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a b s t r a c t

Research has shown that will (positive attitudes), skill (technology competency), and tool (access to
technology tools) are all essential ingredients for a teacher to effectively integrate information tech-
nology into classroom practices. This study focuses on the will, skill and tool as essential measures for the
predictability of technology integration, reported by the study participants and measured by stages of
adoption of teachers in Ghana. Attempts are made to explore the extent to which these parameters differ
among the teachers and also influence technology integration. Furthermore, the parameters are
proposed for use in modelling the process of technology integration for these teachers. Well validated
instruments spanning the areas of attitudes, competencies, access and technology integration profi-
ciencies were used to collect data from 120 mathematics prospective teachers and 60 practicing
mathematics teachers from Ghana. The data was analyzed using regression analysis. The results indicated
that lack of teacher anxiety was the most important dimension of attitudes, and that skill is the strongest
predictor of classroom integration of technology for the teachers. Significant differences existed between
practicing and prospective teachers’ computer anxieties, competencies, and access levels.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Integration of technology in education has increasingly become an important concern in education not only in developed countries, but
in developing countries as well. Tilya (2008) analyzed the development of technology in education policies in Sub-Saharan Africa. He found
out that majority of Sub-Saharan Africa countries have a national policy on technology in education, including an implementation plan. In
addition, some of these countries have organizational structure in place responsible for technology implementation. Ghana is one of the
Sub-Saharan African countries with a national policy and implementation plan for technology in education. The government of Ghana
considers technology literacy as an engine for accelerated development outlined in the Ghana Information and Communication Technology
for Accelerated Development (Ghana ICT4AD Policy document, 2003). Ghana introduced technology into the school curriculum in
September 2007 following the recommendations of the ICT4AD document and the Anamuah-Mensah National Education Review
Committee Report (2002). Both documents highlight the importance of integrating technology into the curriculum at all levels. The
government and other institutions have invested huge sums of money in procurements of computers and establishment of computer labs in
most senior high schools. Computer literacy is not only introduced as a new subject in the curriculum, but also as a tool to enhance teaching
and learning. The new curriculum in mathematics at the senior high school (Ministry of Education, Science and Sports, 2007) encourages
teachers to make use of the calculator and the computer for problem solving and investigations of real life situations, in order to help
students acquire the habit of analytical thinking and the capacity to apply knowledge in solving practical problems (MOE, 2000). However,
to realize this new orientation to teaching and learning including the use of computers by teachers more needs to be done than recom-
mendations contained in syllabuses. Therefore important questions such as “what can teachers dowith computers to promote integration of
technology in the curriculum or to extend instructional methods?” and “what can teachers do with computers to improve students’
outcomes?” still remain. Many studies have shown that teachers have a decisive role in the integration of technology in the teaching and
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learning process (Law, 2008; Mumtaz, 2000; Voogt, 2003). Therefore teachers’ responses to the questions posed above are critical for the
implementation of technology in the classroom. With the recent impetus of technology, it is imperative that teacher education programs,
policy makers and researchers understand how teachers in Ghana relate to technology in particular with respect to teachers’ attitudes and
competencies. In this study we focus on mathematics teachers in particular as the study is part of an ongoing study about the development
of an appropriate professional development program for mathematics teachers to use technology in their classrooms. This study aims at
contributing to a better understanding of mathematics teachers’ attitudes and competencies towards technology.
2. A conceptual framework for the study: The will skill tool model

There is no doubt that the use of computers in classrooms remains a challenge for most teachers in spite of many studies, which have
focused on integrating technology in classroom teaching (Pamuk & Peker, 2009; Smarkola, 2008; Tekinarslan, 2008). Since the early days of
computer usage in schools back in the 1980s and 1990s teacher attitudes were considered an important factor for technology acceptance
(Marshall & Cox, 2008; Myers & Halpin, 2002; Woodrow, 1992). In addition to teacher attitudes large scale international assessments of
technology in education (e.g. Law, Pelgrum, & Plomp, 2008; Pelgrum & Anderson, 1999) found that teachers’ technology competencies also
are a basic condition for technology use in education. Pelgrum and Anderson (1999) concluded that an increasing number of teachers have
been introduced to basic technology competencies, but most of them lack competencies related to the pedagogical use of technology.

Christensen and Knezek (2002, 2008) developed the Will Skill Tool model (WST model), in which teachers’ will, skill and access to
technology tools are all postulated to be necessary components for effective integration of technology into the teaching and learning
environment of the classroom. The models’ key elements are: will (which Christensen & Knezek conceptualize as computer attitude) of the
teacher, skill (which they conceive as technology competence), and tools (which needs to be understood as access to technology tools). The
WST model predicts the level of technology integration as a function of attitude, competence and access to technology. Christensen and
Knezek (2002) tested the model in 1999 with 39 teachers from the USA (Texas) using regression analysis, and they could explain 84% of
the variance in technology integration. Morales (2006) used the WST model to predict integration of technology by teachers in a study of
Mexican and US teachers. He found that measures of Will, Skill and Tool together were able to account for 90% of level of classroom
technology use. In addition the Mexican teachers’ access to technology (tool) was most important, while for the US teachers competence
explained most of the variance. Since Ghana is, similar to Mexico (Ávila Mu�noz, 2008), a beginner of use of technology in education, the
authors wanted to explore to what extent the WST model also would be useful to study teachers’ integration of technology into the
classroom in the context of Ghana.

Two research questions guided the study: “How do prospective and practicing mathematics teachers differ in their attitudes (will),
competencies’ (skill), access (tool) and their levels of technology integration?” and “To what extent do attitudes (will), competencies (skill)
and access (tool) predict mathematics teachers’ technology integration levels?”. The best model fit involving these measures for the data set
is also determined.

To discuss the components of the WST model, studies from European countries and the United States were used to review literature,
provided it could be assumed that the arguments were relevant in the Ghanaian context as well.
2.1. Computer attitudes (will)

The concept attitude can be divided into three components: affective, cognitive, and conative (Fishbein & Ajzen, 1975). Attitudes towards
computers influence teachers’ acceptance of the usefulness of technology, and also influence whether teachers integrate technology into
their classroom (Meelissen, 2008; Paraskeva, Bouta, & Papagianna, 2008). Huang and Liaw (2005) also stated that among the factors
considered to influence the successful integration of computers in the classroom, teachers’ attitudes towards computers is a key factor. The
study pointed out that no matter how sophisticated and powerful the state of technology is, the extent to which it is implemented depends
on users having a positive attitude towards it (Huang & Liaw, 2005). Many research studies confirmed that there are several factors affecting
computer attitudes such as gender, socio-economic status and age. Recent studies about the effect of age on attitude towards computers
have shown that younger people tend to have more positive attitudes towards the use of computers than their older peers (Christensen &
Knezek, 2006; Meelissen, 2008). This gives an indication that younger teachers are probable to use technology in instruction than the older
ones. Other related studies that have been conducted into attitudinal and motivation/personality factors towards technology in education
contained attitude surveys consisting of questions about fear of computers, extent of liking technology, attitudes towards using technology
in school, enjoyment in using computers, productivity/utility of computer, computer use for e-mails have shown strong links between
pupils’ and teachers’ attitudes and the effect on technology use and learning (Marshall & Cox, 2008). For example a number of studies have
found “Computer anxiety” to be a consistent measurable construct present in teacher data sets on teachers’ attitudes towards computers
(Christensen & Knezek, 2000a, 2001). According to Pamuk and Peker (2009) computer anxiety is the most important dimension of attitude
towards computer scale; indicating that teachers who are anxious about computers tend to develop negative attitudes towards computers
and express opposition to their use. Several research studies (e.g. Bozionelos, 2001; Durndell & Haag, 2002) evaluated computer anxiety as
a separate construct and found a high relationship between attitudes towards computers and computer anxiety. Few researches have also
supported the view that computer enjoyment (see Bagozzi, Davis & Warshaw, 1992) has positive effect on the intention to use technology in
classrooms. Other studies have demonstrated that the cognitive component of attitude is an important one. For example, Vankatesh (1999)
and Davis and Wiedenbeck (2001) found that perceived usefulness of computers has a positive effect on computer attitudes. This is
important in an individual’s assessment of his/her productivity and describes the extent to which performance of an activity is instrumental
in achieving valued outcomes (Vankatesh, 1999). The effect of the conative component of computer attitudes on computer use is also well
addressed by some studies. Marshall and Cox (2008) found teachers with Internet access at home demonstrate more positive attitudes
towards computers, and feel a greater need for computers in their lives. Christensen and Knezek (2001) found a similar trend and further
confirmed that teachers without access to the Internet at home seldom become high integrators of technology in their classrooms.
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2.2. Technology competency (skill)

Competence is usually defined as having the ability to perform a specific task. Research into computer competencies, also indicated with
the terms computer performance, computer ability, or computer achievement, is in contrast to the large attention of studies in computer
attitudes (Meelissen, 2008). Teachers’ competencies in computer use is usually measured through self-report. One might argue that
therefore teachers’ competencies should be conceived as self-efficacy measures, which is defined as “confidence in one’s competence”
(Bandura, 1977). Numerous studies have showed that computer competencies are positively correlated with an individual’s willingness to
choose and participate in computer-related activities, expectations of success in such activities, and persistence or effective coping behaviors
when faced with computer-related difficulties (Looney, Valacich & Akbulut, 2004; Sang, Valcke, van Braak, & Tondeur, 2010; Smarkola,
2008). Teachers with higher levels of technology competencies used computers more often and experienced less computer-related
anxiety. On the other hand, teachers with lower levels of technology competencies become more frustrated and more anxious, and hesitate
to use computers when they encounter obstacles (Sang et al., 2010). More recent studies about teachers’ technology competencies
differentiate between basic technology competencies and pedagogical technology competencies (Law et al., 2008). Also Smarkola (2008)
argued that for effective integration of technology, teachers must move beyond being “computer literate” to “technology competent”.
Smarkola added that being technologically competent allows teachers to use computers as part of the curriculum and as a tool for authentic
student engagement and learning. Research shows that computer competencies influence expectations and emotional reactions regarding
the effective use of modern technologies (Looney et al., 2004). Thus attitudes towards information technology are linked to computer
competencies since they are deemed to be significant factors in the interpretation of the frequency and success with which individuals use
computers (Khorrami-Arani, 2001). Competencies and attitudes are clearly interrelated and there appears to be a universal agreement that
competency in the use of technology is a predicting factor to successful employing technology in teaching and learning.
2.3. Access to technology tools (tools)

In many developed countries, access to computers seems to be no longer a relevant issue (Meelissen, 2008; Morales, 2006). Therefore
discussion about the relation between computer access, computer competencies and computer attitudes seems to have been shifted from
computer access to the ‘quality’ of computer experience (McIlroy, Bunting, Tierney, & Gordon, 2001). This is an indication that access to
technology tools is not a strong predictor in determining teachers’ use of technology in instruction in these countries. This argument cannot
be implied for developing countries. Gurcan-Namlu and Ceyhan (2003) discuss variables such as computer access level, usage frequency,
computer ownership and amount and breadth of time in the use of computers as indicators of an individuals’ level of technology use of
computers. Only a small proportion of the African population has access to computers (Murphy, Anzalone, Bosch & Moulton, 2002) and 4%
has access to the Internet (Resta & Laferrière, 2008). Aguti and Fraser (2006) in a study to integrate technology in Distant Education Program
at the Makerere University of Uganda reiterated that lack of ready access to technologies by teachers is a key barrier to technology inte-
gration in most developing countries. Thus access levels could be influential factor in determining a teachers’ use of technology in most
African countries. Tekinarslan (2008) investigated computer anxiety and accessibility of personal computers between two groups of Dutch
and Turkish students. The results of the study showed that the Dutch students had lower computer anxiety levels and for that matter higher
levels of technology use than the Turkish students. This was explained by the relatively high levels of computer access and computer usage
frequencies of the Dutch participants. These findings are consistent with findings of other studies (eg., Christensen & Knezek, 2001; Gurcan-
Namlu & Ceyhan, 2003). Thus in general, accessibility of technology as mentioned in the will skill tool model tends to affect attitudes and
competencies and has a positive relationship with the level of technology use.
2.4. Technology integration

Adoption of technology by teachers is considered a measure for technology integration. Adoption of technology is conceived as a process
that develops through different stages. From being aware and informed about the possibilities of technology in education to a more routine
utilization of technology in classroom practice and finally to creative uses of technology for teaching and learning (Christensen, 1997;
Christensen & Knezek, 2002; Sandholtz, Ringstaff, & Dwyer, 1997).
3. Methods

3.1. Respondents

3.1.1. Teachers
A total of 60 mathematics teachers (52 males and 8 females) whowere purposively sampled from 16 Senior High Schools participated in

this study. Schools ranging from government, mission, private and international schools, which had a reasonable number of mathematics
teachers as well as some kind of technology infrastructure, were selected. The average age of the teachers was approximately 39 ranging
between 25 and 59 years. The average teaching experience was approximately 12 years ranging from as low as 1 year to 37 years.

3.1.2. Prospective teachers
Second and third year prospective mathematics teachers from the Teacher education programme at the University of Cape Coast

participated in the study. During their lessons, students were asked whether they wanted to participate in the research. As a result, 120
prospective teachers volunteered to fill out the questionnaire. There were 95 males and 25 females aged between 19 and 43 years with an
average age of nearly 26 years. Out of the 120 prospective teachers, 72 of them were Certificate A holders meaning they were basic school
teachers and had some teaching experience already in lower secondary education.
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3.2. Research instruments

A questionnaire was used to collect data for this study. The questionnaire had several sections. The first section of the questionnaire was
used to collect data for demographical characteristics such as age, gender and experience or year of study. Following were sections about
attitudes towards computers, technology skills and competencies, levels of technology access and technology integration. The instruments
used in the different sections are presented below.

3.2.1. Teachers’ attitudes towards computers (TAC)
TheTAChasbeendevelopedbasedonexisting computerattitudes scales (Christensen&Knezek, 2000b). TheTACquestionnaire is a95–199

item Likert Differential instrument for measuring teachers’ attitudes towards computers up to about 20 sub-scales. These measurement
instruments are confirmed to be reliable by previous research (Knezek & Christensen, 1998). Fifty items of the TAC Questionnaire (Knezek &
Christensen, 1998; Christensen & Knezek, 2000b) were slightly modified and used to explore the attitudes of the practicing and prospective
teachers in the study. Thirty-four of themwere selected as high loadings on the extracted factors after an exploratory factor analysis. In all, 6
sub-scales were used: enjoyment (the pleasure someone experiences when using and talking about computers), anxiety (fear to use and talk
about computers), benefit (perceived advantages of using computers in the class), interaction (willingness to use possible applications of
computers for information dissemination), influence of computer use on the instructional productivity of users and possible professional
enhancement in the use of computers. For all six sub-scales, a five-point Likert scale (1¼ strongly disagree, 5¼ strongly agree) was used. The
scores are interpreted as follows: 1 is the lowest possible score, which represents a very strong negative attitude, while the 5 is the highest
possible scorewhich represents a very strong positive attitude. Rescaling of some items of the anxiety scalewas done, so that a high score on
computer anxiety could be interpreted as lack of anxiety. The TAC was administered to 120 prospective and 60 practicing teachers. Table 1
shows the internal consistency reliabilities for the TAC sub-scales and the factor loadings for the selected items as reported by the teachers.

3.2.2. Technology in education competency survey (TECS)
The TECS (Knezek, Christensen, Miyashita & Ropp, 2000) is a self-report measure of technology competence. The TECS was adopted to

measure the self-efficacies of the respondents on a four point Likert scale ranging from1 (not at all) to 4 (a lot). This instrument is a quick and
reliable self-report measure for use in assessing teacher technology competencies. Christensen and Knezek (2000a) reported a Cronbach’s
a of 0.92. In this study TECS was used to determine practicing and prospective teachers’ technology competencies. Two sub-scales: general
purpose (application of technology for general purposes) and instructional purpose (application of technology to support teaching and
learning) were used. Cronbach’s a for TECS items were 0.89 and 0.90 respectively. The instrument items are presented in the results section,
Table 3.
Table 1
Internal consistency reliability for six sub-scale of the TAC.

Sub-scale Cronbach’s
alpha

Items (N ¼ 180) Factor
loadings

Lack of Anxiety 0.75 Working with a computer makes me nervous 0.75
Using a computer is very frustrating 0.71
Computers are difficult to use 0.68
I think that it takes a long time to finish a task when I use a computer 0.65
I get a sinking feeling when I think of trying to use a computer 0.63

Instructional
Productivity

0.86 Computers could enhance remedial instruction 0.71
Computers can help accommodate different teaching styles 0.70
Computer can be used successfully with courses which demand creative activities 0.67
Computers help to incorporate new teaching methods 0.65
Teacher training should include instructional applications of computers 0.62
Computers will relieve teachers of routine duties 0.61
Computers can help incorporate new ways of organizing student Learning 0.61
Computers can help teachers provide more individualized feedback to students. 0.57
I believe that the roles of schools will be dramatically changed because of the internet 0.54

Professional
Enhancement

0.86 If there is a computer in my future classroom, It would help me to be a better teacher. 0.70
I would like to have a computer for use in my classroom 0.67
If there was a computer in my classroom it would help me to be a better teacher 0.63
I believe that the more often teachers use computers, the more I will enjoy school 0.56

Enjoyment 0.65 I concentrate on a computer when I use one 0.74
I enjoy doing things on a computer 0.72
The challenge of learning about computers is exciting 0.69
I enjoy lessons on the computer 0.62
I enjoy using new tools for instruction 0.55
I believe that it is very important for me to learn how to use a computer 0.52

Interaction 0.67 I prefer e-mail to traditional class handouts as an information disseminator 0.79
E-mail is an effective means of disseminating class information and assignments 0.76
The use of e-mail provides better access to instructor 0.72
Improvement of communication and interaction between instructors and students, and among students 0.66

Benefit 0.87 Lesson delivery is improved and enhanced (efficiency) 0.77
Enhances students learning (effectiveness) 0.73
Students can access courses, assignments, course outlines etc. regardless of location and time (flexibility in
education)

0.71

Improvement of feedback to students 0.66
Provision of a better learning experience 0.59
The relationship between theory and practice is strengthened (e.g. through simulations) 0.53



Table 2
Differences in attitudes based on TAC scores of practicing and prospective teachers: (M, SD, p-value and effect size).

Subscale Practicing teachers Prospective teachers Sig Effect size

M SD M SD

Lack of anxiety 4.15 0.80 3.90 0.90 0.04* 0.29
Instructional productivity 4.28 0.54 4.34 0.54 0.50 �0.11
Professional enhancement 4.48 0.66 4.48 0.65 0.97 0.00
Enjoyment 4.32 0.54 4.35 0.46 0.69 �0.06
Interaction 3.78 0.85 3.99 0.78 0.10 �0.26
Benefit 4.19 0.60 4.32 0.52 0.13 �0.23
Overall attitude 4.20 0.39 4.23 0.41 0.41 �0.08

* P < 0.05 – analyzed with t-test.
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3.2.3. Access to technology
Three variables indicating level of access to technology tools were used in the study. These were (prospective and practicing teachers)

access to Internet connectivity at school or in their office, whether or not they had access to a computer either in the office or at the
computer laboratory or whether or not they had access to computers at staff common room or the library. Respondents were supposed to
indicate either “yes” or “no” to whether they had access to each of the items. The instruments items are presented in the results section,
Table 4.

3.2.4. Stages of adoption of technology (SoA)
SoA was used to measure the teachers’ technology integration levels. The SoA provides a measure of the teachers’ stage of adoption of

technology use in educational practice (Christensen & Knezek, 2000b, 2008).This instrument is a quick and reliable self-report measure for
use in assessing technology integration. Since the SoA is a single item survey, internal consistency measures cannot be calculated for data
gathered through it, however a high test–retest reliability estimates (0.91–0.96) was obtained from validation studies (Hancock, Knezek &
Christensen, 2007). The six stages related to adoption of technology are: Stage 1(Awareness), Stage 2 (Learning the process), Stage 3
(Understanding and application of the process), Stage 4 (Familiarity and confidence), Stage 5 (Adoption in other contexts) and Stage 6
(Creative applications in new contexts).

3.3. Data collection and data analysis procedures

The questionnaire was distributed to the prospective teachers during the school after a lecture. For the practicing teachers it was sent to
them in their various high schools with the help of the principals and department heads. To analyze the data descriptive statistics, inde-
pendent t-tests, correlation analysis and regression analysis were used. Effect size was calculated using Cohen’s d (Cohen, 1969). Cohen
(1969) provided tentative benchmarks for the interpretation of effect sizes. He considers d ¼ 0.2 a small, d ¼ 0.5 a medium and d ¼ 0.8
a large effect size.

4. Results

4.1. Descriptive statistics

A comparison between the two groups of participants was conducted in terms of their computer attitudes. The overall attitudes
(practicing teachers M ¼ 4.20, prospective teachers M ¼ 4.23) seem to suggest high positive attitudes of the teachers towards computers. The
t-test results shown in Table 2 indicated no significance difference in overall computer attitudes between the two groups. Very low effect
size differences were observed for the various sub-scales. A significant difference was found with practicing teachers scoring higher on lack
of anxiety (effect size d ¼ 0.29).

The TECS variables that were used to measure the teachers’ technology competency revealed fairly low competencies. The practicing
teachers in general seemed to be more competent or skilful in the use of technology than the prospective teachers. Table 3 shows an overall
significant difference (p < 0.001) with a medium effect size of 0.56 between the levels of competencies of the two groups. Particularly very
large effect size (d ¼ 1.02) was recorded for the differences in competencies which had to do with instructional purposes.

Table 4 shows the distribution of the differences of the level of access across the teachers. It is apparent that the practicing teachers have
higher level of access to technology compared to the prospective teachers. This is more pronounced in the difference (d ¼ 1.04, p ¼ 0.03)
with accessibility to Internet connectivity. Although the means (practicing teachers ¼ 1.40, prospective teachers ¼ 1.20) do not show high
access of technology, the difference (d ¼ 0.50, p < 0.001) is quite significant.

Table 5 shows the results on practicing teachers and prospective teachers’ stages of adoption of technology. The overall difference in
means of the stages of adoption for the practicing teachers (M ¼ 3.92, SD ¼ 1.45) and prospective teachers (M ¼ 3.28, SD ¼ 1.27) was
Table 3
Differences in technology in education competencies of practicing and prospective teachers; (M, SD, p-value and effect size).

TEC Practicing teachers Prospective teachers Sig Effect size

M SD M SD

General purpose 2.55 1.03 2.07 0.96 0.002* 0.48
Instructional purpose 2.39 0.98 1.78 0.79 0.000* 1.02
Overall mean 2.56 0.96 2.05 0.85 0.000* 0.56

Scale: 1¼ not at all, 2 ¼ a little, 3 ¼ somewhat, 4 ¼ a lot; * P < .05.



Table 4
Differences in accessibility of technology of practicing and prospective teachers; (M, SD, p-value and effect size).

Practicing teachers
(n ¼ 60)

Prospective teachers
(n ¼ 120)

Sig Effect Size (d)

M SD M SD

Access to computers (office/computer lab) 1.23 0.43 1.19 0.40 0.21 0.11
Access to computers (staff common room/library) 1.20 0.40 1.10 0.30 0.00* 0.28
Internet connectivity 1.77 0.43 1.31 0.46 0.03* 1.04
Overall mean 1.40 0.42 1.20 0.39 0.00* 0.50

Scale: 1¼ no, 2 ¼ yes; * p < 0.05.
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significant with (p ¼ 0.003) and a medium effect size (d ¼ 0.47). Thus, the practicing teachers seem to be higher than the prospective
teachers when it comes to the levels of technology use. Interestingly 8.3% each of the total respondents for both practicing teachers and
prospective teachers indicated that they were at the “awareness” (stage 1) stage of adoption of technology. At higher stages of technology
adoption (Stages 5 and 6), the practicing teachers seem to be more than the prospective teachers; however at lower stages (1 and 2), the
prospective teachers are more than the practicing teachers.
4.2. Stages of adoption and teachers’ related attitude (will), competencies (skill) and access (tool) to technology

Fig. 1 illustrates the relationship between the attitude scales measured by the TAC, as teachers advance from lower to higher stages of
adoption of technology. There seems to be a strong relationship between lack of anxiety and stage of adoption. Perhaps this is an indication
that lack of anxiety is a possible predictor of classroom integration for these teachers. The relationship between the other attributes and the
stages of adoption seem not to be clearly defined (see Fig. 1).

A Pearson product–moment correlation was calculated between the various attributes of computer use and the stages of adoption of
technology. Correlations were significant for “lack of anxiety” (r¼ 0.43, p< 0.001) and “enjoyment” (r¼ 0.16, p¼ 0.03) at 0.01 and 0.05 levels
of significance respectively.

However the product–moment correlation between the overall computer attitudes and the stages of adoption (r ¼ 0.1, p ¼ 0.181) was
found to be very weak. This seems to suggest that the overall attitudes of the respondents had a very weak correlation with the stages of
adoption of technology. The two sub-scales (lack of anxiety and enjoyment) which had significant relation with the stages of adoption also
had a significant correlation (r ¼ 0.41, p < 0.001) with the stages of adoption when they were combined. A significant association (r ¼ 0.63,
p < 0.001) was found between technology competencies and stages of adoption of these teachers. Although there seems to be a week and
linear association between the teachers’ technology access and stage of adoption, the correlation (r ¼ 0.23) was significant at the 0.01 level
of significance.

4.3. A predictive model of technology integration using the will–skill–tool concept

A regression analysis model was used to explore howwell will, skill and technology tools could predict an individuals’ stage of adoption.
The following are the results:

4.3.1. Impact of will
The R2 for the stage of adoption (0.01) predicted from the TAC attitude scales shows that only 1% of the variance in stage of adoptionwas

found to be attributable to the “will” measures of the respondents. The F test: F ¼ (1178) ¼ 1.80, p ¼ 0.181 (p > 0.01) associated with the
independent variable was not significant indicating that the independent variable does not predict the dependent variable if only the “will
”was considered in the model.

4.3.2. Impact of will and skill combined
Adding skill measures to the equation, the R2 for Stages of adoption predicted from the TAC attitude and TECS measures increased from

0.01 to 0.40. This means that the predictability of stages of adoption of technology increases from 1% to approximately 40% when the skill
measure is added. The F test: F (2,177) ¼ 59.69, p < 0.001 was significant for the model.

4.3.3. Impact of will, skill and tool on technology integration
Adding measures of tool of technology for the respondents increased the predictability of stages of adoption from 40% to 41%. The

regression equation with all the three predictors was significantly related to the stage of adoption index, R2 ¼ 0.41, adjusted R2 ¼ 0.40, F
Table 5
Comparison of Stages of Adoption of technology between practicing and prospective teachers.

Stage of adoption Practicing teachers (n ¼ 60) Prospective teachers (n ¼ 120)

Freq % Freq %

Awareness 5 8.3 10 8.3
Learning the process 3 5.0 29 24.2
Understanding and application of the process 17 28.3 20 16.7
Familiarity and confidence 11 18.3 44 36.7
Adaptation to other contexts 15 25 13 10.8
Creative application to new contexts 9 15 4 3.3



Fig. 1. Teacher attitudes toward computers by stage of adoption of technology.
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(3,176)¼ 40.71, p< 0.001.The standardized coefficients of the various predictors were 0.04, 0.61 and 0.09 for the will, skill (self-efficacy) and
tool measures respectively.

According to the standardized coefficients the regression model 1 is as follows:

SOApredicted ¼ 0:04willþ 0:61skillþ 0:09tool

As shown in the model, skill appeared to be a strong predictor of classroom integration for these teachers; tool quite acceptable and will
(r ¼ 0.1, p ¼ 0.181) was a weaker and perhaps an unacceptable predictor. A second model was investigated to further explore the extent of
the teachers’ computer attitude (particularly lack of anxiety attitude) as a predictor in the model. This analysis explored the relationship
between teachers’ lack of anxiety which had a significant association with the stage of adoption (r ¼ 0.43, p < 0.001) as teachers’ will as
against the other measures: skill and tool. Table 6 gives an over view of the results.

The regression analysis verified that approximately 18% of the variance in the stage of adoption is attributable to “will” measures of the
teachers. Adding skill measures to the equation increased the predictability of the stages of adoption of technology from roughly 18% to
approximately 42%. Further more, predictability increased to approximately 43% when measures of tool were added to the equation. At all
levels of the model, the F-values were significant indicating that the independent variables predict the dependent variable. According to the
standardized coefficients the regression equation for this second model was:

SOApredicted ¼ 0:16willþ 0:55skillþ 0:06tool

Table 7 shows the results when the process is repeated for computer enjoyment attitude (r¼ 0.16, p¼ 0.032; no significant associations were
found between the other TAC sub-scales and SOA) as an indicator of the teachers’ “will” as against the other measures in the model.

The regression model 3 is as follows:

SOApredicted ¼ 0:03willþ 0:61skillþ 0:09tool

5. Discussion

The study was designed to explore the computer attitudes, competencies, access and technology integration of prospective and prac-
ticing mathematics teachers in Ghana, using the will (attitudes towards computers), skill (technology competency), tool (access to tech-
nology tools) model. Prospective and practicing teachers demonstrated a positive attitude towards computers. But contrary to findings in
other studies that younger people tend to have more positive attitudes towards the use of computers than their older peers (Christensen &
Table 6
Coefficients of Predictors (Lack of anxiety (Will) against Skill and Tool measures of technology integration).

R R-square F (Sig) Standardized coefficients t Sig

Impact of will (Lack of anxiety) 0.43 0.18 39.76(0.000)* 0.43(L) 6.31 0.000
Impact of will and skill combined 0.65 0.42 65.09(0.000)* 0.17(L) 2.64 0.009

0.55(S) 8.61 0.000
Impact of will, skill and tool on technology integration 0.65 0.43 43.82(0.000)* 0.16(L) 2.43 0.016

0.55(S) 8.38 0.000
0.06(T) 1.07 0.284

* p < 0.05; L ¼ Lack of anxiety, S¼ Skill, T ¼ Tool.



Table 7
Coefficients of Predictors (Computer Enjoyment (Will) against Skill and Tool measures of technology integration).

R R-Square F (Sig) Standardized coefficients t Sig

Impact of will (Computer enjoyment) 0.16 0.03 4.69(0.032) 0.16(E) 2.17 0.032
Impact of will and skill combined 0.63 0.40 59.49(0.000) 0.03(E) 0.50 0.615

0.63(S) 10.55 0.000
Impact on will, skill and tools on technology integration 0.64 0.41 40.67(0.000) 0.03(E) 0.53 0.581

0.61(S) 9.94 0.000
0.09(T) 1.49 0.138

Note p < 0.05; E ¼ Enjoyment, S¼ Skill, T ¼ Tool.
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Knezek, 2006; Meelissen, 2008); the prospective teachers in this study showed more anxiety than the practicing teachers. The study
reported fairly low technology competencies for the teachers. However, the practicing teachers were more technology competent than
prospective teachers. The lower competencies, which was considered as a self-efficacy measure, of the prospective teachers coupled with
their higher anxiety is consistent with findings of previous studies which suggest that computer skills and competencies are positively
correlated with an individual’s willingness to choose to participate in computer-related activities, and that teachers with higher levels of
competencies experienced less computer-related anxiety than teachers with lower levels of technology competencies (Looney et al., 2004;
Sang et al., 2010). A number of reasons might have accounted for the higher competencies of practicing teachers and the higher anxiety of
the prospective teachers. One possible reason for this situation could have been the fact that the practicing teachers had more access to
technology compared to the prospective teachers. Numerous studies have revealed that increase in computer experiences such as computer
access, and computer usage frequencies leads to lower computer anxiety and higher technology competencies (Christensen & Knezek, 2001;
Gurcan-Namlu & Ceyhan, 2003; Tekinarslan, 2008). Another reason which could explain why practicing teachers had higher technology
competencies and showed less anxiety than prospective teachers could be attributed to in-service training organised for practicing teachers
as was reported by school principals (Author, submitted for publication). Level of access and participation in in-service training could also
explain the difference between prospective and practicing teachers in the levels of technology use. A body of literature on teachers’
competencies and use of computers in instruction shows that teacher training programs play a vital role inmaking teachers less anxious and
more confident about the use of computers in instruction. Teachers who are more familiar with computers are more confident about using
them for instruction and report more positive attitudes about the instructional effectiveness of computers (Christensen & Knezek, 2008;
Khorrami-Arani, 2001; Pamuk & Peker, 2009).

In the study the overall attitudes of the teachers did not correlatewith their SoA contrary to previous studies which suggest that teachers’
attitude play a key role in determining computer use as a learning tool and determining the likelihood that the computer will be used in the
future for teaching or learning (Huang & Liaw, 2005; Paraskeva et al., 2008; Teo, 2008). Teachers’ enjoyment and lack of anxiety towards
computers in particular correlated significantlywith SoA. This is in linewithmultiple studies (Christensen & Knezek, 2001; Teo, 2008) which
have been able to show a consistent decline in computer anxiety as teachers advance to higher SoA of technology. Teachers’ technology
competencies and access correlated significantly with their stages of adoption.

Finally, the findings of the study reported the extent to which the parameters will, skill and tool contribute to predicting teachers’
classroom integration of technology. In predicting the stages of adoption, structured equation modelling (Knezek, Christensen, Hancock &
Shoho, 2000) would have been a better option; however it was not used because a much larger sample would have been needed. For this
reason linear regression was used. Linear regression was applied on the whole data set, because similar patterns were observed when the
data were treated for practicing and prospective teachers separately. Three models were discussed. The study showed that in all these
models the “skill” of the teachers appeared to be the strongest predictor of classroom integration of computer use. This is different from the
Mexican teachers (Morales, 2006) for whom access to technology explained most of the variance in technology integration. As already
discussed the will of teachers, measured by their overall attitudes towards computers, showed no significant association with stage of
adoption. This indicates that the first model was not the best fit for the data. In the second and the third models, the will of the teachers:
“lack of anxiety” and “enjoyment” both showed significant association with teachers’ stages of adoption with the former showing a much
stronger correlation coefficient, indicating that the secondmodel is the best fit for the data. This model explains 43% of the variance in stages
of adoption of technology. This is consistent with literature that computer anxiety is the most important dimension of attitudes towards
computers (Pamuk & Peker, 2009). A number of studies (Bozionelos, 2001; Durndell & Haag, 2002) have evaluated it as a separate construct
and found a high relationship between attitudes and computer anxiety.
6. Practical implications

Several implications for professional development and teacher support for technology integration can be inferred from this study. The
results of this study suggest that increasing teachers’ technology competencies and decreasing their anxiety should be an integrated part of
the design of professional development arrangements for prospective and practicing teacher education. It is believed that such arrange-
ments can play a vital role in making teachers less anxious and consequently more confident about use of computers. Regarding technology
integration by mathematics teachers in Ghana, attempts should be made to provide extensive professional development opportunities that
focus on training practicing teachers to acquire skills on how to integrate technology effectively in their instruction – taking the context of
the available technology infrastructure into account – and not just the acquisition of basic technology skills. Also teacher education
institutions need to include courses on pedagogical issues related to technology integration in their curriculum. In this way prospective
teachers’ competencies will be enhanced and their experience to integrate technology in their future classes will increase. This will ensure
that trained teachers are less anxious and sufficiently prepared for new teaching methods which are flexible and involve appropriate use of
technology. The government of Ghana has put in place support systems in schools to facilitate access to computers. However, access
probably will continue to be an issue in secondary schools in the coming years. In order to support government efforts, other stakeholders
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such as the Parent Teachers’ Association, School Management and Boards must also put priority on the provision of technology facilities in
schools to facilitate and increase access of teachers. Easy access to technology will certainly contribute to teachers’ use of computers in the
schools.

7. Limitation and further research

This study was not without some limitations. The best model had only 43% of the variance in stages of adoption of technology being
accounted for by the latent variables as compared to over 90% from results of previous studies (Morales, 2006). This gives an indication that
there could be other highly reliable indicators of technology integration in this context which have not been explored in the study.

The fact that findings from a sample of mathematics teachers have been used is a limitation for the generalization of the findings.
Although mathematics teachers form the highest number of all teachers in the senior high school (mathematics is taught both as a core
subject for all students and as an elective subject for some programs in the sciences, business and arts), involving other subject teachers in
the study could have enhanced the extension of the findings and conclusions. The study which was conducted with only 60 practicing
teachers from 16 schools which were sufficiently endowed with technology and 120 prospective teachers from one teacher education
program provides no evidence to shed light on whether the findings of this study reflect the situation in the whole country.

8. Conclusion

The purposes of the study reported here were achieved in the modification and adoption of some measures: attitudes, competencies,
access as predicting factors of level of technology use of prospective and practicing teachers. The prospective teachers in this study showed
more anxiety and were less technology competent than the practicing teachers. Computer anxiety was identified as the most important
dimension of attitudes towards computers consistent with literature of previous studies. The study showed that skill (competencies) was
the strongest predictor of classroom integration of computers by these teachers. Not withstanding the limitations, findings of this study
provide directions for policy and practice about next steps that are necessary for a successful integration of technology in secondary
education in Ghana. In addition the findings of this study may also inform similar initiatives on prospective and practicing teachers’ use of
technology in other sub-Sahara African countries.
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