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Abstract

This study aimed to develop technology-mediated learning modules in practical

mathematics for the technical vocational track of the K to 12 curriculum using the

design research model of Mckenney and Reeves (2003). It also sought to:

a) characterize the these learning modules in terms of the selected design principles;

b) determine their effectiveness; c) determine how beneficial the design research

approach is in developing these modules compared to a traditional curriculum

development approach; d) compare the practical mathematics test scores of the

design research group and comparison group; and e) make improvements on the

leaming modules. The theoretical and practical outputs of the study are of significant

use to curriculum developers, mathematics teachers, technical vocational schools,

and practitioners of design research. Two iterations were done in developing the

modules, where data were gathered from randomly selected samples from a private

sectarian college using researcher-made instruments. Test result indicated a non

significant difference in the gain scores of the design research group and the

comparison group. However, research participants' assessment of the modules

show that the modules developed using the design research were effective in

teaming practical mathematics concepts. The focus group discussion with research

participants and the review of a subject expert both show preference in the modules

developed using design research. The study thus recommends the use of design

research in developing technology-mediated learning modules in mathematics for

the technical vocational track of the K to 12 curriculum, and the use of its practical

output in the online learning and teaching of practical mathematics concepts.

Keywords: design research, practical mathematics, design principles, technology-

mediated learning modules
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Chapter 1

INTRODUCTION

This chapter presents the background of the study which leads to the statement

of the problem. It also describes the significance of the study as well as its scope and

delimitation.

Background of the Study

One exciting development in the educational landscape that pushed further the

frontier of distance leaming was the emergence of online learning. In this leaming

format, students learn mostly through Internet resources and communication

technologies—at their own pace and convenient time. Many institutions of higher

learning are now finding online leaming as a viable option to traditional learning

(Summers, Waigandt & Whitaker, 2005). In 2012, almost 70% of American universities

and colleges (Allen& Seaman, 2013), up from 56% in the middle part of 2000 (Allen &

Seaman, 2005), saw online education as critical to their long-term strategy. The use of

online learning, moreover, extends to technical vocational education. The China Online

Education Report (2014, p.1) showed that online learners in China numbered 67.2

mllllon in 2013 and furthered that "38.6% of these leamers were enrolled for online

vocational education."

Indeed, online learning has assumed a significant role in the delivery of technical

vocational education—an important component of national development. Technical

vocational education is so vital in the creation of employable skills for poverty reduction

and sustainable development (Oseni, Ehikioya & Betty, 2011). Such importance has



attracted policy attention among developed countries on using distance learning as a

primary strategy in the reform of technical vocational education (Stevens, 2001). For

instance, Australia, Canada, and the European community have each crafted a national

program or strategy to expand the application of distance and flexible learning

technologies. Such has been crafted for the reform of vocational education and training

system, workforce development, and for addressing current shortage of IT workers

(Stevens, 2001). In these countries, online learning is the latest mode of delivery of

instruction for leamers of vocational education.

In the Philippines, a good number of short-term courses were offered by the

Technical Education and Skills Development Authority (TESDA) through this online

learning technology. These courses, which require very little mathematics requirement

or none at all, were available as online learning modules. This study, however, has yet

to find an application of online learning technology in the core courses of the technical

vocational education in the Philippines. Because of this gap in research literature, this

study has taken great interest to apply online technology to the technical vocational

education in the Philippines. Such interest is very relevant especially now that technical

vocational education has become one of the four major tracks in the recently

implemented K to 12 curriculum (Ocampo. 2014). In particular, this study wants to

develop technology-mediated learning modules in practical mathematics for the

vocational technical track of Grades 11 and 12. These online learning modules will

provide a teaming environment of convenience, instructor availability, and online

interactions in a technical vocational course, like practical mathematics especially, to



students who are time-bound or place-bound due to distance or physical limitations

(Juan, Steegmann, Huertas, Martinez & Simosa, 2011).

The increasing use of online learning speaks volumes of many other benefits for

its users like students in the technical vocational schools. An ongoing large body of

literature shows that online leaming format is an effective way of building learning

engagement of students ( Lewis & Allen 2005; McConnell, 2006). In a meta-analysis of

20 years' research on the academic performance differences between traditional and

distance leaming, it was found out that the "experimental probability of attaining higher

leaming outcomes is greater in the online environment than in the face-to-face

environment" (Shachar & Neumann, 2010, p.327). Moreover, this latest distant mode of

learning yields prospects for promoting a reflective and collaborative learning

environment (Bates, 1997; Eastmond, 1995), This characteristic of online learning was

validated by a study of El Mansour and Mupinga (2007) who reported that, among

others, online interaction was one positive aspect experienced by the participants of the

study. From the instructors' point of view, they found online teaching advantageous

because they can: a) plan their courses in advance; b) maintain personal

communications with their students; c) have access to a variety of students; d) gain

opportunity to improve their pedagogy skills; and e) have more control over the learning

environment (Telmesani, 2010).

The sustained effort for a technology-based mathematics curriculum has

mediated online leaming of mathematics. Such technology has provided tools which

make such online leaming more convenient, effective, and engaging. The computing

technology - like the scientific and graphing calculators, and computer programs with a



multitude of mathematics functions - has freed up learners from the routinely

mechanical task of calculating and allowed them the joy of discerning and exploring

mathematics (Heid, 1988). Moreover, computer-assisted instruction in mathematics

reinforces learning, achieves better student retention, and provides paced learning

(Barrow, Markman & Rouse, 2009; Pilli & Aksu, 2013). The multimedia presentation of

mathematical knowledge through digital board and Internet has fostered greater student

engagement and connected mathematics abstractions to the real world (diSessa, 2001).

In a statewide online program of more than 3,000 online courses delivered to more than

250,000 student enrollees since 1996, online teaching of mathematics was a significant

predictor of faculty satisfaction with online teaching (Shea, Pickett, & Sau Li, 2005).

In the development of these technology-mediated learning modules, this study

will use design research as an approach—characterized as interventionist, iterative,

process-oriented, utility-oriented, and theory-oriented (Kelly, 2003). This approach

offers a twofold yield: a research-based intervention and a generation or validation of

theories (Plomp & Nieveen, 2013). The first yield, a research-based intervention to

solve a complex problem in educational practice, is the result of an iterative process of

analysis, design and implementation, and evaluation. This process, in turn, advances

our knowledge about the characteristics of the intervention and the steps of designing

and developing it. Such approach will be appropriate for the present study as it aims to

develop technology-mediated learning modules in practical mathematics for students in

the technical vocational track of the K to 12 curriculum. The intended users of the

modules are expected to pursue the practical vocations in life after high school and are

thus disposed to the practical side of learning. Using the iterative process of developing



these technology-mediated learning modules will progressively craft an intervention as

useable and practical as possible in the learning of mathematics skills and knowledge

required in the technical vocational track. Moreover, the same iterative process will help

validate some educational theories that this study will use to provide a student-centered,

constructivist, and a technology-enhanced learning environment for its intended users.

Thus, the second yield of this study will be a set of validated design strategies that will

strengthen educational practices of learning and teaching practical mathematics in an

online environment. Also, this set of validated design strategies will add to the body of

knowledge of developing technology-mediated learning modules in the mathematics

curriculum of technical vocational schools.

Statement of the Problem

The study aimed to develop technology-mediated learning modules in practical

mathematics by using the design research approach for the technical vocational track of

the K to12 curriculum. Specifically, it sought to answer the following questions:

1. What are the characteristics of technology-mediated learning modules in

practical mathematics for the technical vocational track in terms of the following:

a. context of the students;

b. online teaming approach;

c. online rotes of teaching;

d. technology tools used;

e. presentation of the online learning modules?



2. How do the first iteration group and second iteration group differ in terms of

student evaluation of the effectiveness of the technology-mediated learning

modules in practical mathematics?

3. How do the design research group and comparison group differ in gain scores in

practical mathematics test?

4. How beneficial is the design research approach in the development of

technology-mediated learning modules in practical mathematics compared to the

traditional curriculum development approach used in a private sectarian college?

5. What improvements are done on the learning modules based on the feedback of

the student participants, class observer and/or the researcher?

Significance of the Study

Under the K to 12 curriculum of the Philippines, the mathematics curriculum for

the technical vocational track is either newly-developed or is still being refined. Such

may either be the case because its implementation is still at its infancy. In this regard,

the present study of developing technology-mediated learning modules in practical

mathematics for the technical vocational track may be of significant use to several

groups described in the succeeding sections:

Curriculum Developers of Technology-Mediated Materials in Mathematics.

This study may provide useful inputs to curriculum developers of technology-

mediated learning materials in mathematics for technical vocational track under

the K to 12 program. Particularly, the re-conceptualized framework of the study,

which presents the validated design principles as well as the relationships



between these design principles and student performance, may serve as the

design framework. As a design framework, it may guide the curriculum

developers in creating and designing the content and processes of a technology-

mediated mathematics curriculum using design research. Also, these curriculum

developers may find the design framework as an input for further design efforts

on other technical vocational courses, which will be delivered online. Such

design efforts are needed especially that the implementation of the K to 12

curriculum of the technical vocational track is still on its early years and current

enrollment in the technical vocational track has accounted for almost forty

percent of the more than 1.5 million students enrolled in the senior high school

(Mateo, 2017). In particular, the enrollment figure greatly underlines the

Importance of making the curriculum of the technical vocational track more

engaging, authentic, and more relevant to what its enrollees need. Such kind of

curriculum is even more needed by those who will decide to find work after

graduation from senior high school.

Mathematics Teachers. Those teachers in the technical vocational track who

plan to conduct online classes in practical mathematics may greatly benefit from

using the practical and theoretical outputs of the study. Such practical output

consists of online learning modules on selected but important topics in practical

mathematics. They may consider the possibility of allowing their students to learn

these topics online with the use of these online teaming modules. This learning

approach reduces face-to-face classroom meetings—a positive development for

time-bound or place-bound students. Also, embedded in these modules are



design principles—^the theoretical output—validated by this study to be effective

principles for teaching and learning practical mathematics in an online

environment. These validated design principles will inform and guide these

teachers on what and how to conduct effectively their online practical

mathematics classes in terms of learning and teaching approaches, technological

tools, and the presentation of the online learning modules. The theoretical output

of this study will also benefit online teachers of mathematics subjects other than

practical mathematics for technical vocational education. Among others, these

validated design principles deal well on the processes of teaching and leaming,

which basically would address how to teach and learn effectively in an online

environment. Hence, these principles may also well inform and guide the

teaching and leaming of other mathematics subjects. In general, mathematics

teachers will find the design research approach of the study as a great

opportunity to engage both in research and curriculum development. Many

curricular revisions before were anchored on research work done separately by a

research practitioner while teachers were relegated to the implementation of the

curriculum with a proposed intervention. With the design research approach,

mathematics teachers are treated as collaborating partners in the work of

research and curriculum development. Such approach enables mathematics

teachers to participate in the iterative process of analysis and selection of

proposed design principles, design and construction, and implementation. The

whole iterative process provides mathematics teachers with an enriching

experience for professional development and a sense of ownership of the

8



outcomes of the process—production of knowledge of intervention with

accompanying validated design principles.

Technical Vocational Schools. The learning modules developed in this study

may serve as models for technical vocational schools that plan to offer online

courses in mathematics. The modules provide ample opportunities to students—

especially those who are time-bound or place-bound—to learn mathematics

while overcoming the constraints of time and distance. It is a curriculum material

where the students can relate mathematics to their chosen technical vocational

courses and find mathematics as used in their future workplace.

Practitioners of Design Research. The innovation introduced by this study in

the conduct of the design research process may well be considered by

practitioners of design research in further improving the validity of the results of

the iterative process of design research. In such modification, a comparison

group—using online learning modules revised according to the traditional

curriculum development approach of a private sectarian college—^was introduced

and compared to the design research group in terms of test performance after

the second iteration of the study. In this traditional curriculum development

approach, a teacher does the work of revision which includes, among others: a)

aligning the objectives of the learning modules to the overarching objectives of a

private sectarian college, and b) organizing the learning experiences based on

TESDA format and characterized by teacher-student interaction and individual

learning. Moreover, some selected participants of the comparison group as well

as a subject expert were asked to compare these two kinds of learning modules



used respectively by the two groups. Feedback obtained from the innovation

process have provided more empirical results and insights on the effectiveness

of the improved learning modules based on the design research relative to

learning modules tried by the comparison group. This innovation introduced by

the study can well be a contribution to the body of knowledge of design research.

Scope and Delimitation of the Study

In the newly implemented K to 12 curriculum, there is an emerging need to

develop instruction in practical mathematics that appeals to today's younger generation.

This study thus intended to develop technology-mediated learning modules anchored

on learner-centered strategies and authentic tasks. Due to time and resource

constraints, this study has some limitations on the number of iterative process of the

design research, the number of learning modules developed, time zones, and the

number of participants of the study. Three online modules with seven lessons were

developed on the three topics of practical mathematics, which included conversion of

units, calculations on algebraic expressions, and ratio and percentage. For curriculum

development, the design research approach used two iterative processes, in which

each is a process of analysis/exploration, design/implementation, and

evaluation/reflection. These processes were implemented by three samples of

students from a private sectarian college which has, among others, a senior high school

program and a technical vocational institute. The first iteration sample was taken from

both the technical vocational track of its senior high school and the technical vocational

institute. The second iteration samples were taken from an intact class of the technical

vocational track of its senior high school. The implementation of the online learning

10



modules in the first iteration was done in almost ten weeks and ten weeks in the second

iteration. Due to the difference of time zones (i.e. participants' time zone is ahead by

five hours relative to the time zone of the researcher), online discussions with the

presence of the facilitator usually started at night in the place of the participants.

A major provision of the study was an Internet allowance given to the participants

who used it to gain Internet access for online study of practical mathematics. Such

allowance enabled them to have Internet access until completion of the ten-week online

study.

This study used student feedback, and observations of the class observer and

the researcher as a facilitator in order to characterize the technology-mediated learning

modules in terms of the design principles of the study and to assess how well the online

learning modules facilitate the learning of practical mathematics concepts. Also, the

study compared the test performances of the design research group and the

comparison group, conducted a focus group discussion of the comparison group, and

sought a review of the two kinds of learning modules by a subject expert. The test

results, data from the focus group discussion, and the review of the subject expert were

used to determine how beneficial the design research approach was in the development

of the online learning modules compared to the traditional curriculum development

approach of a private sectarian college.

Moreover, due to the small sample size of the study, It was difficult to make an

assumption of normality of data. Thus, Mann-Whitney U test was used to compare the

gain scores between the comparison group and the design research group.

11



This study is context bound as it aims to produce curricular objects and

processes for online learning of practical mathematics in a technical vocational track.

Thus, be that as it may, one cannot make any context-free generalizations out of the

findings of the study (van den Akker, Gravemeijer, Mckenney, & Nieveen, 2006). It

should also be noted here that collection of quantitative and qualitative data came from

a small sample with eight student participants in the first iteration implementation and

twelve student participants in the second iteration implementation. As such, one cannot

also make generalizations of the findings based on statistical techniques, focusing on

generalizations from a sample to a population (Plomp & Nieveen, 2013).

12



Chapter 2

REVIEW OF LITERATURE AND CONCEPTUAL FRAMEWORK

This chapter presents the review of related literature. It also discusses the

conceptual framework and presents the research hypotheses, and definition of terms of

the study.

Related Literature

This section provides the review of literature on mathematics in the technical

vocational curriculum, technology-enhanced instruction, online teaching and learning in

applied mathematics, technology-support to online collaborative learning, designing

online learning materials, curriculum development in mathematics, and design research

approach.

Mathematics in the Technicai Vocationai Curricuium

There are three main types of vocational education in many countries which are:

apprenticeships, vocational options within an otherwise general curriculum, and full-time

vocational education. Mathematics in any of these types of technical vocational

education is generally basic because it is the one used in the workplace. Taught in the

first few years of the secondary, this level of mathematics is simple but its applications

in the workplace need complex reasoning (Rose, 2012; Zwart, 2000). As an example,

Rose (2012) showed that students, studying to become welders, performed elementary

mathematical operations as they analyzed the meaning of mathematical scribbles left at

the side of the blueprint from an actual workplace. However, the reasoning required to

interpret its meaning is complex. Thus, in the latter part of the secondary curriculum.



2014). The succeeding discussions will show the instruction of mathematics and use of

distance learning technology in the technical vocational education in the Philippines

and those developed countries.

Technical Vocational Curriculum in the Philippines. Don Bosco School, a

religious-run institution, has championed the cause of technical vocational education in

this part of the world. Since 1951, it has produced thousands of technical vocational

graduates who are gainfully employed here and in others part of the world. The current

curriculum of its technical vocational training centers offers a 10-month acquisition of

industry skills and another 5-month period of on-the-job training (Inocencio, 2014).

Among other academic subjects in the curriculum, mathematics is taught twice a week,

one hour for each session, for a total of 40 hours of study in the first 10 months. The

course is described as practical mathematics, which is part of the academic subjects

(comprising 30% of the total subjects) while the remaining 70% includes technical

subjects. As observed by Inocencio (2014), this is in direct contrast to the proposed

curriculum for the Technical Vocational Livelihood track of the senior high school of the

country's Department of Education (DepEd), where 70% of the subjects are academic

and 30% technical.

In the Technical Education and Skills Development Authority (TESDA)

curriculum, one of the competencies required of a level II technical vocational trainer is

to be able to identify mathematical manifestations in the course content and

workplaces. The identified content of mathematics as applied to technical training

includes basic arithmetic, the four fundamental operations, and elementary algebra.

This content is already embedded in many vocational courses offered by TESDA. The
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common mathematical skills needed to complete these courses are the skills in

mensuration—which is performing measurements on geometric figures and basic

calculations (TESDA, 2015).

Many technical vocational education and training programs are provided by the

school-based private sector. These schools have provided classroom instruction on the

academic component of the program including mathematics and workshops for hands-

on training (Syjuco, 2005). In the public sector, though, there is an offer of twenty-nine

online technical vocational courses from the Technical Education and Skills

Development Authority (TESDA). These are offered free to jobseekers and students

who want to acquire more skills at their own pace. It has been observed that these

online courses do not require the development of competency in mathematics.

Vocational Education in Canada. Whether one is still studying in high school,

a recent high school graduate, who wants to advance in current occupation or

considers a career change, faces a range of training programs from the vocational and

technical schools in Canada. These programs have included health care, business,

beauty, skilled trades, and others. These schools are either public or private institutions,

and provide career training and apprenticeship programs which are classified into four

main categories; construction, manufacturing, service, and transportation ("Find a

Vocational School", n.d.).

In Quebec, students who opt for vocational careers In life may enroll either in a

secondary-level vocational training program or in technical training program. Those who

choose the secondary-level vocational training program must complete, as a minimum

requirement, the secondary IV mathematics course. This course has three streams:
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Cultural. Social and Technical, Technical and Scientific, and Science (QEP, 2004). Of

the three streams, mathematics for Technical and Scientific streams offers a lot of

opportunities for application of its content like analyzing instruments and finding optimal

solutions to real world applications. This course, though, has not been designed to

prepare students for vocational related careers because it leaves to the students to

explore connections between its content and its application to vocational courses (QEP,

2004).

Vocational Education In Singapore and Germany. In many countries,

vocational education generally has a lower status than the general education. However,

vocational education is a respected option In both Singapore and Germany. The

Institute of Technical Education (ITE) of Singapore provides 2-year courses to

secondary school leavers. Upon completion of these courses, students are given 4

levels of certifications—^the first two levels of which are the national ITE certificates

(NITEC) and the higher national ITE certificates. A course of study in ITE consists of a

series of modules, divided into four different types: core, specialization, life skills, and

elective. The mathematics taught in a NITEC course consists of technical mathematics

and mathematics 'O'. These mathematics modules are taken as electives to give

students more breadth and depth in their chosen course. In higher NITEC, some

mathematics modules are taken as core like engineering mathematics while others are

electives like calculus in process plant design course. Statistics on the other hand, is

offered as an elective while accounting as a core in some courses in Business and

Services (Hodgen et. al., 2013).
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in Germany, all students in technical vocational courses and 90 percent of those

pursuing other vocational courses are required to take mathematics. Their mathematics,

whenever possible, is always connected to the vocational courses (Hodgen et al.,

2013). As one of the three academic streams after elementary schooling, the lower

Hauptschute prepares its students to attend a combination of apprenticeship and

vocational courses. While learning general education courses like languages, students

in Hauptschute are also taught mathematics which is basic and has emphasis on real-

world applications (Hodgen et al., 2013).

Since the technical vocational education and training programs in Singapore and

Germany are school-based, one can expect that the instructional delivery of

mathematics in these programs is classroom-based. However, the European

Community, which counts Germany as one of its members, created a number of

complementary programs in support of the adoption of distance learning in the technical

vocational education. Some of these programs are the Community Research and

Development Information Service (CORDIS) and the Leonardo Da Vinci Program. First,

CORDIS is the European Community's largest research and development effort to

advance learning technologies and to finance applied research and demonstration

projects in a wide range of areas including the technical vocational education and

training (TVET) and worker training. Second, the Leonardo Da Vinci Program has

focused on strengthening the technical vocational education and training, and on the

development of knowledge and skills required of the individual's integration into working

life and society (Steven, 2001).



Vocational Program In US and UK. In response to the disproportionately large

number of students who have difficulty and poor motivation to learn mathematics in the

vocational schools or centers, two countries, among others, have developed ways in

order to increase engagement and generate interest of students in mathematics. In the

US, the National Research Center for Career and Technical Education (NRCCTE)

developed a new approach described as Math in CTE. CTE, otherwise known as

Career and Technical Education (CTE), is the new name adopted in the US in lieu of

technical vocational education. In the project Math in CTE, mathematics and CTE

teachers collaborated to identify mathematics content already present in various CTE

courses and made lesson plans to make such content much more explicit and

consistent with the terminology used in the core academic courses. The project's

specific methodology has a positive impact on student learning and test scores, and is

being replicated across the country (ACTE Issue Brief, 2009). Another project, the

STEM Transition Initiative, led to the development of 61 curriculum projects that

integrate, among others, mathematics into rigorous CTE applications. The project's

context-based instructional materials provide faculty with teaching resources that will

further improve the academic and career-related skills of their students by integrating

mathematics instruction within the context of a technical discipline.

While CTE courses are offered using classroom-based instruction, there is

currently a large number of CTE courses offered online. The community colleges. In

particular, are actively offering distance-learning programs in CTE. More than 76

percent of these colleges have offered CTE online courses due to the following

objectives; a) reach nontraditional students, b) reduce time constraints of students, c)
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increase access to new audiences, and d) increase student access to academic

courses (Benson et aL, 2005)

In the UK, there is a new proposal for a new General Certificate for Secondary

Education (GCSE) mathematics which is, in the main, to use vocational context in

teaching mathematics to vocational students. Among others, these contexts would

include financial, quality control, use of resources, profitability, and customer

satisfaction. Some topics of GCSE mathematics lend themselves to a wider application

in vocational courses while other topics have limited applications. At the start of a

vocational course, students should expect contexts much connected to their chosen

vocational study but they should be ready to work in a variety of contexts during the

course (Hodgen & Marks, 2013).

The instructional delivery of the GCSE mathematics In state-funded schools Is

campus based. However, online courses in GCSE mathematics are being offered by a

good number of learning centers in UK. In this online course, each student is provided

with a dedicated tutor who extends all the support a student would need to help him

succeed. He is guided well by his tutor as he goes through the material he needs to

study to complete a course. He takes a weekly online test and works on an assignment

given every three weeks ("Maths GCSE Online", n.d.)

Technology-Mediated instruction in Mathematics

The continuing innovations in information and communications technology (ICT)

have provided better tools for greater interactivity, more convenience, and wider access

to resources In the teaching and learning of mathematics and in the online learning

environment. These ICT tools range from computers to laptops and Internet to Internet-
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based tools. According to Ng and Gunstone (2002), the use of technology-enhanced

instruction has motivated the students to be actively engaged in the teaming of

mathematics. Students who are actively engaged in the teaming process learn more,

earn better grades and are more inquisitive (Felder, 1992). Souter (2001) has shown

that students under the technology-enhanced instruction in algebra achieved better

grades and improved their attitudes towards algebra when compared to those of

students under the traditional approach towards teaching and learning mathematics.

Such traditional approach consisted of an instruction in algebra with the use of print

technologies and an overhead projector. These studies have shown how technology

influences how mathematics is taught and how it has contributed significantly to better

student outcomes.

The introduction of personal computers and laptops has ted to a more

widespread use of computer technology from the primary school education through the

university level. Some applications of this technology to mathematics education are the

computer-assisted instruction (CAI) and the mathematics software. When the

technology is integrated meaningfully in the instruction of mathematics, the computers

and laptops have proven to be useful tools in improving student proficiency in

mathematics and other student outcomes (Souter, 2001), According to Cheung and

Slavin (2012), mathematics programs that supplement traditional mathematics

instruction with additional computer-assisted instruction at the students' individualized

assessed level of need have the maximum positive impact on student achievement in

mathematics. In the meta-analysis of findings from 254 controlled evaluation studies

that compared students taught with and without computer-assisted instruction, Kulik
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(2003) showed that students taught with computer-based instruction performed better in

the test and developed favorable attitudes. From the studies mentioned earlier (Cheung

& Slavin, 2012; Kulik, 2003; Souter,2001), it is notable that there are ample pieces of

evidence that computer technology significantly enhanced student learning of

mathematics concepts.

One great use of the Internet is an increased access to reference materials and

data on instruction and learning, management of educational systems, and scientific

and methodical work, among many others (Barron & Orwig, 1995). According to

Owston (1997), the Internet is a truly open technology and allows users to access

information from the network, regardless of the location of data and knowledge bases.

Teachers could quickly obtain information from the Internet for enrichment of lesson

plans while students do the same for completion of homework and other school

requirements. Having use efficiency, the Internet has significantly reduced the cost of

information delivery to the users (Ponniah, 2001). Most state-run schools, for instance,

have limited budget to acquire the necessary quantity of printed copies of the most

authoritative reference and informative publications. Through the Internet, though, these

schools with their computer hardware and software are able to avail the same resources

online like the encyclopedia Britannica Online, the dictionary Merriam-Webster Online,

and the atlas Altapedia Online (Khannanov, 2003).

The research literature has shown some benefits of the use of Internet in

teaching and learning of mathematics. A major benefit is the access of both teachers

and students to the wide range of available educational resources (Macdonald et al.,

2001). Students studying mathematics can have access to the vast sources of
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interactive and illustrative materials available in the field of mathematics. The same

sources would offer excellent opportunities for exploration especially by stronger

students who want to engage more in mathematics beyond their course work

(Engelbrecht & Harding, 2004). Through the Internet, course information can be quickly

distributed to students and updated (Tan & Huang, 2002). There is also the advantage

of a notice board website where students can post relevant leaming materials and

which they can have access to whenever they want. This website offers an ideal

opportunity for problem exposition which solution requires group collaboration and

adequate time beyond the students* scheduled classes in mathematics. Moreover, the

asynchronous nature of learning through Internet has helped students to become more

independent and reflective learners. Hence, students who are exposed to online

leaming in mathematics tend to be more academically mature than their counterparts in

traditional courses (Engelbrecht & Harding, 2004).

Use of Internet-based Tools. Uploading and downloading data to and from the

Intemet makes possible the use of Internet-based tools like video streaming, video and

voice calling, instant messaging, file attachment, and e-mails as a support to

collaborative learning in an online environment. These tools help facilitate sharing of

information, an important feature of collaborative learning. Moreover, they enable

learners to engage in the two most common learning methods in the online

environment: asynchronous and synchronous discussions. But the use of these tools

can only be as effective as the speed of the Internet. This is a major Issue on the

Internet especially in developing countries. Philippines, for instance, was pinpointed in

2014-2015 as having the slowest Internet speed in Southeast Asia and one of the
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slowest in Asia (Venus, 2016). Unless this is not resolved, the use of these tools for

online learning through asynchronous and synchronous discussion cannot be fully

optimized.

Video Streaming and Learning. This communication technology facilitates

asynchronous Internet-based course content as it provides "access to large video and

audio files on the Internet over relatively slow connections by using highly compressed

files and intelligent buffering at the receiving site" (Wilson & Weiser, 2001, p.2). Through

video streaming, a student can watch and re-watch prerecorded video files like tutorials

or lesson presentation at a place and time according to his convenience.

Studies have shown positive effects of streaming video on student achievement

and attitudes. For instance, streaming lectures can be successfully used to prepare

students for class (Keefe, 2003). Between eighth-grade classes who used videos for

learning purpose and who did not use, those who used significantly performed better in

the test than their counterparts (Boster, et ai., 2006). In another study among sixth-

grade and eighth-grade students, those who used videos had better achievement in

mathematics than the non-users (Boster, et al., 2006). Other studies have recently

bared out the positive effects of programs that used videos to illustrate concrete

teaching situations for teachers to reflect on and to analyze cases. In the MATH project,

Lampert and Ball (1990) concluded that a productive outcome occurred from the

discussions between teacher educators and student teachers on instructional problems

illustrated by videotapes of classroom lessons. Using Video Cases for Mathematics

Professional Development (VOMPD), Mumme and Seago (2003) enabled teachers to

perform video-based tasks designed to enhance their understanding and competence to
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teach linear relationship. Maloy, Edward, and Anderson (2010) conducted a study on

the use of the 4^ Grade Massachusetts Active Learning Intelligent Tutoring System

(4MALITY), an online tutorial system providing support to the fourth graders in

preparation for the statewide mathematics achievement test. Of these graders who took

the pretest and posttest—^which test items were taken from the past statewide

mathematics achievement test—seventy percent of them have significantly improved

their performances from the pretest to the posttest. At the graduate school level,

DeVaney (2009) conducted a study about the impact of video tutorials in an online

educational statistics course. Among others, he found that the participants of the study

indicated positive perceptions of the tutorials and even suggested that video tutorials

were an essential part of the online course. Although there was no significant difference

in the academic performance between those with access to video tutorials and without

access, the study suggested that video presentations used as supplemental materials

may provide a good tool to create online courses which are as effective as the campus-

based courses.

Video and Voice Caiiing. Video calling allows a visual communication between

any two people in the world with stable and fast Internet connection. In particular, video

conferencing", allows for more than two people to communicate simultaneously. Skype

has popularized this type of visual communication and, in 2010, introduced a software

that allows five people to participate in a video call.

On the other hand, voice calling is also described as "Voice-over IP" (VoIP). This

tool Is "a set of facilltjes used to manage delivery of voice information over the Internet"

(Rouse, 2008, para.1). As a click-to-call technology, VoIP offers immediate voice
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connectivity in real time and can be used with any computer that is connected to the

Intemet through the Web browser. Phone number appears as hyperlink on the web

page to which the browser is connected. The call is initiated by clicking on the

hyperlink.

Video and voice calling are synchronous tools and enable students and teachers

to communicate in real time in a virtual leaming environment. These tools are most

effective when used to support synchronous e-learning which is based on the personal

participation of the learners. This personal participation consists of discussing less

complex issues, planning some tasks, or just promoting social presence (Hrastinski,

2008).

Some studies showed positive perceptions of online learners about

videoconferencing -which is about video and voice calling between a teacher and one

or more learners -due to live interaction among online participants, the experience of

social presence while learning, and the immediacy of feedbacks (Candarii & Yuksel,

2012; Gillies, 2008; Grant & Cheon, 2007). These studies and others though would also

point out the shortcomings of videoconferencing which included technical and

connectivity issues. When these occurred, online learners became isolated and felt no

longer part of the class (Knipe & Lee, 2002), would have negative perceptions about

the online learning process (Candarii & Yuksel, 2012), and viewed themselves as if they

were unreal students (Gillies, 2008).

Instant Messaging (IM) and E-mails. One of the fastest-growing forms of

communications, IM can be viewed as a text-based computer conference between two

or more people. From the public online chat room of 1990s and 2000s, IM has evolved
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into what is now as a popular and cheaper way of conducting a text-based

communication between users (Gil, 2012). With this IM communication service, two or

more people can engage in a private chat in real time over the Internet. On the other

hand, electronic mail or more popularly referred to as e-mail, is a method of exchanging

digital messages from one to another or more recipients. Based on a store-and-forward

model, email servers accept, forward, deliver, and store messages. An email may

contain text, files, images, or other attachments.

Both IM and email system can either be asynchronous or synchronous tools of

learning. When email users are both logged in and monitor their received messages as

they want to establish social presence before embarking on a lesson task, the email is

used synchronously. The same holds true for the IM users when both are online and

expect immediate reply from each other. However, when an email or IM user logs in to

communicate without expectation of immediate reply to another user who Is not logged

in, then the communication between the two is asynchronous. This communication

occurs when students are faced with a complex learning issue and need time to reflect

and resolve the complex issue at hand.

A good number of research studies about the impact of instant messaging and

emails on online learning are now being undertaken. Nicholson (2002) reported positive

experiences of student users of instant messaging that Included easy communication

with one another, strong sense of community of learners, and more ways of informal

and social communication on class materials, school and common degree program.

Also, Farmer (2003) found a heightened social presence and a growth of collaborative

activities among distance learners using Instant messaging. Still others reported the
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student use of instant messaging facilitated immediate feedback from teachers,

improved academic performance of student IM users relative to that of students using

emails, and increased class satisfaction (Jeong, 2007; Kuyath, Mickelson, & Winter,

2013). On the other hand, some disadvantages on the use of instant messaging have

also been cited in these studies. Among others, Farmer (2003) enumerated these

disadvantages like instant messaging has put more layers to the online learning

environment, increased expectations among learners of unrestricted access to the

instructor, and related issues of time and availability of the faculty.

Research has also shown the positive and negative impact of the use of emails

on distance learning. On the positive side, Helnman (2008) revealed that distance

learning program, based on regular email support, had students with positive

perceptions of academic and social support, and with higher degree of satisfaction. In

the course of three studies. Smith et al. (1999) found the use of email as a viable

alternative means of course delivery. In the study of Debard and Guidara (1999), email,

as a source of greater student interaction, can create a more active and engaged

online learning. Other studies revealed that the use of email promotes cognitive growth

on computer knowledge and skills (Yu & Yu, 2002), encourages authentic

communication and creates new leaning opportunities (Tao & Boulware, 2002), and

allows more opportunities to ask instructors (Vonderwell, 2003). Other studies though

reported negative impact of the use of emails on learning such as potential social

negatives like user isolation, user depression and loneliness, and lack of belongingness

to the community of learners (Woods & Keeler, 2001). Included also could be a rise of

misunderstanding and conflict in the absence of a face-to-face meeting as well as
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Technology Tools Used and Présentation of the Online Leaming Modules

in Practlcal Mathematics. Based on the mean scores of these two clusters, student

perceptions of the technology tools used and présentation of the online learning

modules each further improved from a good rating in the first itération to an excellent

rating in the second itération. With a mean score of 3.7, the technology tools used got

an excellent rating from the second itération participants. The improvement of rating on

the technology tools used from fair in the first itération to excellent in the second

Itération can be accounted for by the modification made on this cluster which was the

removal of the use of email. Such asynchronous tool was a least used technology tool

In the first itération.

The présentation of the online learning modules, with a mean score of 3.7 on the
four sub-criteria of the cluster. was rated excellent by the second itération participants.

The improvement of rating on the présentation of the online leaming modules from good
in the first itération to excellent in the second itération can be accounted for by another

modification made on this cluster which was the removal of the making of assignments
from the first itération modules.

TabteSsnovwtheseconditersIlonmean scores of «le tout duslers of th.

evalgatioh robho and an overall mean son. iMiIch Is the average of the scores on the
15 sulKirlteria of fhe ..aluaSon robric. The overall mean score of 3.7 in the seconO
«e««oh suggests that the pahlolpants perdvrf the second Iteratioh leaming modules
os exceilent modules in learning the conœpts of praOioal mathematics.

Using the Mahn-Whitney test, this stud, pertormed a tum-tailed test te deterniine
an, Sighificaht différence ih the mean scores of the evaluatioh rubric betamen the fi-st
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itération group and the second Itération group. Table 4 shows the test results at 0,05

significance level with n,=8 and n^ = 12. Since the computed U-value = 0 is less than

the critical U = 22 at p<0.05, the nul! hypothesis is rejected in that the overail mean

score of the second itération group is significantly higher than the overail mean score of

the first itération group. This resuit shows that there is a significant improvement of the
.  r ^ o nnnri ratina of the first itération modules to anoverail student évaluation from a good

mndules This further indicates that theexcellent rating of the second itération modules.
• „„«Hiiiesfacilitatedthelearningofpracticalmathematicstechnology-mediated leaming mod

Concepts.

Table 3

Second Itération Student Perceptions

Modules in Practicaf Methematics by
IVlean scorei

"sis

ofttie Improved Technology-Mediated Leaming

Cluster

Descriptive Ratings

Good

Online leaming

approach

Online rôles of

teaching

Tochnology tools used

f^resentation of the

online leaming

modules

Overail mean score

^hmber of respondents

3.9

3.7

3.7

Excellent

Excellent

Excellent

3.7
Excellent
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Table 4

Mann-Whitney U Test on the Evaluation Mean Scores ofthe First and Second Itération

Groups

Statistics Values

Sample size of first itération group (ni) 8

Sample size of first itération group (na) 12

Computed U-value 0

Critical U at p<0.05 22

Z-value 3.6647

p-value .00026

Mean rank of first itération group 4.5

Mean rank of first Itération group
14.5

Test Scores ofthe Design Research Group and Comparison Group in Practicai

Mathematics

Table 5 shows the sallent features that distinguish between the design research

group and the comparison group. The design research group, on one hand, used

collaborative laarnins throoah aynobronoua o, asynohronoua dlacuaslooa a. an
r«Qth^amatics concepts. DIvIded into three small

approach to learning the practicai mathematics conivcp

9-oopa, each amall group collaborataO » aolve an autbenK problam-bas«, Bsk. Thoao
dlsouaslona »era tadlitaleO by the online taacher who provided a soattdd to n^her
.tddenta aa they engage. In me oonaintction 0. —ge. Tnus, studenta Interaoted
* one anotlter to eaptore the prcWent, anare Ideaa, and to nesotlate for the beat
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possible outœme. AIso, these students could interact with the teacher on what they

need to know in performing the problem-based task. Each small group was assigned an

online group chat in Facebook as a platform of discussion.

Table 5

Salient Features Distinguishing Between the Design Research Group and the

Comparison Group

Ciusters Design Research Group

1 Small-group collaborative

learning through

synchronous and

asynchronous discussions

• Authentic problem-based

task

•  Facilitator/feedback

giver/social

presence/course

designer/manager

•  Teacher-student

interaction

•  Student-student

interaction

•  Facebook

Group chat

Comparison Group

a. Learning

Approach

b. Online Teacher

c. Interaction

d. Technology

Tools Used

Direct instruction

•  Lecturer

•  Teacher-student

interaction

Facebook

Discussion board

on tne other hand, the compatison group used direct instruction as an online
r«o»hamatir<î copceots. This ipstruction was delivered

approach ip learpipg the practical mathepiatics copcepi
^  xu ̂  o inHon a<5 a lecturer in the video, the onlineto them by the opiioe teacher through a video, as a leau.
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teacher was the dispenser of Knowledge to the group. As an individual iearner, a

member of the comparison group was expected to learn as much as he/she could

Knowledge from the teacher, viewed as the authority in this leaming approach. Thus,

the Interaction was confined between the teacher and his/her students. Any member of

the group, who had questions or clarifications on the subject matter, could post them on

the discussion board, which was created in the FacebooK.

Table 6

Mann-Whitney U Test on Prétest Scores ofthe Design Research Group and

ComparisonGroup

Statistics Values

Sample Size (N) 12

Computed U-value 42.5

Critical U at p<0.05 37

Z-value -1.67432

p-value 0.09492

Mean rank of comparison group 10.04

Mean rank of design research group 14.96

The two groupe, the design research group and comparison group. were

randomly selected and indépendant, and the data on test scores is continuons. Thus.

this study used the Mann-Whitney U test to address the following: a) the significant

différence in the performance of the two groups in the prétest scores and b) the

significant différence in the gain scores of the two groups.
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Using the Mann-Whitney U test, the study perfomned a two-tailed test to

détermine any significant différence in the prétest scores of the two groups. Table 6

shows the results of performing a two-tailed test on the data at 0.05 significance level

and n = 12. Since the computed U-value= 42.5 is greater than the critical U value= 37 at

p<0.05, the null hypothesis is accepted in that there is no significant différence in prétest

scores the of the design research group and comparison group. This indicates equality

of the two groups in the level of base Knowledge in practical mathematics before they

tried out their assigned online learning modules.

Using the same nonparametric test, this study evaluated another null hypothesis

stating that there is no significant différence in the gain scores in practical mathematics

between the design research group and the comparison group. Table 7 shows the

results of performing a two-tailed test on the data at 0.05 significance level and n = 12.

Since the computed U value=48 Is greater than the critical U value= 37 at p<0.05, the

null hypothesis is accepted in that there is no significant différence in the test

performances in practical mathematics between the two groups. Considering the mean

rank statistics, the mean rank of the design research group is higher than that of the

comparison group. This indicates that the test scores of the design research group are

generally higher than those of the comparison group. However. the différence between
the mean ranks does not reach the level of significance. The non-significant resuit

supports the finding of Schlechter (1991) who conducted a narrative revIew of the
twenty studies comparing two types of leaming with computer technology: small group
collaborative learning and individual learning. He found no collective evidence or
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consistent effects to show which type is more effective to achieve favorable student

outcomes.

Table 7

Mann-Whitney U Test on Gain Scores ofthe Design Research Group and Comparison

Group

Statistics Values

Sample size (N)

Computed U-value

Ciiticai U at p<0.05

Z-value

p-value

Mean rank of comparison group

Mean rank of design research group

12

48

37

-1.35677

0.17384

10.5

14.5

on the omet hand. tha Mng of tha study is In contmst to otha, rasaanoh
ooK»mas that. wim tha usa ot camputar tachnoagy, sm.ll gmup laaming, on tha
a»mga. »a. signitloandy bada. than IndMdual laamlng on studan. achla.aman, a™,

.  ̂rf^miance ( Lou. Abrami & D'Apoiionla. 2001 ;
affective outcomes, and group task performance t

Johnson, Johnson & Stanne, 1985,1986).
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The contradiction of research results suggests that there could be other

differential conditions which may médiate the effects of effective small group

collaborative leaming like technology, task designing or the use of group leaming

stratégies (Lou, Abrami & D'Apollonia, 2001). Based on the observation of the

researcher, this study might be in the use of a particular group leaming strategy like

more engagement in asynchronous discussion. As aiso observed, there was not

enough evidence of the expected asynchronous discussion in the group chat among

various small groups despite the facilitator's encouragement to use such discussion for

better reflection and leaming on solving a problem-based task. As reported by

Jonassen and Kwon (2001), asynchronous discussions are more suited to solving ill-

structured problems based on real-world situations which have multiple outcomes.

However, considering the context of the study at that time, the académie demande and

schooi activities may have limited the attention and time of the student participants to

engage more in a longer and deeper reflection required of the problem-soiving activity

of a lesson.

Benefits of Using Design Research in Deveioping Technoiogy-Mediated Leaming

Modules

In order to compare how bénéficiai the design research approach in the

development of the technology-mediated modules In practical mathematics to the
traditlonal development approach of a private sectarlan collège, this study used and

analyzed the data from the focus group discussion, a review of the subject expert on the
two types of modules, as well as delved Info the nature of design research pmcess.
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Focus Group Discussion. After trying eut the traditional learning modules, four

student participants from the comparison group joined the focus group discussion—

racilitated by the researcher through Facebook video calling. Before joining the focus

^roup discussion, the participants were provided copies of the second itération or

design learning module in lesson 1.1 to read and compare it with the traditional learning

modules they had used. The data gathered from the focus group discussion showed

unanimity of preference of ail four participants for the design research learning modules

than the traditional learning modules in learning practical mathematics. Based on the

thèmes that emerged from the focus group discussion, the student participants liked the

group interaction and the collaborative problem-solving activity as provided in the

design research modules but missed out in the traditional modules. A comment which

characterized the responses on the first question of the FGD from one participant \was

articulated as: " I like to have a small group discussion where ideas to solve a task-

based problem are shared and discussed." When asked what improvements to suggest

on the traditional modules that they used, ail of them responded small group

discussions and problem-solving activitles be added to the modules. A copy of the FGD

outcomes is found in Appendix Z. As pointed out In these research studies, students

have positive attitudes in online team activitles and reported that social learning or
learning as part of the group was one of the perceived benefits in an online collaborative
learning (Chiong&Jovanovich. 2012: Lee et ai. 2006). That comment was aiso

overwhelmingly shared by the design research group when they perceived the online
ternit approach « W ««>«1

.  .• o <;..rh atroroach was characterized as learning collaborativelyIn practical mathematics. Such app
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Appendix B 

Letter Comments on Four lnsruments 

No\'emb�r I 0. 2016

Dear Mr. Benedicto Norber10 V. A\es.

In regard to vour letter-request dated October 16. 2016, it is our pleasure to comment on the

\ al iditv of the following instrum.::nts of your stuJ:-:

• Pretest and Posttest

• Obser vation Guide

• Semi-structured Interview Protocol

undertaf.. i ng.
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Appendix Q 

Letter Critique on the Modules Developed Based on a Traditional Curriculum Standard 

of a Private Sectarian College 

Dcnr f\.,fr uc,11..:c.Jrcro Norheno V A,cs. 

\Ve Utkc plca�urc \\ 1th 1h,s opponun11� to critique your onlinc leuming modules 10 practical ,nathcm::it,cs. "'luch ,,·ere re, 1scd 11c1..·1..ud1ng 10 the curriculum dc,·clop,ncn1 c;rnndard of our ,1..·huol J-fcr�undcr nrc our gcn�rnl comn,cnl"- a, fullo\\ s 

The cho�en ropic,;; cspcc1oll� on mcnsurc,ncnb. mtio :.ind r,roponiun ore indeed oppropnalc as tht:y co,cr chc rnn1hcmn11c� content fur the ,oco1,on:tl lcchnical coursc ... 
The uct1,·r11cc. ,n each n1oduJc ore ,,t."11-dctincd and \\CJl-�crucrurcd. 
�uc..·h ,nodule doc� pro, ,d': an opponun11y 1hrough the d1scus�1011 huurd for 311 intcr.tcrion bctvvccn rhc onhnc.: tc:.1chcr :ir;d his srud�nt: 
Senior hii;h <-chool stud�nr 1n the Tcchmcal Vocnt1onal Tr-Jck can hnndlc \\,c::II lhc IC\ cl of d,ntcul1y oft he cxc:rc,c;c� nnd a�s,gnmc:nr 1n cnch module. 
The;: rcxl u..,cd 1n the n1ocJ11Jc,;,. I!'- ,,rn,,lc and dircc1: 
The: snlutron key� (tUr chc os:.:1g11111cn1s) and :inS\\C!r kc�s <fUr the C'Ccrcic;ec;) nn.: hc.·lpful 111 cc;1nhJ1�h1n1; their strengrh.;;; untJ \\C3�nc:s�cs: 
I the a._s,1:.rn1ncn1 of .a module: (,vh1ch provides an1ple tune fOr n.!llcl·tion, ' 11 

n ·iurhcnflc problcn1-hu�cd ta�c;l that chnllcnge5, rhc ,tudl.!nts· 1, h • d
,c c;uggcsr n ... 1g er or er thrnk1ni; .. J..,11s. and 

We nbo c;uggc!-f to add ilc:ms �n the !:�:1r s�stc:111. pulh:) �ystem. or the hnlunccd lc,cr :-.)Stcnl 3-: a rclc,arH apphc:111on ot rntto and proponion 

find uur co1nn1cnt!- tn nrdcr 
Wc hope .vou 

Very aruly yours. 

-,_;;;,,, Tcuc;{cr 
Sen our t!jah School 

l.)r Hc:rn g&.:ncs C 

Chuarpcn:.nn 
Sundoy 'o�'!}'f.l;-" ·.•.· t# r,,,, 

"':-=""'" , •• 
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