
 

 

 

Participatory Educational Research (PER) 

Special Issue 2016-II, pp., 1-10; 01 February 2016 

Available online at http://www.partedres.com  

ISSN: 2148-6123 

http://dx.doi.org/10.17275/per.16.spi.2.1 

 

An Analysis of Prospective Chemistry Teachers’ Attitudes towards 

Information and Communication Technologies, and of Their 

Confidence in Technological and Pedagogical Content Knowledge 
 

Şenol Şen
*
 and Senar Temel

 

Faculty of Education, Hacettepe University, Ankara, Turkey 
 

Abstract 

This study aims to analyse prospective chemistry teachers’ attitudes towards 

Information and Communication Technologies (ICT) as well as their confidence 

in Technological and Pedagogical Content Knowledge (TPACK). Information 

and Communication Technology Attitude Scale (ICTAS) developed by Günbatar 

(2014), and the Technological Pedagogical Content Knowledge Confidence 

Survey (TPCKCS) developed by Graham et al (2009) and adapted into Turkish 

by Timur and Taşar (2011) were used in this research as the tools of data 

collection. The study was performed in the survey model, one of the quantitative 

research methods. 53 prospective chemistry teachers participated in this research. 

The TPCKCS consists of four dimensions: technological pedagogical content 

knowledge, technological pedagogical knowledge, technological content 

knowledge, and technological knowledge. The ICTAS, on the other hand, 

consists of such dimensions as general tendency of ICT, access to information in 

virtual environments, computer hardware, use of software and communication in 

virtual environments. The correlations of the sub-dimensions of both scales were 

analysed through correlation analysis. In addition to that, a correlation analysis 

was performed in order to determine the relations between the total scores of both 

scales. At the end of the study, the correlation coefficients for the scores that 

prospective chemistry teachers have received from the sub-dimensions of both 

scales are presented. 

Keywords: Attitude, Confidence, Information and Communication Technology, 

Technological Pedagogical Content Knowledge 

Introduction 

Today, when information has been increasing rapidly and technology has been 

gaining importance, for individuals to adjust into this process and thus to keep up to 

date is possible by following technological developments closely. Countries with 

developed technology need individuals who can use technology, can produce and can 

reach the increasing information. Teachers have an important role to play in educating 

those individuals. Thus, a need is felt for courses to raise the technology use capabilities 

of teachers who are going to train the next generations. Teachers’ success in integrating 

technology with their classes is dependent on training they are going to receive. Yet, 
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technology use in classes is done only by teachers of computer education and 

instructional technology. However, the integration of such courses as biology, physics, 

and chemistry – which involve abstract concepts – with technology has become an 

obligation. On the other hand, the inadequacy of chemistry laboratories in schools and 

failure to allocate sufficient budget for chemicals hinder teachers to do experiments 

important for chemistry courses during their instruction. The teaching of chemistry 

courses with technology becomes important at this point. For instance, by means of 

experiments to be made possible through virtual chemistry laboratories, students can 

inquiry research, make observations, and thus important contributions can be made to 

their learning. In a similar vein, teachers who have integrated technology into their 

classes can also employ videos, audios, animations, and such visuals in their classes.  In 

consequence, prospective teachers’ – especially prospective chemistry teachers’- 

attitudes towards technology as well as their confidence become important.  

Prospective teachers’ having positive attitudes towards technology will result in 

improvement in their information and communication technologies (ICT) literacy. 

Concepts such as “information technologies” and “information and communication 

technologies” emerged as a result of development in computers and computer-related 

technologies. Yet, through time, in consequence of using the internet along with 

computers, the two concepts were used together as Information and Communication 

Technologies (ICT) (Günbatar, 2014). ICT is any type of visual, audio, printed and 

written media ensuring the design, regulation of and access to information (Information 

Technology Association of America, 2007, as cited in Becit İşçitürk, 2012). ICT 

consists of hardware (equipment), software (operating system, applications, etc.), and 

communications facilities (local area networks, wide area and backbone networks, 

communication protocols, etc.) (Berce, Lanfranco, & Vehovar, 2008). On reviewing the 

studies available in the literature, it was found that students had positive attitudes 

towards ICT- at least at medium levels- (Cavaş & Kesercioğlu, 2003; Çelik & Bindak, 

2005; Özarslan, Çetin & Sarıtaş, 2013), and that technology-assisted teaching raised 

students’ achievement and supported students in terms of having positive attitudes 

towards courses (Arıkan, 2006; Akı et al., 2005; Yenice, 2003; Yiğit & Akdeniz, 2003). 

Therefore, teachers should use technology in the process of teaching. Teachers’ having 

knowledge and skills related to ICT or their acquiring such knowledge and skills will 

cause them to display positive attitudes towards the use of ICT (Akkoyunlu, 1986).   

Along with the improvement of ICT literacy, prospective teachers will use technology 

in their own lives and they will also make active use of technology in their schools 

(Günbatar, 2014). Yet, it is not sufficient for teachers just to have positive attitudes 

towards using technology. It is also necessary that students develop confidence in terms 

of using technology in classes. Therefore, prospective teachers need to develop their 

technological pedagogical content knowledge before graduation from University. 

Technological Pedagogical Content Knowledge (TPACK) is composed of such 

components as content knowledge, pedagogical knowledge, technological knowledge, 

pedagogical content knowledge, technological pedagogical knowledge, technological 

content knowledge, and technological pedagogical content knowledge (Koehler & 

Mishra, 2005; Koehler & Mishra, 2009; Mishra & Koehler, 2006). TPACK is a model 

which is needed in the integration of effective technology and which is based on the 

relations between three types of knowledge called pedagogical knowledge, 

technological knowledge and content knowledge as well as on the interaction between 

them. The design, arrangement and implementation of the teaching process to be 
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performed on the basis of technology requires pedagogical and content knowledge in 

addition to technological knowledge and skills (Kabakçı Yurdakul, 2011). TPACK, 

which is based on Pedagogical content knowledge (PCK) defined by Schulman (1986), 

was first conceptualised by Mishra and Koehler (2006). The components of TPACK 

(Mishra & Koehler 2009) are shown in Figure 1. Content knowledge (CK), Pedagogical 

knowledge (PK) and technological knowledge (TK) are the fundamental components 

constituting the model. The other components constituting the model are made up of the 

combination and intersection of these components. These components are pedagogical 

content knowledge (PCK), technological content knowledge (TCK), technological 

pedagogical knowledge (TPK), and technological pedagogical content knowledge 

(TPACK). TPACK is at the centre of the model, and it emerged with the addition of 

technology to the concept of PCK. Setting out from this point, TPACK was defined as 

the totality of knowledge that teachers should have in terms of using pedagogical and 

technological knowledge by relating such knowledge to content  in the process of 

teaching a content which students are expected to learn (Koehler & Mishra, 2005; 

Mishra & Koehler, 2006).  

 

Figure 1. Technological Pedagogical Content Knowledge (TPACK) (Koehler & 

Mishra, 2009) 

We see that various studies related to TPACK are available in the literature. In a study 

performed by Niess (2005), prospective teachers’ development in their TPACK in the 

learning-teaching process - where technological integration was done - was analysed. At 

the end of the study, some of the prospective teachers said that they would be able to 

use technology in teaching science and mathematics, and eight of them said that they 

needed to make more efforts in TPACK. In their research conducted by Graham et al 

(2009), teachers were trained, and  teachers’ levels of self-confidence in terms of 

TPACK, TPK, TCK and TK knowledge were evaluated prior to and after the training. 

Consequently, it was found that the increase in teachers’ levels of TCK self-confidence 

was higher than in all the other levels. Kaya (2010) studied 41 prospective science and 

technology teachers’ TPACK in the topics of photosynthesis and cellular respiration, 

and their in-class applications. At the end of the study, it was found that there was a 

significant correlation between prospective teachers’ content knowledge and their 

TPACK. Moreover, it was also found that there were no significant correlations 

between prospective teachers’ content knowledge and their TK scores. Besides, it was 
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also found that prospective teachers’ technological knowledge related to the content was 

insufficient. Taşar and Timur (2010) investigated the development in prospective 

science teachers’ TPACK. At the end of their study, the researchers found in the light of 

quantitative data that prospective teachers’ levels of TK self-confidence were high when 

TK, TCK, TPK and TPACK were considered whereas their TCK levels were low. On 

examining the qualitative data obtained in the research, it was found that prospective 

teachers’ TCK levels were low.    

When the literature is examined, it is seen that while prospective chemistry teachers 

acquire the necessary skills in terms of content knowledge and pedagogical knowledge, 

they do not acquire the content knowledge and pedagogical knowledge related to 

technology on graduation.  It is not believed that computer courses included in domain 

teaching programmes enable prospective teachers to develop positive attitudes towards 

using technology or to have confidence in this respect. Teachers’ inadequacy in 

knowledge and skills is considered to be the most important factor in their failure to 

integrate technology into their classes (Bingimlas, 2009; Chen, Looi, & Chen, 2009; 

Gülbahar, 2008; Hew & Brush, 2007). However, the problem does not stem only from 

inadequacy of knowledge in the use of technology. It also stems from inadequacy in 

teachers’ technological pedagogical content knowledge (Hew & Brush, 2007).  

Furthermore, teachers’ refusal to use technology when they become teachers stems from 

their negative attitudes towards computers (Teo & Noyes, 2008). Taking all these into 

consideration, this study aims to analyse prospective chemistry teachers’ attitudes 

towards information and communication technologies as well as their confidence in 

TPACK.  

Method 

Research Model  

This study employs an explanatory correlational research model. Correlational 

research is type of research in which the correlations between two or more variables are 

analysed without intervening those variables in a way or other. In correlational research, 

the changes of the variables are analysed together without trying to determine cause and 

effect relations. In explanatory research, however, correlations between complex 

variables which are thought to be related with each other are uncovered, and the levels 

of the correlations are determined, and efforts are made to understand important 

actions/situations (Fraenkel & Wallen, 2006).  

Study Group 

In the study, 53 prospective chemistry teachers were included. Both scales were 

administered to the 2
nd

, 3
rd

, 4
th

 and 5
th

 year students attending a state university in the 

fall semester of 2014-2015 academic year.     

Data Collection Tools  

Information and Communication Technology Attitude Scale (ICTAS) 

The scale was developed by Günbatar (2014) so as to determine undergraduate 
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students’ attitudes towards information and communication technologies (ICT). The 

factor structure of the ICT attitude scale was determined with exploratory factor 

analysis (EFA), and then it was confirmed through confirmatory factor analysis (CFA). 

The scale contained five factors and 23 items. The Cronbach’s Alpha internal 

consistency coefficients for the sub-factors of the scale ranged between 0.899 and 

0.761. The Cronbach’s Alpha internal consistency coefficient for the whole scale was 

calculated as 0.919. The sub-dimensions included in the scale were as in the following:  

General Tendency of ICT, Access to Information in Virtual Environments, Computer 

Hardware, Use of Software and Communication in Virtual Environments. 

Technological Pedagogical Content Knowledge Confidence Survey (TPACKCS) 

The scale, which was developed by Graham et al. (2009) was adapted into 

Turkish by Timur and Taşar (2011). The findings concerning the construct validity of 

the scale were obtained through confirmatory factor analysis. The scale contained 31 

items and four sub-dimensions. The Cronbach’s Alpha internal consistency coefficient 

for the sub-factors of the scale ranged between 0.86 and 0.89. The Cronbach’s Alpha 

internal consistency coefficient for the whole scale was calculated as 0.92. The sub-

dimensions included in the scale were as in the following: Technological Pedagogical 

Content Knowledge (TPACK), Technological Pedagogical Knowledge (TPK), 

Technological Content Knowledge (TCK) and Technological Knowledge (TK). 

Data Analysis 

The SPSS package programme was used in the analysis of the data obtained in 

the research. Correlation analysis was performed in order to determine the correlations 

between total scores for the scales and the scores for sub-dimensions. Because the 

scores for the scales did not have continuous but normal distribution, Spearman 

Brown’s Rank Correlation Coefficient was used.   

Findings 

The correlations between the sub-dimensions of prospective teachers’ 

Information and Communication Technology Attitude and Technological Pedagogical 

Content Knowledge Confidence, and the total scores are shown in Table 1.  

Table 1. Correlations between Information and Communication Technology Attitude 

and Technological Pedagogical Content Knowledge Confidence 

      TPACK TPK TCK TK 

Total 

TPCKCS 

S
p

ea
rm

an
's

 r
h
o
 

                 

General Tendency of 

ICT 

Correlation 

Coefficient 
,524(**) ,572(**) ,157 ,496(**) ,532(**) 

  Sig. (2-tailed) ,000 ,000 ,261 ,000 ,000 

  N 53 53 53 53 53 

Access to Information 

in Virtual 

Environments 

Correlation 

Coefficient ,481(**) ,422(**) ,178 ,359(**) ,472(**) 

  Sig. (2-tailed) ,000 ,002 ,201 ,008 ,000 

  N 53 53 53 53 53 

Computer Hardware Correlation 

Coefficient 
,043 ,225 ,340(*) ,359(**) ,303(*) 
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  Sig. (2-tailed) ,758 ,105 ,013 ,008 ,027 

  N 53 53 53 53 53 

Use of Software Correlation 

Coefficient 
,465(**) ,510(**) ,096 ,734(**) ,625(**) 

  Sig. (2-tailed) ,000 ,000 ,496 ,000 ,000 

  N 53 53 53 53 53 

Communication in 

Virtual Environments 

Correlation 

Coefficient 
,551(**) ,559(**) ,111 ,521(**) ,595(**) 

  Sig. (2-tailed) ,000 ,000 ,428 ,000 ,000 

  N 53 53 53 53 53 

Total ICTAS Correlation 

Coefficient 
,521(**) ,596(**) ,250 ,713(**) ,709(**) 

  Sig. (2-tailed) ,000 ,000 ,071 ,000 ,000 

  N 53 53 53 53 53 

** Correlation is significant at the 0.01 level (2-tailed). 

* Correlation is significant at the 0.05 level (2-tailed). 

 An examination of Table 1 shows that there is a medium level positive, 

significant correlation between General Tendency of ICT, TPACK, TPK, and 

TK scores (0,70<r<0,30, p<.01). But there are no significant correlations with 

TCK (p>.05). When determination coefficient (r
2

TPACK= 0,27, r
2

TPK= 0,33, r
2

TK= 

0,25)  is taken into consideration, it may be said that 27% of the total variance in 

TPACK scores, 33% of the total variance in TPK scores, and 35% of the total 

variance in TK scores stem from General Tendency of ICT.   

 There is a medium level positive, significant correlation between Access to 

Information in Virtual Environments and TPACK, TPK and TK scores 

(0,70<r<0,30, p<.01). ). But there are no significant correlations with TCK 

(p>.05). When determination coefficient (r
2

TPACK= 0,23, r
2

TPK= 0,18, r
2

TK= 0,13) 

is taken into consideration, it may be said that  23% of the total variance in 

TPACK scores, 18% of the total variance in TPK scores, and 13% of the total 

variance in TK scores stem from Access to Information in Virtual 

Environments.   

 There is a medium level positive, significant correlation between Computer 

Hardware and TCK and TK scores (0,70<r<0,30, p<.05). But there are no 

significant correlations with TPACK and TPK (p>.05). When determination 

coefficient (r
2

TCK= 0,12, r
2

TK= 0,13) is taken into consideration, it may be said 

that 12% of the total variance in TCK scores, and 13% of the total variance in 

TK scores stem from Computer Hardware.   

 There is a medium level correlation between the scores for the Use of Software 

of ICT and TPACK and TPK; and a high level positive significant correlation 

with TK scores.  (0,70<r<0,30, p<.01). But there are no significant correlations 

with TCK (p>.05). When determination coefficient  (r
2

TPACK= 0,27, r
2

TPK= 0,33, 

r
2

TK= 0,25) is taken into consideration, it may be said that 27% of the total 

variance in TPACK scores, 33% 0f the total variance in  TPK scores, and 25% 

of the total variance in TK scores stem from the use of Software.   

 There is a medium level positive, significant correlation between 

Communication in Virtual Environments and TPACK, TPK and TK scores 

(0,70<r<0,30, p<.01). But there are no significant correlations with TCK 

(p>.05). When determination coefficient  (r
2

TPACK= 0,22, r
2

TPK= 0,26, r
2

TK= 0,54) 

is taken into consideration, it may be said that 22% of the total variance in 

TPACK scores, 26% of the total variance in TPK scores, and 54% of the total 

variance in TK scores stem from Communication in Virtual Environments.   
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 There is a high level positive, significant correlation between Total TPCKCS 

and Total ICTAS scores (r=,709, p<.01). When determination coefficient (r
2
= 

0,50) is taken into consideration, it may be said that 50% of the total variance in, 

Total TPCKCS scores stem from Total ICTAS.   

Conclusions and Discussion 

The data obtained from the scales were analysed through explanatory 

correlational research model in this research, which investigated prospective chemistry 

teachers’ attitudes towards information and communication technologies as well as their 

self-confidence in technological pedagogical content knowledge. Thus, attempts were 

made to determine the correlations between total scores for the scales and the scales for 

sub-dimensions, and Spearman Brown’s rank correlation coefficients were calculated. 

On examining the findings in general, it was seen that there were generally medium 

level positive and significant correlations between the sub-dimensions of both scales. 

On examining the correlations between total TPCKCS and total ICTAS scores, high 

level, positive and significant relations were observed (r=0,709, p<.01). When 

determination coefficient (r
2
= 0,50) is taken into consideration, it may be said that 50% 

of the total variance in TPCKCS scores stem from total ICTAS scores. A review of 

literature makes it clear that studies determining students’ TPACK self-confidence and 

self-evaluation levels (Bal & Karademir, 2013; Graham et al., 2009;Haşlaman, 

Kuşkaya-Mumcu, & Usluel, 2007; Kaya, Özdemir, Emre, & Kaya, 2011; Sancar 

Tokmak, Yavuz Konokman, & Yanpar Yelken, 2013), and studies analysing students’ 

attitudes towards ICT (Cüre & Özdener, 2008; Gunter, Gunter, & Wiens, 1998; 

Özarslan, Çetin, & Sarıtaş, 2013) are available in the relevant literature. Yet, it is 

evident that the number of studies supporting the findings we have obtained from our 

study in relation to the correlations between TPACK and ICT is very small. In a similar 

vein, Kabakçı Yurdakul (2011) studied prospective teachers’ levels of efficacy in 

relation to technological pedagogical education and the differentiation of these levels in 

terms of ICT use levels, and they concluded that there were differences. Bilgin, Taşar 

and Ay (2012) analysed the contributions of prospective teachers’ attitudes towards 

technology to technological pedagogical content knowledge, and they concluded that 

the contributions were significant. Angeli and Valanides (2005) studied prospective 

teachers’ PCK development related to ICT. At the end of the study, it was found that 

prospective teachers developed in ICT-related PCK, but that they had difficulty in 

performing the activities in which ICT instruments were used with pedagogical 

methods.  

Recommendations 

The fact that teachers have inadequacies in application of integration beside 

technological inadequacies in integrating technology into their classes demonstrates the 

importance of ICT literacy in addition to having TPACK during prospective teachers’ 

training. Therefore, prospective teachers should be encouraged to take part in ICT-

assisted learning-teaching environments. Moreover, prospective teachers could also be 

given opportunities to do practice related to topics in such courses as special teaching 

methods, teaching technologies, and material design, and thus they could gain TPACK, 

which would help them in integrating technology into their classes.  
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