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Abstract. This study examines a national sample of 1127 computer science 
teachers who teach algorithms and programming in upper secondary education; 
it measures their knowledge with respect to three key domains as described by 
the TPACK framework: technology, pedagogy, content, and the combination of 
these areas. According to the results in the TPACK subscales, teachers state that 
their knowledge is between the values 4.38 (Content Knowledge) and 3.51 
(Pedagogical Content Knowledge). Furthermore, according to the same study, 
teachers feel that they need further training in how to incorporate technology in 
their teaching as well as how to teach algorithms, two areas that relate to 
Pedagogical Content Knowledge and TPACK. 
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1 Introduction 

For many years, in different countries, computing has been included in the curriculum 
as a distinct discipline in secondary education. Computing focuses on how computers 
work (hardware) and on how they are programmed (programming and software 
development), whereas ICT (Information and Communication Technologies) focus on 
how to use computers. Teachers of Computer Science (CS) in secondary education 
belong to a special category that has a broad knowledge of both computing and ICT 
based on their academic studies. However, the ACM K-12 Education Task Force 
Report [1] draws attention to the need for appropriate Computer Science teacher 
training programs and notes “teachers must acquire both a mastery of the subject 
matter and the pedagogical skills that will allow them to present the material to 
students at appropriate levels” (p. 18). Moreover, according to Graham et al. [2], 
educators have realized that the knowledge of how to use technological tools is not 
enough; what they really need is the ability to use these tools effectively in order to 
facilitate the learning processes of their students. Thus, research interest has focused 
on ways to incorporate and integrate technological tools in teaching. 
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Recently, Mishra and Koehler [3] have built upon Shulman’s work [4] describing 
Pedagogical Content Knowledge (PCK) and have proposed a framework combining 
three important aspects of teacher knowledge: Pedagogical Knowledge, Content 
Knowledge and Technological Knowledge called the Technological Pedagogical 
Content Knowledge (TPACK) framework. So, according to the TPACK framework, it 
is important for teachers of CS to be able to integrate technological tools in their 
teaching practice, in such a way that these tools will not only form the subject matter 
but also a means to facilitate the learning process. 

In this study, using quantitative analysis a) we measure the level of integration of 
technological tools according to the TPACK framework, and b) we explore how 
teachers’ training needs are related to their TPACK. 

2 Overview 

In Greece, the teaching of Computing and ICT in secondary education is conducted 
by teachers holding an undergraduate degree in Computer Science, Computer 
Engineering or Applied Informatics. Secondary Education in Greece is divided into 
two cycles: compulsory lower secondary and non-compulsory Upper Secondary 
Education. Compulsory lower secondary education is provided in Gymnasium, while 
non-compulsory upper secondary education is provided in one of two types of 
schools: the General Lyceum (GL) and Vocational Lyceum (EPAL). In General 
Lyceum, both day and evening, ICT has been taught as an elective or direction course 
since 1999. In the last two classes of General Lyceum, students select one of three 
directions, (technological, scientific or theoretical). If students in the last grade select 
the technological direction, they attend a course in algorithms and programming, 
entitled “Application Development in a Programming Environment”, for which they 
are assessed through national exams. The grade acquired in this examination is part of 
the consideration used in selecting students for admission in higher education 
programmes [5]. 

The overall aim of the course is to develop analytical and synthetic thinking, 
acquire methodological skills and be able to solve simple problems within a 
programming environment. Many basic algorithmic and programming concepts, such 
as conditions, expressions and logical reasoning, are fundamentals of general 
knowledge and skills to be acquired in general education; most of these concepts are 
not presented in other disciplines [6]. The curriculum states that this subject must be 
taught (at least partially) in a computer lab. The Greek Pedagogical Institute (Ministry 
of Education) has certified specific Educational Software to support the lab work. 
During the lab hour, teachers can use the technological tools to facilitate the learning 
process. 

In this complex framework of ADPE, where examination pressure and 
requirements coexist with the use of technological tools for teaching algorithmic 
concepts, it was considered essential to investigate the TPACK of Computer Science 
secondary teachers who teach the subject, as well as to relate their TPACK with their 
training needs. 



 Computer Science Teachers’ In-service Training Needs and Their (TPACK) 313 

3 Research Context and Participants 

We conducted a quantitative survey using a questionnaire with closed-ended 
questions. The questionnaire was available only through Internet browsers and 
participants answered electronically on-line. 

The survey used a sample of 1127 teachers who had taught ADPE. The 
questionnaire consisted of 29 questions about TPACK and was based on the survey 
instrument developed by Schmidt et al. [7]. All questions were related to the three key 
domains as described by the TPACK framework (technology, pedagogy, content and 
the combination of these areas). The 29 questions in the questionnaire were divided 
into questions about Content Knowledge (CK) (4 questions), Technological 
Knowledge (TK) (4 questions), Pedagogical Knowledge (PK) (4 questions), 
Pedagogical Content Knowledge (PCK) (2 questions), Technological Content 
Knowledge (TCK) (5 questions), Technological Pedagogical Knowledge (TPK) (7 
questions) and Technological Pedagogical Content Knowledge (TPACK) (3 
questions). The response to each question was scored using a Likert-like scale where 
1 stands ‘strongly disagree’, and 5 stands ‘strongly agree’ [8]. For each subscale the 
participant's responses were averaged. In addition to the survey instrument, 
participants filled out a questionnaire with 196 questions, all concerning the specific 
subject (ADPE). Moreover, the questionnaire included 10 questions which provided 
demographic data. Some of these answers were evaluated and used for this study. 
Participants completed the questionnaire between November 2009 and January 2010; 
in January, teachers are half way through the curriculum, having covered the 
appropriate material for all basic algorithmic components (sequential structure, 
conditional structure and loops). 

There are 1712 CS teachers in upper secondary education in Greece [9]. The 
respondents came from the 13 regions of the country. The sample was representative 
of the population of educators of Computer Science by region. 

4 Results 

4.1 Sampling 

The majority of teachers (66.4%) who completed the survey were male. 96% of the 
participants were under 50 years old, while 75% were under 40 years old. Teachers 
who were over 60 did not take part in the research study. The majority of teachers 
(61%) had, an undergraduate degree, while 35% had, a postgraduate degree and the 
remainder had PhDs. 

4.2 Measuring Teachers’ TPACK 

The average mean for all items was 4.05. The range of response was 4, with a 
minimum response of 1, a maximum response of 5 and a standard deviation of .805. 
The respondents answered all of the questions; the mean and standard deviation are 
reported for each subscale in Table 1. 
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Table 1. Summary of descriptive statistics for subscales of TPACK components 

Subscale Number of Items Mean Std. Deviation 

CK 4 4.38 .488 

PK 4 4.12 .533 

TK 4 4.16 .552 

PCK 2 3.51 .692 

TCK 5 3.68 .802 

TPK 7 4.18 .511 

TPACK 3 4.03 .657 

 
In addition to descriptive statistics measuring Computer Science Teachers’ 

TPACK, the correlations among each of the subscales, using Pearson product-
moment, were examined. With respect to correlations between subscales, coefficients 
varied from .235 (TCK and PCK) to .746 (PK and TK). 

4.3 Training Needs 

54% of the teachers who took part in the research claimed that they need training in 
ADPE while 46% of them claimed that they do not. 

According to this research, teacher preference with regard to the sectors in which a 
training need is felt, 70% of the participant teachers wishes to be trained in how to 
incorporate the course educational software in their teaching. 43% wish to be trained 
in how to teach algorithms, while 37% agrees that they need training in using the 
educational software of their lesson. 

5 Discussion 

The results suggest that more than half of the teachers wish to be trained in ADPE and 
more particularly in the sectors of pedagogy, technology and the integration of 
technology in their teaching practice. On the other hand, there is quite a large number 
of teachers who does not wish to be further trained. 

As far as teacher TPACK is concerned, it seems that those who participated in this 
survey rated their knowledge of content (4.38) higher than that of the other cognitive 
subscales. This suggests that teachers have very high CK, such as knowledge of 
algorithmic concepts presented in the subject, the general framework of the discipline 
and practical approaches used in order for students to acquire knowledge [4]. 

Technological Knowledge (TK) (4.16) is also very high. According to Koehler and 
Mishra [3], TK is associated with the ability to use technological tools but also the 
knowledge behind this technology. This is also reflected in questions concerning the 
type of training they consider as necessary. A small percentage of 37% of the 
respondents needs training in educational software to support the lab work. 

The Pedagogical Knowledge rating (4.12) is very close to that of the Technological 
Knowledge. The high average implies that CS teachers have deep knowledge of the 
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educative process and methodology of teaching and learning and thus can achieve the 
aim of the subject. 

According to their responses, teachers seem to have very high Technological 
Pedagogical Knowledge (TPK, 4.18). This shows that educators have realized that 
teaching and learning are altered when using specific technological tools. This 
knowledge includes awareness of their tools’ restrictions and affordances in designing 
pedagogical strategies. 

The average scores for TCK and PCK are lower (3.68 and 3.51 respectively). For 
TCK, it seems that teachers rate themselves at a lower level in the understanding of 
how technology and subject matter both aid and limit each other. Therefore, teachers 
seem to need assistance in order to comprehend how the use of technology affects 
subject matter. This is also reflected in questions concerning the type of training they 
consider necessary, where a percentage of 70% of the respondents needs training in 
methods to integrate educational software in their teaching practice. 

The last dyadic component (PCK) shows that, even if teachers of CS have both 
pedagogical knowledge and deep knowledge of their subject matter, they seem to be 
less confident in transforming and applying effectively their Content Knowledge to 
their teaching practice [4]. 

Finally, the high score in TPACK (4.03) shows that teachers are aware of the 
intersection between content, pedagogy and technology. Thus, it appears that teachers 
enhance teaching with a unique combination, a dynamic equilibrium, between the 
three teaching components (pedagogy, content and technology). 

Despite the fact that CS teachers who teach this subject claim to possess the above 
qualities, it seems that only 62% use technological tools and the computer laboratory, 
while 38% teach the subject exclusively in the classroom. Out of the 62% of teachers 
who use technological tools and the laboratory, 65% consider that conducting 
sessions in the laboratory reduces the time needed to cover the curriculum. However, 
they use technological tools mostly to present algorithmic issues (41%) and less for 
students to practice with the available tools and relevant training scenarios (31%). 

6 Conclusion 

According to the results in the seven subscales, teachers state that their knowledge is 
between the values 4.38 (CK) and 3.51 (PCK). Moreover, it seems that the teachers 
who teach the course wish to be trained in how to incorporate educational software in 
their teaching practice so as to improve their TCK as well as their overall TPACK. 
This leads us to conclude that teachers wish to be able to determine when technology 
contributes and when it obstructs the teaching of ADPE. It seems, therefore, that 
teachers need that support which will help them judge/evaluate how technology 
affects their lesson. Teachers’ high degree of independence in TPK indicates that they 
are capable of evaluating the consequences technology has on teaching and learning, 
but they are not ready to determine the way technology affects teaching and learning. 
As a result, it is important for teachers to acquire the experience that will allow them 
to distinguish those technological tools that are more appropriate to support specific 
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cognitive goals during the development of algorithms and will also allow them to 
know how the content of their course can determine or modify the technology in use. 

Finally, teacher preference for training in matters of teaching algorithms indicates 
that even though teachers have a) pedagogical knowledge and b) very good 
knowledge of their subject, they claim that they are less capable of transforming and 
applying effectively their knowledge on their teaching. Thus, we may claim that there 
is a need to train teachers in order for them to be able to identify the most common 
student misconceptions as well as to be able to find ways to overcome them. 

The above results may prove very useful in the design of future training 
programmes for CS teachers of ADPE. According to these results, teachers are in 
search of a teaching framework that is far removed from the conventional classroom 
and which will incorporate more use of the laboratory, something that is in 
compliance with the nature of the course, too. Despite the fact that CS teachers are the 
ones with the greatest experience in and knowledge of computer use, it seems that 
they wish to be trained in the incorporation of technological tools in their teaching. 
On the other hand, special attention must be given to the development of appropriate 
educational scenarios and examples that will contribute to the improvement of student 
learning but also of teacher work. 
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