factor to guide students’
learning(Cho & Shen, 2013; Tseng, Liang, & Tsail42)0 Because of this, it is agreed that
when students fail in online and blended courseddukack of self-regulatory learning

ability, they exhibit insufficiency in goal commient, coping strategies, or academic
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hardiness required to complete tasks(Cho & Shebh3R20hough self-regulation isa crucial
force affecting learning(Anam & Stracke, 2016),iherplay between self-regulated learning
and blended learning has not been fully exploredddethis study tried to shade light on the

influence of blended learning on self-regulatedreay and vice-versa.

2.9.4. Motivation

The word ‘motivation’ comes from Latin, “movere” ah means move(Syarif & Sofyan,
2012). It is a necessary construct and a meansnb@anee understanding of a given
concept.Thus, motivation can be taken as the stigdevllingness, need and desire to
participate, and be successful in the learninggss@omia et al., 1997).A person who feels
no encouragement to act is characterized as unatetivwhereas someone who is energized
or activated towards an end is considered to bevatetl(Ryan & Deci, 2000). Similarly,
Hannula (2006), also perceives motivation as apeets/e that illuminates some aspects of
affect by considering it as a potential to direehévior which controls emotion.It drives

leaners to engage in academic activities.

Previous research on students’ motivation to leaggests that it is an important construct
for student outcomes(Lynch & Dembo, 2004; PintiéciGroot, 1990; Richardson, Bond, &
Abraham, 2012; Vanslambrouck, Zhu, Lombaerts, BRImlipsen, & Tondeur, 2018). This is
because, it improves and mediates learning and isorssequenceof learning aswell.
According to WIlodkowski (2008) motivation and leiggp are inseparable and so
understanding why people behaveas they do is irmpbtb help them learn. Thus, when
learners are motivated during the learning proctsags go more efficiently. However,

motivation as an affective component of an indiaidis not an observable construct, and so
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not possible to preciselymeasure it. What we needot is infer fromwhat people say and

do(Wlodkowski, 2008).

Motivation exists in two forms: intrinsic and extsic motivation. Intrinsic motivation is a
force inside the individual (Atnafu, 2012; Bomiaatt, 1997; Guay, Vallerand, & Blanchard,
2000; Wlodkowski, 2008), which enable doing of autivaty for its inherent satisfactions
rather than for some separable consequence.Extrimsitivation on the other hand is
performed in order to receive something from oth&hsis, extrinsic motivator is outside of
an individual. Intrinsic and extrinsic motivati@man occur simultaneously and in that case

the learning process becomes very smooth.

When intrinsic and extrinsic motivation occur a¢ game time, we call it “total motivation”,
which is a combination of both intrinsic and exsit motivation. For instance, Almeida
(2008) posits this condition as follows: A studesatnts to become better at the concepts and
procedures and has enjoyed learning throughousdhisolcareer, which is an example of
his/her intrinsic motivation. He/she also works chao get good grades and impress his
parents,which is an example of his extrinsic maibra Some scholars also tried to make a

categorization within the extrinsic motivation ifse

According to Guay et al. (2000) different typeseafrinsic motivations have been proposed
by self-determination theory: these are externglilaion and identified regulations. External
regulation occurs when behavior is regulated byeree rewards. In contrast, identified

regulation occurs when a behavior is valued andgmesd as being chosen by oneself.

Regarding measurement of motivation, Pintrich andoG(1990) developed a 55-item scale.

The overall item is linked to students’ cognitivegagement and academic performance.lt is
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also developed by considering self-regulated |legrriomponents, test anxiety and self-
efficacy beliefs. They used this instrument to nieastudents’ motivational beliefs and self-
regulated learning and they call the instrument nastivated strategies for learning

guestionnaire.

On the other hand,Guay et al. (2000) conducteddiudies to develop and validate the scale
used to measure motivation in situational contéxta8onal motivation refers to the
motivation of students when they are engaged peaiBc activity.The situational motivation

scale (SMS) has adequate level of reliability amstruct validity comprising 16-item.

In order to assessstudents’ immediate reactionartbiended learning approach, the current
study adapted the SMS. Clearly, the scale was meddib create context. After the expert
review and pilot analysis, the original 16-item lscavas reduced to comprise 10 items to

measures students’ intrinsic and extrinsic motorati

Thoughteaching strategies can impact motivatiostadents, it is not the only way(Bomia et
al., 1997). A study conducted bySyarif and Sofya01@) and Akgindiz and Akipiol
(2017) found out that teaching learning model(b&zhdearning) implementation has
significantly improved students motivation. But yhalso realized that motivation asa
complex psychological factor, which is also agrégd(Bomia et al., 1997). The strongest
motivation is intrinsic motivation than extrinsia@®, depicting the importance of creating
students’intrinsicmotivation. Generally, the resolt both research shows an increased

motivation for learning through blended learningaach.
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2.9.5 Satisfaction

The word satisfaction has been defined by somelachm different contexts. For instance,
Sinclaire (2011) defined satisfaction as the pdroapof enjoyment and accomplishment in
the learning environment. Similarly, Korkmaz andr&kus (2009) defined satisfaction as the
sum of a student’sbehavioral beliefs and attitutias result from aggregating all the benefits
that a student receives as a result of the legremvironment. Whereas, O’Leary and
Quinlan (2007) differently defines satisfactiontexms of marketing. This is because of the
nature of their research. In their research thesiclered it as an emotional response that can
be induced by actual product, service, or procesditg or some combination of product and
service quality. In educational context, the défms revolve around similar concepts
namely accomplishment and success. Thus, it ib@aive perspective on the way in which
the educational environment supports academic sadesr the purpose of this study,
satisfaction is defined as the notion of enjoymami accomplishment in blended learning,
which is similar to that of (Korkmaz & Karakus, 2)(Sinclaire, 2011), both of which took
satisfaction as perception of enjoyment and accsimplent students have in the learning

environment.

By providing improved access and opportunity foriias learning experiences, blended
learning and online learningcreates significant ificattions in the learning environment.
Students might have different views regarding ttyge of environment. For instance,
Dziuban, Moskal, Kramer, and Thompson (2013) cleskstudents views of online learning
into three different parts: large proportion ofdgnts be satisfied with their experience, a
much smaller proportion is genuinely dissatisfiend aa third cohort that isundecided,
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expressing simultaneous positive and negativerfgelioward their online experiences.With
the concerns and dissatisfaction with e-learnindyjcators are searching for alternative
instructional delivery solutions to relieve of awdiience.In this regard, blended learning has
been presented as a promising alternative Grah@®6)2and students' satisfaction is an
important factor in measuring the quality of bleddearning(Rahmana, Hussein, & Aluwi,
2015). However there areinsufficient researches earning satisfaction of students in
blended learning(So & Brush, 2008).This can berak® one of the obstacles to the success

ofblended learning.

Hermans, Haytko, and Mott-Stenerson (2009), argiredl students satisfaction plays an
important in the learning process.These authoteddse relationships among the attitudinal
variables that contribute tostudent satisfactiow@b-enhanced courses. The structural model
that was used by theresearchers indicated strdatioreships among satisfaction with the
teacher, perceived ease of use of the course tegyiand satisfaction with the course.
Based on this result, Hermans et al. (2009) sugddbtt satisfaction of students is the most

important considerations on Internet-enhanced esurs

As one of the affective components, satisfactiorstidents in the learning process is a
determining factor for knowledge construction. Sshen several components in a
learningenvironment are not well integrated, it aarease inffective cognitive load in the
learningprocesses(So & Brush, 2008). That is,sinyolging classroom courses into blended
formats do not necessarily provide students withreminteractive and flexible learning
experiences. Hence, more careful analysis of lesjgentexts, and technologies are needed.
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Satisfaction is one of the determinants of sucoess given course. So, how satisfied are
students with the blended environment experience?tli2y receive the academic and
expected social benefits? These questions neeck taddressed explicitly for successful
learning. There is also an evidence that studehts ave troubled in traditional classroom
environments like to ask question through emadhat(So & Brush, 2008). Which portrayed

the need for flexible learning environment.

Students’ satisfaction can be measured from tleeellof pleasure and the effectiveness of
the student’s education experience(Rahmana e2@l5). Different measures of satisfaction
exists in the literature. For instance, Wu, Tennysand Hsia (2010) used social-cognitive
theory of bandura in their research dealing witidenht satisfaction of a blended learning
environment.They claimed that it is relevant to enstnd andpredict human behavior and
allows to identify methods by which behavior maydhanged. On the other hand (Strachota,
2006) developed a survey instrument used to measitisfaction of students.

In this study, satisfaction of students was meabwih a scale developed by (Strachota,
2006). Based on the purpose and context of the/sthd original 22-item scale was reduced
to comprise only 10-items. Additionally, two item&re deleted from the scale due to their
low inter item correlation which affect the relilityi of the overall scale.These items werenot

related to each other and hence were not suitabi@méasuring the construct (satisfaction).
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2.10.Empirical Research on Blended Learning

Within this digital age, students accept new tetbgy rapidly and learn easily to handle it.
As a result, blended learning is developing rapidlyeducation(Owen & Dunham, 2015).
Research shows that blended learning is favoredsthgents (Gluzer & Caner, 2014;
Hubackova & Semradova, 2016; Owen & Dunham, 2015). reviewing available
publications across all fields, it is possible éarh how and to what extent BL impacted

learning. Consequently, significant numbers of &sidvere dwelled on effectiveness of BL.

Researchers evaluated effectiveness in generablialsani, Shamsi, Islam, Al-Salti, & Al-
Hasni, 2015; Cobanoglu & Yurdakul, 2014; Delialwdt Yildirim, 2008; EL-Deghaidy &
Nouby, 2007; Kazu & Demirkol, 2014, Lin et al., ZQ10biedat et al., 2014; Vernadakis,
Giannousi, Derri, & Michalopoulos, 2012) and innbsr of some independent variables such
as satisfaction, achievement, behavior, criticaikimg skills, learner support, participation,
interaction, affect, and retention (Akyuz & Samg409; Hughes, 2007; Korkmaz &

Karakus, 2009; Melton, Bland, & Chopak-Foss, 200@jtering, Herrler, & Spitzer, 2009).

The study conducted by Hughes (2007), is directadatds testing the effectiveness of
blended learning in terms of learner support amenteon. The study was an action research
conducted on third year undergraduate studentsthisnblended course, Hughes decreased
face-to-face contact time and increased tutor supggpecially for ‘at-risk’ students. The
result of this study indicated that mixture of wetepared blended learning with proactive
help and encouragement for ‘at-risk’ learners’ ioyas coursework submission and module

retention without extra effort (Hughes, 2007).
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Melton et al. (2009),have conducted research oece¥eness of blended learning on
undergraduate health science course in terms déstuwsatisfaction and achievement. They
applied quasi-experimental research design and ureghsstudents’ course grades,
satisfaction and teacher evaluation. Results sfshidy showed higher learning achievement
and satisfaction by students in the blended legramvironment. Based on this finding, they
recommended to repeat research on achievementasisthstion among different courses in

order to convince educators to grasp the new appras an effective pedagogy.

Akyuz and Samsa (2009), were also interested ireffextiveness of blended learning on
critical thinking skills of students. Their studyaw/carried out on 44 students studying in the
department of computer and instructional technoledycation of Ankara University. It was
a one group pre-test and post-test design. Theysunea students’ critical thinking skills
with a 100 item Critical Thinking Appraisal Testvddoped by Watson-Glaser. This study
can be considered as problematic in its designelsas the blend itself. They themselves
admitted this limitation of their research by claagnthat the existence of serious weaknesses
in their design and the duration of the study tadmeshort to foster critical thinking within
five weeks. Unfortunately, their results indicatexh-significant differences between pre-test
and post-test scores. However, a study conductddobymaz and Karakus (2009) found a
positive results in critical thinking dispositioriBhey used Attitude Scale and the California
Critical Thinking Disposition Inventory as a datallection tool. By designing a pre-test and
post-test approach for four weeks, they have faimatl blended learning model contributed
more to student attitudes toward geography coutsmvwompared to the traditional learning
model and also the experimental groups possesavio lietter critical dispositions and levels

when compared to the traditional learning groups.
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A study by Delialioglu and Yildirim (2008)was aimed compare the effectiveness of
blended learning. They used MOLTA model to desige tourse and conducted further
evaluations on students’ achievement, knowledgentiemn, attitudes as well as course
satisfaction on both traditional and blended leagrenvironments. Their study showed that
both treatment and comparison groups had similfmieaement levels and knowledge
retention.Furthermore, high level of positive atliés and course satisfaction were reported
by both groups with no statistical difference. Tgbuheir study is thorough, the study is
associated with severe limitation. One major litmita is possiblythe nature of the course
itself. Students initially might have high levelswallingness to learn the course “Computer
Networks and Communications”. Also from its natutbe course needs a considerable
amount of blended learning. For that reason, ithinigpt be ethical to teach students in an
environment with no technology (traditional classn) for a course that requires intensive
technology. So, it is impossible to draw implicatifstom such study.On the other hand the
study conducted by Eryilmaz (2015) contradicts tgling. The study was applied on
introduction to computers course in Atilim UniveysiTurkey. The author designed blended
learning environment in the form of online matesakring, forum, exam, text, picture and
video supported lesson summaries. The aim of tdyswas to investigate the effectiveness
of blended learning environment as compared tatioaal and online learning. According to

the data obtained from the likert scale, studergfepthe blended learning environment.

EL-Deghaidy and Nouby (2007),also applied blendsaring cooperative approach on pre-
service teachers’ achievement, attitudes and catipeness. They conducted randomized
pre-test and post-test quasi-experimental studiwemty-six science pre-service teachers in

an Egyptian university. Their findings indicatedathachievement of students in the
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experimental group is significantly higher thands&mnts in control group. Besides, students’
attitudes towards blended learning are signifigahigher in experimental group. However,

in students’ attitudes towards cooperativeness;smgmificant difference was found between

the two groups. El-Deghaidy and Nouby regardedd#driearning as effective with respect
to attitudes and achievement. However, measurundests’ attitude towards the new method
without experiencing it for control group might rime reliable. This is because, the difference
obtained might be due to their lack of experientewould be better if the pre-test and post-

test scores are compared within the experimentalmr

Giannousi, Vernadakis, Derri, Michalopoulos, andughourtzoglou (2009), investigated the
effectiveness of blended learning in terms of stadatisfaction by surveying a sample of 61
undergraduate students and suggested that studsatisfaction is an important factor in
order to estimate the effectiveness of a blendedseo Further, they found that "perceived e-
learner satisfaction was higher than the averag#icating the high satisfaction with the

overall learning experience.

Woltering et al. (2009),also conducted a quasi-erpental study aimed to find out whether
blended problem-based learning in medical educaticneases students’ motivation and
support learning process with respect to studeopetion. It was found that blended
problem-based learning increased the student mimihjastudent satisfaction and subjective

learning outcomes.

Specifically, in mathematics Abramovitz et al. (2DPlconstructed a blended learning
environment to help students better understananibaning ofa theorem in calculus course.

The main aim of their study was to allow studentisdg by additional materials by

64



themselves, in order to supplement face-to-factules and tutorials. The report of their
study shows that blended learning approach hasoweprstudents’ self-study habit and they

become active learners compared to when studyittgeitraditional way.

Kazu and Demirkol (2014), assessed the level otesg of students in blended learning
environment in biology course. The study aimed dmpare two learning environments on
the basis of the academic achievement grades stuldents in blended learning environment
and traditional face-to-face learning environmértiey designed a non-equivalent pre-test
and post-test quasi-experimental design to achilkeg goal.According to their result, the
experimental group has been found to perform dgamtly higher than that of the control
group on the post-test. The academic achievemestudents who have studied in blended
leaning environment has been found better tharatdaglemic achievement of the students
who have studied in traditional learning environtr®biedat et al. (2014), Gecer and Dag
(2012), Cobanoglu and Yurdakul (2014) also foundignificant and positive impact of
blended learning on academic achievement of stad&mmilarly, a study conducted by Al-
Ghassani et al. (2015) indicated that blended iegrimproved students understanding of the

course concepts (calculus 1).

Lin et al. (2017), conducted a quasi-experimentadlys on junior high school students to
investigate the effect of blended learning pedagddpe result of this study, showed that the
blended learning experience benefitted studentshé experimental group in terms of

learning outcomes and their attitudes toward stuglynathematicsin a blended environment.

Generally, studies analyzed effectiveness of bléridarning on different variables such as

satisfaction, motivation, achievement, attitudeppmrativeness, knowledge retention and
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critical thinking skills. The general findings shdiscrepancy. No studies are found
indicating higher result in the traditional enviment than the blended one, showing that the
blended learning environment is at least as effeas the traditional one. But, still there is a
need for a better blended learning environment.e&gfly, the context of developing

countries like Ethiopia is of high concern.

2.11. Research Gap

The instructional strategies employed so far (catiseal methods)in Ethiopian context have

not improved students’achievement and motivation the subject to a considerable

extent(Eshetu et al., 2009). The current natiosakessment confirms that achievement of
students in mathematicsis below the expected stdnéiso it is agreed that there is a need

for new pedagogical approaches to improve sciendevathematicsinstruction in Ethiopia.

The maximum impact of educational research is abthonly when affective issues became
a central position in the minds of researchers @dad] 1992). Because of this, Drysdale et al.
(2013) suggested future researchers to give attent students’ engagement, satisfaction,
motivation and generally affective issues as pérstodents’ academic performance to be
investigated. There is also a need to undertakee mesearch to inform better practices
specific to the discipline of mathematics e-leagn{Bass et al., 2006; Borba et al., 2016;

Juan et al., 2012).

Studies that are reviewed in this chapter show tiahded learning have been under
exploration and still needs further research. Adocwto Garrison and Vaughan (2008) there

is a challenge to gain a deep understanding oh#eal, potential, andstrategies of blended
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learning. The current literature on BL shows costirey result in terms of students’
achievement and critical thinking; but there is megearch that shows the superiority of
traditional face-to-face instruction in enhancirge tlearning process than the blended
learning environment. Many researchers such aslfiay, 2015; Garrison & Kanuka, 2004;
Graham, 2006; Hughes, 2007; Lin et al., 2017; MasX006), believe on the effectiveness of
the blended learning approach. Because of suchrastimyg findings, Zhao and Breslow
(2013) and Means et al. (2013) claimed that thid i still new and the overall pattern that
would indicate effective methods of blended leagnia still not visible.It also remains
unclear whether these environments are successidl,ifthey are, which attributes make

them successful(Oliver & Trigwell, 2005).

Regarding the need for future research, developiifective blended learning designs for
different mathematicscourse takes priority (Basslet2006). Based on the debate in the
current literature, Drysdale et al. (2013) simyarbntends lack of rigorous research on how
technology can be used within a blended environnEmy also stressed lack of theoretical

contribution or foundation of previous researchbtanded learning.

Although much has been said in the field of blenkeaning, very few studies examine the
different types of blends behind their implememtaiMedina, 2018). To address this gap in
the literature, this study describes the type ehtd| which has been validated by a case study
of algebra course in higher education in Ethiopia.lalso argued that till now, there is no

common approved model of blended learning(Zhand&,2017).

On the other hand, there is a continuous debat@rerm ‘blended learning’ itself. Some

researchers such as Oliver and Trigwell (2005) edghat the term learning be abandoned.
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Based on rigorous analysis of the current debhie,study tried to uncover the debate by
formulating a good look at the term. Research shsaws that, both students and teachers fail

to have an understanding ofblended learning(Me2@i9).

It is the recent movement that Ethiopian scholaesl@oking for new pedagogy to enhance
learning. Mathematicseducators’ are among the mtgadprofessionals in conducting

technology based research. For instance, Gemedeha®, and Atnafu (2013), conducted a
research using the Geometer’'s Sketchpad. Even lththelr research design is exposed to
internal validity threats, it produced a positiviieet on students’ attitudes, confidence and
engagement in geometry. Recently, Melesse (2014jiuetied a research to investigate the
effectiveness of e-learning on the academic perdogea of mathematicsstudents in
fundamental concepts of mathematicscourse. The stad conducted with many challenges
such as shortage of working computers in the laijents’ weak knowledge and skill on

handling the technology facility, severe power iniption etc. After all this pitfalls his study

produced no statistical difference between the entiwnal and ICT supported learning on
student performance. After facing many challengedelske recognized that fully e-learning
is a challenging method for students. So, to minéthe challenges, applying the blended

nature is an option.

Despite these Michael (2015) contends on the niégedsntegrating technology, pedagogy
and content in order to enhance quality of edunati®o, on one hand to minimize the
challenges of applying (employing) fully e-learniag reported byMelesse (2014) and to

enhance the integration of technology in instruwiautilization, applying the blended nature
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is an option. This study tried to unpack these fofrhlending and saw the effect on students’

achievement and affection.

2.12. Theoretical Framework

The emergence of blended learning is based on @agmixing of different method of
teaching and learning. It can be seen as the apipiicof two or more methods or solutions
to a learning need (Wilson & Smilanich, 2005). Bht mixing in this study was face-to-face
and web-based learning environments. Its sole merp® to support the learning process.
Hence, learning can be taken as a process of bBctwastructing knowledge and instruction
is a supportive process which assists in the coctstn of knowledge rather than
communication of knowledge. Online communicatioalsocallow for the establishment of a

unique collaborative learning environment.

It is of vital importance to note that the proce$sdearning can be best achieved if there is
good environment which is interactive for both teacher and students. More importantly,
the learning process should go in line with théntetogical advancements of that particular
time. Blended learning is one of the strategie$ #ira to create conducive environment by
combining the latest technology and face-to-fae@s<loom instruction. Although there is a
wide discrepancy in blended learning practices @natoccurring (Graham, 2006), the models
can be categorized as activity level, course lguelgram level, or institutional level. Each of
the four models are very clear because, their nanggsate about the nature of the blend. For
instance, activity level blending is when a leagnarctivity contains both face-to-face and
online elements. Course level blending on the dtlaed is used as part of a course, whereas

program level is designed in a program such asoulip] degree, or faculty based such as
69



social science, engineering, natural science andnsd he forth and the broadest blending
occurs at an institution level, in which the futbgram in the institution is delivered through
the blended approach. This type of blending reguinrganizational commitment and this is

the highest stage in the development of BL.

The nature of the blend can also be categorizeshabler, enhancement or transformational
(Graham, 2009). The enable blends focus on addgesssues of access and convenience.
For example, blends that are intended to provid#tiadal flexibility to the learners or an
attempt to provide the same opportunities or lemyrexperience but through a different
modality usually using technology. Enhancement ba other hand allows incremental
changes to the pedagogy, but do not radically ahdhg way teaching and learning occur.
For example, in a traditional face-to-face learnsmyironment, additional resources and
some supplementary materials may be included anliite teacher may also use for

communicating with students, and posting announaogsne

But, transformational blending allows a radicahsfmrmation of the pedagogy. An example
for this is a change from a model where learnezgwst receivers of information to a model
where learners actively construct knowledge throdghamic interactions (Graham, 2009).
Graham argued that these types of blend enablkertteal activity that was not practically
possible without the technology. At this level,rhés a discussion forum, online assessment

and interactive learning materials.

There are five models of blended learning to regiesiisting course, these are supplemental,
replacement, emporium, fully online, and buffet mi¢@iwigg, 2003a).The supplemental

model does not change the basic structure of theal @pproach, particularly the number of
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class meetings. However, technology is used to lsopmnt the face-to-face approach in

terms of out-of-class activity.

On the other hand, the replacement model reduess cheeting time, replacing. It provides
interactive learning activities for students. Tlasie assumption is that certain activities can
be better accomplished online than in a class(Tw2§®3b). The emporium model allows
students to choose when to access coursemateviadd,types of learning materials to use
depending on their needs by eliminating class mgstiwith on demand on-site
assistance(Graham, 2009). Thus, it requires comenmt from all bodies and sufficient
infrastructure in order to fully benefit and impeolearning. Aiming to change the notion of
using web-based materials as a supplemental resotowards the notion of substituting the
face-to-face meetings, the fully online model isdisn some developed countries (Graham,
Henrie, Gibbons, & Gibbons, 2014; Twigg, 2003b).tlns type of model, the instructor
should be committed to answer every inquiry or wukston raised by students in a timely
basis. Based on the types of students involveaduase might also be redesigned using the
buffet model of blended learning. This type of middeat students as an individual by giving

plenty of learning options including the face-tadaonline, projects etc. (Graham, 2009)

For the purpose of this study, a unique model #mpgties blended learning in three stages
was used. The stages were used step by step rexpe effect on algebra achievement and
affection at course level. The ingredients in thend are categorized as supplemental: which
includes resourcing the online environment withdemental materials, online discussion,
online quizzes, responding to students questi@ngttime, flexibility of online activities for

computer lab or home. According to Graham et &142 this type of model is called design
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based supplemental model. The following figure shdlae BL model that was used in the
study which brings together a number of relatedcepts of the study to explain algebra

achievement of students. It also gives a broadeerstanding of the research problem:

Knowledge Base

Env1ronment

1
Face to Face Computer mediated
Content learning learning environment

environment

Blended Learning

Environment
Student
’  ©The usual face to face environment \‘.

© Supplemental materials
© Online qiuz

@ Online discussion

® Getting help at any time

© Flexibility of activities
S Graham et. al (2014) ./

Figure 2.1. Supplemental blended learning model

In the field of inquiry, there should be a commanduage and focus for the activities that
take place. An essential element that helps theiregto be focused is theory. Thus, it is

argued that developing theory is essential to tstded a phenomena (Graham et al., 2014).
This is because, it allows for a clear focus onartgmt issues and provides guidance for the
design of improved solutions to problems (BurkhagdtSchoenfeld, 2003; Garrison &

Vaughan, 2008). So far limited efforts have beementn understand the development and
use of theory in the domain of blended learningaesh (Graham et al., 2014; Halverson et

al., 2012). But, Zumbach, Schwartz, Seufert, ansté&e(2008)highlighted the importance of

72



building a research on theory and previous resgaooh more than one discipline and use of

methods for data collection and analysis from ntba& one research tradition.

Though the term blended learning refers to the afsewvo different methods designed to
benefit from the strength of both methods, throtighemergence of technology its emphasis
is shifted to the integration of educational tedbgg mainly the Web. Hence, it is evident to
say, challenges of contemporary education necésdgaathe new forms of partnership and
communication. It may include; networking, get asc® every aspect of information (up to

date) and share knowledge and information.

A variety of factors are required to be addressedeaite a meaningful learning environment.
Asystemicunderstanding of these factors can erddsigners tocreate meaningful distributed
learning environments (Singh, 2003). Thesefactoraprise Khan's Octagonal Framework.
This framework serves as a guide to plan, develefiver, manage and evaluate blended
learning program as a result, this study was shédyyethe theoretical influence of Khan’'s
octagonal framework. Theframework has eight dinmmsi institutional,pedagogical,
technological, interface design, evaluation,managgnresource support, and ethical. These
issues helporganize thinking, and ensure that #maulting learningprogram creates a

meaningful learning experience.

The Institutional dimension is concerned with issues relating to aoizational,

administrative affairs, academic affairs and stadssrvices with reference to matters of
education. Staff involved in designing and impletimen blended learning programs should
consider the preparedness of the organization,ladiitly and structure of content and

infrastructure as well as the students’ needs (S003).
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The Pedagogicaldimension is concerned with the combination oftenhthat has to be
delivered (content analysis), the learner needdi€¢age analysis), and learning objectives
(goal analysis). The pedagogical dimension als@mpasses the design and strategy aspect
of blended learning environment. The learning gaal$earning outcomes need to be listed

and the most appropriate delivery method is ch@&eralou, 2006; Singh, 2003).

The technological dimension examines issues of technology infrasirecused in blended
learning environments, particularly the online a$peTechnical requirements, such as the
server that supports the learning program, acaefiset server, bandwidth and accessibility,
security, other hardware and software (Singh 2008js dimension also addresses the need
for finding the most suitable learning managemeystesn that could manage multiple
delivery types and a content management systencé#talogues the learning content for the

learning program (Amalou, 2006).

Theinterface designrefers to the overall appearance of the blendarhieg program. It is

important to ensure that the user interface suppalttthe elements of the blend. It has to
integrate the different elements of the blend, Whiall enable students to use different
delivery types as well as switch from one deliviegye to another. Issues relating to content
structure, navigation, graphics and ‘help’ featuege also addressed in this dimension

(Akpan, 2015; Singh, 2003).

The evaluation dimension includes both assessment of learners esatbation of the
instruction and learning environment. Singh (20@®)rtrays this dimension as being
concerned with the usability of blended learninggram. The program should have the

capability to evaluate the effectiveness of a le@rrprogram as well as evaluating the
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performance of students. In a blended learning narag appropriate evaluation method

should be used.

Managementrefers to the issues related to the managementeatiéd learning program,
such as infrastructure and logistics required tonage multiple delivery types. This
dimension also addresses maintenance of learningroeament and distribution of
information, registration, notification and schedgl the different elements of the blend

(Akpan, 2015).

The resource support dimension examines the online and offline sup@ortl resources
required to foster meaningful learning environmeRtssource support could also include the
teacher that is available in person or via e-makpan, 2015; Singh 2003). Thgthical
dimension on the other hand identifies the ethisalies that need to be addressed when
developing a blended learning program. Issues ascequal opportunity, cultural diversity

and ethnicity should be addressed.
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Figure 2.2. Khan’s Octagonal Framework, adapteh ff8ingh 2003)

Students’ willingness to work on a variety of mattagical tasks and their diligence in
dealing with these tasks plays a key role in admnsent (Khine, Al-Mutawah, & Afari, 2015;
Reyes, 1984). This refers affective domain whidaiudes wide range of beliefs, feelings and
disposition that are beyond the domain of cogni{idileod, 1992). After reviewing a plenty
of factors that affect achievement of studentsaive factors are found to play a prominent
role than behavioral factors (see sec 2.9) andd)ehis research tried to uncover the effect
of blended learning on students’ affection. Theeetiize dimension considered in this study
include mathematics anxiety, academic hardinesdi-regpilation, satisfaction, and

motivation.

To produce a learning environment that encompadk btudent-level factor (audience
analysis) and the current technological advancenitergquires to examine Khan'’s octagonal

framework. This leads to comprehend the overalicstire of this study.

2.13. Conceptual Framework
Conceptual framework is a visual or written preaganh of the main things to be studied. It
is a map towards realizing the intent of the redeamhe following figure illustrates the

conceptual framework that was used in this study:
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Figure 2.3.Conceptual frame work of the study

As this study is design based, the conceptual fnarie grounds on the Analysis, Design,
Development, Implementation and Evaluation (ADDHapdel of instructional design. It
comprises four basic interrelated entities. Firstl oremost the analyses of learning needs
provided by blended learning which confers benchmaio define educational goals,
organizes the needed preconditions and define tialdsarning contexts, and observing
results regarding stated learning strategies. Skdbe design and development of course
materials which are based on the information obthim the first phase. Thirdly, the course
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delivery process focuses effectiveness entanglédtive attainment of the goal of the study.
Then the observation aimed to gather informatioauatihe experimental procedures and
components. The final one is evaluation. The intérnwhich is for possible improvements of

the design components during the intervention. ddta collected during the intervention is

also an essential component for the attainmerti@fybal of the study; because it tells about
what to improve throughout the experimentation gueriThis ensures flexibility within the

learning scenario.

78



Chapter 3: Research Methodology

The purpose of this study was to investigate thHecefof blended learning approach on
students’ algebra learning with respect to theihimement and affection (academic
hardiness, motivation, math anxiety, satisfactiord affective aspect of self-regulated
learning). So, this study might contribute to tmeeeging shift towards distributed learning
environment. This chapter presents the proceduoiswied throughout the study. It
introduces a description of the research method,uke participants, the research design, the
sampling procedure, variables of the study, thetpstudy, ethical considerations, data
collection instruments and the data collection pcage. It also presents the data analysis

technique employed in this study.

3.1. Research Method

On his most influential book entitled “the struaurnof scientific revolution”,Kuhn
(1996)stresses to base a research on aset ofsbatietit knowledge (theory) which is called
a paradigm. The selection of the research paratbgihis study was based on my answers to
the three philosophical dimensions: ontologicalstpmological and methodological, which
helped me to understand the most significant diffees between paradigms. Byanswering
these questions based on the purpose of this sidgh are dependent on one another, it

becomes clear to choose the pragmatic researctigara

The ontological question is, “what is the form aradure of reality and what is known about

it?” (Guba & Lincoln, 1994). The objective of thssudy is to explore theeffect of blended
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learning approachon learning mathematicscoursechwiis expected to produce reality
between positivist and constructivist ways of knagvin order to look at what is meaningful
from both. This is the realm of pragmatism (ShanBaker, 2016). The epistemological
guestion is, “what is the nature of the relatiopghetweenthe researcher and data?” (Guba &
Lincoln, 1994). Epistemologically,the researchéa'sk was to develop and deliver a blended
learning course, evaluate learning outcomes as ageljain access to the participants, and
make sense of their constructed meanings about le@& experience. The methodological
guestion is, “how can the researcher find out vehe/he believes to be known?” (Guba &
Lincoln, 1994). The nature of theresearch questiorzidressed in this
studydemandedtheutilizationof both exploratory aegplanatory methodology, which
appears to be most appropriate to see the causeffaatirelationship as well as to present a

detailed view of the experience of the studentsiasiuctors.

This philosophical assumptions reveal the appraathe current research to be a mixed one.
On the other hand, Zawojewski, Chamber, Hjalmarsod Lewis (2008) contend that to
create effective learning environment, design smeresearch is a good option. Thus, this
research was framed with design science reseantefrork and mixed methods approach to
base knowledge claims on pragmatic grounds. Itsie argued that application of only one
research method is insufficient to obtain practresilts in design science research (Hevner,

March, Park, & Ram, 2004; Offermann, Levina, Schéinh& Bub, 2009).

According to pragmatism, truth is what works at timee, rather than relying on a duality
between reality independent of the mind or witlie mind (Lesh & Doerr, 2003). The intent

for this philosophical position is the need for tplé perspectives, to validate the
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guantitative measures with qualitative experientesxplain quantitative results, to better
contextualize the intervention (BL) for the purpadexploring its effectiveness in enhancing
algebra achievement and affection. This is donaums, statistical results did not provide the
human motivation behind a situation and behaviaorRo the administration of instruments,
mixed method research helps to explore and explanstatistical results by talking to
peoples, also to see if the quantitative and cuialé results match, to enhance the

experiments(Creswell, 2013).

Additionally, mixed research employs strategiesngtiiry that involve collecting data either
simultaneously or sequentially to best understaseéarch problems (Creswell, 2014). It also
opens the door for multiple methods of data calectdifferent worldviews, and different
assumptions, as well as different forms of datdyarsg which help to expand and strengthen
the conclusion than can be drown from the studyh¢8nenboom & Johnson, 2017). It is
based on these foundations that mixed method waseohand also the combinations of
guantitative and qualitative approaches provide @emcomplete understanding of the
problem at hand than either method alone(Cohen,idar& Morrison, 2007; Creswell,

2014).

3.2. Research Design

A research design is a plan that guides the inyasti in the process of collecting, analyzing
and interpreting observations(Yin, 2009).As thisidst anticipated mixed research it

employed the quasi-experimental research desigmetand. This design fits to the cause-
effect relationship(Bogdan & Biklen, 2003; Coherakt 2007).It is a pedagogicalexperiment

associated with some limitation when compared \lih true experiment. This limitation
81



arises as the study is conducted on human elembus, intact classes were used instead of
randomly composed samples. This is because, schasdes exist as intact groups and it is
not ethical to take apart and rearrange classegefearch purposes as it is a kind of

disturbance. Using intact classes ensure the smonthing of the school programs.

The most spread quasi-experimental design in eduehtresearch is the nonequivalent
control group design (Campbell & Stanley, 1963)ll,Rtontemporary studies such as (ldris,
2006; Mulugeta, 2015; Selguk, 2010; Selcuk, Cahsléa Sahin, 2013; Sungur & Tekkaya,
2006) employed this design in their quasi-experi@eresearch. However, this design is
subject to the internal validity threat of selentibecause any prior differences between the
groups may affect the outcome of the study. Aceydb Dennis and Boruch (1989), this
type of design is a weak design; because, it cad the researcher to conclude that the
program didn't make a difference when in fact d@, air that it did make a difference when in
fact it didn't. So, to resolve this limitation, shstudy employed a covariate analysis. This

ensures the result to be real, as it statisti¢adlydles the initialgroup difference.

To achieve the goal of this study, priority wasegifor quantitative data; because cause and
effect relationship can best be described usingntijative method. The purpose of
gualitative data on the other handwas to betteerstdnd and explain the quantitative results.
Furthermore, qualitative data has been used tordete students and instructors perceptions
towards blended learning; for this part, a qualitatase study was used. Thus, the approach
is a mixed research that embodies quasi-experitneggaarch and case study that appear

sequentially, which can be given as:
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Quan ——» qual

According to Creswell (2013)such a design was vetietion mixed methods design as shown

in figure 3.1 below:

Non-equivalent Group Quasi-experimental Design

Experimental groupl Compilation
[Experimental groupZ] M | Test1]| | Test2) M‘ > integl:ation &
[ Pre-test Test1 || || Test?2 | Post-test | interpretation of data

[Comparison group ] ‘ _

| Intervention (BL) ) JoTTTTETEEEEEETITT

: : + Qualitative data collection,

| Face to face learning) ! analysis and results !

Qualitative data collection

Figure 3.1. Design of the study

As can be seen from figure 3.1, there were two ex@mtal groups subject to the same
intervention, which help to examine replicability @sults. Furthermore, two tests were
administered together with qualitative data coltetd using interviews to examine the
progress of students learning throughout the spatyod. All of which are accounted for the

consolidation of the results by concealing thetiamons of non-equivalent group design.

3.2.1. Moodle as a Learning Platform
Moodle is an educational web application designeseld on social constructionist approach,

which emphasizes that learners can contribute écettucational experience in many ways
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(Lin et al., 2017; Shachar & Neumann, 2010; Wu,80rhis web application is first created
in 2002 by Martin Dougiamas (a computer scientied aducator) to create online courses
with a focus on interaction and collaborative comdion of content(Cole & Foster,
2008).His interest of developing alternative leagnenvironment using technology continue
to influence his mind. That is why he positioned postgraduate degrees in Education and

Computer Science, which helped him to meet hisrdrea

Moodle stands for modular object oriented dynamarhiing environment. It provides a set of
tools that support an inquiry and discovery-baspdr@ach to online learning and it is
employed to create an online course that is useehtmance and supplement face-to-face
classroom instruction (Lin et al., 2017). It isalssed to create an environment that allows
for collaborative interaction among students aspagte or in addition to conventional
classroom instruction and allows students to bavedearners, actively participating in the

online learning process(Zakaria & Daud, 2013).

There are many open-source, free LMS (Learning dameent System), such as Moodle,
Coursework, Eliademy, ILIAS, Atutor and Interactkaria & Daud, 2013). However, due to
its convenience and matching with the purpose @fsthdy, as well as its nature, Moodle was
used in this study to create the online versioblehded learning. It is also argued that most
course management systems are tool-centered,whieleadie is learning-centered(Cole &

Foster, 2008).

Based on such suitability and philosophical backgdy Moodle was used to create an easy
and interactive learning platform for students héag. Enrolment to the course was made to

be self-enrolment, however most of the studentsnmadmail account and faced a difficulty.
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Thus, to save time, the enrolment was made manbgligourse administrator (researcher).
Students then sign in and access the site usingrtame as a username and their student
identification number as a password. The front gagé students first see when entering into

the page is displayed in figure 3.2 below:

Linear algebra blended learning portal

lsername orgotten your username

or password?

8]
i
1

Cookies must be enabled in
Remember username your browser

Log in

Is this your first time here?

Welcome to blended learning online platform. We have noticed that you faced difficulty in
registering to the site.Now you can log in using your name as a username and your full ID
number as a password.

Figure 3.2. The e-learning platform used in thelgtu

3.3. Validating the Blended Learning Model Used

To be certain of the appropriateness of the intgien, it was tested on a pilot group of
statistics students taking the same course so a&detdify difficulties of implementation,
determining the time schedule for the actual stadg modifying what is necessary in the

initial draft before implementing it on the actsaldy.
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The feedback obtained from students show that ritended strategy (BL) was attractive,
interesting presentation of contents, motivatingl aesourceful as compared to the usual
course delivery method.As students found the tinmergfor the lab session to be minimum,
the schedule was changed from one hour to two hmrreach lab session. This is equivalent

with the tutorial hours of the comparison group.

The computer lab assistant instructor also likeel lmarning management system for its
suitabilityfor being a low bandwidth platformthateans it can be executed even in low
internet connection. He further pointed that thstemy is easy and user friendly. This is also
one of the assumptions that pushed the selectioMarfdle from the available open e-

learning platforms.

The course instructor also found the easeof thehieg and learning process in such a
blended learning format.As a tryout study, the basimponents of the blended learning
approach being used were examined for their effestiss. Accordingly, it was found that the
interactive online notes and resources were easigssible for all students at any time, and
the self-checking quiz was effective in engagingdenhts. However, to further maintain the
smooth execution of the blended learning approduioughout the study, continuous
maintenance of the learning management (Moodle)made. This was done in collaboration
with lab assistant instructorsand ICT directorshef universities. There was also a continuous

update of the contents throughout the study period.
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3.4. Site and Participant Selection

The participants of this study were students takihg course linear algebra Il in the
comparison and experimental universities, at thgadment of mathematics. It is clear that
the study requires at least two groups taking #meescourse, as a result two universities were
selected. Before the beginning of the research,unmeersity (U1) was found to be suitable
for the intervention. However, at the beginningtioé study, U2 was identified as another
more suitable site for implementing blended leagnintervention. Hence, it was also
included to see the replicability of the resultsorder to increase the comparability and
reliability. The selection of these Universities svdased the theoretical framework
(institutional dimension). Thus, the universitieerey selected due to the institutional
readiness, infrastructural facilities (computer hatih internet access) and willingness to

support the implementation process throughout ¢ngester.

Thus, the intervention was made on these two usitves namely: Ul and U2. These two
universities were found to be suitable for the wgation and also showed their willingness
to support the researcher in all aspects for theessful accomplishment of the study. On the
other hand, the comparison group was taken frommihle the pilot University was taken to

be U4.

A total of 71 students participated, which wereetalkrom the three selected universities (see
sec 4.1). This number is obtained after rejectigjusients (two fromU1, one from U2 and

two from U3), because of the incompleteness ofitita they have provided.

The study was conducted at course level (Lineaghbabg Il). This course is given for year I

mathematics students. Students’ difficulties witlgeara are common, not only when

87



students are first introduced to the subject, tad when they are assumed to have mastered
the subject and are beginning to study calculusrt¢®y 1988). Computations, obeying
specific rules, working with variables and logi¢hinking are all components that students
need to know in mathematics. Thus algebra can kentaas a gateway to higher
mathematics(Stacey & MacGregor, 1999). A study ceotetl in one of the Ethiopian
universities shows that the main areas of algetratiich students encounter difficulty is
matrix operations and solving system of linear éigna(Tadesse, 2014) which are the gist of

algebra. Thus, it was based on this impressiondigabra course was selected.

According to the harmonized curriculum, studentktthree computer courses in semester |,
Il and Il namely; introduction to computer, fundamals of programming I, fundamentals of
database system. This was a good opportunity ostidy, as it resolves problems in basic

computer use.

For the qualitative data collection, a systema#mgling method is used to select student
participants. The recordings of their thoughts weigde based on their willingness. In this
regard, some students preferred not to be recoided.result, a detailed note is taken during
the interview and then | gave them to read the abtine end of the interview for possible

corrections of omission.

3.5.Variables of the Study
Independent variables represented in the teachimogrgam were blended learning and
traditional method. While independent variable espnted by gender (sex) were male and

female. On the other hand, the dependent variatdésde students’ algebra achievement and
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affection. Affection was considered to be the dffecaspect of students which includes math

anxiety, affective aspect of self-regulated leagniacademic hardiness, motivation to learn

and satisfaction. Each variable except gender deddbd learning consists of different

numbers of constructs and number of items (see tflbelow).

Table 3.1. Variables, instruments and number ofiste

Variables Dimensions (no of items) Total No of Remark
items
Satisfaction Learner-content (3) 8
Learner-instructor(3)
Learner-learner(1)
General satisfaction(1)
Mathematics Positive item (5) 11
anxiety Negative item (6)
Academic Commitment(8) 11
hardiness Challenge(3)
Self-regulated Goal setting(1) 18
learning Environment structuring(4)
Task value(3)
Time management(3)
Help seeking(3)
Self-evaluation(4)
Motivation to Intrinsic(3) 10
learn Extrinsic(7)
Algebra Pre-test(10) 40 Each test was
achievement Test 1(10) examined
Test 2(10) separately not
Post-test(10) aggregated as
others
Total number of items 98
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3.6. Data Collection Instruments

Based on the nature of the variables used in tndysmultiple data collection instruments
were used. Particularly, mathematics anxiety ratisgale (MARS), Online SRL
Questionnaire, satisfaction survey questionnaim@jwation scale, hardiness scale, interview,

observation and achievement test were used irstindy.

3.6.1. Mathematics Anxiety Rating Scale (MARS)

To obtain students levels of mathematics anxieti4-dtem MARS developed and validated
by (Mahmood & Khatoon, 2011) was adapted. Howeafer pilot analysis, three items were
rejected because of their low inter item correlatioth the overall item. Hence, for this study

mathematics anxiety was measured using a likel¢ sagh 11 item scale.

This scale is a bi-dimensional and shorter instrne which 5 items are worded positively
and 6 items worded negatively. It is a 5-point fikecale that assesses positive and negative
dimensions of math anxiety. Students choose amloadite alternatives namely: strongly
agree, agree, neutral, disagree and strongly disaghe wording of the adapted item has
been changed to fit issues of this study. iRstance the item “I would prefer
mathematics as one of my subjects in higher studises changed to “I would prefer
algebraas one of my specialization in further studiyie positive effect items were reversed
for scoring so that a high score indicates highiegtgx The range of scores was from 11-55

and high scores will indicate high math anxiety.
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3.6. 2. Achievement Tests

The achievement tests (pretest, testl, test2 arsttept that were used in this study
comprises 10 items each developed by the researtheneasures students’ algebra
achievement before, during and after the treatniémst is based on the design of the study
which requires additional two achievement testspe@oadministered at the middle of the
study. Different achievement tests were used &b stages, as it is possible that taking the
same test several times has some disadvantagesasu@membering the test items and
memorizing the right answers during the processjchvaffects the validity of the results.
Based on the goal of the course, all tests focusedhree learning categories namely:
understanding of algebra concepts,computationdagical reasoning. All tests were piloted

and validated for their equivalence before uséédctual study.

In this study, students’ score on pre-test sengtha basis to investigate students’ initial
difference. All items of pretest, testl, test2 godttest were multiple choices with 4 options
A-D. To identify the achievement domains being miead and to ensure that a fair and
representative questions appear on each test, etbmancher has developed a table of
specification (see appendix H). The table of speatibn is developed based on the idea of
test preparation by (Gronlund, 1977). He suggetstatdbefore preparing tests, it is important
to prepare a table of specification based on thenleg outcome and topics in accordance
with their relative importance. In this study, #bsts were scored manually by the researcher.
Each correct answer holds one mark while a wrongvan was scored zero and for the
purpose of simplicity, the results of students achetests were converted to 100%. The
assumption behind the table of specification i$ &z&h learning outcome should be achieved

by each students after the teaching-learning psosesonducted.
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3.6.3. Self-regulated Learning Questionnaire

Self-regulated learning centers on the self asgamtawho acts upon his or her environment
to achieve learning goal. Within self-regulatedihéag, goal settings, time management, task
strategies, environment structuring and help-segkie the core components (Barnard-Brak
et al., 2010). After reviewing various tools usedssess self-regulation and goal orientation,
as well as considering the goal of the study, a@exdnalized instrument to the online and

distributed learning environments called Online SRuestionnaire (OSLQ) was adapted.
With reference to the theory of self-regulation eéducational psychology(Barnard et al.,

2009), the instrument was developed to measureestsidabilities to self-regulate and

monitor their learning in online and blended segtin

Thus, the current study examines self-regulatechieg skills and strategies in view of the
online and face-to-face learning environment. Tistrument was adapted from (Barnard et
al., 2009), which comprises 24-items using fivangd. The original 24-items scale were
revised and reduced to 19-items. The pilot studth&r found one item with low inter item
correlation, hence a scale consisting a total eitdri@s was used to measure self-regulating
learning. It consists of six subscales: goal sgttenvironment structuring, task strategies,
time management, help seeking and self- evaluaBased upon (Zimmerman, 1998) SRL
model, the first two subscales (i.e., goal settamgl environment structuring) are part of
forethought strategies, the next three subscales fask strategies, time management, and
help seeking) are part of performance controltetlias, and the self-evaluation subscale
belongs to self-reflection. Students choose amdmgg five alternatives namely: strongly

agree, agree, neutral, disagree and strongly disagr
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Though research has indicated that self-reportedsores of self-regulation have been
unreliable as over-estimates of self-regulatedniegr (Winne & Jamieson-Noel, 2002), the
OSLQ has revealed satisfactory psychometric priggeleing validated across two samples

of learners in the online and blended learningremments (Barnard et al., 2009).

3.6.4. The Situational Motivation Scale (SIMS)

A person who feels no encouragement to act is ctearaed as unmotivated, whereas
someone who is energized or activated towards dnsetonsidered motivated(Ryan & Deci,
2000). Motivation exists in two forms: intrinsicgextrinsic motivation. Intrinsic motivation
is a force inside the individual (Atnafu, 2012), iefh enable doing of an activity for its
inherent satisfactions rather than for some sepa@mnsequence.Extrinsic motivation on the
other hand is performed in order to receive somgtfiom others. Thus, extrinsic motivator

is outside of an individual.

According to Guay et al. (2000) different typeseafrinsic motivations have been proposed
by self-determination theory: these are externdlidantified regulations. External regulation
occurs when behavior is regulated by external rdsvam contrast, identified regulation

occurs when a behavior is valued and perceiveeiag lthosen by oneself.

To measure students’ motivation, the Situationatiion Scale (SMS) developed by Guay
et al. (2000) was adapted. The scale assessesntsfudentextual motivation toward
educational activities. The scale was also modiitecreate context. It is a 5-point liker scale.

So, students choose among the five alternativeselyarmstrongly agree, agree, neutral,
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disagree and strongly disagree. The overall scalapdases 10 items which measures

students’ intrinsic and extrinsic motivation.

3.6.5. Students’ Satisfaction Survey

How satisfied are students with the blended enwremt experience? Do they receive the
academic and expected social benefits? These gugsieed to be addressed truthfully for

successful learning. One of the measures of stugldigfaction is through the administration

ofstudent satisfaction scale. After expert revidw briginal 22-item scale developed by

(Strachota, 2006)was reduced to comprise only dist (see sec 3.8). Students choose
among the five alternatives namely: strongly ageegee, neutral, disagree and strongly

disagree.

3.6.6. Academic Hardiness Scale

To measure students’ academic hardiness, the deassdemic hardiness scale by (Creed et
al., 2013) was adapted. Initially the scale wasettgyed by (Benishek & Lopez, 2001). After
rigorous revision, Creed et al. (2013) reduces dhginal 19 item scale to 17, which is
psychometrically strong. The scale measures stad&ridency of commitment, challenge

and control.

A person strong in commitment believes that he¢strefind something in whatever is going
on that seems interesting or important. Persoonsgtin control believe they can beneficially
influence outcomes through effort and they arekahfi to feel powerless. Those strong in

challenge believe that life is best when they cargito grow in wisdom through learning

94



from experiences, whether positive or negative.yTaee unlikely to expect uninterrupted

comfort and security (Maddi, 2005).

3.6.7. Interview and Observation

To examine perceptions of students towards thedel@rearning, to understand students’
experiences with BL intervention and to hear stislemoices about the impact of the
intervention, to identify students’ personal fast@ffecting technology and the challenges
that emerged as a result of implementing BL apgrpacemi structured interview was used.
The interview was conducted three times: the piakny interview, during the intervention
and after the intervention. Interview is usefal getting the story behind a participant’s
experiences and pursue in-depth information radothe topic being studied and the
researcher has the opportunity to examine or dgdfaip questions (Berg, 2001). It is also

the most commonly used data collection methodsialigtive research(Yin, 2003).

Additionally, observation was also employed througfithe study to examine the challenges
of using the blended learning approach.This helged understand the nonverbal
expressionsof both students and instructors, gnasp participants are learning within the
two environments, and to check thetime spent onowaractivities. The nature of the
observation was both structured and unstructureturies and videos were also used to have
more understanding of the experimentation scenaulio recording was also used during
the interviews and focus group discussions. Fomptlmpose of confidentiality, the names of

respondents were not mentioned in the report.
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3.7. Data Collection Procedure

Following the protocol for conducting dissertati@search, a letter of permission describing
the purpose and the research activities was seedidb target Universities. Upon approval,
the same process was followed to seek permissoon &ach Universities. With the support
of the ICT director and the department of mathecsatihe researcher met with the targeted
students and course instructors to describe thgoparof the research, the activities and their
rights as participants. Prior to the beginning e actual study, an orientation of how to
proceed and work in the blended learning enviroimeas briefly described by the
researcher to students. Instructors and lab astssteere also given a brief description of
their role separately. The instructors, lab assistand students were given time to ask
guestions about the research or any of the aesvitiescribed. At the end consensus was

reached and appropriate schedule of the lab seasismade.

Regarding instructor effect, all instructors weraster's degree holders who specialized in
algebra. Apart from personality differences whiclanmot be handled, this creates
homogeneity across the three groups. Not only siglents were using the same harmonized
curriculum,which comprises the same course desmmniptourse objective, credit hour, and

course outline.

3.8. Validity and Reliability

Pilot study was conducted to check the validity aglébility of instruments. Validity refers
to the degree in which the instrument is measuhegntended outcome. The validity of each
instrumentwas determined using face validity, camstvalidity and content validity. It was

checked by supervisors and colleagues to ensuredacde content validity. Using the
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theoretical background and literature review, camcst validity wasaddressed.Moreover,
Cronbach alphawasused to measure the internal stensyreliability of the quantitative
instruments which ensures the consistency of ®adtoss items. Item analysis was also
conducted to determine the difficulty level of thehievement tests (pretest, testl, test2 and

posttest).

To assess whether the fourteen items that were sdntancreate the mathematics anxiety
score formed a reliable scale, Cronbach's alphacasaputed. And also inter item correlation
was computed to examine deficit items. The pilatdgtrevealed that the internal consistency
reliability using Chronbach’s apha for MARS was afer deleting 3 items. These 3 items
were found to have low inter item correlation witie whole scale, hence affecting the
reliability of the whole scale. Therefore, for tlaetual study mathematics anxiety was

measured using 11 item scale.

Validity refers to the ability of a test to measusbat it purports to measure, and test
validation is the process of gathering evidencesupport the inferences made by test
scores(Thompson, 2013). The study used the referakdity, and the internal consistency

reliability. To ensure content validity, the tesasMntroduced to a panel of experts in algebra
from Ul, U2, U4 and PhD Supervisors. Moreover,ttide of specification ensures content
validity. All tests were piloted on 28 studentsdyefuse for the main study. The item analysis

of each test was summarized in the following tabkbelow.

Table 3. 2. Item analysis of achievement tests

Tests Item analysis
Difficulty Reliability coefficient Remark
index (P) (KR-20)

97



3 items were revised, because they have

Pre-test 41 .58 low difficulty index; also 2 items were
rejected and replaced, as they have
negative discrimination index

All items have acceptable level of
Test 1 .57 .67 discrimination and difficulty index. Some
distractors were changed

All items have acceptable level of
Test 2 75 .69 discrimination and difficulty index. Some
distractors were changed

All items have acceptable level of
Post-test .76 .75 discrimination and difficulty index. Some
distractors were changed.

It is agreed that a reliability coefficient KR-20 & and above are acceptable for research.
For instance, Salvucci, Walter, Conley, Fink, amdb& (1997) and Andale (2017) all agreed
that a test must have a reliability coefficient RR-of .5 and above to be acceptable and

reasonably reliable.

KR-20 is used if the test items have varied diffiguwhereas KR-21 is used when a test
items possess the same or nearly the same diffiémitiale, 2017). In the current study, all
test items were prepared due considering a diveage of students and content difficulty.

Hence, each items have different level of diffigult

The item analysis for pretest shows that the temt wneither too difficult nor too simple.
Moreover, three items with difficulty index of ledsan .4 were revised and modified for the
actual study. Distractors that are not plausibleewadso changed. But items with difficulty
index of greater than .4 and with discriminatioder greater than .2 were retained for the
actual study. For test 1, it was found that alingehave good difficulty and discrimination

index, thus the test was neither too difficult tmw simple.
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Test 2 and the posttest also comprised 10 multiptece items taken from chapter 2 which
deals with orthogonality and chapter 3 canonicah®respectively. The pilot analysis shows
that all items of both tests were valid and rekalidut some distractors were not plausible,
that is not chosen by students. For both testsethgstracts were revised and changed for the

actual study.

The pilot study further revealed the internal cetesicy reliability using Cronbach’s alpha for
self-regulated learning scale to be .83 after dajet item. This item was found to have low
inter item correlation, hence affecting the relidpiof the whole scale. Therefore, for the
actual study, self-regulated learning was measusaty 18-item scale.Whereas, the internal
consistency reliability of motivation scale was riduto be .78. All the revised items were

found to have good inter-item correlation. Hendetams were used for the actual study.

The internal consistency reliability using Cronbadpha for satisfaction scale was .79 after
deleting 2 items. Because, the 2 items were foondaive low inter item correlation, hence
affecting the reliability of the whole scale. Thieme, for the actual study, satisfaction of
students was measured using 8 item scale.

Furthermore, the pilot study revealed the internahsistency reliability of academic
hardiness scale to be.72, after deleting 6 iterhes& 6 items were found to have low inter
item correlation. Accordingly, one item from commént subscale, one item from challenge
subscale and the four items of control were delégthce, for the actual study, academic
hardiness was measured and defined using the camemtitand challenge aspect only.
Students’ tendency to control their learning caratidressed through self-regulated learning

guestionnaire.
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3.9. Method of Data Analysis

The analysis of data in this study followed embeddealysis of quantitative and qualitative
data. All statistical tests were computed using IBMSS statistics for Windows, Version
20.0.The analyses were carried out using parantesis such as: t-test, Analysis of Variance
(ANOVA) and Analysis of Covariance (ANCOVA). Fordtlpost-hoc analysis, Tukey HSD
and Benforoni test were used. Because of the wolatf the assumption of using parametric
testsfor the variablespost-academic hardinessedfib experimental groups, pre-satisfaction
of experimental group2 and post-motivation of ekpental group2, non-parametric tests
such as Mann-Whitney U,Wilcoxon signed rank testl aruskal-Wallis test were
used.Additionally, Analysis of Covariance (ANCOVAing pre-test scores and previous
experience in using computers as covariates fabatgachievement and the pretest score for
all other variableswas used to increase the statigtower. The benefit of ANCOVA is to
statistically control for a third variable known asconfounding variable. A p-value of less

than .05 was considered to be statistically sigairtt.

For the qualitative data, this study used thematialysis to identify themes within the
data.The objectives of this research allowed tha tta speak for itself in parallel with the
guantitative data or play a role in further expilagnthe quantitative results which may
diverge or converge. But, the given phenomenonju&tfied to deeply give meaning about
the convergence or divergence, which further gigeslear understanding of why things
happened in that direction. On the other hand, &@semere not predetermined, but rather

emerged from the data. Hence, they were data-dthemes.
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3.10. Ethical Consideration

In any research, the researcher needs to con$idesthical and political issues in asking a
particular research question (Darlington & Scot®02). Therefore, in this dissertation,

informed consent and confidentiality was consider®sl an ethical issue to protect

participants’ identity. Permission to conduct #tady wasensured from the academic vice
president of U1, U2, U3 and U4. All participantsrevéully informed, about the purpose of

the research, the activities that were to be uallert prior to data collection, and their rights.
They were told that all information, including baata collected, test results, and audio
recorded during interviews will be used only fosearch purposes, their identities will not be
included in any part of the research report, aad tthey can withdraw their participation any

time without any consequences. Participants wise iaformed that there was no harm

whether they agree to participate in the researctob Moreover, audio recording and video
recording during the interview as well as during #xperimentation was made with the

consent of participants.
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Chapter 4:Data Analysis and Interpretation

The purpose of this study was to determine thecefd blended learning intervention in
improving students’ affection and algebra achievetri® achieve this purpose, the blended
learning program was designed, the study instrusnpevttich included content analysis, likert
scales and achievement tests were implementedstlidg included one exogenous variable:
blended learning. On the other hand, the depengaigble was algebra achievement which
was measured using pre-test, test 1, test 2 antteppbsWhile motivation to learn,
satisfaction, self-regulated learning, gender, acaddemic hardiness were intervening causal

variables. To achieve the goal of the study, mixedhods research was applied.

The research questions that were addressed irstily were: (1) Are there a statistically
significant differences in the students’ algebrdi@eement and affection between the
experimental and comparison groups? (2) Is thesatsstically significant difference on the
pretest of students’ algebra achievement betweerexperimental and comparison groups?
(3) Are there a statistically significant differeasc between the experimental groups and
comparison group on algebra achievement duringadied the intervention? (4) Are there a
statistically significant differences on the preéteSstudents’ affective components between
the experimental and comparison groups? (5) Areethestatistically significant differences
on the posttest of students’ affective componeptsvéen the experimental and comparison
groups? (6) Are there differences in gender onvdn@bles treated in the study within and
between groups? (7) How do students and instrucifmesceive blended learning
environment? (8) What are the challenges of apglyie blended learning method? (9) How

effective blended learning is in improving studéatgebra achievement and affection?
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4.1. Demographic Information of Participants
The first portion of the questionnaire seeks tawbtdlemographic information concerning the
participants in the study.Table 4.1 provides infation on gender, and access to internet, for

both experimental and comparison groups.

Table 4.1. Demographic information of the partici{sa

Groups Gender Age Internet use Total
Male Female Min Max Yes No
Experimental 1 11 11 18 23 10 12 71
Experimental 2 10 15 20 23 7 18
Comparison 7 17 18 25 6 18

As indicated in table 4.1, majority of studentstle experimental group (63.8%) have no
experience in using internet for educational oreotpurpose. The rest 36.2% have an
experience in using internet for educational puepasd social media.Campbell and Stanley
(1963) stated that experiments need replication @ods-validation at various times and
conditions before the results can be hypothetidatigrpreted with confidence. Accordingly,
the experimental group comprises two groups takem fUl (N=22) and U2 N=25). In
order to understand the real effect of the treatribe two universities were given similar

treatment (BL) and examined separately.

4.2, Study Context and Need Assessment

For the purpose of understanding the context aadimess of the universities where the
actual study was conducted, a need assessmentomdsioted beforehand. This includes
assessing students’ current need, students’difficul learning algebra, availability of

infrastructures for blended learning and willingnes$ the institution to allow and support the
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study. Accordingly, four universities including (Ud2, U3, and U4) were surveyed for their
willingness and availability of infrastructure fblended learning. This was done one month
before the actual study. At this instance, onlyhadl the willingness to support the study. As
a result, students of U1 participated in the nessgssment phase. The other universities were
not ready to provide appropriate schedule and coenpab with internet access. However, at
the beginning of the actual study, Wolkite Univgrshowed willingness and enthusiasm to
support and provide all the necessary things ferstindy. For this reason, it was included as
the second experimental group.The inclusion ofséheond experimental group adds a good
increment to the strength of the study design mepito examine the benefits of blended

learning.

Questionnaire, semi-structured interview and nomikppatory observation were used as a
primary source of data for the need assessment. gofa of the observation was to
examinethe existing local context and availabitifyinfrastructure for the blended learning,
in line with the purpose of the study. Non-partaip observation involves observing without
actively participating. This option was used to emstand a phenomenon by entering the
community or social system involved, while stayiagparate from the activities being
observed (Flick, 2006). Interviews on the otherchare particularly useful for getting the
story behind a participant’'s experiences and purstgepth information around the topic
being studied and the researcher has the opportuaitexamine or ask follow up

guestions(Berg, 2001).

For the need assessment, twenty seven (27) stedemiteted the need assessment

guestionnaire and six students were purposely teelefor interview. Based on the data
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obtained from the department of mathematics theteeviewees comprise different achiever

levels and gender. This is to obtain the viewdefdiverse nature of students.

4.2.1. Students Current Need in the Learning Process

Before designing and implementing blended learniingre is a need to build consensus with
teachers and students as to why a blended leaapimgach is beneficial to them. A blended
learning initiative could require institutional aige, and reallocation of funding, so it is
important to have transparency and understandingavoid deviation and promote
benefits(Delialioglu & Yildirim, 2008; Shea, 2007Y0 assess students’ current need,
different questions were raised by the researaha@btain a comprehensive data about the
issue. These include: the current learning chalestuidents’ computer skill and things to be

included if computer is to be used as a learniog to
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Figure 4.1. Most common current challenges of sitgle
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Students reported lack of reference materials,ilibabln go with the speed of the instructor,
and lack of continuous support of instructorsas ¢batemporary challenge which they
demanded for possible alternatives:. Additiongtigrticipants also mentioned the mismatch
between the listed references and the course doatehlibrarians’ inability to provide the
requested material. To endorse these results, dhee question was raised during the
interview. Regarding the current constraint andireitneeds one participant responded as

follows:

The reference books listed in the reference listhef course outline do not comply
with the course content and sometimes if it exigtss in a limited number and
unavailable when asking the librarians. Becauséhisf we are striving to take all

notes in the classroom and unable to go with tkeedpf the instructor

All participants expressed this situation as a lenobin their learning and call for availing all
important reference materials and also buildingralitans’ skills to support them.
Furthermore, students were also asked to listspléets that help to strengthen their learning
of algebra course. Accordingly, students mentianedportant to look for collection of
previous exams and worksheets, instructor lectwt,nsolved problems, collection of

learning resources, as well as good assistancetfrenmstructor.

As part of the need assessment, students were dskey prefer the absence of classroom
instruction in a computer mediated class. To thid, ¢hey disagreed with the total absence of
the instructor in a computer mediated algebra ®ufne participant replied as “if a

computer mediated instruction is to be introducsihg computers or internet, it should be

with the help and close supervision of the inswubith in the classroom and computer lab”.
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Lined up with this, another participant replied“theesence of the instructor is crucial since
algebra needs deep explanation to understand. Andking what | want to add is the
smartness and preciseness of the online conterhvidialso important for usThe quality

of the content is important not only in the onlieevironment but also in the offline (the
usual face-to-face)classrooms. It is therefore irgm to focus on the quality of the contents
delivered such that it could be easily underst&@mme students may disregard e-learning due
to resistance to change or afraid of technology¢Kas2017a; Ramakrisnan, Yahya, Hasrol,

& Aziz, 2011). So, the blended learning model cacoepass this entire flaw.

4.2.2. Students Skill in Computer Use

Blended learning can be successfully implementat sitndents make use of it, if students
havesufficient knowledge, and are ready to useriely introduced technology(Poon,
2013). So, before initiating the program, studerkebwledge of computer and their
competency need to be identified and assured. Rieggthese issue participants of this study
responded as follows: “we have a motivation toriaasing computers and our knowledge of
computer will be improved through the computer sesrthat we are taking and through time

when having an opportunity to practice”.

In a technologically naive society, like Ethiopsudents’ skill in computer usage might be
one of the challenges for the resistance to chafgme students came from a rural school
where there is no or limited computers and inteageess. These students need time to cope-
up with the technology usage; this situation mdgaftheir learning simply since they are
new to computer.In this study, the target popurat®osecond year mathematics students. At

this level, students took three computer coursemeha introduction to computer,
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fundamentals of programming |, and fundamentaldaif base system. So, it is evident to

say that starting from the second semester of yestudents can be assumed to have basic
computer skills. Additionally, participants both time questionnaire and interview addressed
that they have acquired basic computer skills sacbpening and shutting down computers,

retrieving documents from the hard drive and wgtsome notes on Microsoft office word

and excel.

Participants also reported that they have an épes in accessing the internet through their
smart phones and in the internet cafe, for the ggepf communicating with friends via the
social media and sometimes to retrieve educaticoatepts. Among the participants, 66%
reported that they have an experience in accesbmgnternet for educational purpose to
supplement their learning. But, there are limitasion email communications; all participants
reported that they have limitations in communiatinrough email. This is due to the novice
nature of students. As the technology expands situation will be reverted. Especially, the

notion of using technology for educational commatian is a main concern in Ethiopia.

There is a promising trend in the future technologggration in the learning process. It is
also evident that Ethiopian government recognibesenefits of educational technology and
aimed to fulfill all infrastructures even in lowgrades in the ongoingfiftheducation sector
development program (2015-2020)(MOE, 2015). Hedesjgning good and tested blended

learning program and/or course takes priority todbie from technology integration.
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4.2.3. Analysis of Local Conditions Suitable for Blended Learning

The worth of blended learning depends on its spedésign, implementation and the
particular problem for which it is designed to sahAn important component for a blended
learning to be effective is therefore the currariitastructures which determine a foundation
for blended learning. According to Poon (2013) asfructure includes technological

requirements that must be met for blended learning.

Having difficulty with technologies such as slowtdmet connections and shortage of
computers is found to inhibit students' ability gngage in online discussion(King, 2002;
Smyth, Houghton, Cooney, & Casey, 2012; Tadess®4)2( his issue should be a concern
for a nation like Ethiopia where there is limitedernet speed. This issue can be reduced by
alternatively using the local server, designingit@ shat can run in a low bandwidth

connection and more generally upgrading the spéadernet institutionally and nationally.

In U1, the speed of the internet was good durirgitiplementation of this study. According
to the ICT director of the university “It has beepgraded to 150 GBper second and so the
speed of the internet was excellent”. In searclsngable computer laboratory in the
university, the digital library was preferable irany ways. This library is available for all
students of the university. For the purpose of #tigly, working computers were identified
and given a research identification numbers. Thiglone to document course materials
consistently. This laboratory was reserved at tghtrsessions and Saturday morning. So, by
dealing with library directorate, permission wastanied to use the library for research
purpose only. The installation of network cablesh& laboratory was better as compared to

other laboratories found at the department of cdaepscience and information technology.
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The computer laboratory for other departments wese connected to the internet. For
instance, the computer lab arranged for the depattiof mathematics and statistics were not
connected to the internet and hence not suitabletHe intervention. That is why the

researcher arranged the digital library as an ofsroconducting the intervention.

E';’-"" .';ﬁfil kite University

Figure 4.2. Students working on the online platform

At Wolkite University, which was taken as the sata@xperimental group, the computer
laboratory used for the study was found at the dieynt of mathematics. This computer
laboratory was quickly maintained and became abkaléor the intervention. The department
and the course instructor showa great keennessike mverything available so as to benefit
from the intervention. Apart from their interestiding another experimental group makes the

results of the study more valid and sound.

The development of blended learning requiressetfici resources, including financial
resources, time, effort, and expertise. The is$udfort and expertise may not be handled by
IT (Information Technology) personnel alone, simdesigning blended learning course

requires subject matter knowledge as well. So,eftective, continuing development and
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evaluation of blended learning, teachers must ld@wad with both technology and subject
matter knowledge. It is also true that high levahtentknowledge contributes little when the
teacher lacks the generalpedagogical skills requarel technological skills which enable the
teacher to create a conducive environment wheraiteacan take place. Thus for the current
dynamic world, teachers need to have the amalgaati @howledge (technology, pedagogy,

and content).

The Technological Pedagogical Content KnowledgeAQR) framework describes the type
of teacher knowledge required to teach effectivath technology(Koehler & Mishra, 2009).
The use of technology for learning introduces a isetvof variables which are challenging
for teachers. According to Koehler and Mishra (20@8e TPACK framework identifies a
fusing structure that guide for appropriate techgglintegration. Thus, teachers should be
endowed and understand how technology, pedagogyg@mtent correlate, and create a form
of knowledge that goes beyond the three separaiwlkdge bases. This is the knowledge
structure of teachers required for the'Zentury. This knowledge is also required for
blended learning to reach its premises. This isbse, the online session of blended learning
requires a systematic arrangement and restructofimgurse contents which will be linked

with the face-to-face instruction.

4.3. The Implementation process of Blended Learning Approach

The blended learning environment serves as a codédinery platform, as well as promoting
communication and construction of knowledge thatlenid suitable for learners. As a follow-
up to the suitability of the design, students wiaterviewed at the middle of the study. This

helped to get valuable information to modify thepaach for students’ success. The
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interview took the form of informal conversationiaderviews where students were randomly
selected and interviewed using open-ended questionsvaluate effectiveness of the
intervention in addressing their learning needsi&tts of the two experimental groups,
reported that the introduction of the blended leayrenvironment had improved their course
engagement and interactionwith the instructor. Hewe due to thepower interruption,
students experienced some difficulty in terms o$tivey time. Due to the limitation that they
do not have their own computer to access the ommgse materials and contents at any
time, students werealso limited in fully benefitifrom the blended learning. However, by
dealing with concerned bodies, students were allioweenter the laboratory at any time they

want and the lab attendant gives appropriate safp@ostudents in need.

Additionally, students were also given a moodle it@olapplication, which can be accessed
anywhere at any time using mobile data or Wi-FiisTdpplication could also allow students

to create forum posts andattempt the self-cheofnzrzes offline.
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Linear algebra Il

Participants

Badges

Competencies

Grades

General

Chapter 1:The
characteristic equation
of a matrix

Chapter 2: Orthognality

Chapter 3: Canonical
forms

Chapter 4: Bilinear and
quadratic forms

Chapter 5: Direct sum
decomposition of vector
spaces

o

Chapter 1:The characteristic equation of a matrix

The characteristic equation is the equation which is solved to find a matrix's eigenvalues, also ca
matrix A, the characteristic equation in variable A is defined by det(A-A1)=0,

E’E Eigenvalues and eigenvector
Sﬁ The characteristic polynomial
@ Check your understanding
Sﬁ The spectral radius of a matrix
SEI Diagonalization

gﬁ Minimal polynomial and Cayley-Hamilton theorem
gﬁ Decomposable matrices

Q] Check your understanding
% Discussion area

@ Learning resourse

@ Learning resource

ﬁ learning resource

Chapter 2: Orthognality

Figure 4.3. Structure of algebra lesson on theneriearning platform

Students have also a good opportunity to checkr thederstanding. This is the self-
evaluation phase of self-regulated learning. Stteléked the self-checking quizzes for the
evaluative and challenging nature. The feedback dibrquestions was provided after
submission, which helped students to track thdficdities and get immediate feedback by
the system. Students can then read the notes agdiminderstand the content. If still their

difficulty persists, they can post to the forum a&d help from their peers and the instructor.

They can also ask the question in the face-to-¢&ssroom session if needed.
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State Finished
Completed on Sunday, 21 May 2017, 10:36 AM
Time taken 56 secs
Grade 1.00 out of 10.00 (10%)
Feedback Faill more reading is expected to scale up your competency

3 —1 O
Find the rational canonical formof A — | 0 2 (0)
il —i 2

Your answer Is iIncorrect.

Select = find the similarity invariants which will help us to construct the companion matrix:

il W (U z—3 1 0
a. (zI— A) = 0 z—2 0
—1 1 z—2

()
[y
[

2 o 0 Now the determinantal devisors of (I — A) are:
0 0 1 di=gcd{z — 3,1,0,0,z — 2,—1,1, =z — 2}=1
d2= gca{(z — 3)(z — 2),0,0,(z — 2), (z — 2),0,z — 2,z — 2,(z — 2)(z — 3))=
(x-2)
-2 0 0] ds=gcd{z — 3)(z — 2)%}=(= — 2)%(= — 3)

Then the similarity invariants of A are:

0 —6 5 2
- fimdi=1,fo=2 —(z—2),si—p =(z—2)(x—3) =22 —5z+6
[—1 0 O Then the companion matrix becomes:
a.[ 0 1 1] C(f2) = [2]
0 6 5

et =% 5

Hence the rational canonical form of A is:

2 0 0
C(f2) 0
Ra — [ 0 C(f3)] - [8 :)6 ;:|

2 0 0
The correct answer is: | O 0 il
0

Figure 4.4. Students’ Online learning environmeatitehecking quiz and feedback

In respect to the online learning session, studeat® gotan opportunity to study anytime
from textual digital materials provided in pdf thighout the semester. The lab assistants
were informed to assist experimental group studentgetting into the reference materials.
However, very few students were observed studytiegréference materials in the lab. This

will be attributed to the lack of time managemeamd eaesistance to change.
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4.4. Descriptive Statistics of the Variables Treated in the Study

Table 4.2 shows the descriptive statistics of thdables for the comparison group. The
descriptive statistics is computed separately tesahe distribution of data is different in the
experimental groupl, experimental group2 and corsaigroups.

Table 4.2. Descriptive statistics of the varialdéghe study for the comparison group

Skewness
Variables N Min  Max Mean Std. Statistics Std.
Deviation Error

Algebra achievement Pre- 24 30 90 62.92 13.667 -.022* 472
test

Algebra achievement Test 24 10 90 60.00 21.059 -.884* A72
1

Algebra achievement Test 24 40 100 72.92 21.964 -.379* 472
2

Algebra achievement Post- 24 0 80 55.42 19.332 -935* A72
test

Pre-MARS 24 20 50 40.29 7.527 -1.070 472
Pre-SRL 24 51 76 65.29 7.871 -.282 A72
Pre-satisfaction 24 21 37 30.42 3.161 -.671 A72
Pre-AHS 24 30 52 42.08 5.183 -.498 472
Pre-motivation 24 29 47 37.13 5.076 .408 472
Post-MARS 24 23 51 41.50 6.972 -.629 472
Post-SRL 24 49 80 67.79 7.918 -.503 A472
Post-satisfaction 24 25 39 29.25 6.668 -.430 472
Post-AHS 24 32 51 40.79 4,718 313 472
Post-motivation 24 33 46 37.83 2.823 931 472

MARS-Mathematics Anxiety Rating ScaleAHS- Acadedardiness Scale

SRL- Self-Regulated Learnintjose variables are clearly scale variables

As could be seen in table 4.2, the skewness af¢hkes; was computed. This is to determine
the distribution of the data. According to Cohef88) if the skewness is less than plus or
minus one (< +/-1.0), the variable is at least apipnately normal, which is one of the
assumptions for using parametric tests. Using tthlis of thumb, all scale variables were

approximately normal. Thus, parametric tests cdiddused to analyze the data during the
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within group comparison. Similarly the descriptiwtatistics of the variables for the

experimental groups were given in table 4.3 below.

Table 4.3. Descriptive statistics of the varialdéghe study for the experimental groupl

Skewness
Variables N Min Max Mean Std. Statistic Std. Error
Deviation S
Algebra achievement Pre- 22 50 90 64.09 10.075 .580* 491
test
Algebra achievement Test 22 10 100 60.91 24.671 -177* 491
1

Algebra achievement Test 22 30 100 80.00 17.457 -1.241* 491
2

Algebra achievement Post- 22 30 100 80.91 19.978 -1.320* 491
test

Pre-MARS 22 27 52 41.32 7.606 -.454 491
Pre-SRL 22 52 83 70.36 7.907 -.660 491
Pre-satisfaction 22 23 40 31.91 4.471 -.219 491
Pre-AHS 22 36 51 42.64 4.293 .235 491
Pre-motivation 22 30 49 38.59 5.049 .328 491
Post-MARS 22 29 55 44.09 8.164 -.523 491
Post-SRL 22 56 89 74.95 8.352 -.538 491
Post-satisfaction 22 24 40 35.77 4.830 -1.077 491
Post-AHS 22 32 52 44.86 4774 -1.233 491
Post-motivation 22 33 50 43.68 4,961 -.316 491

MARS-Mathematics Anxiety Rating ScaleAHS- Acadefdardiness Scale
SRL- Self-Regulated learninfjose variables are clearly scale variables

The descriptive statistics for experimental grogiMen in table 4.3 above shows that the
variable Academic Hardiness Scale (AHS) was nomiadly distributed during the post-test.
The data wasskewed to the left. So, when this blris considered as a dependent variable
later on, non-parametric tests is used. Similatgscriptive statistics of experimental group2

is presented in table 4.4 below.

Table 4.4. Descriptive statistics of the varialdéghe study for the experimental group2

Skewness
Variables N Min Max Mean Std. Statistic Std.
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Deviation S Error

Algebra achievement Pre-test 25 40 100 65.60 18.046 A52* 464
Algebra achievement Test1 25 70 90 83.60 5.686 -115* 464
Algebra achievement Test2 25 20 100 63.60 23.402 -.039* 464

Algebra achievement Post- 25 30 90 76.40 15.513 -1.449* 464
test

Pre-MARS 25 19 49 37.68 6.719 -.709 464
Pre-SRL 25 41 78 60.96 8.502 -.191 464
Pre-satisfaction 25 15 35 29.28 4.430 -1.556 .464
Pre-AHS 25 32 45 39.48 3.959 -.209 464
Pre-motivation 25 23 44 36.76 4,746 -.796 464
Post-MARS 25 36 49 42.28 2.777 .078 464
Post-SRL 25 30 83 64.80 11.402 -.827 464
Post-satisfaction 25 25 39 32.28 3.646 -.115 464
Post-AHS 25 15 51 38.84 7.209 -1.232 464
Post-motivation 25 15 46 35.72 6.542 -1.259 .464

MARS-Mathematics Anxiety Rating ScaleAHS- Acadefdardiness Scale
SRL- Self-Regulated learninfyose variables are clearly scale variables

The descriptive statistics for experimental grogpn in table 4.4 shows that the variables
Academic Hardiness Scale (AHS) and motivation wesenormally distributed during the
post-test. Whereas, satisfaction was not normadiyiduted during the pretest. All data were
skewed to the left. So, when these variables ansidered as a dependent variable later on,
non-parametric tests is used. The analysis statiisthae investigation of group difference on

algebra achievement followed by affective composient

4.5. Analysis of Group Difference on Algebra Achievement

The first research question seeks to answer whétkeee is a difference between groups on
the pre-algebra achievement test and affectiosayts “Is there a statistically significant

difference on the pretest of students’ algebra eam@ment and affection between the

experimental and comparison groups?

117



For the purpose of identifying the difference bedwehe three groups (experimental groupl,

experimental group2 and comparison group), one/ANM@VA was computed.

4.5.1. Analysis of Group Difference on Pretest

Algebra is an important part of mathematics, beegiuserves as the gateway to advanced
coursework in mathematics and engineering. Inghgdion, algebra achievement of students
that was obtained using the ten item test develdyyetthe researcher and administered at the
beginning of the study was used. This test is useekamine the initial difference (if any)
between the three groups. It is therefore, thenintd the first sub-research question to
determine whether there is a difference betweenthhee groups on algebra achievement
before the commencement of study. Thus, scoresnelotdrom the pre-algebra achievement
testwas analyzed by applying One-Way ANOVA, whidmpares the means of the three

groups as shown in tables 4.5 below.

Table 4.5. Descriptive statistics of the three geoun algebra achievement before the

treatment

Algebra achievement
Group N M sSD
Experimental group -1 22 64.09 10.075
Experimental group-2 25 65.60 18.046
Comparison group 24 62.92 13.667
Total 71 64.23 14.309

The result of the study shows the mean score ofettgerimental group 1M=64.09),

experimental group 2M=65.60) on the algebra achievement test when tested dehm
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treatment and that of the comparison gradg§2.92) was nearly the same. The difference is
also not significant at .05 level(see table 4.G)efEfore, at the beginning of the study, the

three groups were considered nearly similar intaigachievement.

This result can be taken as a good starting poimtfer the effect of the treatment (BL) after
the intervention. Hence, if the experimental groapsre higher than the comparison group
on the post- algebra achievement test, it will holbebe due to the treatment, provided that
other confounding variables are controlled. On tkgard, the researcher tried to control all
the possible confounding variables such as timeergifce, the effect of the teacher and

topics covered. The, one-way ANOVA summarized bidal.6 below.

Table 4.6. One-Way Analysis of Variance Summaryetabmparing groups on algebra

achievement before the treatment

Source df Sum of Mean F p
square square
Between groups 2 88.743 44.371 212 .810
Algebra Within groups 68 14243.652 209.465
achievement Total 70 14332.394

The result of the study shows that there was $§tally non-significant difference on pre-
algebra achievememt(2, 68)=.212, p>.0% The basic dependent variable in this study was

algebra achievement which is influenced by all othariables. This resultshows that the
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three groups possess nearly the same in algebiavaoient before the treatment. It is
therefore, a good starting point to deduce theceffef the treatment (BL) after the
intervention. That is, if the experimental groupsre higher than the comparison group on

the post-algebra achievement test, it is hopehglylue to the treatment.

4.5.2. Comparison within Groups on Algebra Achievement
The first goal of this study was to investigate #féect of blended learning on algebra

achievement. During the intervention, algebra a@meent testl and test2 were administered
to examine the progress of students. Besides cangptre achievement of experimental and
comparison groups, in this section, the progressioeach group from pretest to posttest
have been examined to observe the effect of thervemtion. In this part of analysis, the

results of all groups on algebra achievement medshiefore, during and after the treatment
was used. For this type of analysis, a repeatedsunea ANOVA was used. This is because,
observations aretaken from the same or relatedestisbpver time (Elliott & Woodward,

2007).

As with one-way ANOVA, the repeated-measure ANOVEquires the assumptions of
normality and equality of variances. The commordggdiassumption for equality of variance
is sphericity, which assumes the variances of tfierdnces between all combinations of the
related conditions are equal(Leech, Barrett, & Morg2005). To test this assumption,
Mauchly’s test for sphericity is commonly used witliSPSS(Elliott & Woodward, 2007). If

p<.05, additional correction steps should be taKére correction is to adjust degrees of
freedom of numerator and denominator by multiplyiing adjustment factor (epsilon). There

are three kinds of epsilon used to test the withibject effect in SPSS, the Greenhouse-
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Geisser Huynh-Feldt epsilonand the lower boundredgé (Kim, 2015a). If the epsilon is
close to one or p<.05, the sphericity assumptionmist, then there is no need of
adjustment(Elliott & Woodward, 2007; Kim, 2015ah@twise, the guideline of epsilon is
used which is determined by the Greenhouse-Getgsglion. That is, if it is larger than 0.75
then the Huynh-Feldt epsilon is used, otherwisee tBreenhouse-Geisser epsilon is
used(Kim, 2015a; Leech et al., 2005).To start #peated-measures ANOVA comparison,
the descriptive statistics of students score onelaly achievement pretest, algebra
achievement testl, algebra achievement test2 aygbral achievement posttest is given in
table 4.7 below, which shows the patterns of sttelerlgebra achievement before, during

and after the intervention.

Table 4.7. Descriptive statistics of all groupsiigebra achievement

Group Mean Std.

N Pretest Testl Test2 posttest deviation
Experimental-1 22 64.09 60.91 80.00 80.91 10.075
Experimental-2 25 65.60 83.60 63.20 76.40 15.513
Comparison 24 62.92 60.00 72.92 55.42 19.332

From table4.7,it can be seen that on average tieeki algebra achievement was detected on
the posttestNI=80.91, SD=10.07pbfor experimental groupl and during the intervemtior
experimental group2=83.60, SD= 15.51B On the other hand, the highest achievement in
algebra for the comparison group was detected ogebeh achievement test2
(M=72.92,SD=19.332 The data showfluctuations in algebra achieveroéatl groups from
pretest to posttest. But, to find out whether thebserved variationswere significantly

different from each other, the repeated measure©WA was used.To assure that the
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assumption of equality of variance is met, Mauchliést of sphericity is computed and

presented in table 4.8 below.

Table 4.8. Mauchly’s test of sphericity for testiguality of variance

Within  subjects Approx.Chi- df p Epsilon

effect Square Greenhouse- Huynh-  Lower-bound
Geisser Feldt

Experimental 1 7.586 5 181  .808 921 .333

Experimental2 14.058 5 015 727 .803 .333

Comparison 3.923 5 561  .899 1.000 .333

In table 4.8the Mauchly’s test indicated that tlssuanption of sphericity had been met for
experimental group #(5) =7.586, P>.05 and comparison groupf(5)=3.923, P>.09.
However, the assumption of sphericity was not raeekperimental group2t{(5) =14.058,
P<.05). In this case, the “epsilon” values on the righttdd side of table 4.8is used to
calculate an appropriate adjustment to the degoédseedom of the F-test(Leech et al.,
2005). Table 4.9 shows the revised results uSiegnhouse-Geisseorrection together with

the results of both experimental groupl and corspargroup.

Table 4.9. Repeated measures ANOVA for testing imAslibjects effects on algebra

achievement

Source df Sumof Mean F p Partial Eta
square square squared

Experime Sphericity 3 7212.50 2404.167 9.579 .000 .313
ntal 1 assumed

Error 63 15812.50 250.992
Experime Geenhouse- 2.182 6804.00 3118.821 8.354 .001 .258
ntal2 Geisser

Error 52.358 19542.00 273.313
Comparis Espericity 3 3953.125 1317 4.844 .004 174
on assumed
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Error 69 18771.875 272.056

As shown in table 4.9 above, the repeated meashi®VA, show the mean scores
ofalgebra achievement measured before, during &ed the interventionweresignificantly
different for experimental groupE(3, 63) = 9.579, p<.05y4% =.313), experimental group2
(F(2.182, 52.352) = 8.354p<.05, #? =.258), and also for comparison group(8, 69) =
4.844,p<.05, ?>=.174). Thus, there is a significant difference for gdbups between pretest
and testl, or testl and test2 or test2and postiegiretest and posttest. To determine the
pairs of tests in which the difference has occyreefurther post hoc Bonferroni test have

beencomputed and summarized in table 4.10 below.

Table 4.10. Post hoc Bonferroni test for pairwisenparisons, comparing the progress of

each group on algebra achievement

Group (halgebra (J)algebra Mean difference (- P
achievement achievement J)
pretest Testl 3.182 1.000
Experimental 1 Test2 -15.909* .002
Posttest -16.818* .010
Testl Test2 -19.091* .012
Posttest -20.000* .014
Test2 Posttest -.909 1.000
pretest Testl -18.000* .001
Experimental 2 Test2 2.400 1.000
Posttest -10.800 .095
Testl Test2 20.400* .001
Posttest 7.200 .200
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Test2 Posttest -13.200 .164

pretest Testl 2.917 1.000
Comparison Test2 -10.000 .529
Posttest 7.500 .733

Testl Test2 -12.917 .051

Posttest 4.583 1.000

Test2 Posttest 17.500* .002

*the difference is significant at .05 level.

The multiple comparison presented in table 4.10wsha significant difference between
algebra achievement testl and algebra achievemasifi, tand also between pretest and
posttest for experimental groupd<(05). The result further shows that experimental glloup
students have gained 19.091 points on average fesii to test2 and 16.81 point from
pretest to posttest. Though the mean gain fron2 tiesposttest (.909) was not statistically
significant, the mean gain they have acquiredfrogtgst to posttest (16.81) was very high
and statistically significant, which can be atttdalito the blended learning intervention being

used.

For experimental group2, the multiple comparisorthier shows a significant difference
between algebra achievement pretest and algebiavaoient testl, and between algebra
achievement testl and algebra achievement pest). It can also be inferred that
experimental group2 have gained 18.00 point onaaeefrom pretest to testl and 20.40 point
from algebra achievement testl to algebra achiemetast2. Their achievement on the final
test(posttest) wasimproved by 10.80 points on @eereompared with the pretest result,
though it is not statistically significarp£.095). This can be taken as a marginally significant
gain. Because, the difference isnot quite significabut very close to be significant

(Pritschet, Powell, & Horne, 2016). As a threshimidsuch condition,researchers posited that
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a p-value of .10 or less is marked as marginaliyificant(Guadagno, 2010). Hence, it is

evident that there was a positive effect of therwention (BL) on their algebra achievement.

For the comparison group, the multiple comparisoesented in table 4.10 shows a
marginally significant difference between algebchiavement testl and algebra achievement
test2p=.051). However, there is statistically significant eifénce betweenalgebra
achievement test2 and algebra achievement poftte8b). In this case, the difference is not
an increase but it is a decrease of students’ edgathievement by 17.50 point on average.
As the posttest is administered at the end of ikervention and which is also at the end of
the semester, this might be due to the pressurelauoid of focus created by the tight
schedules and assignments. Thus, the two expeamgrmups showed better advancement
than the comparison group. That is, students inettpgeerimental groups benefited a lot in

improving their algebra achievement throughoutdiwrse of the study.

4.5.3. Analysis of Group Difference on Posttest

This section addresses the sub-research questsmad rim the study: “Is there a statistically
significant difference between the experimentalugs and comparison group on algebra
achievement during and after the intervention?’r8smbtained from the posttest results of
algebra achievement tests were analyzed by applgingne-way Analysis of Variance

(ANOVA), which compares the means of the three gsoas shown in tables 4.11 below.

Table 4.11. Descriptive statistics of the threeugoduring and after the treatment by algebra

achievement

Group Testl Test2 Posttest
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N M SD M SD M SD

Experimental group- 1 22 609 2350 80.0 17.4 80.9 19.9
Experimental group- 2 25 83.6 5.68 63.2 23.4 76.4 15.5
Comparison group 24 600 2105 729 21.9 55.4 19.3
Total 71 68.6 2153 71.7 22.0 70.7 21.2

Students of experimental groupl scored 60.9, 8(® Bfspectively on algebra achievement
testl, algebra achievement test2 and algebra ashmwt posttest. While students of
experimental group2 scored on average 83.6, 63624 Tespectively on the above
achievement tests respectively. In these similaregement tests comparison group students
scored on average 60, 72.9, and 55.4 respectiVely.mean score of experimental groupl
and comparison group were nearly similar on algeloctaevement testl.But, the mean score
of experimental group2 was larger than the scortheftwo groups. This difference is also

significant at .05 level (see table 4.12).

Generally, after successful implementation of béghtkarning strategy for one full semester,
the two experimental groups achieved better than dabmparison group in a significant

extent. Though there was a fluctuation on the nseamnes, the experimental groups benefited
a lot from the intervention in improving their aliya achievement. To further examine the
statistical differences if any between the threeugs regarding algebra achievement, one-

way ANOVA was used and summarized in table 4.12vel

Table 4.12. One-Way ANOVA Summary table comparingugs during and after the

treatment on algebra achievement

Source df Sumof Mean F p
square square
Between groups 2 8701.337 4350.668 12.453 .000
Algebra achievement-Within groups 68 23757.818 349.380
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Testl Total 70  32459.155
Algebra achievement-Between groups 2 3357.350 1678.675 3.726 .029

Test2 Within groups 68  30639.833 450.586

Total 70  33997.183
Algebra achievement-Between groups 2 8711.137 4355.569 13.017 .000
posttest Within groups 68  22753.652 334.613

Total 70  31464.789

The result of the study shows that the three grouese different from each other in a
statistically significant extent on algebra achmeeat testlf (2, 68)= 12.453, p<.0p
algebra achievement testE (2, 68)= 3.726, p<.0b and algebra achievement posttest
(F(2,68)= 12.017, p<.0b But there is no evidence about which pair ofug differ
statistically on the above variables of the studgnce, the Post hoc Tukey HSD test was
used for algebra achievement test2 and algebr&\aahient posttest as the Levene test was
not significant and so the assumption of homoggradivariance is not violated. On the other
hand, Games Howell test was used for algebra asment testl, since Levene test was

significant and the assumption of homogeneity ofarece is violated.

Table 4.13. Post hoc Tukey HSD test multiple congpais, comparing groups on two

variables

Variables to be (Hgroup (J)group Mean difference P

compared (1-J)

Algebra Experimental groupl Experimental group2 16.8* .023

achievement test 2 Comparison group 7.083 499
Experimental group2  Comparison group -9.717 .252

Algebra Experimental groupl Experimental group2 4.509 .678

achievement- Comparison group 25.492* .000

Posttest Experimental group2  Comparison group 20.983* .000

*The mean difference is significant at .05 level
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Post hoc Tukey HSD test indicated that in algelotdexement test2, the two experimental
groups differ significantly in their gradep (<.05, d=.813 and for all other pairs, the
difference was non-significar{(p>.05). On the posttest measure, students of experimental
groupl and experimental group2 shows non-significhfierence in algebra achievement
(p>.05). Which shows the convergence of their achievenidrs confirms that the treatment
made a significant positive effect on their algelarehievement. On the other hand,
experimental groupl and the comparison group dgfgnificantly in their grades on the
posttest algebra achievemep& (05, d=1.296 and also experimental group2 and comparison
group differ significantly on their posttest algalachievemenip(<.05, d=1.197. According

to Cohen (1988) the effect size for both differeneeas much larger than typical. For the
difference between groups on algebra achievemsti,t&ames Howell test was used and

summarized in table 4.14 below.

Table 4.14. Post hoc Games-Howell test multiple gamsons, comparing groups on algebra

achievement testl

Variables to be (Dgroup (9group Mean difference P
compared (1-J)

Experimental groupl Experimental group2 -22.691* 01.0
Algebra Comparison group .909 .990
achievement Experimental group2 Comparison group 23.6* .000
test- 1

*The mean difference is significant at .05 level

Post hoc Games-Howell test indicated that for algebchievement testl, the two
experimental groups differ significantly in theirrages  <.05, d=1.267 favoring
experimental group 2 with effect size much lardemt typical. On this similar achievement

test, experimental group2 and the comparison gadsp differ in a statistically significant
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extent p<.05, d=1.53. This result shows that experimental group2=83.60) scored better
that experimental groupIMEG0.91) and comparison grougMEG0.00). But, experimental
groupl and the comparison group scored nearly airoih algebra achievement testl, which

was not significant at .05 level.

4.5.4. Blended Learning Approach and Algebra Achievement

In this section, the overall effect of the treatmnen algebra achievement is discussed in
detail. The initial step is to determine whether Haseline differences have any effect on the
final posttest result. Though initially the threeogps are nearly the same in algebra
achievement and also the pretest and posttest deendifferent, it gives confidence if initial
slight difference is controlled statistically. Adionally, students’ previous exposure to
computers was also controlled as a covariate Maridb this part of analysis, Analysis of
Covariance (ANCOVA) was used to statistically cohtthe effect of the pretest and prior

experience of using internet or computer.

ANCOVA provides the influence of an independentiatale on a dependent variable by
removing the effect of the covariate factor andupialg error variance(Morgan, Leech,

Gloeckne, & Barret, 2004). This helps to accuratasess the effect of experimental
intervention (BL). Covariates are variables thayrmause to draw incorrect inferences about
the dependent variable. Thus ANCOVA tests whether independent variable still

influences the dependent variable after the remo¥ahe influences of the covariates.The
Levene’s test and normality checks were carriedamat the assumptions were met to use

ANCOVA.
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Table 4.15. Adjusted and unadjusted means andbiigydor post-algebra achievement

using pretest and prior computer use as a covariate

Variables Groups Unadjusted Adjusted
N M SD M SE
Algebra Experimental groupl 22 80.91 19.978  81.045 3.976
achievement Experimental group2 25 76.40 15,513 76.141 3.697
Comparison 24 55.42 19.332  55.561 3.780

Results indicated that after statistically contngllthe effect of the covariates (pretest and
prior computer use), the mean score of experimagrtailpl 81.043 was higher than both
experimental group276.14) and comparison groub%.56) on the algebra achievement

posttest.

The analysis of covariance presented in the taldé Below further shows the significant
difference between the experimental and companggonps inalgebra achievement posttest
(F (2, 66) = 12.401, p <.054?=.273). The effect size eta-squared, is interpretednaells
medium and large effects if it possesses the valdks.06 and .14, respectively(Stevens,
2009). Since?=.273 for this study, the effect size is largecdn further be noticed that the
independent variable (BL) made a 27.3% contribution the variability of algebra

achievement devoid of the covariates.

Table 4.16. ANCOVA result for algebra achievement

Variable Source df Mean square F p n?
Algebra Comp. use 1 11.483 .034 .855 .001
achievement Pretest 1 361.977 1.067 .305 .016
Group 2 4206.692 12.401 .000 273
Error 66 339.227
Total 71
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The overall result shows, a significant differenoetween experimental and comparison
groups in algebra achievement after the intervanfg2, 66)= 12.401, p <.0pAs a result, it
can be said thatBL could be more effective on eaingnalgebra achievement than the usual
lecture method. It has the potential to improveriew in theclassroom. This result also
suggests the effectiveness of the supplemental $iepstep (enabler-enhancement-
transformational) model of blended learning in figantly increasing students’ algebra
achievement. To further examine each pair of grdiffierence on algebra achievement, the

post hoc Bonferonni was carried out and summaiiiz¢able 4.17 below.

Table 4.17. Post hoc Bonferonni test multiple congoas, comparing groups on algebra

achievement after controlling the effect of the aaates.

Variables to be (Dgroup (J)group Mean difference P

compared (1-J)

Algebra Experimental groupl Experimental group2 4.904 1.000

achievement Comparison group 25.484 .000
Experimental group2 Comparison group 20.580 .001

Post hoc Benferonni test presented in table 4.fvsha significant difference between
experimental groupl and comparison group and akdwvden experimental group2 and

comparison group R<.05). However, the post hoc test does not detect aifignce
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difference between the two experimental groupslgaebsa achievement. The overall effect

of the treatment (BL) on students’ algebra achiesetns presented in figure 4.5 below.

experimental 1 experimental 2 === comparison
20 83.6
j 80 81.045
80
65.6 72.9 76.141
70 '
64.09 —§ 60.9
62.92 63.2

60 55.561
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PRETEST TEST1 TEST2 POSTTEST

OBSERVATION

Figure 4.5. The effect of blended learning on sttslealgebra achievement

Figure 4.5 shows the algebra achievement pretégébrm achievement testl, algebra
achievement test2 and algebra achievement poatiggited mean scores of students in both
experimental and comparison groups. As it can ben,s¢he increase made by the
experimental groupsbecome related at the end aéxperimentation period and higher than
the comparison group. The difference between tleeexperimental groups and that of the

comparison group was significantaat .05 level.

This study investigated the effect of blended leayrapproach on students’ achievement as
compared to purely face-to-face (the usual tradéi@pproaches) in learning algebra course.
The study revealed that using blended learning agmbr improves students’ achievement
scores in algebra as compared to the traditiomale(fo-face approach). This could be as a

result of the ingredients in the blend. The supgletal blended learning model used in this
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study allows students to control their interactiaith additional materials, sufficient
explanation, more interaction, prompt feedback sgliassessment. Participants of this study
found the blended approach as more engaging androesul, as a result their achievement

has been significantly improved.

It is also clear that when each students have th&ir computer with access to learning
resources, they can control their learning progr8asdents can browse learning materials as
much as they need and repeat exercises to undegrtarcontent. Hence, blended learning
approach makes learning accessible, interactiveitimgy, stimulating and enjoyable. This
was reflected by student participants during therulew. One of the participants forwarded

his opinion as:

...to be honest, | gave it too much emphasis, asatsre also forced to give more
emphasis. But, this does not affect other coursethey have their own study time.
This approach is more engaging not destructiveeH&e have a good exposure and
inclination to algebra course, since we have masgurces and interesting features. |
can say that we have fully grasped the requiredvetdge better than any other
courses so far. | am feeling that | do not fullarstand other courses when | see my

understanding of my blended algebra course.

In line with the findings of this study,previoussearchers envisioned that new technology
such as computer-assisted instruction should bé uséhe teaching of abstract concept in
mathematics(Ahmad, Shafie, & Janier, 2008; AwodAkpan, & Udo, 2014; Bhatti, 2013).

The findings of this study is in agreement with jarevious studies such as (Al-Ghassani et

al., 2015; Al-Madani, 2015; Awodeyi et al., 2014pyan & Kesici, 2017; Delaney,
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McManus, & Ng, 2010; Fakhir, 2015; Lin et al., 201Siew-Eng et al., 2010; Syarif &
Sofyan, 2012; Viz & Kaur, 2017; Yilmaz & Oghan, @)1all of which reported blended
learning as a good approach with a potential ofrawipng students achievement and
instructional delivery in mathematics courses a#l @& understanding of concepts in the
subject matter(Akgundiz & Akirgtu, 2017; Awodeyi et al., 2014; Balasubramanianalet
2018; Lin et al., 2017; Rozeboom, 2017). It isoals line with the findings of Almasaeid
(2014) who found improved science achievement antl the findings of Olelewe and

Agomuo (2016), who found an improved achievememrograming language.

However, the finding of this study is against wikkyuz & Samsa, 2009; Alotaibi, 2013;
Cracraft, 2015), who reported non-significant diéfece between the experimental (blended
learning approach) and comparison group (conveati@pproach) in terms of students
achievement. The study conducted by Alotaibi (2CG8) Akyuz and Samsa (2009) aimed to
determine the effectiveness of blended learningaggh on critical thinking disposition.
Both of which finally found non-significant diffenees between the experimental and

comparison groups.

Despite this variation, in this study it is evidémat blended learning approach has a potential
to improve students’course understanding and aemewt on mathematics in a considerable
extent. The finding of this study adds to the emgtknowledge that blended learning

contribute positively in academic achievement atlstts.
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4.5.5. Gender Difference in Algebra Achievement

Gender is a set of characteristics distinguishirglerrand female. Gender differences in
mathematics achievement and ability has remaingouece of concern as scientists seek to
address the under-representation of women at thleebi levels of mathematics and the
physical sciences (Ajai & Imoko, 2015). Studieswbldhat boys performed better than girls
in mathematics (Mutemeri & Mugweni, 2005; Shishift)18). There are also studies
reporting that female students perform better tinahe students(Hydea & Mertz, 2009). The
difference between male and female students miglluie to the way they perceive things or
their exposure. One major factor for the gendepatisy is the influence of culture and
tradition, which places hard sciences and mathemas a male domain. However, the
differences can be handled by applying differerdtegies. Thus, this section addressed the
research question, “Is there a significant diffeeebetween male and female students in their
algebra achievement?” which seeks to examine tleeafothe intervention (BL) in catering

gender difference.

The mean score of algebra achievement was useddstigate gender difference by carrying
out an independent sample t-test. This is doneterchine whether the treatment was gender
sensitive or gender friendly. Do the interventiddL) separate students with respect to
gender? The independent sample t-test was comgdotedomparing male and female

students before and after the treatment in algabhéevement and is summarized in table

4.18 below.

In the case of algebra achievement test2 for casgagroup, the Levene’s test shows that

the assumption of equality of variances for the gmoups (male and female) were violated
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(F=14.061, P<.05. Hence, the Levene’s test adjusts the variatioithis case the degree of

freedom becomes 21.896 insteadh«f and the result shows significant difference.

Table 4.18. Comparison of male and female studamtdgebra achievement within groups

before, during and after the treatment

Variable Group Sex N  Group statistics t df p
M SD
Experimental 1  Male 11 68.18 10.787 -2.043 20 .054
Algebra Female 11 60.00 7.746

achievement

pretest Experimental 2  Male 10 71.00 17.920 1.235 23 .229

Female 15 62.00 17.809

Comparison Male 7 6429 7.868 .309 22 .760
Female 17 62.35 15.624

Experimental 1  Male 11 65.45 26.216 .859 20 401
Algebra Female 11 56.36 23.355
achievement Experimental2  Male 10 84.00 5.164 .282 23 .781
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testl Female 15 83.00 6.172
Comparison Male 7 6857 12.150 1.298 22 .208
Female 17 56.47 23.168

Experimental 1  Male 11 83.64 16.293 .976 22 341

Algebra Female 11 76.36 18.586
achievement  Experimental2 Male 10 69.00 20.248 1.012 23 322

test2 Female 15 59.00 25.204
Comparison Male 7 8095 15461 4.233 21.896 .000

Female 17 76.54 19.379
Experimental 1  Male 11 80.95 15461 1.071 20 297

Algebra Female 11 76.54 19.379
achievement Experimental2 Male 10 76.00 17.764 -.103 23 919

posttest Female 15 76.67 14.475
Comparison Male 7 72.86 4.880 3.440 22 .002

Female 17 48.24 18.451

The result of independent samples t-test indicatddble 4.18, shows that male and female
students did not show any significant differencealgebra achievement pretest for all
groups(experimental groupl, experimental grou2@mdparison grougp>.05). This shows

that there was no significant difference in algebchievement of students within both
experimental and comparison groups. To examinehenehis difference persists throughout
the experiment period, a similar independent sanyst was computed for the algebra

achievement testl, algebra achievement test 2lgatira achievement posttest.

Unfortunately, the result of independent samplesst-detected gender difference in algebra
achievement test21{=21.896, t = 4.233, p <.05, d=1.6Q2and algebra achievement posttest
(df =22, t = 3.44, p <.05, d=1.824for the comparison group, favoring male studemwts
effect size of much larger than typical. The resdlthe study further shows non-significant
gender difference within both experimental grouptl @xperimental group2¥$.05). This
shows that within the comparison group, male sttgdesere superior in algebra achievement

test2 M=80.95and algebra achievement posttelt=72.86), when compared to that of
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female students algebra achievement in tdgt276.54) and posttestM=48.24). This shows
that the intervention (BL) has the potential toecathe gender gap for the experimental

groups.

The implication is that there was much differeneénween the achievement scores of male
and female students for comparison group. Howewnihin the experimental group, gender
gap is narrow at the end of the experimentatioiodehus,Gender factor is not significant
in blended learning instruction, which is in agresmwith the findings of (Awodeyi et al.,
2014; Lin et al., 2017), who found non-significaftect of gender on students’ achievement

scores in a blended approach.

The finding of this study is also consistent witle finding of (Hydea & Mertz, 2009) which
shows parity of gender in mathematics. The restiths study is also in line with the
findings of (Ajai & Imoko, 2015; Arhin & Offoe, 2@, Kwame, McCarthy, McCarthy, &
Gyan, 2015), all of which has reported non-sigaific gender difference in mathematics.
However, itis against with many of the previouddfilgs in gender(Asante, 2010; Brunner,
Krauss, &Kunter, 2008; Mutai, 2016; Osei, 2013;sBigu, 2018), all of which has found a

gender difference favoring male, though the instomal approach of each differs.

The result of the current study is in agreementwiiudies employing noble instructional
strategies of problem based learning (Ajai & ImoRO.15), which found out a negligible
gender difference and PA-driven instruction ofArlnd Offoe (2015), which showed no
bias among gender.Thus, the results of this stadwed that achievement in mathematics is
dependent on the method and orientation.Both sexes capable of competing and

collaborating in blended learning approach.Blenl@éadning could help students to get more
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information and examples, which intern help thenunderstand mathematical concepts and

maintain gender parity.

4.6. Analysis of Group Difference on Affection

In order to make the learning process smooth, tlsbieuld be a balanced situation of
cognition and affection.Research shows that unbalhror cognitive oriented teaching-
learning process would result in poor educationdt@mes(Zhang & Lu, 2011). Therefore,it
is important to pay attentions to affective factordearning. For the purpose of this study,
five affective variablesinferring the affection students has been identified and considered
as a dependent variable (see sec 2.9). The fivectafé factors include: math anxiety,
motivation, satisfaction, academic hardiness, dfettive aspect of self-regulated learning.
So, the second sub-research question seeks to rexahe difference (if any) of students
affection before the commencement of the studysays that “Is there a statistically
significant difference on the pretest of studensdfective components between the
experimental and comparison groups? The resultasepted one by one in the following

sub-section.

4.6.1. Analysis of Group Difference on Pretest

Scores obtained from the pre-test using the fivierdint instruments namely: mathematics
anxiety rating scale, academic hardiness ratintp so#otivation scale, satisfaction scale, and
self-regulated learning questionnaire were analfae@pplying One-Way ANOVA, which

compares the means of the three groups as shotable4.19 below.However, to determine
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group difference in satisfaction, the non-parameteist called Mann-Whitney U test was

used since the data is not normally distributecefqrerimental group?2.

Table 4.19.Descriptive statistics of the three geoun affection before the treatment

Group MA SRL AH Motivation
N M SD M SD M SD M SD

Experimental -1 22 4132 7.606 70.36 7.907 42.64293l. 38.59 5.049

Experimental-2 25 3768 6.719 60.96 8.502 39.48 58.9 36.76 4.746

Comparison 24 40.29 7.527 65.29 7.871 42.08 5.183.13 5.076
Total 71 39.69 7.338 65.34 8870 41.34 4.657 37.48945
MA: Math Anxiety AH: Academic Hardiness

SRL: Self-regulated Learning

The result of the study shows the mean scores @krerental groupl M=41.32),
experimental group2M=37.68 on mathematics anxiety when tested before thetnrent
and that of the comparison groug£40.29 were nearly the same. The difference is also not
significant at .05 level (see table 4.20). HoweuwBe mean score ofexperimental groupl
(M=70.36) on self-regulated learning seems bigger than bexperimental group2
(M=60.96) and comparison groupE65.29). The mean and standard deviation of the other
affective variables of the study can also be ief@grfrom table 4.19. To determine the
statistical difference if any between the threeugsoregarding affective variables except

satisfaction, one-way ANOVA was used and summarnzddble 4.20 below.

Table 4.20. One-Way Analysis of Variance summaljetaomparing groups on affective

variables before the treatment

Source df Sum of Mean F p
square square
Between groups 2 168.012 84.006 1.586 212
Math anxiety Within groups 68 3601.171 52.958
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Total 70 3769.183

Self-regulated Between groups 2 1034.878 517.439 7.866 .001
learning Within groups 68 4473.009 65.780

Total 70 5507.887

Between groups 2 136.723 68.368 3.366 .040
Academic Within groups 68 1381.164 20.311
hardiness Total 70 1517.887
Motivation to Between groups 2 43.074 21.537 .878 420
learn Within groups 68 1668.503 24.537

Total 70 1711.577

The result of the study shows that there was stally significant difference on self-
regulated learningH(2, 68)=7.866, p<.0band academic hardinedy2, 68) =3.366, p<.0h
among the three groups. To determine which grodferdstatistically in self-regulated
learning and academic hardiness, Post hoc Tukey tdSivas used and summarized in table
4.21 below. The post hoc Tukey HSD test was chdsstause the Levene test is not

significant for the two variables, which assures @élssumption of homogeneity of variance.

Table 4.21. Post hoc Tukey HSD test multiple congpais, comparing groups on self-

regulated learning and academic hardiness

Variables to be (l)group (J)group Mean P
compared difference

(I-J)
Self-regulated Experimental groupl Experimental group2 9.404 .001
learning Comparison group 5.072 .094
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Experimental group2 Comparison group -4.332 .156

Academic Experimental groupl Experimental group2 3.156 .050
hardiness Comparison group .553 .909
Experimental group2 Comparison group -2.603 115

From the Tukey table, only the two experimentaugmade a significant difference in self-
regulated learning, showing that experimental gtowas better in regulating their own

learning before the treatment than students ofraxeatal group2.

Though the ANOVA test detected a significant défece, the post hoc Tukey HSD test
shows no statistical difference on academic hasdine any pair of groups. In a one-way
ANOVA, the F-statistic tests whether there areatéghces among the means of the groups. A
significant F-value indicates that there are ddferes in the means. However, the result may
not be consistent as Tukey HSD test is conservatause, it attempts to control the overall
alpha level. This is because it controls the expent wise error rate for the collection of all

pairwise comparisons(Toothaker, 1993).

Further examining the mean differences, the diffeeebetween the two experimental groups
were slightly bigger, though it is not enough todbatistically significant. Another thing for
this uncommon result is that Tukey's test is basethe studentized range which worksin a
different way than the F-test(Bretz, Hothorn, & Wal, 2011). Thus, students’ level of
academic hardiness between the two experimentalpgracan be taken as marginally
different at the beginning of the study. On allethariables except self-regulated learning,
the difference between the three groups was nastatally significant. Thus, before the

execution of the treatment, all assumptions were rAs the data is not normally distributed,
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to compare the three groups on satisfaction, apamametric test called Kruskal-Wallis was

used and summarized in table 4.22 below.

Table 4.22. Kruskal-Wallis test for satisfactionténms of the three groups

Variable Group N Meanrank df Chi-square p
Satisfaction Experimental-1 22 43.57 2 4.599 .100
Experimental-2 25 31.14
Comparison 24 34.13
Total 71

The result presented in table 4.22 above shows tihat means ofthe three groups
(experimental groupl, experimental group 2 andctiraparison group) are the same except
the random difference due to chance in their satigfn at the beginning of the study
(p>.05).Thus, before the execution of the treatmentthihee groups markedly possess nearly

the same.

4.6.2. Comparison within Groups on Affective Variables

The results of all groups on affective variablesamuged before and after the treatment were
used to examine the progression from pretest tdtgmts In this case, each subject is

measured twice (before and after the interventiwayjding a pair of observations.Therefore,

the advancement of each group from pretest to ggistin affective variables was examined

using the paired sample t-test as shows in taldd Below. For experimental groupl and

comparison group, all assumptions were met fovatlables except the variable academic
hardiness. On the other hand, only math anxietysaiferegulated satisfies the assumption of
normality.  Thus, a non-parametric test was use@xamine the within group effect in

satisfaction, academic hardiness and motivatiorexyental group2.
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Table 4.23. Pretest and posttest comparison wifuaps on affective variables

Paired differences

Observations Group N Mean Std. t df p
difference  Deviation

PreMA-postMA Experimental 1 22 -2.773 8.997 -1.446 21 163
Experimental 2 25 -4.600 7.948 -2.894 24  .008
Comparison 24 -1.208 6.440 -.919 23 .368
PreSRL-postSRL Experimental 1 22 -4.591 9.689 -2.222 21 .037
Experimental 2 25 -3.840 12.579 -1.526 24 140
Comparison 24 -2.500 7.896 -1.551 23 135
PreS-postS Experimental 1 22 -3.864 4.998 -3.626 21  .002
Comparison 24 1.167 7.522 .760 23 135
PreAH-postAH Comparison 24 1.292 5.465 1.158 23 259
PreM-post M Experimental 1 22 -5.091 5.690 -4,197 21 .000
Comparison 24 -.708 5.409 -.642 23 .528
MA: Math Anxiety SRL: Self-Regulated Learning
AH: Academic Hardiness Motivation

S: Satisfaction

A paired samples t-test presented in table 4.23ealepicted that students’ tendency to
regulate their own learning (21) = -2.222, p <.05, d =.474and satisfactiont((21) = -
3.626, p <.05, d=.77Hhave significantly improved for experimental grou@nd not for the
comparison group. Experimental group2 also madegaifisant improvement in math

anxiety € (24)=-2.894, p <.05, d =.899

Regarding motivation to learn, the result of paisathple t-test confirmed that motivation of
students in experimental groupi(2)= -4.197, p<.05, d=.94y was improved in a
statistically significant extent with typical effesize. However, students in the comparison
group did not show significant improvement in matien ¢(23)=-.642, p>.05.0n the other

hand, experimental groupl and the comparison gchdmot improve their math anxiety
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levels in a significant extent and their level oatim anxiety is above average, showing that

they were less anxious about mathematics both éeiwd after the intervention.

Regarding the variable academic hardiness, a paagaple t-test shows non-significant
improvement by comparison group studerit$2@)=1.158, p>.0% However, the data for
experimental groups violates the assumption ofgupaired sample t-test. As a result, a non-
parametric test called Wilcoxon test was used vestigate the paired difference for the two
experimental groups. The Wilcoxon signed ranksigeatnon-parametric statistical test used
when comparing two related samples or repeated ureragnts of which the normality of
data is markedly violated(Morgan et al., 2004). Tésults of Wilcoxon test is given in table

4.24 below.

Table 4.24. Wilcoxon signed rank test comparingypgss of experimental groups on

academic hardiness, satisfaction and motivation

Ranks Median Z p
Observation  Groups Mean Sumof Pre Post
N rank ranks media media
n n

Experim Negative 7  8.50 59.50 42.00 46.50-2.180 .029
ental 1 ranks
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Positive 15 12.90 193.50
ranks
Pre  AH-post Ties 0
AH Total 22
Experim Negative 13 13.00 169 39.00 39.00 -.175 .861
ental 2 ranks
Positive 12 13.00 156
ranks
Ties 0
Total 25
Pre S-post S Experim Negative 6  9.67 58.00 30.00 32.00 -2.227 .026
ental 2 ranks
Positive 16 12.19 195.00
ranks
Ties 3
Total 25
Pre M-post M Experim Negative 14 11.89 166.50 37.00 37.00 -472 .637
ental 2 ranks
Positive 10 13.35 133.50
ranks
Ties 1
Total 25
AH: Academic Hardiness M: Motivatio

S: Satisfaction

A Wilcoxon signed rank test detected a significemttrease from pretestngdian = 42 to

posttestifnedian = 46.5Din academic hardiness ofstudents in the expetimhgnoupl Z = -

2.180, p <.05, r= .33h An effect sizer=.336 according to Cohen (1988)is typical or

medium. However, for experimental group2, the medis the same (39.00) for both

observations namely pretest and posttest. So, thaseno statistical difference between the

two observationsZ = -.175, p>.09 in academic hardiness.On the other hand, expatahe

group2 made a significant move from pretesedian=3(Q to the posttestiedian=33 in

satisfaction Z=-2.227, p<.05, r=.314) For non-parametric tests such as the Wilcoxon

signed-rank test and Mann-Whitney U test, the Zesds used to calculate correlation

coefficients for effect size as= z/+/2nfor Wilcoxon test anad = z/+/n for Mann-Whitney

U test (Connolly, 2007; Tomczak & Tomczak, 2014)
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Though it is expected to have similar outcomeshat ¢nd of the intervention, the two
experimental groups show significant differenceghieir level of academic hardiness and
motivation. There are two interrelated possibledes for this. The first one is the initial
difference. That is, initially experimental groupstudents have lower level of academic
hardiness as compared to experimental group 1ésed.6.1). Thus, the two groups my not
behave in a similar manner and also when more eomosks come into effect, students with
low academic hardiness might lose their conceotmatind commitment. This is also
evidenced by previous studies of Derntl and Motagitri (2005),which reflected the
unexpected result at the end of the interventioe t¢lu stress caused by exams and

assignments.

However, academically hardy students have the cemrpoto succeed in a challenging
environment. Because, they expend considerablerteffiod engageduring challenging
academic work inorder to obtain their academic kewcee (Abdollahi & Noltemeyer, 2016;

Benishek & Lopez, 2001; Kamtsios & Karagiannopoul@d13). The second factor might be
due to the difference in perception and readinAssit is explored by the qualitative data,
students of experimental group2 tend to depend lynere lecture note given by their

instructor(see sec 4.7.3). This implies that they @ot ready to read more in order to
understandthe courses effectively. As a resuly, taiged to benefit from the various learning
opportunities provided by blended learning as thlathe experimental groupl. Further

exploration of this situation is given in sectiaii 4

147



4.6.3. Analysis of Group Difference on Posttest

Scores obtained from the posttest scores of atale variables were analyzed by applying
One-Way analysis of variance (ANOVA), which comgatiee means of the three groups as
shown in tables 4.25 below. However, as the daitatds the assumption, group difference in
academic hardiness and motivation is separatelgsiigated by using the non-parametric

statistical test.

Table 4.25. Means and standard deviations compé#mmghree groups after the treatment by

affective variable

MA SRL Satisfaction Motivation
Group N M SD M SD M SD M SD

Experimental- 1 22 441 816 749 835 357 4.83 43.7 4.96

Experimental- 2 25 423 277 648 114 323 3.64 35.7 6.54

Comparison 24 415 697 678 791 292 6.67 37.8 2.83

Total 71 407 719 689 102 323 575 38.9 5.99

The math anxiety mean score of students in therewpatal groupl (44.1), which is nearly
the same as that of both experimental group2 (42m8) comparison group (41.5). This
difference is also not statistically different &t.evel. The mean score of student in self-
regulated learning seems different in each groupiak 77.9 for experimental groupl, 64.8
for experimental group2 and 67.8 for comparisorugrdrhis difference is also significant
at.05 level (see table 4.26). After checking theuasptions, one-way ANOVA was used to
further examine the statistical difference if argtviieen the three groups regarding affective

aspects, and summarized in table 4.26 below.

148



Regarding the assumptions of one-way ANOVA, cleénly groups are independent. On the
other hand, the assumption of normality of data honchogeneity of variance was also
checked (see sec 4.3). Accordingly, the variablesvation and academic hardiness were
not normally distributed for experimental group?.this case the non-parametric test will be

used later on.

It was also found that the test for homogeneityvafiances is not significant for self-

regulated learningp@.05). This indicates that the homogeneity of varianassumption is

met. Whereas, for the variables math anxiety atidfaation, the homogeneity of variance is
significant 0<.05), showing that the assumption of homogeneity aiavee is not met.

However,it is believed that if the sample sizes ageal, the effect of heterogeneity of
variances is minimal(Elliott & Woodward, 2007). Aze sample sizes of each group in the
current study is not markedly different from eadheo, and to the fact that equal sample
sizes mitigate the effect of unequal populationiarares, it warrants to use a one-way
ANOVA. In this case, it is also possible to hantile effect of heterogeneity of variance by
choosing appropriate post hoc tests(Morgan et 24l04), where Games Howell test is

appropriate for unequal variance.

Table 4.26. One-Way ANOVA Summary table comparingugs after the treatment on

affective variables
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Source df Sumof Mean
square square

Between groups 2 80.466 40.233 1.012 .369
Math anxiety Within groups 68 2702.858 39.748

Total 70 2783.324
Self-regulated  Between groups 2 1255.960 627.980 7.085 .002
learning Within groups 68 6026.913 88.631

Total 70 7282.873

Between groups 2 488.484 244.242 9.069 .000
Satisfaction Within groups 68 1831.887 26.932

Total 70 2319.887

The result of the study shows that the three grovgre found to be different from each other

in a statistically significant extent on self-regigld learning K(2,68)=7.085, p<.0}

satisfaction [£(2,68)= 9.069, p<.0band motivation to learn~(2,68)= 15.417, p<.0h But,

there is no evidence about which pair of grouptedstatistically on the above variables of

the study. Hence, the Post hoc Tukey HSD test wasd for self-regulated learning as the

Levene test of homogeneity was not significant aadhe assumption of homogeneity of

variance was met. On the other hand, Games Hoesllwas used for satisfaction, as the

assumption of homogeneity of variance is violat®kgarding the variable academic

hardiness and motivation, a non-parametric teged&lruskal-Wallis was used since the data

is not normally distributed and hence violatesabhsumption of ANOVA.

Table 4.27. Post hoc Tukey HSD Test multiple conspais, comparing groups on self-

regulated learning

Variables to be (Dgroup

(J)group

Mean difference

=)




compared (1-J)

Experimental groupl Experimental group2 10.155 .001
Self-regulated Comparison group 7.163 .032
learning Experimental group2 Comparison group -2.992 .510

Post hoc Tukey HSD test indicated that for selfatatgd learning, Experimental groupl and
the comparison group shows a significant differeatéhe end of the treatmer?<.05,
d=.885 with large effect size, but the difference betwesxperimental group2 and the
comparison group were not significapt>(05). Confirming that students in the experimental
groupl M=74.995 improved their tendency to regulate their ownrné@zy better that the
comparison groupM=67.80). Hence, it is evident that blended learning aficstudents to
learn at their own pace. There was also a sigmifidé&ference between experimental groupl
and experimental group® .05, d=.684 on self-regulated learning. However, a significan
difference was also detected on the pretest betwernwo experimental groups. On the
other hand, experimental group 1 also shows afgignt improvement in self-regulated
learning from pretest to posttest, which experirakegtoup 2 did not. Hence, it can be said
that students of experimental groupl have improwedr tendency to regulate their own
learning. For the difference between groups orsfeattion, Games Howell test was used and

summarized in table 4.28 below.

Table 4.28. Post hoc Games-Howell test multiple ganmsons, comparing groups on

satisfaction and motivation

Variables to be (Dgroup (J)group Mean difference P
compared (1-J)
Experimental groupl Experimental group2 3.493 .023
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Satisfaction Comparison group 6.523 .001
Experimental group2 Comparison group -3.030 137

Post hoc Games-Howell test shows that on the pbstteasure, experimental groupl and
experimental group2 students differ significanthy their satisfactionp<.05, d=.81§ and
also experimental groupl and the comparison grafligr gignificantly on their satisfaction
(p<.05, d=1.119. But, there was no significant difference betwe&perimental group2 and

the comparison group on their satisfactipr.05).

The result of this study is in favor of experimérgeoupl in satisfaction. It does not mean
that experimental group 2 totally not benefitedhirthe intervention. This difference might
be attributed to the difference in the perceptiod aadiness of the two groups. As it is
explored by the qualitative data, students of drpemtal group2 tend to depend on
classroom lecture note given by their instructoee(ssec 4.7.3) and perceive the
supplementary materials and working at the labraadditional work load added to them.
This implies that they are not ready to comprehamdburse. As a result, they failed to enjoy
the various learning opportunities provided by blesh learning as that of the experimental

groupl. Further exploration of this situation igegi in section 4.7.

The result of this study also shows that the twpeexnental groups have improved their
satisfaction at the end of the intervention whemgared with that of the pretest. The
guestion is, why experimental group 2 did not shgwa significant difference with that of
the comparison group as experimental groupl did asd why such a strong significant
difference is obtained when compared with that>geeimental groupl?. This situation is

discussed in detail by referring the local conteixhe two experimental groups and using the
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gualitative data (see sec 4.7.3). Additional aetee also collected at this point to understand
the root causes of this result. The general relsolwever indicated that the problem is

external to the nature of the blended learning @gog.

As the data is not normally distributed, to compaesthree groups on the variables academic
hardiness and motivation, a non-parametric testedaKruskal-Wallis was used and

summarized in table 4.29 below.

Table 4.29. Kruskal-Wallis test for academic haedmand motivation in terms of the three

groups
Variable Group N Meanrank df Chi-square p
Academic hardiness Experimental-1 22 48.95 2 13.204 .001

Experimental-2 25 27.98

Comparison 24 32.48

Total 71

Experimental-1 22 53.27 2 23.110 .000
Motivation Experimental-2 25 25.92

Comparison 24 30.67

Total 71

As there is a significant difference both in acadenardiness and motivation with respect to
the three groups, the next thing is to determires ghir of groups that are significantly
different from each other. However, there is not g test built into the Kruskal-Wallis test
(Morgan et al., 2004). Hence, three Mann-Whitnete&t comparing each pair of group ranks
wereemployed. The Mann-Whitney U test for the mhiggoups ofthe variablesacademic

hardiness and motivation is given in table 4.3@%wel

Table 4.30. Mann-Whitney U test for academic haggénand motivation in each pair of

groups
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Variable Group N Mean rank U Z p

Experimental-1 22 30.86 124.000 -3.227 .001
Experimental-2 25 17.96
Total 47
Experimental-1 22 29.59 130.000 -2.955 .003
Academic Comparison 24 17.92
hardiness Total 46
Experimental-2 25 23.02 250.500 -.994 .320
Comparison 24 27.06
Total 49
Experimental-1 22 32.86 80.000  -4.166 .000
Experimental-2 25 16.20
Total 47
Motivation Experimental-1 22 31.91 79.00 -4.084 .000
Comparison 24 15.79
Total 46
Experimental-2 25 22.72 243.000 -1.145 .252
Comparison 24 27.38
Total 49

From the Mann-Whitney U test, it can be said thgieeimental groupl was significantly
higher in academic hardiness than both experimgntalp2(U = 124.00, Z=-3.227, P<.05,
r=.470) and comparison gro@d = 130.00, Z=-2.955, P<.05, r=.448)ith medium effect
sizes. Experimental groupl is also significantlyttére in their motivation than both
experimental grougl = 80.000, Z=-4.166, P<.05, r=.607and comparison gro{yg =
79.000, Z=-4.084, P<.05, r=.603j the end of the intervention. It can also be $amn table
4.30 that experimental group2 and comparison gahdmot differ statistically in academic
hardiness and motivation.This shows that experiadegitoupl students were better than
experimental group2 and comparison group studemtddth academic hardiness and
motivation at the end of the treatment. On the rotiend, experimental group2 and the
comparison group tend to be similar in academiaihass and in their motivation both

before and after the treatment.
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The result of this study is in favor of experimérgeouplagain in academic hardiness and
motivation. It does not mean that experimental gulid not benefited from the
intervention. With the same reason of differencethe perception and readiness of the two
experimental groups, experimental group2 failedéoefit from the various ingredients of
the blended learning intervention made. Furtherlaagion of this situation is given in

section 4.7.

4.6.4. Blended learning Approach and Students Affection

In this section, the overall effect of the treattn@L) on affection is discussed in detail. To
determine whether the baseline differences havee#fiegt on the final posttest result, the
Analysis of covariance (ANCOVA) has been employ&He Levene’s test and normality
checks were carried out and the assumptions wetréonnse ANCOVA for math anxiety and
self-regulated learning. However, the affectiveiatales academic hardiness, satisfaction and
motivationviolates the assumption of normality asw the analysis of covariance was not
used for those variables.Covariates are variablgsnhay cause to draw incorrect inferences
about the dependent variable. ANCOVA checks whetinerindependent variable (BL) still
influences the dependent variables (SRL and MAgratihe removal of influence of the

covariate (pretest).

Table 4.31. Adjusted and unadjusted means andbi#tydor MA and SRL

Variables Groups Unadjusted Adjusted
No M SD M SE
Self-regulated Experimental groupl 22 74.95 8.352 73.102 2.033
learning Experimental group2 25 64.80 11.402 66.414 1.896
Comparison 24 67.79 7.918 67.836 1.836
Math anxiety Experimental groupl 22 44.09 8.164 43.602 1.283
Experimental group2 25  42.28 2.777 42.876 1.210
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Comparison 24 41.50 6.972 41.322 1.220

Comparing the adjusted means on self-regulatedhifegr students of experimental groupl
decreased from 74.95 to 73.102, where experimgntaip2 increased from 64.8 to 66.414
and the comparison group has increased from 68.89.836. To determine whether there is
still a difference between the three groups in natkiety and self-regulated learning, the

covariance analysis is carriedout and summarizealile 4.32 below.

Table 4.32. ANCOVA result for affective variables

Variable Source df Mean square F p n?
Pre SRL 1 607.634 7.512 .008 101
Self-regulated Group 2 472.517 2.621 .061 .080
learning (SRL) Error 67 5419.278
Total 71
Math anxiety (MA) PreMA 1 316.206 8.877 .004 117
Group 2 31.724 .891 415 .026
Error 67 35.622
Total 71

Comparing the estimated marginal means showedtbdtighest score in math anxiety(less
anxious)was obtained on experimental groud£43.602 compared to experimental group2
(M=42.876 and comparison groupME41.322. However, the analysis of covariance
presented in table 4.32 showsnon-significant défiee between the three groups in math

anxiety € (2, 67)=.891, P>.0h

After statistically controlling the effect of thewariate (pretest), the difference between the
three groups become non-significant on their teogén regulate their own learning after the

treatment t (2, 67) = 2.621, p >.0b However, there is a marginal significancexat .06,
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which shows a positive contribution of the treatinem students’ tendency to regulate their
own learning. It can also be inferred from sec2tBat from pretest to posttest, experimental
groupl have significantly improved their self-regfeld learning(21)=-2.222, p <.05, d=
474, where experimental group2 and comparison graipd improve significantlyg>.05).

On the other hand the initial difference also shasignificantly better SRL tendency of
experimental groupl than experimental group2. Baseall this results, it can be inferred
that there is a better gain in SRL practices byedrpental groupl students. Thus, the use of
ANCOVA on this variable created unnecessary adjastsawhich led to conclude that the
three groups are nearly the same and the differisnuat significant. This might lead that the
difference between the two experimental groups #fie intervention is not due to the initial

difference, but a real difference.

The term ‘marginal significance’ is used to refesignificance which is not quite significant,
but getting there(Pritschet et al., 2016).As aghotd, a p-value of .10 or less is marked as
marginally significant(Guadagno, 2010). It is based this assumption that experimental
groupl is said to have marginal significance, &y thossess a better self-regulatory skills
than experimental group2 after the intervention.eeev, after controlling the effect of the
pretest, the difference between the two experinh@mtaips becomes non-significant and so
this is due to the robustness of the statisticstl fRNCOVA). Hence, it is evident that there

was a positive effect of the intervention (BL) aifgegulated learning.

The affective variable math anxiety remains stagnaefore and after the treatment.
However, experimental group2 have made a signifisaprovement from pretest to posttest

(t(24)= -2.894, p<.05, d=.368 Though initially non-significant difference watetected

157



between the three groups in math anxiety, expetiahg@noup 2 reported a slightly high level
of math anxiety than the other groups. The matheaytevel of experimental groupl and

comparison group was above average both beforaféerthe intervention.

After controlling the effect of the covariate (pst), the study shows non-significant
difference between the three groups in math anxaety a marginal significance in self-

regulated learning. According to Guadagno (20XQ);value is.10 or less, it is better to say
the results were marginally significant. Such ressabuld most likely be due to the reduced
sample size(Petrisor, 2017). Thus, to determinepte of groups that shows a marginal
significant different in self-regulated learninggetpost hoc Bonferonni test was carried out

and summarized in table 4.33 below.

Table 4.33. Post hoc Bonferonni test multiple congeas, comparing groups in self-

regulated learning after controlling the effectlod covariate.

Variables to be  (l)group (J)group Mean P
compared difference (I-
J)
Self-regulated Experimental groupl Experimental group2 6.689 .075
learning Comparison group 5.293 173
Experimental group2 Comparison group -1.395 1.000

The post hoc analysis shows that experimental droapd experimental group2 are
marginally significant §=.075 favoring experimental groupl in SRL.The genersuit
shows that experimental groupl was significantlytdsethan the comparison group in

motivation, SRL, AH and satisfaction after the tne@nt.
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Though experimental group2 fail to show up sigmific difference with the comparison
group in both satisfaction and motivation, it can daid that the strategy was effective in
partially improving affection (academic hardinessotivation, satisfaction, self-regulated
learning, and math anxiety).This is because, neigrsec 4.5.2, experimental group 1 has
improved in self-regulated learning tendency, $&atigon, motivation,and academic
hardiness. Additionally, their math anxiety levedsialso above average both before and after
the treatment. On the other hand, experimentalpy®students have improved their math
anxiety level, satisfaction and motivation.Whenkiog for the comparison group, they falil
to improve any of the affective variables considerethe study. Hence, it is evident to say

that the intervention was successful in improvinglents’ affection.

The result of this study shows that experimentalugl is not significantly better than
comparison groupin motivation and satisfaction. Idear, students of experimental
grouplaresignificantly better than the comparismug in both motivation and satisfaction.
In fact, the affection of students might decrease tb stress caused by taking different
exams at the end of the semester. For instandeds sonducted by Derntl and Motschnig-
Pitri (2005) found a decreased student motivatifter ahe intervention made which is
attributed to the interpersonal personalities oé timstructors not the nature of the

intervention.

Particularly in this study, to further investigatee situation, several triangulation methods
such as instructor’s view of the experimentatioocpss, follow up interviews, student post-
interview and field observation has been used.r€&kelt indicated the problem to descend on

students’ carelessness and misbehavior. The daé@ned from the course instructorduring
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the follow up interview confirmed the above argumdrhe course instructor pointed out as

follows:

There were problems on the part of students suatassessness.Theydid not give
any concern about their learning, because theyalovant to study in general, not
because it is blended. We are still under challesfghose group of students because

of their lack of interest.

This is also argued by Harrison (2014) in thatjmmland blended learning requires students
to be focused and in charge of their own learnkxperimental group2 students as can be
evidenced in this study lack interest to learn. &mse of this their affection was not

significantly better than that that of the compamigroups, though they have improved some

aspects of affect such as motivation, satisfacimh math anxiety from pretest to posttest.

Though blended learning has a potential in imprgvgarning, it should not be taken for

granted. There should be another mechanism thattmégse students’ interest to learn in
general. This helps to obtain a satisfactorily ioyed learning. It is also argued that lack of
motivation, ineffective communication, avoidanceoafine communication have affected the
learning of the students in an online environméftin, Corrin, Barba, & Kennedy, 2014).

Hence, at the presence of students’good interetgaiom and bearing, blended learning is
effective in both achievement and affection. Theexaend therefore is dependent on an
individual's learning position. That is why resdagcs contend the varied nature of blended

learning (Aycock, Garnham, & Kaleta, 2002).

Regarding satisfaction of students in a blendednieg environment, the qualitative

investigation confirmed that students have enjolganing through the blended learning
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approach. Figure 4.6shows that a large majoritystafients enjoyed the blended course

experience.
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Very satisfied Generally Neither Generally very
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Response option

Figure 4.6. Percent of students who enjoyed thed#d course experience.

The views of students shows that students genehallgg a positive view about blended
learning. Student respondents’ agreed that onlateites offer learning opportunities that
are better than those in traditional classroomsdé&its were also asked to respond to an
open-ended question: What do you like most abaerid#d course? Student responses were
coded to reflect categories of response: ease ariteg, flexibility, opportunity for
interaction, immediate feedback, pace, self-ch@ckinechanism, access to plenty of

reference materials, and deep explanation andifearn

The category of ease of learning referred to thteonaf simplicity and user friendliness of

the designed online platform. Self-checking mecsraniefers to the quiz available online at
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the end of each chapter. Pace on the other hdede® toworking at their own pace in the

course. Flexibility referred to the possibility aécessing everywhere at any time using the

mobile version or the web. The following illustratsome of the thoughts made by students:

o

o

(0]

| really enjoyed that we had opportunity to evaduatirselves

We have access to all reference materials neededd@ourse

| have enjoyed in the discussion forum, postingstjopas and getting feedback
immediately

| like it most because it focuses on deep knowledge

| like it most because | became good in algebra

| like it because it gives additional information the contents

It gives an opportunity to shift from the boring chanism to an interesting and

effective approach

| like it because it is very attractive, and | edygéook forward to enjoy the next lab
session
| am happy when | study in the lab room

The possibility for more learning activity is alamother positive aspect that let students to

work hard and engage. Working hard is at the hefadvery success. One of the student

respondent stated that “I felt that | was inquitedvork harder in my blendedcourse and this

helped me to improve my performance”. Other stuglesamments included:“we could still

contact our instructorthrough the online platforinwe had questions and obtain feedback

immediately”. The other respondent stated that @eenot try to copy everything during

classroom lecture, because we can also get iteoarthne platform in a more detailed way”.
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Generally, the results of this study are consisteith the existing literature on student
satisfaction in blended learning. For instancedetis valued ease and flexibility which are
identified as benefits of a blended learning desiglefinition(Graham, 2006). This result is
also in agreement with the previous finding of(Alba2012; Alebaikan, 2010; Lin et al.,
2017; Manzoor, 2017; Mestan, 2019; Nguyen, 2016f,R017; Shantakumari, 2015), all of
which reported a better satisfaction in blendedreesl than intraditional lectures. However,
the finding of this study is against the findingRkoberts (2004), who founds that blended
learning environment are not able to meet studeatplirements of convenience and service
delivery. It is also against with the finding ofcf®ber & Keller, 2012) who found negative
students response of the learning management sysseh (Moodle). In their research,
students did not reflect any of the tools built Moodlesuitable and as a result fail to
communicate effectively via the learning managensygtem, preferring Facebook. One
reason for this is the group of students to bedependent on Facebook and the version of

the Moodle used at that time facing many limitasion

The result of this study is also consistent with fimding of (Akgindiz & Akinglu, 2017;
EL-Deghaidy & Nouby, 2007; Hughes, 2007), who fousn increased motivation in a
meaningful way as a result of the blended learaimgompared to face-to-face learning. So,
this study found that blended learning environmeaite able to meet students’ requirements
of convenience, and students have appreciatedawarded their positive thoughts. Hence,
this study is in agreement with the findings of Mitbs and Vakili (2005)who claimed that
effective use of blended approach can provide aemi@arner-centered education

environment.
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4.6.5. Gender Difference in Affection

Though there is always a fixing of mathematics avade domain, gender differences on
affective variables specific to mathematics leagrane found to be small as compared to that
of high cognitive level mathematical tasks (Femyal995). But, affect as an aspect that
shapes cognitionShea (2007), has a huge influemame’s learning. That is, the difference
in cognition is emanated from the affective oriéinta of an individual. The research
guestion that would address this particular issugsithere differences in gender on affection
within groups?” which is directed to examine whethiee intervention (BL) is gender
friendly or able to cater gender difference. Thgender difference within both the
experimental and comparison groups are investigated independent samples t-test and the

results are summarized in table4. 34 below:
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Table 4.34. Comparison of male and female studemesffective variables of the study

within groups before the treatment

Variable Group Sex N  Group statistics t df p
M SD

Experimental 1 Male 11 4155 5.145 133 20 .893

Female 11 41.09 9.741

Experimental 2 Male 10 38.90 8.962 .734 23 470
Female 15 36.87 4.897

Comparison Male 7 4471 3.988 1958 22 .063
Female 17  38.47 7.962

Math anxiety

Experimental 1 Male 11 71.18 7236 .476 20 .639

Self- Female 11  69.55 8.802
regulated Experimental 2 Male 10 60.10 9.871 -406 23 .689
learning Female 15 61.53 7.772

Comparison Male 7 68.29 8.341 1208 22 .240

Female 17 64.06 7.579

Experimental 1 Male 11  32.18 5,095 .280 20 .783

Satisfaction Female 11 31.64 3.982
Comparison Male 7 31.29 1.604 859 22 .399

Female 17  30.06 3.596

Academic Experimental 1 Male 11 42.09 5.166 -587 20 .564
hardiness Female 11  43.18 3.371
Experimental 2 Male 10 39.90 4306 426 23 674
Female 15 39.20 3.840
Comparison Male 7 43.71 4231 989 22 .334
Female 17 4141 5.596

Motivation Experimental 1 Male 11 39.27 5.850 .624 20 .540
Female 11 3791 4.277

Experimental 2 Male 10 37.10 5.724 287 23 T77
Female 15 36.53 4.172

Comparison Male 7 37.86 4598 445 22 .660
Female 17 36.82 5.365

The result of independent samples t-test indicatadble 4.34, shows that male and female
students possess nearly the same in all affecéivieldes and there is no statistical difference
within both the experimental and the comparisoruggp>.05). This shows that there was
no significant gender difference in affective vhles of the study within both the

experimental and comparison groups. The followadge 4.35 summarizes statistical results
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to examine whether these similarity of male and diemstudents persist for both the

experimental and comparison groups.

Table 4.35. Comparison of male and female studamtdfective variables of the study

within groups after the treatment.

Variable Group Sex N  Group statistics t df p
M SD
Experimental Male 11 45.73 8.137 .937 20 .360
Math 1 Female 11 4245  8.238
anxiety Experimental Male 10 4270 3.529 609 23 548
2 Female 15 42.00 2.236
Comparison Male 7 4557 5.028 1.943 22 .065
Female 17  39.82 7.082
Experimental Male 11 79.00 6.017 .345 20 .019
Self- 1 Female 11 7091 8.619
regulated Experimental Male 10 64.00 7.498 -.281 23 .781
learning 2 Female 15 65.33 13.636
Comparison Male 7 73.43 4.158 2.475 22 .022
Female 17  65.47 8.001
Experimental Male 11 37.82 3.400 2.151 20 .044
Satisfaction 1 Female 11  33.73 5.293
Experimental Male 7 32.30 4.083 .022 23 .983
2 Female 17  32.27 3.474
Comparison Male 7 28.86 8.454 -.181 22 .858
Female 17 2941 6.083
Academic Comparison Male 7 43.86 4.880 -.181 22 .038
hardiness Female 17  39.53 4.155
Motivation Experimental Male 11 4491 4.505 1.171 20 .256
1 Female 11  42.45 5.298
Comparison Male 7 39.00 3.367 1.320 22 .200
Female 17 37.35 2.523

The result of independent samples t-test indicatedble 4.35 detected gender differences in
self-regulated learningl{ =22, t = 2.475, p <.05, d=1.24&nd academic hardinesHf €22,

t = 2.208, p <.05, d=.95pbfor the comparison group in favoring male studentboth cases.
On the other hand, there is no statistical gendfarence for both experimental groupson all
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affective variables of the study except for setjuiated learning, which shows a significant
gender difference within experimental grougft0, t=.345, p<.05, d=1.088 favoring
male students. This could be attributed to compagigt better time management of male
students during the intervention. However, thera isotable effect of the blended learning
intervention, such a difference may not be obseimeslibsequent course. This is because,
the gender difference in all other variables haserbnarrowed and this may initiate students
to fill their gaps in their succeeding learning.egender difference in experimental group
lwaslarger than typical (Cohen, 1988). Reportifigotfsize allows judging the magnitude of
the differences between groups, which increasesdpability to compare current research
results to previous research and judge the pracsigmificance of the results (Kotrlik,

Williams, & Jabor, 2011).

Educational researchers have indicated that effees around .20 are of policy interest when
they are based on measures of academic achievétedgts & Hedberg, 2007). This shows
that within the comparison group, male studentseveeiperior in self-regulated learning and
academic hardiness after the intervention (BL). ilaiy, within experimental groupl
students,male students were significantly bettan ttemale students in regulating their own
learning. Hence, gender difference becomes visibke significant extent when course tasks
and activities become higher for comparison groop &l affective variables except self-
regulated learning, male and female students et similar in all variables of the study in
both experimental groupl and experimental group@mRhis finding, it is evident to deduce
that the intervention (BL) can have a potentiahémdle gender difference. Students become
engaged and give concern for each activities otthese in a blended learning context, as a

result the gap between male and female studentsdemsnarrowed in a considerable extent.
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However, to determine gender difference within #perimental groups in academic
hardiness and motivation, the non-parametric t@gtd Mann-Whitney U test was used since

the data are not normally distributed.

Table 4.36. Mann-Whitney U test for academic hagsigwithin the experimental group for

gender comparison

Variable Group Sex N Mean U Z p
rank
Experimental 1  Female 11  11.50 60.500 .000 1.000
Academic Male 11 11.50
hardiness Total 22
Experimental 2  Female 15 11.20 48.000  -1.502 133
Male 10 15.70
Total 25
Motivation Experimental 2  Female 15 12.97 74.500 -.028 .978
Male 10 13.05
Total 25

From the Mann-Whitney U test, it can be said thatenand female students were not differ
within both experimental groupl and experimentabug@r (>.05). It also shows non-

significant gender difference in motivation wittemperimental group2 after the intervention.
This shows that within the experimental group,naald female students persist to be similar

after the intervention. Confirming that the treaitis gender friendly.

This finding is in agreement with the findings oiv[ak, Ostroski, and Hains (2010) which
reported blended learning as an approach that chfierent learning styles and gender
differences. But, it is against with the findings(8yzmanowicz & Furnham, 2011), which
shows the superiority of male students in selfrestes than females in a meta-analyses

conducted to examine the magnitude of sex diffeendn self-estimates of
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general,mathematical/logical, spatial and verbditigs. It is also against with the finding of
Mutai (2016) who found superiority of boys in empatand interest towards mathematics

and rated mathematics to be more beneficial thain flimale classmates.

4.7. Students’ and Instructors Perceptions of Blended Learning

This section is sought to address the researchtigne$iow do students and instructors
perceive blended learning environment?” PercepBoassumed to be the way people view
and interpret the world around them (Alebaikan,®01t is clear that the perception of an
individual depends on the particular event beingegienced at a time. In this study,
respondents’ perceptions can be influenced by titeniention (BL) which include,
interactivity and convenience. In this section,ceetions of both students and instructors is
discussed in detail with the support of the dataioled from the focus group discussions and

open ended questions.

4.7.1. Students’ Perceptions of Blended Learning

One of the aims of this study was to explore howdsmht participants perceive blended

learning. This section deals with students’ petioeg of blended learning as they participate
in a blended algebra course. All of the participgtstudents reported that they had never

learned through this approach.

The automated assessment feature in the onlineegiiallowed the students to receive
prompt grading with feedback about their understamcind performance in the content
being assessed, which students find it helpfulhgirtlearning. The thematic data analyses

generated three themes regarding students’ peocefthese themes included: issues related
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to interaction (collaboration), convenience (eakiarning), and overall satisfaction. In the

following sectionsstudents’responses in these tfaeters are presented.

4.7.1.1. Perceptions onStudent Interaction Provided by Blended Learning

Blended approach has increased student engagenginitaractivity in a course(Aycock et
al., 2002). Similarly,Lin et al. (2017) arguedttioaline assessment and immediate feedback
are at the forefront to improve learning effectiess. Blended approach also inspires
instructors to keep in contact with their studetiisoughout the semester. One of the

respondents puts it as:

...additionally, we have also benefited a lot frora thscussion forum. We are always
in contact with our algebra instructor. We posfidifit questions and get the feedback
immediately. As a result of blended approach, myivaton for the course has

improved.

Online discussion is a significant tool of web-lmhssstruction, which is a discussion board
where messages are posted online and participantsiew and respond to them. Hence, it
was designed to allow interactions between studemdsetween student and the instructor in
the online learning platform. Students were reqluiceutilize these tools to interact with the
teacher and their peers to discuss in each ch&itetents were encouraged to ask about any
guestion that needs clarification. In this partlué platform, reasonable number of students
have been participating and benefiting. On the rottend, all other students can see the
conversations and learn from the discussions. Baselde observation and student interview,
in this part of the platform, students were noivaty participatingas expected due to their

difficulty in typing. During interview one responaeunderlined this situation as follows:
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“The discussion is very helpful to get answers from instructor and other students, but |

have difficulty in typing, which consumes my time...”

Chapter 1:Charactenstic equation of matnx Discussion area: ask any guestion in chapter 1

Discussion area: ask any question in
chapter 1

Dear students, you can ask guestions which are not clear or difficult for you, or
see guestions and answers posted by other students_ You can also react to
answer questions posted here. Only questions in chapter 1 are allowed.

Add a new discussion topic

Figure 4.7. Discussion forum encouraging studemtgctively participate and benefit from

the forum.

Online discussion was used as a communicationttordise any queries and difficulties by
students. The question that students raised indib@ussion forum was left for them for

discussion for about 10 to 30 minutes in line witind other things. Then the instructor
responded to the indicated questions in detail sted by step manner.For example, figure
4.8is an excerpt of the discussions made on therfoil his type of communication offers a

chance to solve any difficulties they face easily.
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ques
by Stdentl - 13 May 2017, 2:59 PM

how we get this in isometry theorem (Tv, Tw)=(V,T*w)

[P chapter2
~f Dy Student2 -13 May 2017, 3:26 PM

by defination of adjoint of linear operation. =

t Re: ques
by Instructor 13 May 2017, 3:33 PM

That is a good question: Here is the explanation

The assertion < Tv,Tw >=< v, T*Tw > is true directly by the definition of ad
as follows:

by the definition of adjoint operatorwe know that < Tv,w >=< v,T"w >

Similarly we deduce that < Tv,Tw >=< v, T*Tw > __

Figure 4.8. Student and instructor interactionf@ndiscussion forum

As a result of blended learning intervention matiere was a considerable improvement in
student interaction. This can be inferred from $lagisfaction of students, which contains
interaction between students and theinstructor.ndgJghe quantitative results students’
satisfaction in the experimental group were sigaiiilly better than that of the comparison
group (see sec 4.7). This result is also confirfneoh students’ perception survey. Students
of experimental group reported that they have ggb@d opportunity for collaboration as a
result of blended learning. Students’ responserdaggthe opportunity they got as a result of

blended learning strategy is presented in figude 4.
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Figure 4.9. Perceptionson blended learning approadhe opportunity for collaboration.

From this result it can be inferred that blendedrieng enhances collaboration among
students. This collaboration in tern helps to ustderd and learn in a better way.Generally,
students saw the interactivity brought by the ceudéscussion forum as important and
helpful. They emphasized thepossibility to conrasttvely with others. Thus, these findings
suggest that the core value of the course disauésiam lies in its role as a representative of
student and teacher relationships, suggesting dgengal effectiveness for building

collaboration for common goal.It also gives a cleant expressing their thoughts. This will

increase an opportunity to communicate their néeasy.

The overall result shows that blended learninghferrtprovides the opportunity to learn

freely. This finding is in agreement with the piays finding of(Alebaikan, 2010; Fakhir,
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2015; Keshta & Harb, 2013; Shantakumari, 2015)alWwbomfound an increased level of
communication and interaction between studentstla@deacher. The current finding is also
in line with (Alshahrani, Ahmed, & Ward, 2017; Aydoet al., 2002; Garrison & Vaughan,
2008; Manzoor, 2017; Moura, 2010)whoalso reportebetter student interactivity and

student performance that students found beneficial.

4.7.1.2. Perceptions on Convenience Provided by Bed Learning

Students have valued and enjoyed the ease and mienge associated with the digital
aspects of the course. Students reported that loaglle and the course discussion forum
which isprepared chapter by chapter was easienand convenient. One of the respondents

stated as:

| am comfortable with this approach. It would hdeen good, if this approach was
used in the previous semester. Things that seefficutliare simple here. Algebra is
the hardest course for me, but now it becomes simplerything on the online
platform are helpful and helped me to understanti@arn the course effectively. The
interaction with my instructor is also improved agesult of the discussion forum.

Wecan ask questions and get immediate feedback.

In addition, the views of other participants takesm the focus group discussion supports

this opinion:

Classroom lecture is not adequate to grasp everytheeded. This way (blended

learning approach) is important and helpful, sitiee classroom and online learning
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creates a meaningful way to learnwhich providedfigaht opportunities for

accessing learning resources and to collaborate.

With respect to the perceptions of students towtdrdsntervention (BL), participants of this
study perceived BL as a more effective and converapproachthan the traditional in-class
delivery approach. These results are in agreematit previous studies reporting that
students show ease of learning in blended coutsms in traditional lectures(Alebaikan,
2010). Students have expressed positive views dbeirt experience of blended learning,
which reflects the findings of other studies sush(Alebaikan, 2010; Melton et al., 2009;
Yudko, Hirokawa, & Chi, 2008).Frequency distributiof perceptions of students towards

the process of blended learning is summarizedale 4.37.
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Table 4.37. Frequency distribution of perceptiohexperimental grouplstudents towards the

process of blended learning

ltems Strongly Agree Neutral Disagree Strongly
agree (%) (%) (%) disagree
(%0) (%0)
I’'m more likely to ask questions in a blended 47.62 52.38 - - -

course

There are more opportunities to collaborate 47.62 47.62 4.76 - -
with others in a blended course

Blended course experience has increased my71.42 19.04 9.52 - -
opportunity to access and use information

| have more opportunities to reflect on what 45.23 4523 9.52 - -
I've learned in blended courses

Blended learning helped me to better 50 38.09 11.90 2.38 -
understand course material

I understand course requirements better in a 40.47 40.47 14.28 4.76 -
blended course

Because of blended courses, | am more likely7.61 38.09 11.90 2.38 -
to get a better grade

| am very satisfied with this online course 4761 285 4.76 2.38 -

The websites that were linked to this course42.85 50 7.14 - -
facilitated my learning

Additionally, the availability of the online lecircontents was perceived as important. One
of the respondents stated it as “the short notgdaeations and examples provided on the
online platform are helpful’. However, participaritem experimental group 2, found those
additions as an extra load on their learning. Ttlaymed the time limitation it created as a
challenge. One of the participants from this grsetgied as follows:
We have no previous experience of learning throblginded approach. Also the
classroom instruction does not cover every contémisd on the online platform.

There are many learning materials, but we haveime to read all of them in this
176



short and tight semester. It took our time, sirtcevas an extra work added to the

course.

The perceptions of students in the experimentalgpwereexceptional. To further examine
this situation, the researcher conducted anothewcup interview after having a deviant
guantitative and qualitative results. The follow ingerview was made in both experimental
groupl and experimental group2. During this inwistudents were at their third year of
study. The general result, however, confirmed theblem to lie on the part of students’

readiness, carelessness, disobedience, poor timaga@ent skill and poor computer skill.

Students of experimental group2 believe that whatihstructor gives in the classroom is
enough to complete the course. This implies they tire not ready to read and explore more
in order tounderstandthe course effectively as eapeed in this study. Their intention is to
complete the course not to understand. Hence, ltheg taken reading and working more as
wasting of time. Furthermore, data obtained abbese students from the course instructor
and department head also confirmed that students thés type of mindset up of sticking on
instructor's lecture note, and also misbehavior.e Tfollowing is an excerpt of
instructor’'sopinion regarding students of experitatgroup 2: “the behavior of students is
not good. They do not want to do activities, esglgcitutorial classes and also they do not
accept the instruction given to them”. Accordingkoo, Bellandb, Schroder, and Walker
(2014),large amount of self-discipline is requitedfully benefit from a computer mediated
learning environment.Thus, this might be the redsonvhich experimental group2 does not

improve their affective component as that of expental group1.

177



Student time-management practices are a signifioamtributing factors to succeed inhigher
education, particularly in blended learning(RaadtD&keyser, 2009). There is always a
difficulty in managing time for higher educatiomudénts. According to Vaughan (2007), this
difficulty can be tougher in a blended course whendéine activities are required to be
completed between face-to-face classes. In thidysexperimental group2 was found to be

challenged of time management problems: one oihtieeviewee stated as follows:

| encountered time limitation, we learn in classl afso we come to lab and learn the
same course and this takes my time. | am feeliag tlam learning two different
courses. Though | know it is a helpful technologgm unable to manage my time.
The reference books are too broad and complex agpa@d with the classroom
lecture. | prefer only reading classroom lecturethfat time, it created some sort of

disturbance.

The result of this study also identified the exise of fear of asking question among students

of experimental group2. One of the respondents tlesngroup underlined it as:

| have limitation in managing my time which affedtthe overall impact of blended
approach in my learning, but because of that egpee | learnt managing time as a
major factor in my learning. The classroom lectigr@ot clear most of the time, but
we get more explanation on the online platform. #daeher constantly encourages to
ask questions through the online platform and as<lbut, most of us do not ask

guestions.

Lack of sufficient skills in computer was also fauto be another potential barrier for

students especially for experimental group2. TRisbécause, their previous exposure to
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computers is very limited. They reported that mstiors of computer courses did not give
time to practice in computer lab. One respondeomfrexperimental group2 stated it as

follows:

| and most of the students do not take the lab Esming part, we take it as an
entertainment. Also we have limited previous expesa computers. We have taken
three computer courses before this blended cobrgestill most of us do not have
sufficient basic knowledge of using computer. Thestructors did not give

opportunity to practice in the lab, we don’'t knowy®? Does it mean that it is not that
much needed for mathematics students?And becaubatofe did not give emphasis

to computer courses.

This is unpleasant experience which significantifieced studentslearning in the current
blended algebra course. Not only this, some stsdeate observed trying to spend their time
in playing games and watching movies in the labough this situation has been handled
immediately by the lab assistants, the attemptd®sjifihad implication that such students are
not ready to learn through the technology or thercgive the technology as an entertaining
tool that might produce little for learning. Accarg to this study the situation can be taken
as a gap which could be controlled by creatingesttglsense of ownership on their learning
and making them aware of the benefits.This is foeseone of the reasons for the

guantitative diverging results of experimental groll and experimental group2 in their

affection (see sec4.5.4). However, there were stsdevho managed everything and

benefited from the platform created. One of thg@oeslent from the experimental group2 put

it as:
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| managed all my lab sessions, whether the netigogod or not. The online lecture
is very interesting and | prefer to read it, sifices complete and enables to grasp
concepts. | have enjoyed and benefited. The natdsexamples provided on the
reference books are not clear but the online ledsivery clear and the examples are

solved in a clear way. | wish this approach be usexher courses as well.

Computer skill is a problem not only for experima@ngroup2 students, but also for some
students of experimental groupl. The limitatiorptactice in previous computer courses is
also a problem for experimental groupl. One responttom experimental groupl stated it

as follows:

| personally have no sufficient prior knowledge cbmputers. As a result, |
encountered a problem during the first lab sessibhave an aspiration to improve
my computer skill and proud to have such an exmoginich lifted my knowledge up.
This was the only opportunity that helped me torove my computer skill. We have
an opportunity to get into the computer lab duognputer courses. But here the lab
assistants are available and assist us every tieneeed, we do not afraid them. But,
in computer courses that we have taken so far, id@at get the lab assistants. The
instructor presents about what to do in the lab #m&h he go with no further

assistance.

Most of the students indicated that blended leagrrielped them to practice and develop
some essential computer skills. Hence, students imaproved their computer skill as a result
of blended approach. When asked about their comgiit experimental groupl students

proudly spoke out about their progression, whictishts of experimental group 2 still doubt.
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Regarding the improvement of their computer skiteapondent from experimental groupl

responded as:

Since we have no sufficient prior knowledge of coteps, at the beginning, | was
somewhat frustrated. When | press something it avipgt and | was impressed when
the lab assistant regain it with a single click.eTfirst lab session was full of
confusion and the lab assistants were busy of iglpll of us, but then it was no
longer a problem. | can correctly open and brovgednline platform and reference
books. | became familiar with the platform quickly.was a wonderful experience
which | really desire to have it in the future. Agesult of the blended approach we

can now confidently manipulate a computer.

In contrast to this, the issue of computer skillewhdescribed by student respondent of
experimental group2 indicated that this group hasnbseverely affected. They failed to

benefit from the platform as required. The follog/is an excerpt from the interview:

The greatest challenge was the computer skill. \&geha difficulty, for instance,
posting question for discussion. When | try to posjuestion | faced a difficulty and
some of the students were posting my question agetlthe answer from the
discussion made by other students and from theuictst. When | face a difficulty |

am afraid to ask for a help.l feel that my compustall is not adequate.

Though there was a considerable impact of blenggmtoach, the experience of the two
experimental groups has been inconsistent, favaxpgrimental groupl in improving their
affective aspect.As presented above, there iseaaduo why students of experimental group2

failed to improve their affective component consadkin the study as that of experimental
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groupl. This finding is in agreement with the fimgliof (Manzoor, 2017), who found that
students with prior positive learning experiencesravmotivated towards blended learning
environment and they have improved their motivateenthe course progressed.To better
understand the context of the two experimental ggpthe following parallel comparison is

made in different aspects.

Table 4.38. Comparison of the context of the twpegknental groups

Facet Experimental groupl  Experimental group2 Rerark
Internet speed Good throughout the Sometimes slow
study
Electricity breakout Severe breakout Rarely
Students behavior Good Bad, they do not follow
instructions

Time management Good Some students faced difficulty

Computer skill Initially not sufficient Initially not sufficient The same
for both
groups

Previous exposure Instructors do not givelInstructors do not giveThe same

during computer emphasis for the labemphasis for the lab session for both

courses session groups

Tendency to ask for a Good There was a fear to ask

help guestion

Improvement of Considerable There is a doubt

computer skill at the improvement

end

The schedule of the Tight and students haveTight and students haveThe same

university and freedom to decide freedom to decide assignmenfor both

continuous assessment assignment submissiorsubmission date and test dategroups
date and test dates

As presented in table 4.38 above, the context ®ftwo groups are the same in some cases
and different in some aspects. The result of thdystonfirmed that students of both groups
have relatively similar previous exposure to corept The major difference found was
electricity break out. There was a severe eledirieakout in experimental group 1 as

compared to experimental group2. One of the respraiscangrily put it as:
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Oh! The greatest challenge was the loss of eleptiiwer. One day | remember we
stayed in the lab for up to two hours waiting foe telectric power. It sometimes go
for three days. Because of that not only the lasisa, but also we fail to study other

courses at the evening.

Going through all the above challenging contexigeeimental groupl have benefitted in
improving their algebra achievement and affectiettdy than the comparison group. When
asked about their overall experience of blendedraggih one of the respondent from

experimental groupl stated as follows during thiefoup interview:

I am highly comfortable with the blended approagh. it is obvious, algebra is a

course that requires critical thinking. Since, timéine platform collected all available

reference materials, | can say that the approagbkris beneficial. Whatever we need
is there on the online platform. | am missing maspects now in this semester.We
are now bored, as there is no sufficient referenaterials and support. So, additional
support is essential for students. | rememberadtttme, what is not clear in the class
lecture is clear enough on the online platform. Plaform served as a good source

of support.

Another student participant from experimental grbspnilarly found it as a good experience

and put her experience of blended approach asasilo

You are doing a research, but | take it as a goggat that | may not get even by
paying. Till know we learn through the boring meth@ace-to-face), but this one
(blended approach) is an interesting and very g¥e@pproach. It is like a study

hour given to the course in an interesting andcéffe way. We usually have more
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study hours than class lecture and so the labmsessiaken as a study hour. There is

no burden of wasting time.

Based on the above findings, students’ time manageskill, their behavior, and readiness
plays a great role in blended learning approacis iBhbecause students with good conduct
and interest to learn have reported positively bedefitted from the approach. This finding
is in agreement with the previous finding of Aycoek al. (2002), who found out time
management, computer skill and problems of accgpéaponsibility for personal learning as
a challenging constructs in blended learning. T&ialso in agreement with the finding of
Vaughan (2007), who found out difficulty of studerduring the first days of blended
learning experience in managing time, taking respmiity of their own learning and

technological difficulty.

4.7.1. 3. Students Overall Satisfaction with BlendkeLearning

Regarding satisfaction of students in a blendethieg environment, both quantitative and
qualitative results of the study confirmed thatdstots have enjoyed learning through the
blended learning approach. Particularly, the d&t@mined from both experimental group 1
and experimental group2 shows that 23.4% of stsdegorted that they are very satisfied,
while 72.34% of students reported that they areegdly satisfied, the remaining 4.25%
students failed to decide whether they are satisbe not. But, the result shows no
dissatisfaction report. Looking for students whe wery satisfied and generally satisfied, it
can be said that about 95.75% of respondents vatisgied with the current blended learning

course.
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The views of students shows that students genehallgg a positive view about blended
learning. Student respondentsagreed that onlineitees offer learning opportunities better
thanthe traditional face-to-face approach. Studerse also asked to respond to an open-
ended question: What do you like most about thad#d course? Student responses were
coded to reflect categories of response: ease ariteg, flexibility, opportunity for
interaction, immediate feedback, pace, self-ch@ckinechanism, access to plenty of

reference materials,deep explanation and learning.

The possibility for more learning activity is alsaother positive aspect that let students to
work hard and engage. Working hard is at the heérevery success, and it is the

manifestation of academically hardy students. Grtbestudent respondent stated that “I felt
that 1 was inquired to work harder in my blendedseuand this helped me to improve my

performance”.

4.7.2. Instructor’s Perceptions of Blended Learning

Another research question raised in this studyHsw do instructors perceive blended

learning environment?” Accordingly, this sectioroyides the perception of two algebra

course instructors obtained from the two experimlenhiversities. Their response can be
categorized into three themes. Their satisfactiom,advantages of blended learning, and the

challenges or the limitation they have observed.

Both of the participating instructors were askedultheir satisfaction and convenience of
blended course and they reported that they wenresadrsfied. Both instructors have no prior

experience in teaching through blended learningagmgh. When asked about their general
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satisfaction of blended learning after having impdated it, one instructor said that “though
it is new for me, | am very satisfied with the bded course. When | exercise it, | liked it and
plan to learn more about designing such a counsenfofuture use”. The other added “this
type of learning is very good in two ways, one vieyo cover the course on time and the
other is to equip students with the skill and krenlge of current technological

advancement”.

Both course instructors have acknowledged the ipgesiffect of blended learning. The
following are the advantages they have listed whsked about the positive aspect of

teaching a course using a blended learning approach

o To cover course on time

o To get all reference materials needed for the @urs

o To increase the amount of interaction with students

o To allow students to learn by themselves

o To give immediate feedback which alerts studentkittk more

o To allow students to express their opinion on aegiyposted question on the
discussion forum

0 To make the course delivery process more attractive

Furthermore, the instructors have raised abouirtpact of blended learning approach on
students course achievement and competency. Otteeahstructor respondent underlined
the increased achievement as follows “there iskm®iwable improvement in my students

achievement and competency” the other instructoledd'the achievement of students is

better and has been improved”. Instructors were asked about the negative aspect and the
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challenges they have faced. They pointed out teepoutage, internet connectivity,the tight
schedule, the behavior of students at the expetahaniversity 2,andinterest of students for

learning in general.

4.8. Challenges of Implementing Blended Learning

The forth research question raised in this study\ibat are the challenges of applying the
blended learning method?"Though blended learniragtpre has advantages in promoting
learning, there are also notable challenges thsg.aFhe majority of students expressed their
interestforfuture blended courses and presentec sdrallenges as an issue that would be
taken as abottleneck. This section reveals chaemdpserved during the implementation of
blended learning in the current study. These chg#e can be grouped into three major
categories: the adaptation of blended learningpénttaditional university; students’ exposure

to computers, frequent power outage and demanuhen t

4.8.1. The Adaptation of Blended Learning in the Taditional University

The foremost challenge is institutional support aachnological infrastructures. Blended

learning requires that all students and teacheve laacomputer, tablet, or laptop and also
asufficient internet connection at least around ¢henpus. However, this is expensive to
maintainfor a traditional university and the ingtion is not ready to do so. As a result,
students were forced to work only at a selectedpeder laboratory. It would have been

good, if they had sufficient access at digitaldityrand dormitory. The number of computes
in the digital library did not much with the numbafr students in the university. Traditional

university in this sense is to mean, a universityere all courses run in a traditional
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classroom based (face-to-face only). The shortadternet labs is common and considered
as a challenge forstudents. Even there were noeprapmputer laboratory rooms so as to
accommodate the technology. There were also inpppte use and management of existing
computer labs. Most computers in the laboratoryewet functioning properly. This is due to

the fact that one computer can be used by manyestsidand absence of continuous

maintenance.

From its very nature, the institution is not redolyblended learning approach, all courses are
running in a traditional face-to-face manner.Asesautt, therewas lack of awareness and
coordination from the department and instructorstli® other hand, instructors are always in
a hurry moodto cover course contents within thegitrme period. They do not give time to
support students in the learning process. Henceegiires a great reform in the current

course delivery practices in Ethiopia.

Frequent power outage is another challenge thatrésearcher have observed while
implementing the blended approach for one semeRespondents also raised this issue
during interview at the end of the interventionoag respondent put it “we have benefited a
lot except the limitation in power loss, which westour time.” Frequent power loss was
common in the study site during the time of implaetagon. This situation creates a

challenge in terms of time. Specially, the situatio experimental university 1 was worse.
Hence, it is important that higher education ingibinsto have electricity improvement

packages to overcome the frequent power outagethandconvenience it creates.
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4.8.2. Students Exposure to Technology and Readiness

Though participants of this study were assumedite easonable competency in computers,
some students were still seen having difficultymanipulating the online platform. This is
due to their lack of exposure/experience to comput&hey never practiced in using
computers satisfactorily, apart from the fulfillmeaf computer related courses. This is

because, they do not get computers to practicegénou

Some students were also found to disregard theséabionsdue to the belief of extensive
library study. This is also a result of resistat@ehe new approach, though the researcher
made a one session orientation about the bendfileaoning through blended learning
approach. This situation is also considered by &ilddn and Troudi (2010) in that taking
online instruction requires students to have sigific level of self-discipline and
commitment. In support of this argument, Ryan (30@@ntified difficulty of maintaining
commitment of student in learning within an onlieevironmentin the context of blended

approach.

4.8.3. Demand on Time

Transforming traditional course into blended counsguires more instructor time
thandeveloping traditional courses, because oh#uessity of redesigning the course.lt also
requires knowledge of technology. The researchek too much time in redesigning the
blended course for the purpose of this study. iy take even more time if the collaboration
of algebra course instructorswas removed. Thugueters and students will experience an
increase in the time they spendon learning newnigaes and skills, and on interacting with

each other in blendedlearning environments.
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The main challenge is therefore, the extra load ithereates on the part of the instructor.
This situation is not tolerated especially by Efiigm instructors.Instructors may not be
willing and not committed to invest additional effand time to help students learn. The
usual trend is giving class lecture and go, buhdkel learning requires continuous and
unending follow-up of students’ difficulty.This nd$ is supported by the finding of

Vandermolen (2010) who found that blended learrapgroach as more time consuming

approach, where teachers are worrying about the tively spend on the online platform.

To one degree or another, most educational tecgpqmducts and blended-learning models
require schools to change reconfigure their e)gstresources and processes. A new
instructional model certainly requires teachersgend time in order to learn how to use new
technologies and implement new classroom procedisesn after figuring out the basics to
launch a new model, blendedlearning teachers siind the first year in adjusting, and
adapting their blended learning model. Additionalpme schools and teachers that adopt
blended learning decide to build their own onliearhing content, which adds an additional

time demand.

It is true that, time is one of the instructors’ shealuable resources. It is therefore wise to
get paid for their efforts in planning, designingdadeveloping the blended learning
environment. This is the stage that requires mamee tand collaboration with IT

personnel.However, when universities and instrgctamend themselves to the new
instructional approach, the demand on time willdfapy be diminish over time. Proponents
of blended learningargued that the initial huge amtoof investment to make blended

learning happen will definitely be changed to thesteeffective and reduces instructors effort
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in course delivery (Graham, 2006).To reduce theiainichallenge and to successfully
implement blended learning program, it demands db tgpining on itsdevelopment and

practices.

It is therefore, clear that the future teacher atlon program should include blended
learning as the imminent promising instructionapmach in the 21 century and train

prospective teachers with all the skills requiredptan, develop and implement blended
learning.This is also emphasized by Shishigu, Gémedlichael, Atnafu, and Ayalew

(2017Db), that is,the need for a reform of the aurteacher education program in Ethiopiaso
as to equip prospective teachers with the knowledfgiechnology, pedagogy and content.
And also to base the reform on continuous reseamttomes(Gemechu, Shishigu, Michael,
Atnafu, & Ayalew, 2017).Further research by Mich&2015)also shows the necessity of
integrating technology, pedagogy and contenttogllps during instructional process. Thus,

for the current dynamic world, teachers need teetiae amalgam of all knowledge (TPCK).

4.9. Effectiveness of Blended Approach in AlgebralLearnig

The last research question raised in this study ‘idasv effective blended learning is in
improving students’ algebra achievement and aff@étiThis section examines the results
presented in the above sections about studentg€bidgachievement and affection to
determine whether the blended learning approachgbesed is effective in improving
students’ algebra achievement and affection.Spedyi, the learner characteristics being
investigated forblended learning effectivenessudel algebra achievement, self-regulation,
satisfaction, motivation, academic hardiness, naatkiety and gender.Research shows that

blended learning effectiveness is dependent onestucharacteristics, design features and
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learning outcomes(Kintu, Zhu, & Kagambe, 2017). §hit is straight-forward that the
effectiveness of blended learning examined in #tigdy is based on the specific learner

characteristics, nature of the course and the btehrning designed used.

The result of this study revealed that the blendadiing approach being used has improved
students’ achievement scores in algebra as compaurie usual face-to-face learning. This
is evidenced by comparing the results of the twoeexnental groups with the results of the
comparison group. That is, at the end of the imetion, the two experimental groups
achieved better than the comparison group in aifsignt extent. This confirms that the
intervention (BL) made a significant positive effean their achievement. Thus blended

learning is effective in improving students’ algalachievement.

However, there were deviations in students’ aftectbetween experimental groupl and
experimental group2 which indicates the need falitamhal investigation to mend students’
affection. The findings of this study show thatd&nts have improved their affection at the
end of the intervention. However, the result of shedy is in favor of experimental groupl. It
was found that the deviation was due to the natfistudents in experimental group2, who
show poor readiness, carelessness, disobedience, tipte management skill and poor
computer skill. Due to these factors, the affecagpect of students in experimental group2
has been affected. This is because, motivationbeaa precursor to self-regulated learning,

and also a result of self-regulated learning (@sll2009).

However, still there are notable improvements fieafon of experimental group2 students.
For instance, they have improved their math anxietytivation and satisfaction

significantly, though it fails to show up a statstly significant difference with the
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comparison group. On the other hand, experimemtalpi have improved their tendency to
regulate their own learning, satisfaction, motigatiand academic hardiness, of which

motivation, academic hardiness and satisfactiorestatistically better than the comparison

group.

On the other hand, the comparison group counterpailtto improve any of the affective
aspects considered in the study. This shows tleatded learning is effective not only in
improving achievement but also has a potentiairprove students’ affection. But, it should
be noted that the affective component might notekplained only by the approach to
learning. Hence, there should be another mediaheghanism that can improve students’
readiness to learn in general. This is also evidergnother study conducted by Shishigu,
Bashu, Tesfaw, and Gadisa (2017a), they find aatt dhsignificant increase in achievement,
but non-significant improvement on motivation ofid¢nts to learn. Similar result is also
found in a study conducted by Wijnen et al. (201wMjch finds no difference between the
experimental and control group in motivation, thoughe experimental group is better in
feelings of relatedness in their problem basednlagrintervention. This indicates that the
affective aspect of students depend not only onwtdne of teaching and learning process but
largely on other external factors. Hence, at thes@nce of students’ good interest to learn

and bearing, blended learning is effective in aathievement and affection.

The study also investigates whether the blendadilegapproach is effective in catering the
difference between male and female students. Thaltrshows that gender difference
becomes visible in a significant extent when couesks and activities become higher for

comparison group. But, within the experimental gryugender difference was not detected

193



in any of the variables of the study ¢.05). That is male and female students tend to be
similar in algebra achievement and affection. Tfueee the treatment (BL) caters gender

difference effectively and so it is effective ineang the gender gap.

Chapter 5:Summary, Conclusion and Recommendations

5.1. Introduction

This chapter provides a summary of the major figdjrconclusion and recommendations of
the study. The first section of the chapter bewiitb a brief overview of the research agenda,
followed by a summary of the empirical findingsn&lly, conclusion, further reflections and

implications of the study with recommendationsfarevarded.

5.2. The Research Agenda

Higher education institutions have long been cargd important in the production of new
ideas, and for the development of economy.Howetdémow, they function through the
traditional classroom based approach (face-to-fdd)hinders them achieve intended goals.
Progressing in this way in the 2tentury causes a failure in the teaching and iearto
achieve the required competence. Because, withctineent technological advancement,
traditional ways of teaching and learning are ader®d as an oldest approaches which do not
suit for an active learning required of this getieraThe current and the next digital
generation expects a technologically supportediatedactive ways of learning. To this end,
blended learning is one of the evolving approadue¢earning. Such approach initially
requires a huge amount of investment to make Iy fohppen and then it is very cost

effective (Graham, 2006).
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Accordingly, the blended learning trajectory havawh the attention of many researchers in
different countries of the world. But in Ethiopidie concept is still new and challenging to
implement in such contexts. This study, therefa@tempted to design and implement a
blended learning course that fits into the contamtl find out the benefits in terms of

academic achievement and affection. And also tdoeghechallenges associated with it in

the course of action.

Accordingly, the specific objectives of the studgre: to investigate the effect of blended
learning on algebraachievement and on student®ctdh, to examine students’ and
instructors’ perceptions on the blended learningragch, to investigate whether there is
gender difference with respect to the variableaté@ in the study within groups, and to

examine the challenges of applying blended learmethod.

For the purpose of guiding the processes of dataction and analysis, the main research
objectives were broken down in to the followinge@sh questions: (i) Is there a statistically
significant difference in mean gain of studentsgedira achievement between the
experimental and comparison groups(ii) Is ther¢atissically significantdifference in mean

gain of students affection between the experimesual comparison groups? (iii) How do
students and instructors perceive blended learmmwiyyonment? (iv) Are there differences in
gender on the variables treated in the study wigtoups? (v) What are the challenges of

applying the blended learning method?

To this end, research issues were addressed fremritical review of existing literature on
blended learning in Chapter 2.Blended learningne of the strategies that aim to create

conducive environment by combining the latest tedbgy and face-to-face class room
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instruction. To better examine its role, the couesel blending model was used. Based on
the nature of students, majority of the instructveess given in a face-to-face manner, which
takes about 67% of the semester contact hour. Heheeblended learning model in this
study was designed to be a supplemental model whashimplemented at stages. The first
stage was enabler. At this stage students werenginee to be familiar with the online

platform and exactly face only things they haveadly learnt in the class.

At the enhancement stage of the blend, they beguwomplete some tasks online with the
help of additional resources and supplementary maiteThe supplementary materials were,
reference books, previous exam and worksheet tiolieand also online interactive notes.
The stage of transformational blending as Graha2®©0g) argued allows a radical
transformation of the pedagogy, students were givigm all available features of the online
platform (Moodle), that includes self-checking maaism (automated online quiz) which
can also be attempted offline through the mobilesie@, discussion forum, immediate

feedback mechanism and interactive notes.

The study was guided by the pragmatic philosophpeahdigm. Apart from the objectives of
a particular study, the choice of a research metlogy and the method of analyses depend
on the ontological and epistemological dimensioks.a result,the research methodology
employed in this study was amixed-methodsapproguiing priority for the quantitative
part. This was due to the cause and effect natutleeostudy. The qualitative approach was
employed to better understand the implementatiocgss of the blended learning approach

and to grasp the perceptions and challenges asswevih it.
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Three public Universities namely: U1, U2 and U3 evercluded in the study. The first two
were experimental while the third was taken as @spn group. The intervention given for
the two universities was the same apart from tlwallgpecific differences between them.
This was to deeply look for the overall impact loé blended learning approach, rather than
making it a snap shot of single study group conidw study participants include\£22)
fromU1l, (N=25) fromU2 and N=24) fromU3.Hence, a total of seventy on&l) students

have participated.

Questionnaires, achievement tests, focus groupushsmn, interviews, documents and
observations were used to gather data for thisystlid increase the validity of all of the
instruments and the entire study, various strasegieh as triangulation, expert review and
face validity assessment were made. The conteidityabf the qualitative instrument was
mediated and approved by the two supervisors diafeolleagues. On the other hand, the
internal consistency reliability of the instrumemtas tested through the pilot analyses using
Cronbach alpha and Kuder-Richardsen (KR-20) rditgbindex.The quantitative and
gualitative data were collected and analyzed sdllgn After facing a divergent result from
the two experimental groups, a follow up data @biten were wade to better justify the
phenomenon. The total response rate of the questi@was 85.71% for comparison group,

91.67% for experimental groupl and 96.15% for expental group?2.

For analyzing the quantitative data, a statistpzaikage called Statistical Package for Social
Sciences (SPSS) version 20.0 was used by applgitigdescriptive and inferential statistics.
The statistical tests used were: t-test, ANOVA, ANCOVA.An alpha level of.05 was used

to decide whether the observed differences weteststally significant. On the other hand,
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the analyses and reporting of qualitative data wasesle by forming themes. Important
ethical issues of human research were emphasizedabthe participants. Based on these,

the following major findings, conclusions and recoendations were drawn from the study.

5.3. Summary of Findings

The study revealed that the supplemental blendathiteg approach improves students’
achievement in algebra and their motivation toHeas compared to the usual face-to-face
learning. This could be as a result of the suppteradded to the face-to-face approach in the
form of online learning, which led students to ratg with additional materials. Summaries
presented in this subsection are based on eadteaksearch questions that are drawn from

the findings in the preceding chapter.

5.3.1. Algebra Achievement

At the middle of pretest and posttest, algebraeadment testl and test2 were administered
to examine the progress of students. The resutie/ ghat after successful implantation of
blended learning strategy for one full semeste,tito experimental groups achieved better
than the comparison group in a significant extém. the posttest measure, students of
experimental groupl and experimental group2 showsignificant difference in algebra
achievement (p>.05), which shows the convergendheif grades. This confirms that the

treatment made a significant positive effect onrtakgebra achievement.

The improvement in achievement of students is thezedue to the vast learning opportunity

they get as a result of blended learning appro@cdie. of which is the opportunity they got to
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interact and to consult sufficient supplementaryemals. The improvement in achievement

was also confirmed by the qualitative data obtaiinech instructors and students interview.

5.3.2. Affection

Affection refers to beliefs, feelings and moods af individual. Such things have an
influence on ones learning. In this study, affatiSoconceptualized using the five affective
variables namely: math anxiety, academic hardingassfaction, affective aspect of self-
regulation and motivation to learn. The findings tbfs study show that students have
improved their affection at the end of the inteti@m However, there were some variations

in affection, as a result,the two experimental growere examined separately.

The result of the study is in favor of experimengabupl. To further examine why this

situation has occurred, the context of the two erpental groups were examined in detail.
The result however, indicated that the significeedult of experimental groupl was not
because they were favored during the experimentgtériod, but, it is due to the nature of
students in experimental group2, who showedcomipahat lower level ofreadiness,

carelessness, disobedience, time management s#tit@mputer skills. Due to these factors,
the affection of students in experimental group been found to be low, as motivation can
be a precursor to self-regulated learning, and alsesult of self-regulated learning(Collins,

2009).

However, there were still notable improvements fieaion of the experimental group2
students. For instance, they improved their mathiedyr and satisfaction, though it fails to

show up a statistically significant difference witie comparison group. On the other hand,
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experimental groupl improved their tendency to l&tgutheir own learning, satisfaction,
motivation and academic hardiness, of which mativatacademic hardiness and satisfaction
were statistically better than the comparison grdugeir math anxiety level was also above

average both before and after the intervention.

On the other hand, the comparison group countergaitt to improve their affection. This

shows that blended learning is effective not onlymproving achievement but also has the
potential to improvestudents’ affection.lt is alseident that students with prior positive
learning experiences benefited a lot from the bdehnl@éarning environment. Hence, students’
time management skill, their behavior, and readir@ayed a great role in blended learning
approach. This was because students with good coiaahal interest to learn have reported

positively and benefitted from the approach.

The qualitative data show positive views of studemdwards the blended learning
approach.As a result of the blended learning ietetion made, there was a considerable
improvement in student interaction. The majoritysbidents (99.91%) reported that they
have got a good opportunity for collaboration agsult of blended learning better than the
previous face-to-face approach. Generally, studesgpondents found blended learning as a
more interactive, engaging, convenient, and maseweeful. It is also evident that blended

learning helped them to practice and develop s@wergial computer skills.

Course instructors also showed a positive view tde/dhe approach. They reported the
effectiveness of the approach in covering courseterds within the given time, its
resourcefulness, its potential in catching studeatgention and in improving student

performance.
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Challenges observed include, students limitatiomanaging their time. This was evident in
experimental group2. Additional challenges weréttischedule of the university, electricity
break out, students’ computer skill, internet cantivéy, thenotion of sticking to the
classroom lecture and teachers view that the approas time demanding.The adaptation of
blended learning in the traditional university walso another challenge that laid lack of
support and awareness. It was also challengingttagpropriate lab with all requirements of

blended learning approach.

The study also investigated the nature of the bighether it is gender sensitive. The results
show that gender difference becomes visible ingaistant extent when course tasks and
activities become higher for comparison group. Buthin the experimental group, gender
difference was not detected in any of the variablethe study § >.05). That is male and
female students tend to be similar in algebra aemeent and affection. Therefore, the
treatment (BL) caters gender difference effectivaiyg so it is a gender friendly approach.
This is due to the nature of the blend which ins@tudents to become engaged and give

concern for each activities of the course.

5.4. Limitations of the Study

This study was not conducted without some limitaicOne potential limitation was that the
study containedself-reported data. It is hard termeine whether the students have answered
the questions seriously according to their ownifgsl Because, due to social desirability,
students may respond not on the bases of whatrdadly feel, but on the bases of what they
think are socially acceptable. Though there wewditative aspects, the results obtained from

the questionnaire may not reflect students’ adieeling.
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Another issue that might have affected the datditguat thisstudy was the low number of
students in each group. This is due to the smatibar of students enrolled at the department

of mathematics. The low number of participantsliikefectedthe statistical results.

On the other hand, because of the low level ofrteldyicalability of students in the groups
involved, they mighthave failed to fully benefitomn the approach, especially in the
transformational level of the blend.The impact niighve been more than this if such stage

were practiced up to the expected level.

Another potential limitation that affected the srttoomplementation of the intervention

(blended learning approach) was electric break ®here was severe electric break out
especially in the experimental group 1. This sitrathas affected the study, though the
researcher worked up to his best to continue theeraxentation by changing the time
schedule. That wasby switching to the time whengireerator of the university functions as

a power supply for some spaces such as cafetatiabmary.

5.5. Conclusion

This study shade light to the effectiveness of éehlearning approach in Ethiopian context.
This study was also conducted at the time wherGixeernment of Ethiopia got aware and
trying to expand technology integration at eveggstof schooling. It is also evident that the
current student generation is in need of technokgyport in the learning process. Blended
learning as one of the emerging pedagogical appesass found to be as a ‘free size fit to
all'. This is because, it creates enormous leareixgeriences for students to be tuned based

on their needs and preferences. Generally, thénfysdn this study were supported by many
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of previous studies and it brings a unique modéehfae step supplemental blended learning
model) that fits with a developing country conteBased on the aforementioned discussion

and the findings of the study, the following corsttins were drawn:

Within the scope of this study, it was aimed toeshgate the role of blended learning
approach upon students’ algebra achievement arettiafifi. Accordingly, the blended
learning approach produceda positive effectonbdgiebsa achievement and affection of
students. The partial eta square valy® ghows that the use of blended learning by the
experimental group explains 27.3% of the variapilit the algebra achievement posttest

scores independently from the covariate varialdet@st and prior computer use).

The improvement in achievement of students can theébuwted to the vast learning

opportunity they have got as a result of blendedni@eg approach. One of which werethe
opportunity they got for interactivity and supplemey materials. What students’ found
important and attractive was: the automated ontjone, immediate feedback, discussion
forum, the online interactive note and the supplaiamy materials such as the reference

books and collection of previous exams and workishee

Blended learning can allow students to work onrtteivn pace and choose to revisit
materials.This type of control gave them the poksilio adapt the learning materials to their
individual needs or preferences. As a result, th#ectionimproved. Although there were
notable improvements, the improvements could hasenbscaled up if other mediating
mechanisms that could improve students’ readinessedrn, motivation, and technical
backup were enhanced. This is evidencedby anotiely sconducted by Shishigu et al.

(2017a), who found out improved in achievement Imat,improvement on motivation of

203



students to learn. Similarly, Wijnen et al. (2017pund no difference between the

experimental and control groups in motivation tarfe though the experimental group was
better in feelings of relatedness in their probleased learning intervention. These indicate
that the affective aspect of students dependsmigtam the way of the teaching and learning

process but largely on other external factors fafcibn.

Hence, at the presence of students’ good inteceltarn and bearing, blended learning is
effective in both achievement and affection. Morg\blended learning as reported in this
study had a huge positive impact on students legrnEspecially it allows self-paced

learning which gives an opportunity to evaluatarikelves in the learning process, and this
thing is not observed in the face-to-face appro&tgnce, effective use of blended approach

can provide a more learner-centered environment.

The study also underlined time management to bimeatfront of the success of blended
learning. Students who used their time efficiemdgrned better than students who did not
have good time management skills. They have alssgssed an improved motivation and

satisfaction better than those students havingcdiffy of managing their time.

It can also be concluded that blended learningagmbr is gender friendly. The result shows
that gender difference becomes narrow for the éxygertal groups as compared with that of
the comparison group, where male students outperféemale students in algebra
achievement and hold a relatively better affectiBat, in experimental groups, male and
female students tend to be similar in algebra aemment and affection. Thus, blended
learning can engage students actively in mathematitable them to learn individually and

in groups, get immediate feedback and lead themotstruct meaning using a variety of
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resources and instructional materials both onlime @ffline. The equality in gender parity is

attributed to these learning experiences.

The perceptions of students was fond to be postowards blended learning approach, as
student respondents’ agreed that online activifesyed learning opportunities that are better
than those in traditional classrooms. The studyndoout that 95.74% of students were
satisfied with the blended course offered in thalgt Generally, student respondents found
blended learning as an approach which is interactengaging, convenient, and more
resourceful. Blended learning additionally allovisdents to be familiar with computers and
build some essential skills needed in the worldvofk. Course instructors also showed a
positive view towards the approach. They reporteel eéffectiveness of the approach in
covering course contents within the given time résourcefulness, its potential in catching

students’ attention, improving student performance.

Blended learning has also a pedagogical benefiadt a potential to transform teaching and
learning from face-to-face environment to the onthvan increased focus on Information
Communication Technology (ICT), which is the futum@®st dominant factor in human life.

Student respondents in this study reflected thiioagh there are benefits to face-to-face
interaction, they preferred the face-to-face deliveo be supplemented by the use of
technology to make the teaching and learning egpee more interactive and attractive.
Thus, blended learning approaches is an effectigans of optimizing student learning in

mathematics.

The model for blended learning emanating from shisly takes into consideration theoretical

and practical aspects affecting the design of lddntkarning interventions and is also
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cognizant of the local institutional context. Thtig findings of this study have the potential
to add value to educators as well as those whanteeested in furthering the research in a

more detailed way.

In general, the blended learning approach was fdarae effective in improving students’
achievement, affection, and perceptions. It alsoomeed gender difference. Hence, it is
concluded that it is worth and useful to integraliended learning in the traditional face-to-
face approach in the learning process at univessifThis could be useful for both primary

and secondary schools as well.

5.6. Recommendation

With the current rapid technological advancemenglity of education cannot be achieved
without the integration of technology in educatidimat is why the Ministry of education of
Ethiopia has planned to fulfill the technologicafrastructures in the fifth education sector
development plan(2015-2020)(MOE, 2015). Howevee, phan was only directed towards
availing digital resources with the curriculum. dhould also include the preparation of
interactive ways of learning such as blended legmhich was found to engage students in
their learning, improve their achievement and aiféec Thus, the Ministry of education and
higher education institutions need to becognizath® benefits of a blended approach in the
current digital age and particular local contektsundertaking blended learning interventions

it is recommended that all the stages within ttegpsed model to beconsidered.

To enhance both student learning and engagementdekign of online platform should

exploit the use of simulations and with instant aodtinuous feedbacks. The Interviews with
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students indicated those were the most effectivepoments of the online content. Therefore,
Educators and policy makers need to utilize thdifigs of the current research so that the
latest developments and thinking in this emergimycational advancement could be

incorporated into institutional curriculum desigmdecourse delivery process.

For the development of effective blended learnimgwould be useful for instructors to
directly involve in the creation of online contemtd resources for their students. Because, the

online lessons provide more than just reading riadtier the students.

The current local parameters at universities arg l&ss to execute a large range of blended
learning program.Thus, infrastructures need to dxesiderably improved. There is also a
need to improvethe instructors’ technological cotapey, so that teachers possess the
amalgam of all knowledge (technology, pedagogy, texn knowledge). Therefore,

universities should set proper infrastructure aathtinstructors.

Blended learning has the potential to expand poi&b for learning by combining the best
practices of in-class instruction with the mostfukenline instruction. This is true only when
students have basic computer skills. Otherwisg; thight encounter a challenge in learning
from the online platform. Thus, students need teehgood exposure to computers at all

levels during the ICT subject or course.

There are several models of blended learning baiagticed by different universities though
there was no one blended learning model that wimksll contexts. The duration and the
type of activities in each environment depend @dbntext and the reasons on why blended
learning is being implemented, the nature of sttgjetultural practices and availability of

technology. Thus, there is a need to evaluate tBksments in order to come up with the
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blend suitable to their context. The three stegkrpental blended learning model used in
this study is promising to effectively benefit frothe blended learning approach in a
developing country context like Ethiopia. Therefodeveloping countries need to use the

three stage supplemental blended learning mod#tting to their contexts.

Since this study was conducted on a single coadditional studies should be conducted in
different courses to see the effectiveness of ththad in other dimensions. Future research
is also needed to establish whether prior trairdgag be utilized to encourage students to
engage in a blended learning approach. This isusegane of the observed challengeswas
students’ lack of sufficient ability toadapt thewnéarning environment with more learner

control.

From this study, it is hoped to have a debate acdeased research interest in Ethiopia.
However, the difficulty of designing and deliverif§lL courses is often insufficiently
appreciated(Medina, 2018), hence there is a needréater interdisciplinary coordination

amongst instructors in both the design and contisunaintenance of BL program.

5.7. Contribution of the Studyand theFuture of Blemled Learning

The primary investigation of this dissertation v&isdents’ achievement and their affection
as a result of blended learning.The study succigsippliedthe three stage supplemental
blended learning model. The study has hopefullynegeup eyes to progress with the current

technology demandsand for researchers interestisiarea.

It was found that the nature of the blended legymiffers in different contests, which also
varies in purpose. Thus, this study adds to thstiexj body of knowledge on using context
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dependent blending by elaborating the context ofeldgping country with a three stage

supplemental model.

The study has revealed that blended learning hastential to descend the notion of one-
size-fit-all model, as the nature of blended leagnaddresses the diverse nature of students:
learn on their own pace without any influence, fska help when they need, gain as many
learning experiences as they can. Therefore, btenearning contributes to learners to

intuitively know what works best for them ratheathhaving it determined for them.

Designing the blended learning course required bstbject matter knowledge and
technological knowledge. So, for effective, coniimgu development and evaluation of
blended learning, the course of this study showednecessity of both technological and
subject matter knowledge of the instructors. Thorsthe current vibrant world, teachers need
to have the amalgam of all knowledge (technologygagogy, content) to effectively design

and implement blended learning.

European countries and the United states (US) argintiously expanding the use of
technology-enhanced learning(Davies, Mullan, & Fed, 2017; Spring & Graham, 2017).
Specifically, US institutions are actively explagithe development of next-generation digital
learning environments(Allen & Seaman, 2016). Tligsart shows that more than 25 percent
of US students take at least onecourse online i42@imilarly, UK and Australian
universities are looking at learning spaces thppstt blended learning, by spending a lot of
financial resource (Davies et al., 2017). This shdkat blended learning is on the rise and
had a promising future. Thus, futurelearning enwinents will be predominantly BL. Thus,

the concern of higher education shouldbe to meetequirements for blend (infrastructure),

209



quality of the blend and working towards makingtinstors competent to teach in a BL

environments.

Finally, the contribution of this research is sugigey the three stage incremental

supplemental blended learning model that has eredriedm the study.

o\‘f?i ¢

R 4

Figure 5.1. Proposedblended learning model:theettstage incremental supplemental

blended learning model
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Appendix A: Students’ Perception Survey

Addis Ababa University

School of Graduate Studies

Department of Science and Mathematics Education

Blended Course Student perception Survey

University: Course Linear algebrall, Sex: Male: Female:
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Please answer the following questions as clearly ysu can by checking the box or line,

as appropriate. Note that BLENDED cour ses have some face-to-face class, but also have

some class sessions that are replaced with online instruction.

Very | Generally Generally Very
satisfied | Satisfied | Neither | dissatisfied | dissatisfied
In general, how satisfied
were you with the blended
course?
Please share any comments you have about blendedirses
Not Definitely
Definitely | Possibly | Undecided | Possibly not

Given a choice, would you
enroll in another blended
course?

In general, how do you feel the technology componeaf your blended course affects the

following, when compared with your face-to-face caises?

Much
better

A little
better

About
the same

A little
worse

Much
worse

The opportunity you get to interact

with other students

The opportunity you get to interact

with your instructor

The opportunity you get to access

learning materials
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Strongly
agree

Agree

Neutral

Disagree

Strongly
disagree

I'm more likely to ask questions in a
blended course

There are more opportunities to
collaborate with others in a blended
course

Blended course experience has
increased my opportunity to access
and use information

| have more opportunities to reflect ¢
what I've learned in blended courses

U7

n

Blended learning helps me better
understand course material

| understand course requirements
better in a blended course

Because of blended courses, | am
more likely to get a better grade

| am very satisfied with this online
course

The websites that were linked to th

course facilitated my learning

What do you like most about blended courses?

What do you like least about blended courses?
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Appendix B: Instructor Perception Survey

Addis Ababa University

School of Graduate Studies

Department of Science and Mathematics Education

Blended Course instructor perception

Course: Linear Algebra Il Univrsity:

Gender. Male Female: Age:

| would like to ask you some questions regarding yo teaching experience. Please

answer the questions that apply to you, and your g@erience with the blended format.

1. How satisfied you have been with your blended ces?s
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Very Generally Neutral Generally
Satisfied Satisfied Dissatisfied Very Dissatisfied
Comments:

2. If, on question 1, you indicated you have beenatiisied with your blended experience,

what do you feel has contributed most to your diistsection?

3. Would you consider teaching a course in the bleridedat in the future?

Definitely

Probably

Probably not

Definitely not

Comments:
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4. If, on question 3, you indicated you would probataydefinitely not teach using a

blended format in the future if you had a choiceywot?

5. How would you rate the quality of the educationgderience in your blended courses

compared to the face-to-face format?

Much better

Better

About the same

Worse

Much worse

Comments:

Consider the amount of interaction in your blendieds. How would you say it compared

with the amount of interaction in a face-to-faceirse with no web components?

Increased

Somewhat
increased

About the
same

Somewhat
decreased

Decreased

Comments:
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Consider the quality of interaction in your blenddalss. How would you say it

compared with the quality of interaction in a faoglace course with no web

components?
Much Better About the same Worse Much
Better worse
Comments:

6. Is there any additional support, technology, antre you feel could be provided that

could help you in your blended courses? Please

explain.

7. How does your assessment of student achieveméiended classes differ from your

face-to-face sections with no web components?

8. What are the most positive aspects of teachingieseausing the blended format?

What are the least positive aspects of teachirguese using the blended format?
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9. Has your experience of teaching blended coursaseimfed your face-to-face course(s)?

If yes, how?
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Appendix C: Student Questionnaire for Control Group

Addis Ababa University
School of Graduate Studies
Department of Science and Mathematics Education
Questionnaire to be filled by Students (CG)

ID. No: Age: University Sex: Male__ Female:

Instructions: This questionnaire is designed to assess youriapin different dimension.
There is no right or wrong answer for each questiblowever, it is essential to respond as
accurately and as honestly as possible by chedkiagnost appropriate response. Indicate
tick (\) mark under the five alternatives given below. Tive alternatives are: Strongly
Agree SA), Agree A), Neutral ), DisagreeD), and Strongly Disagre&D).

Part | Motivation Scale

Statements SA | ANl Dl SD

Learning algebra is interesting

| am curious about problems in algebra

The algebra | learn is relevant to my life

Learning algebra makes my life more meaningful

| enjoy learning algebra

Scoring high on algebra tests matters to me

It is important that | get an “A” in algebra

Getting a good algebra grade is important to me

| like to do better than other students on algéests

- z
O@m\l (.DU'I-POOI\)I—‘O

| will use algebra problem-solving skills in my ear

Part Il. Academic Hardiness Scale (AHS)
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Statements

SA

SD

| take my work as a student seriously

| am a dedicated student

| work hard to obtain a good grades

I give concern for all my classes

Regardless of the class, | do my best

I make personal sacrifices to get good grades

Doing well is as important to me as to my parents

| am more involved and interested in outside ai#igi

I enjoy challenge of difficult class

if | am not confident to do well, it is not importato attend the class

[y Z
RB|lo|o(~N o swnk g

Difficult classes are the best way to improve ohkeiswledge

Part Il

|: Satisfaction scale

Statements

SA

SD

The course documents — lessons or lecture notesmusais class
facilitated my learning

N

The assignments in this course facilitated my liegrn

w

The learning activities in this curse requiredicait thinking which
facilitated my learning

»

In this class, the teacher was an active membtreadliscussion grouy
offering direction for activities

| received timely feedback from my instructor

5.
6.

In algebra class, the instructor has facilitatece tbourse by
continuously encouraging communication

7.

The algebra course created a sense of communitggstadents

8.

| am very satisfied with this algebra course

Part IV: Self-regulated Learning Questionnaire (SLQ)

No

Statements

SA

SD

| set goals to help me manage my studying timerfpicourse

I choose the location where | study to avoid to@mdistraction.

| find a comfortable place to study

I know where | can study most efficiently

| choose a time with few distractions for studying

oA IWNE

are more important for learning

| try to take more thorough notes for my algebrarses because notes

| prepare my questions before contacting the ingtru

o~

| work extra problems in my algebra course in addito the assigned
ones to master the course content

| allocate extra studying time for my algebra ceurecause | know it
is time-demanding.

10

| try to schedule the same time every day or ewergk to study for

my algebra course, and | observe the schedule
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11| Although we don't have to attend daily classesillitsy to distribute
my studying time consistently across days

12| I find someone who is knowledgeable in course gurge that | can
consult him or her when | need help

13| | share my problems with my classmates so we knbatwe are
struggling with and how to solve our problems

14| | always ask my instructor for a help, if | encoened a difficulty

15| I summarize my learning of algebra to examine myaustanding of
what | have learned

16| | ask myself a lot of questions about the coursteria when studying
for algebra course

17| | communicate with my classmates to find out haanl doing in
algebra classes

18| | communicate with my classmates to find out whatnl learning that
is different from what they are learning

Part V: Mathematics Anxiety Rating Scale (MARS)

Statements SA|AN|D| SD

Algebra makes me feel comfortable

Algebra is the most horror subject for me

My mind goes blank when the instructor asks algeestions

| find algebra interesting

algebra is one of my favorite subjects

| am always afraid of algebra exams

| feel nervous when | am about to do atgdibmework

| feel happy and excited in algebra class as coeaptr any other clas

[72)

I would prefer algebra as one of my specializatiofurther study

= =2
o|©|®No|a|l~WN R

Algebra is a headache for me

11 | I am afraid to ask questions in algebra class

*These instruments have been used for pretesttbfdroups and only for comparison group
in the posttest
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Appendix D: Student Post Questionnaire for Experimatal Groups

Addis Ababa University
School of Graduate Studies
Department of Science and Mathematics Education
Questionnaire to be filled by Students (post) EG

ID. No: Age: University Sex: Male__ Female:

Instructions: This questionnaire is designed to assess youriapin different dimension.
There is no right or wrong answer for each questiblowever, it is essential to respond as
accurately and as honestly as possible by chedkiagnost appropriate response. Indicate
tick (\) mark under the five alternatives given below. Tive alternatives are: Strongly
Agree SA), Agree A), Neutral ), DisagreeD), and Strongly Disagre&D).

Part I: The Situational Motivation Scale (SIMS)

Statements SA|A|N |D|SD

Learning algebra is interesting

The algebra | learn is relevant to my life

| am curious about problems in algebra

Learning algebra makes my life more meaningful

| enjoy learning algebra

Scoring high on algebra tests matters to me

It is important that | get an “A” in algebra

Getting a good algebra grade is important to me

I like to do better than other students on algéésts

- z
o@m\l(DU'IAOOI\)I—‘O

| will use algebra problem-solving skills in my ear
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Part Il Academic Hardiness Scale (AHS)

Statements SA

| take my work as a student seriously

| am a dedicated student

| work hard to obtain a good grades

I give concern for all my classes

Regardless of the class, | do my best

I make personal sacrifices to get good grades

Doing well is as important to me as to my parents

| am more involved and interested in outside aii#igi

I enjoy challenge of difficult class

If I am not confident to do well, it is not impontato attend class

[y Z
RB|lo|o(~N| oo s wNve g

Difficult classes are the best way to improve oeiswledge

Part Ill: Satisfaction scale

NO

Statements SA

SD

The course documents — lessons or lecture notésmsais class
facilitated my learning

The assignments in this course facilitated my liegrn

The learning activities in this curse requiredicait thinking which
facilitated my learning

In this class, the teacher was an active memb#reofliscussion
group offering direction to posted comments

| received timely feedback from my instructor

In algebra class, the instructor has facilitate@ ttourse by
continuously encouraging communication

The online discussion board provided opportunity fooblem
solving with other students

8

The algebra course created a sense of communitggstadents

Part IV: Online Self-regulated Learning Questionnare (OSLQ)

0

Statements

SA

| set goals to help me manage studying time foonline courses

| choose the location where | study to avoid to@mdistraction

| find a comfortable place to study

| know where | can study most efficiently for mylioe course

| choose a time with few distractions for studyorgine

oo s w N R|=

| try to take more thorough notes for my online rseubecause notes
are even more important for learning online thaa negular classroon

\l

| prepare my questions before joining in the distusforum

(o]

| work extra problems in my online course in aduitto the assigned
ones to master the course content

| allocate extra studying time for my online coubseause | know it is
time-demanding

10

| try to schedule the same time every day or ewargk to study for my
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online course and | observe the schedule

11 | Although we don't have to attend daily classesillitsy to distribute
my studying time consistently across days

12 | | find someone who is knowledgeable in course gurde that | can
consult him or her when | need help

13 | I share my problems with my classmates online s&mwesv what we
are struggling with and how to solve our problems

14 | | always ask my instructor for a help through d#&sian forum or any if
| encountered a difficulty

15 | I summarize my learning in online course to examiryeunderstanding
of what | have learned

16 | I ask myself a lot of questions about the coursteria when studying
for an online course

17 | I communicate with my classmates to find out haanl doing in my
online class

18 | | communicate with my classmates to find out whaatnl learning that

is different from what they are learning

Part V: Mathematics Anxiety Rating Scale (MARS)

Statements

SA

SD

Algebra makes me feel comfortable

Algebra is the most horror subject for me

My mind goes blank when the instructor asks alggoistions

| find algebra interesting

algebra is one of my favorite subjects

| am always afraid of algebra exams

| feel nervous when | am about to do algdtomework

| feel happy and excited in algebra class as coedpiarany other class

| would prefer algebra as one of my specializatiofurther study

Algebra is a headache for me

e Z
RB|o|o|~No|alslw| v - S

| am afraid to ask questions in algebra class
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Appendix E: Semi-structured Interview for Students

Addis Ababa University

School of Graduate Studies

Department of Science and Mathematics Education

Semi-structured interview for students

This interview is designed to access your viewsgetion on the blended learning approach.
There is no right or wrong answer for each questiblowever, it is important to respond as
honestly as possible by describing your feelindgark you for your voluntary participation

in this study.

1. Do you think that the blended approach helped yil your learning? Give reasons.
2. What are the advantages you obtained from BL?

3. What did you like the most about BL?

4. What are your feelings about the online tests?

5. What did you find most difficult or challenging alia blended course?

6. What is the worst thing you observed from this tgp&earning?

7. So, what changes you suggest to create betteingagnvironment?

8. How do you see the benefits in terms of supporymygy learning?
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9. How was your interaction with your instructor aseault of BL?
10.Would you like to use this type of learning in faeure?

11.Would you recommend this type of learning for otbieidents? Why?

Follow up interview with students

This interview is designed to access your viewsfgatiion on the blended learning approach.
There is no right or wrong answer for each questibiowever, it is important to respond as
honestly as possible by describing your feelinggank you for your voluntary participation

in this study.

1. How was your experience of blended learning?

2. What were the challenges at that time?

3. Does it create a load or unnecessary addition to sggular learning?

4. Does it take too much of your time which affectethourses?

5. How was the continuous assessment in all courses, itlaffect your blended
learning algebra course? How?

6. Do you have really benefited?

7. Do you have affected negatively in your learningi@meral?
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University observer

Appendix F: Observation Checklist

Addis Ababa University
College of Education and Behavioral Studies
Department of Science and Mathematics Education

Observation Checklist Tool

No lYes | No
Learning Environment

1. Students collaborate with peers through onlineudision area

2. the online environment is rich in resource and iiser friendly|
for students

3. Using blended learning,course objectives are aeliein a
better way.

4, During the face-to-face classroom setting,studergst
opportunity to further grasp the lessons.

5. Comp. Laboratory room is well structured with nmiet access

6. Students become familiar with Moodle easily.

7. The presentation of contents and arrangementlivganized

8. Students are comfortable with the self-checkiegsion

9. Blended learning provides an opportunity to cdntomes
progress

10. Blended learning allows students to express theesen a
written form.

Course Delivery Process

11. The course instructor is well aware of the purpotélended
learning.

12. The course instructor gives time to assist stiglantin onling
discussion session.

13. Students appear comfortable with the blended ilegrapproach

14, The blended learningapproach addresses the diveaitsiee of
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students.

15. The learning resources attached to the online remvient
contribute little in the learning process.

16 Online and face-to-face instruction was relevargach other

17 During the online discussion forum, students aethance tc
pose question and forward their views.

18 The classroom instructor encourages studentsadiively
participate in activities.

19 Students got enough time to do activities wehrg.

Comments

1. How the instructor links the face-to-face and oalggessions?

2. What were the challenges observed during the im@h¢ation of blended learning for

mathematics course?
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Appendix G: Algebra Achievement Tests

1. Algebra Achievement Pretest

Linear Algebra Il (pretest) Time allowed 1:30his.

Name Id.
No University Sex
Do you have an experience in using internet or agergo learn algebra? Yes  No__

| nstruction: attempt all questions and choose the best answer among the given alternatives

4 7 1
1. What are the eigenvaluegict |0 -3 8]’?
0 0 2
A) -3,2,4 B)1,4,6 C)-3,-1,4 D)0, 2,4
—6) . . 1 -6 . . .
?
2. If( 1 ) IS an eigenvector c(fO ) ) what is the corresponding eigenvalue”
A) 0 B)1 C)2 D) 3
1 0 -2
3. Let an eigenvalue of matdei= -1land letd + I reducestq0 0 0 |, then
0 0 O

which one of the following is an eigenvectordotorresponding to the eigenvalue

A=-17
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2t 2t t
A) <s),t,sE]R B(O),tER C(s),t,sE]R
t t 2t
t
D) (o),tER
t

4. For the matrig = (g (1)) which of the following is correct?
A) v (1) is an eigenvector of A .= (_23) Is an eigenvector of A
B) v, = (_11)is an eigenvector of A D = (_13) is an eigenvector of A

5. Which of the following is the charactigciequation of Az(i _26)’?

A) A% — 3)+8 BR% +3A+4 C)A2+3A+4=0 D) A% —

32+8=0

6. Iff (t) is the characteristic polynomial of a square marithen

f (0)=

A) a4 B)ay + a4 Cho D. Undetermined

7. Let A€L _52) be given. If f(t) = t? + 3t + 7, thenf (4)=

N (7Y eE YD)

3 —18)

(36 39 % 32)

D) (36 32

8. Which of the following teue?
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A. The eigenvalue of a matrix are on its main diagonal

B. 4 andA? have the same eigenvectors

C. The degree of the characteristic polynomial ohar nmatrix is at most — 1.

D. If two matrices have the same characteristic patyiag then they have the same

eigenvectors.

9. Let A and B are square matrices suchAB = I, then zero is an eigenvalue
of

A) matrixBB) Matrix AC) Both matricesA andB D) Neither matrid nor

10. If & x 2 matrixAhas eigenvaluet =-1 andA = 4, then what are the

eigenvalues 0347

A) -1&4 B)2&7 C)-3&12 D) Cannot be determined

2. Algebra Achievement Testl

Linear Algebra Il (Testl) Time allowed 1:30hrs

Name Id.
No University
Do you have an experience in using internet or adergo learn algebra? Yes  No___

| nstruction: attempt all questions and choose the best answer among the given alternatives

0 -2

1. |fA=(1 ;

), thenA10=
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A (1 so00) 5 (1023 2045)
(1025 2087) 6] “sooso)

. Let A be a2 x 2 matrix whose eigenvalues atge = 4 and1, = 5 and the associated

eigenvectors are; = ( 1

) andv, = (i) respectively. Then find a diagonal matrix

D that is similar t4.

A ) 5y o) fy 2) oy 1)
. Which of the following matrix is diagonalizable?
NG D) B ) oo o) o 3

. Which of the following is true?

A) If ann x n matrix hasn distinct eigenvectors, then it is diagonalizable

B) If two matrices have the same characteristic patyiag then they have the same
eigenvector

C) A diagonal matrix is diagonalizable

D) Every diagonalizabla x n matrix hast distinct eigenvalues

. Find a2 x 2 matrix having eigenvaluey = 7 andA, = —4,with the corresponding

. 1 1 :
eigenvectory; = (_3) andv, = (_2) respectively.
—-26 -—11 -7 —4 26 5 2 1
A) ( 66 29 ) B(Zl 8 ) CX 6 —9) D)(3 1)
2 1 1
. Find the minimal polynomial of = (0 2 0).
0 0 2
A) m(t) = (t—2)3 Cm(t) =t—2
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B) m(t) = (t — 2)? Dn(t) =t+2

7. What is the spectral radius 4f= (3 _2)’?

4 -1
A) 2 B)2 C)5 3)
8. Find a matrixP that diagonalizet = (:Z 192).
me=G 23 Br=(, °) cp=(1 ) D)P =

G 7
9. Which of the following is Cayley-Hamilton theoreraut ann X nmatrix4?
A) There exists a uniqgue monic polynonjfiabf lowest degree such thafd) =0
B) The minimal polynomial ofl divides every polynomial that satisfiE64) = 0
C) Matrix Asatisfies its own characteristic equation
D) Every eigenvalue o is a zero of the minimal polynomial
10.If a square matrix of order 10 has exactly 5 didteigenvalues, then the degree of the
minimal polynomial is
A. Atleast5 B) exactly 10 C) at mBs D) Cannot be determined

3. Algebra Achievement Test2

Linear Algebra Il (Test Il)  Time allowed 1:30 hrs.

Name Id. No eksity

| nstruction: attempt all questions and choose the best answer among the given alternatives

1. Considg(t) = 3t — 5 andg(t) = t? in the polynomial spage(t) with inner

product defined byf, g) = folf(t)g(t)dt thenf, g)=
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29 1 Sy 1
2. In question 1, fintf||

A) V3 B) 3 C) 13 DV13

2 1 -8
3. Let= <—1> , W= ( 4 ) z = < 3 )then which pairs of these vectors are

3 -2 2
orthogonal?
A v&w By &w Cy&z D) None of the
above

4. Compute the distance between the vecter§7, 6) andw = (5, 3)
A) 23 BY3 Q5 DV13
5.Find so thatv = (1, 2, k,3) andw = (3,k,7,—5) in R* are orthogonal
A) 12 B) 9 Cy. D
6. Construct an orthogonal set of vectomnfrthe linearly independent sets

1 0 1
{v,,v,, 3}, Wherev; = <1) vy, = (1) vy = (0) (Hint: use the Gram-schmidt
0 1 1

orthogonalization process)

N [~3 ; 1
A (1> o o <1)
0 0

3
2/3

R NIRNR
_ Wi wWlN

e
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B)

{3)

7.Which of the following isue?

_ Wk WwlN
W)
/-~
O R =
<~

I v

wlN

—
~

S 4= %l

A) A linear operatof is said to be isometry if it preserves length
B) Operators and their adjoint have the same eigeovect
C) In QR factorization of matrix both factors are upp&ngular matrix

D) Every linear operator preserves dot product

8. Which of the following is orthogonal Sets

A) {(1,-1,2),(0,2,-1),(-1,1,1)} C)
{(0,1,0,—-1),(1,0,1,1),(-1,1,-1,2)}

B) {(3,54),(3,-54),(4,0,—-3)} D){(1,0,0,0),(2,1,1,1),(—1,2,3,1)}

9. Which of the following is orthonormal&et

A G332 G653 G339 C1(0221), (11, -22),(0,-2.12)}
B) {(.0-%). (55 %) 010} DI(3,5,4), (3,~5,4), (4,0, —3)}

10. Which of the following is an orthogonadtnx?

L 010

NG ST ég : (1))
1 1 1

26 ) ot 1)
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4. Algebra Achievement Posttest

Linear Algebra Il (Posttest) Time allowed 1:3Chrs.

Name Id. No eJsity

Instruction: attempt all questions and choose the ést answer among the given
alternatives
1.  Which of the following matrix is invertible over

FError! Bookmark not defined.?

A)Az(xi1 x-T—3) BB= (411 x13)
Ac=(; x241) op=(75, *;7)

1 2 -1
2. Find the Jordan canonical formdof (0 2 0 )
1 -2 3

2 0 0 1 0 O 2 0 0 1 10
Ao 2 0 B)JO 1 0 Cyo 2 1 Do 1 1
0 0 2 1 0 1 0 0 2 0 0 1

3. Find the normal canonical form of matriseesilar to the matrix A given in question

2

2 1 0 0O 1 O 2 0 0

A) (0 2 1) B)(O 0 1) C)(O 0 1) D)
0 0 2 8 -8 6 0 —4 4
2 1 0
(0 2 1)
0 4 -4
; . _(x 2 0

4. Find the™ -order minor ofd = (0 5 x)

A. {2x,x%} BY2x, 2x?%} CJ0, 2x2} DY0, 2x, 2x?}
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1 0 2
For question 5-7 consider the matrixB = (0 6 1 )
3 1 -2

______ 5. Find the determinantal divisors of matrix B
A) {d; = 2,d, = 12,d; = 432} B)d, = 1,d, = 2,d5 = 49}
C){d, =1,d, = 1,d; = 49} O, = 1,d, = 12,d5 = 432}
_____ 6. Find the invariant factors of matrix B
A){fi=2f,=12,f; = 432} B =11 =2,f; =49}
CO{fi=1f,=1,f; =49} DY, =1,f, =12, f; = 432}

7. Find the smith canonical form of matrix B

2 0 0 10 0 10 0
C) (0 12 0) B)<O 2 0) C)(O 1 0) D)
0 0 432 0 0 49 0 0 49

1 0 0
0 12 0
0 0 432

8. Find the rational canonical formAof (_59 _11)

A5 ) 5w ol L) o)

9. Which of the following is true about sngdmonical form?

A) Diagonal entries are invariant factors BBery entry off diagonal is positive
C) Diagonal entries are eigenvalues D) Diagonal entries are block
matrices

10. If the similarity invariants of matrix Aes{1,1,1, (x + 2)?, (x — 2)(x + 2)?} then

find the rational canonical form of A
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0 1 0 1 —4 —4
Dy o) 5y 4) o o
0 0
01 0 0
4 4 0 O
0 0 0 1
0 0 4 0

Appendix H: Permission Letters from Addis Ababa Unversity

1. Letter to Experimental Groupl
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ARN hna euLiicht
AU UCTS Mg TS bAE
PALING A TUCT hEA
A0 AN X PR P

Addis Ababa University
College of Education and Behavioral Studics
Department of Science & Mathematics Education

Addis Ababa, Ethiopia

Date: February 01,2017
Ref. No.: SMED/070/2009-17

To: Wachemo University
Hossana

Subject: requesting cooperation for research work

Mr. Awcke Shishigu is a PhD candidate at the department of science and mathematics education.

He has requested the department to write him an official letter to collect data from your institution.

The department has ratified his research entitled “Learning Mathematics through Blended Learning
Approach and Students’ Affection” as requiring intensive computer Laboratory with internet
access. This is therefore; to kindly request your usual cooperation for Aweke shishigu in permitting

him to use comp, Laboratory, use your local server as needed by the study and other necessary

support during his stay i rﬁ?ﬁ'ﬂﬁ‘;}t_“ n for the smooth execution of the research work.
With Reggrds, \

e ."

Rty

4;3 Sha v‘io\'a\?\&
Kassa Micheal (PhD) s Ahan?

Chairman, Department of Science and Mathematics Education

® 011 1 22 07 67 & 1176

2. Letter to Experimental Group2
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hAO AN RLACh:

ddi iversi
ALTTUCTS ML TG hAE Addis Ababa University

College of Education and Behavioral Studies
FALINGT A T9°uCT+ hea Department of Science & Mathematics Education

AEN RONAT R TR e Addis Ababa, Ethiopia

\

Date: February 01,2017
Ref, No.: SMED/072/2009-17

To: Wolkite University
Wolkite

Subject: requesting cooperation for research work

Mr. Awoke Shishigu is a PhD candidate at the department of science and mathematics education.

He has requested the department to write him an official letter to collect data from your institution.

The department has ratified his research entitled “Learning Mathematics through Blended
Learning Approach and Students’ Affection” as requiring intensive computer Laboratory. This is
therefore; to kindly request your usual cooperation for Mr. Awoke Shishigu in permitting him to
use comp. Laboratory, as needed by the study and other necessary support during his stay in your

institution for the smooth execution of the research work.

Kassa Micheal (PhD)
Chairman, Department o

& 011 1 22 07 67 = n76

3. Letter to Comparison group
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Addis Ababa University
College of Education and Behavioral Studies
Department of Science & Mathematics Education

Addis Ababa, Ethiopia

h&nN A euichk
21 PUCTS el TSThAE
PALTING ANl TUCThEA
AEN RNNIXRTERP

Date: March 21, 2017

Ref. No.: SMED/094/2009-17

To: Hawassa University

Hawassa

Subject: Requesting Cooperation for Research Work

Mr. Aweke Shishigu is a PhD candidate at the department of science and mathematics education.
He has requested the department to write him an official letter to collect data from your institution.
The department has ratified his research entitled “Learning Mathematics through Blended Leaming
Approach and Students’ Affection”as requiring intensive computer Laboratory. This is therefore;

to kindly request your usual cooperation for Aweke shishigu in permitting him to use comp.

Laboratory, as needed by the study and other necessary support during his stay in your institution

for the smooth execution of the research work.

With Regards

~ Naturaj
@ (Sciences Egyc.
Program Unit
(GSE)

Kassa Micheal (PhD) I{’
Chair, Department of Science & Mathematics®

B 1176

® 011 1 22 07 67
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Appendix I: Blended Learning Course outline

Blended Learning Course Outline

Department Mathematics

Module name Linear algebra

Module no. 04

Module code M2041

Course title Linear algebra Il

Course code Math2042

Pre-requisite Math2041

Status of the course compulsory

Credit hour 3

Course EtCTS 5

Target group Second year mathematics students

Semester Il

Instructor information | Name: (removed)
Mobile No: (removed)
E-mail: (removed)
Consultation hourT/A

Method of instruction — Blended learning

What Does Blended Learning Mean in this Course?
This course will be offered in a blended learniagifat incorporating teaching and learning actisitie
which use information communications technologiagipularly the Internet. This is characteriZed
by slight reduction of the scheduled face-to-faaxure and tutorial time. You will be working wigh
Web-based learning management system called Mobi@iterials and assignments will be provided
through the site indicated beloliscussion ideas or questions will be formed by amg of you and
all students have a chance to participate and a@ksonversation usually written as a solution
questions being raised. The instructor and courdmirastrator will follow and shape 4|l
conversations. Completing all activities is mandato

Website:https://aweblendedlearning.moodlecloud.com
Course learning platform Enrolment key: 2121

Course Administrator: Aweke Shishigu

Mobile No: 0913012770

E-mail: awekeu@gmail.com

Requestnobile version from the course administrator

Computer Labs Computer Labs with internet access will be arrarfgegiour use
outside of regular class at least once a week.

Course Description: This course covers the characteristic equationméix, orthogonality, matri
factorizations, canonical forms, direct sum decositpm of vector spaces, bilinear, quadratic and
positive definite forms

Course Objectives On completion of the course, successful studeiltbevable to:
o Find the eigenvalues and eigenvectors of a squatexn
o Identify similar matrices,
o Diagonalize matrix when it is possible,
o Define inner product space,
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o Find and apply the LU factorization of a matrixinderstand the Gram-Schmidt process,
o Find an orthogonal basis for a subspace,
o Find an orthogonal complement of a subspace,
0 Recognize and invert orthogonal matrices,
0o Comprehend the three canonical forms of matrices.
Date Content Remark
Week 1 Chapter 1:The characteristic equation of a matrix | No lab work, only
1.1 Eigen values and eigenvectors classroom lecture
1.2 The characteristic polynomial
Algebra achievement pretest
Week 2 1.3 Similarity of matrices and charactariptilynomial | Lecture + Lab
1.4 The spectral radius of a matrix work
Week 3 1.5. Diagonalization Lecture + Lab
1.6. Decomposable matrices work
1.7. Minimal polynomial and Cayley-Hamilton
theorem
Algebra achievement testl
Week 4 Chapter 2: Orthognality Lecture + Lab
2.1. The inner product work
2.2. Inner product spaces
Week 5 2. 3. Orthonormal sets Lecture + Lab
2.4. The Gram-Schmidt orthogonalization process | work
2.5. Cauchy-Schwartz and triangular inequalities
Week 6 2.6. The dual space Lecture + Lab
2.7. Adjoint of linear operators work
2.8. Self-adjoint linear operators
Week 7 2.9. Isometry Lecture + Lab
2.10. Normal operators and the spectral theorem | work
Week 8 2.11. Factorization of a matrix (LU, CholgsRR) Lecture + Lab
2.12. Singular value decomposition work
Algebra achievement test 2
Week 9 Chapter 3: Canonical forms Lecture + Lab
3.1. Elementary row and column operations |evork
matrices
3.2. Equivalence of matrices of polynomials
3.3. Smith canonical forms and invariant factors
Week 10 3.4. Similarity of matrices and invariaattbrs Lecture + Lab
3.5. The rational canonical forms work
Week 11 3.6. Elementary divisors Lecture + Lab
3.7. The normal and Jordan canonical forms work
Algebra achievement posttest
Week 12 Chapter 4: Bilinear and quadratic forms Lecture + Lab
4.1. Bilinear forms and matrices work
Week 13 4.3. Symmetric bilinear forms and quadratims Lecture + Lab
work
Week 14 4.4. Real symmetric bilinear forms ,positilfinite Lecture + Lab
forms work
Quiz
Week 15 Chapter 5: Direct sum decomposition of vector Lecture + Lab
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spaces

5.1. Definition of a direct sum of vector spaces
5.2. Projection and invariant subspaces of a linear
operator

work

Week 16 5.3. Primary decomposition theorem Lecture + Lab
work
Assignment + presentation
Final Examination (chapter 4&5)
1. Test(1,2,3)ceiiieineiinininnnns 30%
Assessment 2. Assignment...................... 10%
3. QUIZ.oii 5%
4. Presentation...................... 5%
5. Finalexam....................... 50%
6. Total.......oovviieiiiiiiien, 100%
Grading: as per the university grading system
Course policy A student has to:
v Attend all classes including lab sessions
v Take all continuous assessments
v' Take final exam
v Respect all the university rules and regulatigns
Text books
1. Demissu Gemeda. (2005Jopics in linear algebraAddis Ababa
University

2. Seymour Lipschutz (2009ghaum’s Outline Series: Theory and
Problems of Linear Algebra {4edition) McGRaw-Hill Inc, USA.
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1. Lawrence E. Spence,

linear Algebra Pearson education, USA.
Stephen H. Friedberg, Arnold J. Insel, and LawrdacBpence (1989
Linear Algebra (4 edition) Prentice-Hall, USA.

2.

3. Kenneth Hoffman,. (1
Hall Inc, New Jersey.

4. Richard Bronson and

Introduction (29 edition)Elsevier Inc, USA.

A. Insel and S. Friedberg (RE)&mentary

971)Ljnear Algebra, (> edition Prentice-

Gabriel B. Costa. (20Q7)ear Algebra, an

.available on

All text books and
other

supplementary
materials are
the

platform

262



Appendix J: Table of Specification for Algebra Achevement Tests

Test Understanding of algebra| Computations Logical reasoning
concepts (40%) (30%) (30%)

Algebra achievement | 4 3 3

pretest

Algebra achievement | 4 3 3

testl

Algebra achievement | 4 3 3

test2

Algebra achievement | 4 3 3

posttest
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