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Abstract

In Ghana, teacher preparation geared towards pedgg integration of emerging technologies is quite
minimal. The study employed a Learning TechnologyDbsign approachto investigate 172 Ghanaian
mathematics prospective teachers’ perceived shtfagly towards Web Pedagogical Content Knowledge
(WPCK). The Web Pedagogical Content Knowledge SuiWw#”CKS) served as the primary data source.
The WPCKS comprised three sub-scales: Web AttifMda), Web Pedagogical Content Knowledge
(WPCK), and Web Content Knowledge (WCK). The WP@KS administered three times during the
semester—at the beginning, at mid-semester, attteagnd. The mean scores for WA, WCK, and WPCK at
the start of the semester were 2.8, 1.3, and Xpeadively. While the data for the mean scoresWeéy
showed a steady increase from the start to theoétite semester, that for WCPK increased at mides#sn

but declined at the end of the semester. That foKWecreased in the middle of the semester, butased

at the end of the semester. Project-based web resomterventions have the potential to improve
prospective mathematics teachers’ self-efficacy.

Keywords: Web pedagogical content knowledge, prospectiventerac mathematics,technology, Ghana.
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1.0 Introduction

The importance of pedagogical integration of emggtiechnologies into the teaching and learning of
mathematics is unquestionable. Research has sHwtrexisting technologies have increasingly become
important in mathematics education because of fiasitive effect on students’ acquisition of matiatical
knowledge and skills needed for the twenty-firstntoey. The integration of Information and
Communication Technologies (ICTs) in school curduon improves students’ learning outcomes and equips
them with competencies and survival skills for ithfermation society (Buabeng-Andoh, 2012).

The role of the teacher in the effective pedagdgmagration of technologies in mathematics ediocat
cannot be overemphasized. John and Sutherland Y 2@didated that teachers’ knowledge base, skiild a
attitudes towards technology signify how much stuslecan benefits from learning through new
technologies. According to Boakye and Banini (20@8inathematics teacher with pedagogical profigienc
makes a difference in the learning process. Thgyeat that if a mathematics teacher possesses dimite
knowledge of existing technologies, pedagogicadrdtion will be seriously compromised. A matheosti
teacher should therefore be equipped with the aglepedagogical knowledge and skills to ensuretfiec
technology integration.

In Ghana, the mathematics curriculum was reviewezbhform to the New Education Reforms of 2007 and
Ghana ICT for Accelerated Development (ICT4AD, 20p8licy(Agrei&Voogt, 2011).It places emphasis
on the use of ICTs in the teaching and learninghathematics at all levels of education (MOESS, 2007
This is intended to facilitate scientific, industrand technological advancements in the countryidw of
this, the government of Ghana in collaboration wiér educational institutions has made severaltsfto
promote the integration of ICT in mathematics edioca ICT courses have currently been incorporaténl
teacher education curriculum to equip prospecteachers with prerequisite knowledge to teach with
technology. At the Teacher Education Universitieshsas the University of Education, Winneba, ICT
courses are integratedinto the mathematics educptiogram to prepare prospective graduate teadrers
how to integrate emerging technologies such as imedtia tools and web technology in teaching
mathematics (Department of Mathematics Educatiohpp

Boakye and Banini (2008) however noted that trginjeared towards pedagogical integration of ICT in
Ghana is minimal. The Ministry of Education (MOHKQ®) reported that Ghanaian teachers’ practices hav
marginally reflected technology integration becatisey lack pedagogical skills of technology inteigna
The e-readiness of teachers for pedagogical iniegraf technology in second cycle institutionsGhana

is currently less than 10% (MOE, 2009). Buabeng@n@2012) who recently explored teachers’ skills,
perceptions, and practices about ICT in secondceaysttitutions in Ghana found that about 68% of2B&
teachersusedsome type of software in their lesstivetdy. Even though a survey by Apeantin (2010) ha
suggested that prospective mathematics teachels $@mwnd knowledge of some software for teaching
mathematics, Agyei and Voogt (2011) identified lafknowledge about ways to integrate ICT in lesson
and lack of training opportunities for ICT integaat knowledge acquisition as core barriers for tetbgy
integration in Ghana. These barriers call for ttieption ofa framework for the creation of opportigs for
prospective mathematics teachers to acquire pedagatills to teach with technology.

1.1Web Pedagogical Content Knowledge

The Technology, Pedagogy and Content Knowledge (WAframework has become the integral

component of the modern mathematics teacher (Koehl®ishra, 2006). Mathematics teachers with

TPACK can successfully adopt the technologies efdhy in teaching.

In spite of the usefulness of TPACK, Lee, Tsai, &tthng (2008) observed that it is too broad to be

developed for classroom instruction. They suggesitetl educators should focus on specific technology
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when providing teachers with experiences on teaqyintegration. Consequently, they proposed thé We
Pedagogical Content Knowledge (WPCK) framework Wwhglimited to the use of web resources and web
technologies in instructions. The WPCK is a locdsfunctional knowledge within the framework of
TPACK involving web technology (Lee et al., 2008)nvolves how teachers can utilize web technolagy

a pedagogical tool and an added value in learnperiic content. The present study examined how
educators could facilitate the acquisition and dhoaf prospective mathematics teachers’ web pedagbg
content knowledge.

1.2Teacher Self-Efficacy

Bandura (1986) notes that self-efficacy is a mdpterminant of the choices individuals make, tHeref
they expend, the perseverance they exert in thee dadlifficulties and the thought patterns and eomat
reactions they experience. Bandura’'s self-efficd@ory states that people would be motivated téopmar

an action if they are confident that they wouldfpen that action successfully. Educational resesish
have emphasized the importance of teachers’ sitfef in teaching (Ahmad, Basha, Marzuki, Hisham,
&Sahari, 2010; Chen, 2010). Teacher self-efficatyhis study describesteachers’perceptions of diir
competence and ability of teaching with web techggl Studies have identified teacher self-efficasya
measurable component that influences teacherssidesi to integrate technology into their lessonso(T
2009) in a number of ways. First, prospective teeghself-efficacy in the use of technology is etated
with their expertise (Chen, 2010; Maninger& Andersd007).Second, self-efficacy has been found ta be
good predictor for computer use among mathemagwsnce and English language teachers (Wong, Goh,
Hanafi, & Osman, 2010).In fact, low levels of teology use in instruction may be attributed to teash
lack of self-efficacy in incorporating technologgsources (Littrell, Zagumny&Zagumny, 2005).Thus,
teacherswho feel incompetent towards an instruatitaskwould less likely attempt the task.Teacledf- s
efficacy is therefore a useful indicator of levefdechnology integration and can be used to measacher
preparedness to teaching with technology (Wong,, ®edRusso, 2012). The increase in prospective
teachers’ self-efficacy has the potential to enbatheir confidence to make pedagogical changesrtsva
using technology for instructions (Robertson & Adfani, 2012).

1.3Research Problem

Previous studies (Khorrami-Arani, 2001;Teo, & Ruys2012; Robertson & Al-Zahrani, 2012) have
identified self-efficacy as a good predictor ofdeers’ knowledge base, decisions, goals, confidemck
effort in their instructions. However, attemptsidentify and explain how prospective teachers cost
web technology self-efficacy have been limited iathematics education. To date, there is no pulaishe
research on Ghanaian mathematics teachers’ sel&ejftowards web pedagogical content knowledge for
mathematics instruction. Thelack of empirical ewicke seriously limits educators’ efforts towardspameng
prospective mathematics teachers to integrate aainblogy in mathematics education.

1.4Purpose of the Study

The primary purpose of the study was to investigatspective mathematics teachers’ self-efficaglke
towards WPCK. The secondary purpose was to deterthié impact of a web technology methods course
on their perceived self-efficacy.

1.5Significance of the Study

Findings from the study could help in predictingpgpective mathematics teachers’ capabilities,udtis
and readiness to integrate existing, new, and engengeb resources and technologies in their future
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teaching. Findings would also inform curriculum d&ans on technology integration for policy deciso
and implementation.

1.6Research questions

The following questions guided the study:

1. What are the levels of Ghanaian prospective mathesn@achers’ perceived self-efficacy towards web
technology integration?

2. What is the impact of a web technology methods smoen Ghanaian prospective mathematics teachers
perceived self-efficacy towards Web Pedagogicalt@urkKnowledge?

2.0 Methods

The present study sought to gain a contextual staeding of how Ghanaian prospective mathematics
teachers developed their self-efficacies for walhtelogy integration. The study adopted a survesigie
Survey design was deemed appropriate because uidpth opportunity for participants to use a
guestionnaire to self-assess their efficacy leYElmenkel&Wallem, 2000) to integrate web technology
pedagogy and mathematical content that could allek va students’ learning.

2.1 Participants and Context

The participants included a third year intact clads172 (162 males and 15 females) prospective
mathematics teachers pursuing a 4-year BacheloBoxnce degree in mathematics education at the
University of Education, Winneba (UEW) in GhanaeTarticipants were enrolled in a 12-week semester
course dubbed, “Web technologies for mathematicacher”. The intact class was purposively selected
because the researchers were interested in this lelvthese prospective teachers’ self-efficacyolefand
after undertaking the web technology methods courke authors’ expectation was that their selfeaifly
levels may indicate their readiness to deploy wetpurces to teach mathematics during their intggnsh
programme and after graduation.

2.2 The Web Technologies Methods Course
The methods course was a new cognate course fepgutive mathematics teachers. The course was
designed to provide participants the opportunityie@arn to identify and locate web-based resources a
evaluate their suitability for mathematics instrot It was also intended for the prospective teagho
appreciate web technologies such as Hypertext Matlanguage (HTML), CSS, and JavaScript, and their
usefulness in the design of virtual learning enwnents. In addition, participants were requirediésign
developmentally appropriate web portals for teaghiand learning mathematics (Department of
Mathematics Education, 2010).
The participants examined various web-based ressu’r mathematics instruction, characteristicgauid
websites and types of web layout, and learnt hoaréate web contents with the aid of HTML, Cascgdin
Style Sheets (CSS), WYSIWYG Web Builder 8.0 anddbrereaver in Photoshop.
The course was developed and taught by the fisgtareher on Moodle platform. The delivery was dione
hybrid mode involving face-to-face demonstratiomsl @nline interactions. Sample demonstrations and
practical activities—including the use of HTML a@$S— took place in the institution’s Math Laborgtor
With the aid of the Resources and Activity toolsMimodleplatform all online reading materials, quizzes,
assignments, forums, and tasks relating to thegdesieps were presented developmentally to cover 12
weeks. In the final project, each group of fouffit@ students was requested to:(i) Identify a mathics
topic that could be adequately taught using webuees and (ii) Develop web content for a targeteds
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in the Ghanaian senior high school curriculum. Theye first required to design a project layoushow
the web resources they would be creating for tiaegret learners. At the end of the semester, eamipd36
in all) was guided to host their final piece of jei-based web resources onto free webhosting site.

2.3 Data Collection and Analysis

2.3.1 Questionnaire.The study adapted the Web Pedagogical Content Kaugel Survey (WPCKS)
questionnaire designed by Lee et al. (2008) to exarteachers’ self-efficacy towards web pedagogical
content knowledge. There were 18 items measuriagptbspective teachers’ self-efficacies and attisud
towards web technology. The constructs adaptedidiecd web content (5 items), web pedagogical content
(7 items) and web attitude (6 items). Sample itemhkide: “I feel web technology can be actually diss
math teaching practice” (web attitude); | know himaselect proper math content from web resouroesb(
content); and “I will be able to use web technolégysupport teaching for the content of a particatath
unit” (web pedagogical content). To determine timpact of the methods course on prospective tedchers
web technology efficacy levels, the original scalas reduced to a five-point (1-5) Likert scale from
strongly disagree to strongly agree.

The questionnaire was pre-tested with 49 fourthr yra-service mathematics teachers (not part of the
current study) for purposes of establishing relighi The data were processed using SPSS versiah 1
Cronbach’s Alpha was established for each of theetltonstructs. The reliability statistics for tveb
content ( ), web pedagogical content ( ), and web attitude ( ) were all found to be
acceptable, in line with Kline’s criteria (Kline,0@5). The overall reliability coefficient for thentre
guestionnaire was .769.

To determine growth in pre-service teachers’ stitacy, the WPCKS questionnaire was administered i
three phases; at the beginning, at mid semesteattig end of the semester. During the first wafethe
semester, the first and second authors met andistied the purpose of the research with all students
enrolled in the course and sought their conserdgotrduct the research. All the students volunte¢oed
participate in the research and the questionnaagthen distributed to them during class sessioarder to
ensure individual responses were independent, theéeists were allowed ample time to stay in the
classroom, respond to the questionnaire and reh@m to the researchers as soon as they wereiezhtisf
with their responses. This process enhanced thenrefte of the completed questionnaires. Similar
processes were adopted in distributing and cofigdiie questionnaires during the second and thietgs

of the questionnaire administration. The reture rateach phase was 100%. The authors received\ap
for the study from the first author’s institutioRurthermore, all participants provided written camtsprior

to data collection.

The responses to the questionnaire items were gdinpo web content, web pedagogical content artal we
attitudes for the first, second and third phasethefsurveys. Composite means were computed in E#SS
each of the three constructs at each of the phakescomposite means were exported to Microsofic®ff
Excel 2007 to create the area chart (see Figuferllhe purpose of analysis, participants’ scoresew
categorizedas low self-efficacy (.0-2.4), moders#df-efficacy(2.5-3.4) and high self-efficacy (3®)
relative to web content knowledge (WCK), web pedpcal content knowledge (WPCK) and attitude
towards web instructions (WA).

3.0 Results
The purposes of the study were to determine praispeteachers’ perceived self-efficacy levels, aedt

impact of a methods course on their web pedagogiocatent knowledge. Web pedagogical content
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knowledge was conceptualized as the integral kntgdeof prospective teachers’ web content knowledge
and web pedagogical knowledge including predismositr attitude towards web instruction.

3.1 Prospective Teachers’ Efficacy Levels

The first research question investigated the prdspge mathematics teachers’ perceived self-efficacy
towards web technology integration at the beginmhthe semester. On entry into the methausse,
the composite means (see Figure 1) indicated tluasppctive mathematics teachers’ self-efficacy lléwe
Web Content Knowledge (WCK= 2.7) was moderate wthieir self-efficacy level for Web Pedagogical
Content Knowledge (WPCK= 1.3) was low. The compositan for their attitude towards web instructions
(WA=2.8) was also at the moderate level. Compagatj\the prospective mathematics teachers ratad the
self-efficacy in WCK and WA relatively higher thaineir WPCK. The results suggest that the prospectiv
mathematics teachers were moderately confidenttabeir knowledge and positive attitude towards web
based resources but less confident in their alidiftyptegrate web technology in mathematics insions.

3.2 Changes in Prospective Teachers’ Self-Efficacy

The second research question examined the impaatveéb technology methods course on prospective
mathematics teachers’ perceived self-efficacy tadwaWeb Pedagogical Content Knowledge. Data showing
changes in prospective teachers’ self-efficacylteaee presented in Figure 1. The mean scores RCKV
(3.4) and WA (4.0) increased from entry of the neehcourse to mid-semester. However, the mean score
for WCK (2.6) was lower than that at entry (2.7) the methods course. That is, most prospective
mathematics teachers judged themselves as modermateipetent in the three constructs during the
semester.

Data in Figure 1 indicated increases in the meanescfor WA (4.7) and WCK (3.0) from mid-semester t
completion of the methods course. This suggestsntitbods course impacted prospective teachernsidsti
towards the use of web resources for mathematsuctions. In contrast, the mean score for WPCK
decreased from mid-semester (3.4) tocompletior) (§.the course.

In summary, the mean score for WA showed a steachease from beginning to the end of the semester,
while that of WPCK increased from start of the sst@eto mid-semester, and then decreased at thefend
the semester. The mean score for WCK showed aakered mid-semester, and then an increase at the en
of the semester.

Interestingly, there was a continuous positive dlowm prospective mathematics teachers’ web attitud
(WA= 2.8 to 4.7) at the end of the methods coufée. high composite mean level of 4.7 out of 5.0nsttb
that participants were positive in their ability ise web technology in mathematicsto:enhance tegchi
skills, enrich the mathematics course contenttarmhhance students’ learning.

4.0 Discussion
Mathematics teacher practices are yet to refledtrtelogy integration partly because of theirintéigra
knowledge gap. Howa teacher preparation programshebge this knowledge gap to facilitate reforms
towards technology integration in mathematics tewrivas the essence of the study. Evidence hasrshow
that developing teachers’ pedagogical integratiorovdedge is not possible in a one shot class on
technology workshop, but a process learned thraughting or developing a project or product(Koehler
Mishra &Yahya, 2007). Learning technology by desi@s been suggested in the literature as one igéfect
way of providing opportunity for developing teactsigpedagogical integration knowledge. The intent fo
adopting learning technology by designfor this gtudlas to trace prospectivemathematics teachers’
knowledge growth, capabilitiesand effort to integraveb technology and resources in the teaching of
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mathematics. The study explored the self-efficayels of 172 prospective mathematics teachers fise o
web technology and web resources and the impastbftechnology methods course on their self-efficac
towardsWPCK.

The results showed appreciably moderate to higheffetacy levels among prospective mathematics
teachers in integrating web resources. Specificglisospective mathematics teachers’ web content
knowledge and web pedagogical content knowledgedwsa from the beginning, through mid-semester to
the end of the semester. This corroborates findaygldu and Fyfe (2010); Lee et al. (2008); and Keeht

al. (2007) that learning technology by design preadechnology, pedagogy and content knowledge. The
increase in WPCK mean score from the start of #maester to mid-semester may be attributed to the
involvement of participants in design-based adésitsuch as identifying, locating, analyzing andleating
suitable web-based resources for mathematics aigtruas well as the self-authoring of simple \attu
learning environments. Surprisingly, while partais’ web attitudes were incessantly growing, tesb
pedagogical content knowledge unexpectedly dediaveards the end of the semester. Perhaps, pariisipa
were rating themselves in line with the final webge they created and other professional web ressur
examined and not what they presumed they couldecedgahe initial survey. A second reason for taelide
could be that the participants shifted their attentfrom understanding web content to learning the
pedagogies involved. They might have realized thate was more web pedagogical content knowledge to
be learnt than what they have learnt.

The result implies that the methods course was®fe in providing the adequate experiences thatdco
facilitate prospective mathematics teachers’ adgiisand development of the integral knowledgeveb
technology, pedagogy and mathematics content ndedéeaching mathematics. This integral knowledge

a key predictor of teachers’ decisions and readit@sntegrate technology in teaching (Koehler &M,
2006; Khorrami-Arani, 2001). It is anticipated thiaidings from this line of research would elaberah the

link between teacher WPCK acquisition processes taeid teaching practices.Although the composite
mean level of prospective mathematics teacherfesitacy in WCK increased from 2.6 to 3.0 at #wad

of the course, it remained within the moderate llef#CK=3.0). This moderate level suggests that
participants judged themselves as having sufficenbunt of knowledge about how to search and select
proper materials on the web that can enrich mathiesneourse content.

5.0 Conclusion

This study exemplifies how teacher education pnograould enhance the knowledge and self-efficacy of
prospective mathematics teachers towards integratioveb technology in mathematics instruction. The
study shows that web technology method coursecqutu/idepositive experiences for prospective
mathematics teachers to develop their self-effesdior web technology integration in mathematics
instructions.However, the data suggests that thdade course had varying impact on the three cocistr
The main conclusion isthat incorporating a methoaisrse on web technologies into mathematics teacher
education program has the potential of buildingspextive teachers’self-efficacyto integrate ICT in
mathematics education.
The authors recommend that future research uséajived techniques, such as interviews, to gaimgims

into why the methods course had varying impacthenthree constructs. The present study examined the
prospective mathematics teachers’ self-efficacy rowee semester. A study that would track the
development of their self-efficacy over a longeripe is also warranted.
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