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Abstract

This paper examined the profile of Taiwanese secondary student teachers in terms of their technological pedagogical content knowledge (TPACK). A TPACK survey on a 7-point Likert scale was employed for this study. The survey had a total of 38 items consisting of seven constructs: technological knowledge (TK), content knowledge (CK), pedagogical knowledge (PK), pedagogical content knowledge (PCK), technological content knowledge (TCK), technological pedagogical knowledge (TPK), and technological pedagogical content knowledge (TPACK). A total of 586 responses were collected from 25 randomly selected teacher preparation programs in Taiwan during the beginning of 2012 fall semester. The results indicated that the respondents had moderately high perception for each construct, with CK being rated the highest and TK the lowest. In addition, their TPACK perceptions differed significantly due to their gender and hours of technology integration experience. Implications for development of pre-service teachers' technological pedagogical content knowledge were then discussed. 

1. Introduction

In today’s information society, it is necessary for future teachers to know how to use technology effectively to facilitate student learning. In Taiwan, the Ministry of Education has specified “Instructional Media and Operations” as one of the 5 courses among which, pre-service teachers are required to take 3 courses. In addition, many teacher preparation programs have offered an elective course “Computers and Instruction” so as to enhance pr-eservice teachers’ technology competencies. However, preparing future teachers to integrate effective use of information and communication technologies (ICT) in their curriculum remains a challenging goal for teacher preparation programs.
One major criticism is that ICT courses for teacher preparation are often skill-focused, and its technology applications seldom focus on specific content area [1][2][3]. That explains why many pre-service teachers feel inadequately prepared to use ICT in classrooms [4][5].
It is generally agreed that teaching with new and emerging ICT is a complex task. It is much more than simply using computers for instruction. Grounded in Schulman’s idea of Pedagogical Content Knowledge [6], the Technological Pedagogical Content Knowledge (TPACK) framework addresses the problem arising from overemphasis on technological knowledge in many ICT courses, and emphasizes the dynamic and interconnected nature of the three primary components; technology knowledge, pedagogy knowledge, and content knowledge. Those are the 3 essential types of knowledge required by teachers for successful technology integration [7][8].
The TPACK framework has been widely employed to develop survey items on measuring pre-service teachers’ capabilities of effective technology integration [9][10][11]. After a review of related papers, Chai, Koh and Tsai pointed out that TPACK is a burgeoning area of research with more application in the North American region, and suggested that Asian students’ TPACK perception could be an area worth exploring [12]. In addition, Koh, Chai and Tsai found that pre-service teachers who were just beginning their teacher training had difficulty distinguishing between pedagogical knowledge and pedagogical content knowledge due to lack of deep knowledge and experience of the teaching practice [9]. Therefore, this study examined the technological pedagogical content knowledge of Taiwanese student teachers, who were just beginning their internships after having completed required teacher preparation courses. The TPACK perceptions of these teachers will be discussed following which implications for development of pre-service teachers' technological pedagogical content knowledge will be suggested.

2. Literature review

2.1. The TPCK framework

Building on Schulman’s idea of Pedagogical Content Knowledge [6], Mishra and Koehler proposed the TPACK framework which includes technology as an additional knowledge construct, and emphasizes that effective teaching with technology needs to focus on the connections and interactions among subject content, pedagogy, and technology [7]. The TPACK framework has been described as situated, complex, multifaceted, integrative and transformative in the knowledge domain [8][13][14]. As illustrated in Figure 1, the TPACK framework includes 3 primary types of knowledge: pedagogy knowledge (PK), content knowledge (CK), and technology knowledge (TK); with four intersected knowledge constructs: pedagogical content knowledge (PCK), technological content knowledge (TCK), technological pedagogical knowledge (TPK), and technological pedagogical content knowledge (TPACK).
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Figure 1. The TPACK framework

According to Mishra and Koehler [7], the seven constructs in the TPACK framework were described as follows. 
Pedagogical knowledge (PK): Knowledge of nature of teaching and learning, including teaching methods, classroom management, instructional planning, assessment of student learning, etc.
Content knowledge (CK): Knowledge of the subject matter to be taught.
Technology knowledge (TK): Knowledge of technology for information processing, communications, and problem solving, and focuses on the productive applications of technology in both work and daily life.
Pedagogical content knowledge (PCK): Knowledge of the pedagogies, teaching practices, and planning processes that are applicable and appropriate to teaching a given subject matter.
Technological content knowledge (TCK): Knowledge of the relationship between subject matter and technology, including knowledge of technology that has influenced and is used in exploring a given content discipline.
Technological pedagogical knowledge (TPK): Knowledge of the influence of technology on teaching and learning as well as the affordances and constraints of technology with regard to pedagogical designs and strategies.
Technological pedagogical content knowledge (TPCK): Knowledge of the complex interaction among the principle knowledge domains (content, pedagogy, technology).

2.2. Survey of TPCK

The TPCK framework has been widely employed in the research and development of educational uses of technology [4][15][16]. Many teacher education programs were restructured with TPACK as an underlying conceptual framework [17][18]. Attempts have also been made to assess teachers’ TPACK development. For example, Schmidt et al. developed a 58-item Survey of Pre-service Teachers’ Knowledge of Teaching and Technology to measure teachers’ generic perceptions of TPACK for content areas of mathematics, social studies, science and literacy [11]. TPACK surveys for specific areas were also developed. Graham et al. developed a 30-item TPACK in Science survey to measure teachers’ TPACK for science teaching [15]. This survey focused on the four TPACK constructs that involved technology, i.e. TK, TCK, TPK and TPACK. Archambault and Crippen also developed a 24-item survey to assess K-12 teachers’ TPACK for online teaching [19].
In Asia, Lee and Tsai developed a 30-item TPCK-Web Survey to measure Taiwanese teachers’ TPACK with respect to educational use of the World Wide Web. However, exploratory factor analysis found that items for pedagogical knowledge and pedagogical content knowledge were merged into one factor. The authors commented that the teachers surveyed lacked expertise in Web-based tools so that they were unable to distinguish between these two constructs. The study conducted by Koh, Chai and Tsai had similar results [9]. They developed a 29-item Survey to measure Singaporean pre-service teachers’ TPACK perceptions and found that the participants did not make conceptual distinctions between technological content knowledge and technological pedagogical knowledge. The authors also commented that the participants were just beginning their teacher training and therefore lacked deep knowledge and experience of the teaching practice. Both of the studies indicate that certain amount of professional knowledge might be needed for the respondents to successfully convey their TPACK perceptions with survey items.
Lee and Tsai also explored TPACK with respect to the teachers’ demographic profile and found that it was significantly correlated with their age and teaching experience [20]. Koh, Chai and Tsai found some differences in their TPACK perceptions by gender [9]. However, the influence of age and teaching level were not strong. While investigating Australian pre-service teachers’ TPACK Competence and Confidence, Jamieson-Proctor, Finger, and Albion included such demographic variables as gender, university attended, program type by university, and age of the pre-service teachers [5].  In other words, we need to take organizational factors (e.g. the teacher education university attended) and personal factors (e.g. gender) into consideration for better understanding and development of pre-service teachers’ TPACK.

2.3 Purposes of study

This study aimed to examine Taiwanese student teachers’ TPACK perceptions and its relationship with the organizational characteristics of their teacher education universities as well as with the demographic variables of student teachers. Accordingly, this study investigated the following research questions:
1. What were Taiwanese student teachers’ TPACK perceptions in terms of 7 constructs?
2. Did student teachers’ TPACK perceptions differ significantly by funding types and locations of their teacher education universities?
3. Did student teachers’ TPACK perceptions differ significantly by their gender and subject specifications?
4. Did student teachers’ TPACK perceptions differ significantly by hours of technology integration experience they had prior to their internships?

3. Method

3.1 Participants

According to Taiwan’s regulations, the internship program for student teachers lasts 6 months either from August to January or from February to July. However, most students choose the fall semester because they can immediately take the national teacher qualification examination held in March once they complete their internships. Therefore, the researchers targeted at the fall semester so as to collect more data for this study. At the beginning of 2012 fall Semester, we sent the TPACK survey by mail to randomly selected secondary teacher preparation programs in Taiwan. According to the 2012 Yearbook of Teacher Education Statistics Taiwan [21], there were 2937 secondary student teachers and 41 universities offering secondary teacher preparation programs in the year of 2012. Among the 41 universities, 27 were public. As a result, we received 586 valid responses from 25 universities, constituting a response rate of 63.01%. Among the 25 universities, more than half (n=13) were public.
Table 1 shows that the universities the respondents attended were located at different regions of Taiwan, and they had diverse subject specializations, such as Chinese, foreign languages, mathematics, science, social studies, vocational subjects, and so on. To reduce complexity, several subject specifications were grouped together. As a result, six categories were created. The category of foreign languages included English, Japanese, French, and other foreign languages. The category of vocational subjects included such areas as agriculture, engineering, business, design, and information technology offered by vocational high schools. The other category consisted of such subjects as arts, physical education, home economics, and counseling.

Table 1. Demographic data of the study (n=586)

	Factor
	Category
	No. 
	%

	University funding type 
	Public
	282
	48.12

	
	Private
	304
	51.88

	University location 
	North
	338
	57.68

	
	Center
	137
	23.38

	
	South
	72
	12.29

	
	East
	39
	6.65

	Gender
	Male
	164
	27.99

	
	Female
	422
	72.01

	Subject
specification
	Chinese
	124
	21.16

	
	Foreign Languages
	160
	27.30

	
	Math and Science
	80
	13.65

	
	Social studies
	34
	5.80

	
	Vocational subjects
	69
	11.77

	
	Other
	119
	20.30

	Hours of technology integration experience 
	None
	100
	17.07

	
	1-5 hours 
	282
	48.12

	
	6-18 hours  
	113
	19.28

	
	19-36 hours 
	40
	6.83

	
	37 hours and more
	51
	8.70



Among the respondents, 51.9% were from private universities (n=304), and 72.0% were female (n=422). Table 1 also reveals that 48.12% of the respondents (n=282) had 1-5 hours of technology integration experience before their internships, and 19.28% had 6-18 hours. However, it should be noted that 17.07% of the respondents (n=100) did not even have any technology integration experience during their pre-service teacher preparation programs.

3.2 Survey instrument

A TPACK survey specially developed for Taiwanese secondary student teachers were used in this study [22]. Based on the TPACK model [7], the survey contained a total of 38 items with seven constructs. A 7-point Likert scale (1= strongly disagree; 2 = moderately disagree; 3 = slightly disagree; 4 = neutral; 5 = slightly agree; 6 = moderately agree; and 7 = strongly agree) was used to measure each item. Due to a variety of subject specifications that secondary student teachers have, Chang and Hsu did not design specific TAPCK questions for different content areas as Mishra and Koehler did [22][7]. One main reason was that Koh, Chai and Tsai found the TAPCK survey questions among different content areas were similar. Accordingly, we decided to use the same survey regardless of different content areas [7]. To measure student teachers’ content knowledge, we adopted the common words such as in item 8 “I have sufficient subject knowledge,” and in item 10 “I have various ways and strategies to increase my understanding of subject knowledge.”
Administration of the survey found its reliability of each construct to be high from 0.882 to 0.924 (TK 0.924, CK 0.891, PK 0.882, PCK 0.897, TCK 0.887, TPK 0.921, and TPACK 0.911). Besides questions for TPACK, we also collected demographic data about student teachers’ gender and subject specification. Further, we asked student teachers to indicate how many hours of technology integration experience prior to their internships using a 5-point Likert scale (1 =none; 2 = 1-5 hours; 3 =6-18 hours; 4 =19-36 hours; and 5 =37 hours and above).

3.3 Data collection and analysis

According to the 2011 Yearbook of Teacher Education Statistics Taiwan [21], there were 41 universities offering secondary teacher preparation programs in Taiwan. However, we skipped the universities with an enrollment less than 30 pre-service teachers. As for the three normal universities with an enrollment more than 400 pre-service teachers, we selected only one department or subject specification for these universities. Moreover, we purposely included both public and private universities in our study, and deliberately confirmed that these universities were located in different parts of Taiwan.
As a result, 31 teacher preparation programs were randomly selected. Then we telephoned every program to get the total number of their secondary student teachers enrolled at the fall semester of 2012 so as to mail enough copies of survey. All together, we sent 930 copies in September and October 2012, and we asked the program staff to distribute the survey to their secondary student teachers when these students returned to their university campus. After their student teachers completed the survey, the staff then mailed it back to the researchers. As a result, we received 586 valid responses from 25 teacher preparation programs, constituting a response rate of 63.01%.
For the first research question, descriptive statistics were used to examine student teachers’ ratings for each TPACK construct. Accordingly, Taiwanese student teachers’ perceptions of TPACK were analyzed. For the first part of the second and third research questions, t-tests were used to examine if student teachers’ TPACK ratings differed significantly by the university funding type and the respondents’ gender. As for the remaining research questions, the one-way analysis of variance (ANOVA) was used to examine if student teachers’ TPACK ratings differed significantly by the university’s location, as well as the respondents’ subject specification, and hours of technology integration experience. After a significant test result occurred, the   Bonferroni method was used for multiple comparison procedures; i.e. to determine which means differed.

4. Results

4.1 TPACK perceptions of student teachers

Table 2 shows the mean score and standard deviation for each TPACK construct. It was found that the construct of TK received the lowest rating (M=4.61) with the highest standard deviation (SD=1.09), and TPACK received the second lowest rating (M=4.77); whereas the construct of CK received the highest rating (M=5.24), and PK received the second highest rating (M=5.15). The data indicated that student teachers generally rated themselves as slightly above average for each construct. However, they were slightly more confident about CK, PK, and PCK as these constructs were rated above "5". In contrast, student teachers had relatively low confidence in the remaining constructs that all related to technology since these mean scores were all below "5".

Table 2. Summary statistics for the TPACK constructs of secondary student teachers (n=586)

	Constructs
	No of items
	Mean
	SD

	TK
	7
	4.61
	1.09

	CK
	5
	5.24
	0.87

	PK
	6
	5.15
	0.86

	PCK
	5
	5.04
	0.87

	TCK
	4
	4.91
	1.00

	TPK
	6
	4.79
	0.97

	TPACK
	5
	4.77
	0.95



4.2 Differences by universities

Table 3 shows the mean score and standard deviation for each TPACK construct by university funding type. For the constructs of TK and CK, the respondents from public universities exhibited slightly higher mean scores than those from private universities; whereas, for the remaining constructs, the respondents from private universities exhibited slightly higher mean scores than those from public universities. However, no significant difference was found between the means of public and private universities using t-tests. Similarly, no significant difference was found using F-tests among the means of universities located at north, center, south, and east regions of Taiwan. However, Table 4 reveals that the respondents from the east region exhibited slightly lower means for almost all the constructs compared to those from the other three regions.

Table 3. Differences of the TPACK ratings by university funding type

	Construct
	type
	No
	Mean
	SD
	t

	TK
	Public
	282
	4.66
	1.04
	1.59

	
	Private
	304
	4.55
	1.04
	

	CK
	Public
	282
	5.24
	0.83
	0.00

	
	Private
	304
	5.24
	0.84
	

	PK
	Public
	282
	5.13
	0.80
	0.30

	
	Private
	304
	5.16
	0.79
	

	PCK
	Public
	282
	4.98
	0.79
	2.96

	
	Private
	304
	5.09
	0.82
	

	TCK
	Public
	282
	4.87
	0.96
	0.92

	
	Private
	304
	4.95
	0.93
	

	TPK
	Public
	282
	4.77
	0.90
	0.13

	
	Private
	304
	4.80
	0.91
	

	TPACK
	Public
	282
	4.72
	0.93
	1.85

	
	Private
	304
	4.82
	0.87
	



Table 4. Differences of the TPACK ratings by university location

	Construct
	Location
	No
	Mean
	SD
	F

	TK
	North
	338
	4.64
	1.02
	0.39

	
	Center
	137
	4.52
	1.07
	

	
	South
	72
	4.61
	1.11
	

	
	East
	39
	4.61
	1.03
	

	CK
	North
	338
	5.28
	0.81
	1.34

	
	Center
	137
	5.20
	0.88
	

	
	South
	72
	5.26
	0.81
	

	
	East
	39
	5.01
	0.92
	

	PK
	North
	338
	5.18
	0.78
	0.41

	
	Center
	137
	5.12
	0.83
	

	
	South
	72
	5.11
	0.76
	

	
	East
	39
	5.06
	0.86
	

	PCK
	North
	338
	5.04
	0.81
	1.49

	
	Center
	137
	5.00
	0.83
	

	
	South
	72
	5.18
	0.70
	

	
	East
	39
	4.87
	0.85
	

	TCK
	North
	338
	4.94
	0.91
	0.51


	
	Center
	137
	4.85
	1.00
	

	
	South
	72
	4.98
	1.00
	

	
	East
	39
	4.814
	0.99
	

	TPK
	North
	338
	4.81
	0.89
	0.58

	
	Center
	137
	4.73
	0.96
	

	
	South
	72
	4.86
	0.82
	

	
	East
	39
	4.67
	1.02
	

	TPCK
	North
	338
	4.79
	0.89
	0.10

	
	Center
	137
	4.70
	0.93
	

	
	South
	72
	4.91
	0.84
	

	
	East
	39
	4.65
	1.04
	



4.3 Differences by gender and subject specification

Table 5 shows the mean score and standard deviation for each TPACK construct by gender. It was found that for all the constructs, the male student teachers generally rated themselves higher than the females, and significant differences were found for the constructs of TK, CK and PCK using t-tests. 
In terms of the respondents’ subject specifications, Table 6 indicates that the respondents teaching vocational subjects exhibited higher means for all the constructs related to technology, and significant differences were found for the constructs of TK, TPK and TPCK using F-tests. Further analysis based on multiple comparison tests revealed that the vocational subjects group rated their TK significantly higher than the foreign languages group and the other subjects group. Furthermore, the vocational subjects group rated their TPK and TPCK significantly higher than the math and science group.

Table 5. Differences of the TPACK ratings by gender

	Construct
	Gender
	No
	Mean
	SD
	t

	TK
	Male
	164
	4.89
	1.10
	17.96**

	
	Female
	422
	4.50
	1.00
	

	CK
	Male
	164
	5.43
	0.85
	12.18**

	
	Female
	422
	5.67
	0.82
	

	PK
	Male
	164
	5.67
	0.89
	0.14

	
	Female
	422
	5.14
	0.76
	

	PCK
	Male
	164
	5.15
	0.84
	4.98*

	
	Female
	422
	4.99
	0.79
	

	TCK
	Male
	164
	4.98
	1.03
	1.26

	
	Female
	422
	4.89
	0.917
	

	TPK
	Male
	164
	4.88
	0.97
	2.37

	
	Female
	422
	4.75
	0.88
	

	TPACK
	Male
	164
	4.83
	0.96
	0.91

	
	Female
	422
	4.75
	0.88
	


* p < 0.05  ** p < 0.01

Table 6. Differences of the TPACK ratings by subject specification

	Construct
	Groupa
	No
	Mean
	SD
	F

	TK
	A
	124
	4.58
	1.05
	32.04*

	
	B
	160
	4.48
	1.06
	

	
	C
	80
	4.73
	0.94
	

	
	D
	34
	4.75
	1.00
	

	
	E
	69
	4.98
	1.04
	

	
	F
	119
	4.47
	1.04
	

	CK
	A
	124
	5.23
	0.79
	0.53

	
	B
	160
	5.24
	0.90
	

	
	C
	80
	5.34
	0.85
	

	
	D
	34
	5.29
	0.79
	

	
	E
	69
	5.24
	0.70
	

	
	F
	119
	5.18
	0.87
	

	PK
	A
	124
	5.20
	0.78
	1.48

	
	B
	160
	5.12
	0.83
	

	
	C
	80
	4.98
	0.90
	

	
	D
	34
	4.98
	0.73
	

	
	E
	69
	5.17
	0.73
	

	
	F
	119
	5.28
	0.73
	

	PCK
	A
	124
	4.99
	0.83
	0.56

	
	B
	160
	5.08
	0.84
	

	
	C
	80
	4.99
	0.80
	

	
	D
	34
	4.89
	0.72
	

	
	E
	69
	5.12
	0.78
	

	
	F
	119
	5.05
	0.77
	

	TCK
	A
	124
	4.92
	0.98
	1.42

	
	B
	160
	4.87
	0.99
	

	
	C
	80
	4.71
	0.90
	

	
	D
	34
	4.81
	0.89
	

	
	E
	69
	5.07
	0.89
	

	
	F
	119
	5.03
	0.92
	

	
TPK
	A
	124
	4.77
	0.97
	2.58*

	
	B
	160
	4.74
	0.93
	

	
	C
	80
	4.60
	0.80
	

	
	D
	34
	4.60
	0.87
	

	
	E
	69
	5.09
	0.79
	

	
	F
	119
	4.86
	0.90
	

	TPCK
	A
	124
	4.73
	0.91
	2.78*

	
	B
	160
	4.73
	0.96
	

	
	C
	80
	4.57
	0.80
	

	
	D
	34
	4.60
	0.76
	

	
	E
	69
	5.07
	0.79
	

	
	F
	119
	4.88
	0.93
	


* p < 0.05
a  A: Chinese; B: Foreign Languages; C: Math and Science
   D: Social studies; E: Vocational subjects; F: Other

4.4 Differences by hours of technology integration experience

To balance the number of responses for five categories of technology integration experience, we reorganized them into three groups, where “6 hours and above” was the first group, “1-5 hours” was the second, and “no experience” was the third. 
Table 7 shows the mean score and standard deviation for each TPACK construct by the respondents’ hours of technology integration experience. It was found that the 6 hours and above group generally rated themselves higher than the 1-5 hours group, and the 1-5 hours group generally rated themselves higher than the no experience group. Significant difference was found for all the constructs among the means of the three groups using F-tests. Further analysis based on multiple comparison tests indicated that for TCK, TPK, and TPACK, the means of the 6 hours and above group were significantly higher than those of the 1-5 hours group as well as those of the no experience group. Furthermore, the means of the 1-5 hours group were significantly higher than those of the no experience group. For the remaining constructs, the means of the 6 hours and above group were found significantly higher than those of the 1-5 hours group as well as those of the no experience group.

Table 7. Differences of the TPACK ratings by hours of technology integration experience
	Construct
	Groupa
	No
	Mean
	SD
	F

	TK
	A
	204
	4.85
	1.02
	9.52*

	
	B
	282
	4.52
	1.02
	

	
	C
	100
	4.36
	1.05
	

	CK
	A
	204
	5.47
	0.74
	27.39*


	
	B
	282
	5.17
	0.81
	

	
	C
	100
	4.97
	0.97
	

	PK
	A
	204
	5.36
	0.68
	23.32*

	
	B
	282
	5.08
	0.80
	

	
	C
	100
	4.90
	0.89
	

	PCK
	A
	204
	5.26
	0.71
	14.96*

	
	B
	282
	4.96
	0.81
	

	
	C
	100
	4.78
	0.85
	

	TCK
	A
	204
	5.26
	0.88
	32.82*

	
	B
	282
	4.84
	0.87
	

	
	C
	100
	4.40
	1.00
	

	TPK
	A
	204
	5.14
	0.80
	34.39*

	
	B
	282
	4.69
	0.88
	

	
	C
	100
	4.32
	0.91
	

	TPACK
	A
	204
	5.08
	0.88
	25.74*

	
	B
	282
	4.70
	0.84
	

	
	C
	100
	4.35
	0.90
	


* p < 0.001
a A: 6 hours and above ; B: 1-5 hours; C: no experience

5. Discussion

In general, we found that student teachers had moderately high confidence about their TPACK constructs. The results might be due to the teacher preparation courses they took before entering the internship programs. Nevertheless, student teachers indicated that they had lower confidence about TK. This was consistent with the research findings of earlier studies [5][9]. One reason might be that technologies continuously change so rapidly that they could hardly get well prepared, and lack of confidence in TK might further result in relatively low confidence about TCK, TPC, and TPACK since these constructs were all technology related. As Jamieson-Proctor et al. argued that teacher preparation programs designed using Pedagogical Content Knowledge (PCK) where students undertook studies in a range of content courses, pedagogy courses, and professional studies (practicum, Internship) courses, was now insufficient to meet TPACK’s capabilities [5]. These results suggest that improvements on our current teacher preparation programs are crucial to enhance their students’ TPCK.
Student teachers’ TPACK perceptions appeared to be similar in this study regardless of different funding types and locations of their universities. The results were understandable since the operations of Taiwan’s teacher preparation programs mostly followed the regulations of the Ministry of Education including selection of high performance students, curriculum design and requirements, evaluation process, and so on. Moreover, every teacher preparation program regularly received a nationwide evaluation every four years to assure its quality. Consequently, student teachers from different universities exhibited the same professional knowledge to some extent. These results also implied that there was no digital divide between public and private universities as well as among different regions of Taiwan.
In terms of student teachers’ demographic variables, we found that males rated their TK higher than females. This was consistent with research findings of earlier studies [9][23]. Many studies found that male teachers had more positive attitudes, higher confidence and higher competency perceptions with respect to computer use [24][25]. Our study also found that higher percentage of male student teachers had more than 18 hours of technology integration experience before internships than that of females as shown in Table 8. Having more experience in computer use might contribute to their confidence about technology knowledge. These results suggest that the female student teachers need more support and experience regarding computer technology.
As mentioned earlier, the teacher preparation programs in Taiwan were quite similar. However, the student teachers teaching vocational subjects exhibited higher perceptions about the TPACK constructs related to technology. One reason might be that the vocational subjects in our study included the subject of information technology. Those who were teaching information technology certainly had more confidence about TK, and thus increased the total scores of the vocational subjects group. Besides TK, high perceptions of other technology related constructs indicated that TK, and TCK, TPK, and TPCK were all highly related [16]. TK seemed to play an important role in predicting the confidence level of other technology related constructs. In other words, educational technology courses for increasing TK should not be ignored in teacher preparation programs for pre-service teachers’ TPACK development [11][26].
We also found another important factor highly related to student teachers’ TPACK perceptions. The factor was student teachers’ experience in integrating technology into instruction prior to their internships. These results were consistent with the research findings of earlier studies [5][27]. Jamieson-Proctor, Finger, and Albion pointed out that pre-service teachers’ lower confidence about TK and TPACK was due to limited opportunities for them to engage with ICT during their study at the teacher preparation program [5]. Dexter and Riedel stressed that field experience is very crucial in teacher preparation as means of establishing ICT practices that pre-service teachers will use in future settings [28].
It was quite surprising that more than 17% of student teachers in our study did not have any technology integration experience before their internships. However, lack of teaching experience should not occur in the future since our Ministry of Education announced that all pre-service teachers entering the 2014 fall semester program must complete 54-hour field experience before their internships. Our study further revealed that even having a little experience, that is, less than 5 hours could make a difference in increasing confidence about TCK, TPK, and TPACK. Having more than 5 hours’ experience resulted in higher perceptions for all the constructs. These results suggested that more than 5 hours’ experience was a minimum requirement to create optimal results.
Based on our research findings, we provide the following recommendations regarding TPACK development for pre-service teachers. First of all, the current teacher preparation program apparently is not adequate for pre-service teachers’ TPACK development. To ensure they have sufficient technological knowledge that can be applied successfully to their content areas, at least one ICT course should be required for pre-service teachers. Furthermore, such technology courses should include emerging technologies in teaching and learning, such as cloud computing, mobile learning, open content, MOOCs, virtual and remote laboratories, tablet computing, and wearable technology. In addition, field experiences prior to internships are quite important. Pre-service teachers should have sufficient opportunities to practice technology integration into their content areas in an authentic school setting which would help to develop their TPACK. At the same time, more support and assistance should be provided to female students and non-majors in information technology to build their confidence in using ICT for teaching and learning with students. In short, ICT courses and field experiences are two key factors in pre-service teachers’ TPACK development.

6. Conclusion

In this study, analysis of Taiwanese secondary student teachers’ TPACK perceptions has found that our current teacher preparation programs have room for improvement regarding pre-service teachers’ TPACK development. For example, emerging technological knowledge should be emphasized in curriculum design, field experiences should be provided to pre-service teachers, and female students need more support and assistance regarding computer technology. In summary, examining student teachers’ TPACK perceptions at the beginning of their internships is a good way to find out possible limitations of our teacher preparation programs. Further research could use the TPACK framework as a basis to explore ways in redesigning ICT courses or field experiences in order to successfully develop pre-service teachers’ TPACK. Moreover, demographical, personal, and organizational factors which might affect pre-service teachers’ intention to use ICT for instruction could be investigated and identified to give an overview and better understanding on pre-service teachers’ TPACK development.
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