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Abstract 
Despite the importance of ICT (Information and Communication Technology) as a school subject 
in secondary education, there is a lack of an integrated ICT pedagogy that is elucidated within a 
broad framework of educational practice. The focus is still on technicalities and reproduction of 
knowledge rather than conceptual understanding of ICT. To realize the potential inherent in ICT, 
there is a need for innovative ICT pedagogies in secondary education. The purpose of this work is 
to involve student teachers in applying and evaluating a learner-centered ICT teaching method in 
their teaching practice at the secondary school level. The goal is to explore student teachers’ 
learning processes when practicing the method and critical factors of success. 

Keywords: Design-based research, digital literacy, ICT pedagogy, learner-centered ICT teaching, 
learning cycle  

Introduction 
The new national curriculum for schools in Norway from 2006 requires teachers to acquire a high 
degree of digital literacy in all subjects (Erstad, 2006; Krumsvik, 2006). However, in order to in-
corporate digital literacy in an effective way, there is a need for innovative pedagogical ap-
proaches to ICT. Traditional ICT teaching methods do not provide understanding of ICT on a 
deeper level than memorizing details of the software, reproducing information about buttons, 
menu commands, and dialogue boxes (Herskin 2004; Sein, Bostrom, & Olfman, 1998). Further-
more, despite the emphasis on ICT in secondary schools, ICT pedagogy is still in its infancy and 
there is a lack of essential computer skills among teachers, partly because, in contrast to mathemat-
ics, ICT as a school subject is a young discipline (Woollard, 2005). While there is a huge literature 
on the use of ICT as a tool in teaching and learning, there is much less published research work on 
the teaching of ICT as a school subject. As a result, there have been in the past and there persist even 
now strong disagreements about the nature of ICT or similar designations, such as informatics or 
computer science, its aims, content, teaching and learning methods, and assessment approaches 
(Hammond, 2004).  In line with international research in the field of school informatics (Dag-

dilelis, Satratzemi, & Evangelidis, 2004; 
McDougall & Boyle, 2004; UNESCO, 
2002; Watson, 2006; Woollard, 2005), 
this paper argues that innovative peda-
gogies based on contemporary learning 
theories can be a catalyst to incorporate 
digital literacy in an effective way. In 
line with the cognitive, constructivist , 
and situated learning theories, this paper 
presents a learner-centered ICT teaching 
method that is supposed to provide the 
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students with a more thorough understanding of ICT as a school subject. To assess the pedagogi-
cal value of the method, it  is intended to involve student teachers, having a university degree in 
informatics, in applying and evaluating the method in their teaching practice in upper secondary 
schools (the last three years of secondary education). Hence, the main objective of this work is to 
investigate the effectiveness of the ICT teaching method, and critical factors of success, through 
successive cycles of experiments based on the Design-based research paradigm (The Design-
Based Research Collective; 2003). 

Research Methodology 
In this section the research methodology and associated research goals and questions are pre-
sented. 

Design-Based Research 
Design-based research is “an emerging paradigm for the study of learning in context through the 
systematic design and study of instructional strategies and tools” (The Design-Based Research 
Collective, 2003, p. 5). The purpose of Design-based research is to develop theories about the 
learning process and the pedagogical means that are designed to support that learning (Barab & 
Squire, 2004). The essential characteristic of Design-based research is that it describes a continu-
ous cycle, or feedback loop, of gradual refinement of the proposed theories. Refinements are con-
tinually made through successive cycles of experimentations, where the shortcomings of each 
cycle are identified, re-designed, re-implemented, and re-evaluated. Each cycle has four major 
phases: analysis, design, implementation, and evaluation. To better focus on the process as a re-
search methodology, depending on information and producing results, two columns labeled in-
puts and outputs are shown in Figure 1. Inputs are influencing factors. Outputs are results of the 
process steps. Design-based research in ICT education involves four major phases: 

1. It begins with the analysis of the learning problems of current educational practice in the 
field of ICT education. A critical literature review is conducted, thereby generating the 
formulation of hypotheses and research questions of interest.  

2. It continues with the design of a learner-centered ICT teaching method, based on a theo-
retical framework, which will be used to overcome the learning problems. The frame-
work supports the designers’ work, forming the foundation for implementation and e-
valuation.  

3. Then, an attempt at implementing learner-centered ICT teaching in secondary schools is 
performed, using multiple, both qualitative and quantitative, methods for collecting em-
pirical data, e.g. survey questionnaires, interviews, observations, etc.   

4. Finally, implementations of learner-centered ICT teaching are then evaluated. The 
evaluation is concerned with the systematic analysis of the data collected according to the 
specification implicit  or explicit  in the theoretical framework.   
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Research Goals and Questions 
The underlying hypothesis of this work is that the learner-centered ICT teaching method has the 
potential for improving the learning of ICT in secondary schools.  To test this hypothesis, the ap-
plication of the method should not be limited to a single experiment since possible learning bene-
fits can be achieved only through the continuous cycle of analysis, design, implementation, and 
evaluation of the ICT teaching method. Accordingly, this work consists of four research goals:   

1. To analyze the learning problems and deficiencies associated with current pedagogical 
practices in ICT education in upper secondary schools. 

2. To design a learner-centered ICT teaching method that will be used to solve the learning 
problems of current educational practice in ICT. 

3. To report on and evaluate an implementation of the method in upper secondary schools, 
and to find out whether student teachers are able to apply it successfully.  

4. To discuss the implications of the method and to identify critical factors of success when 
applying it  in upper secondary schools.  

To explore implementations of the ICT teaching method in upper secondary schools, this work 
examined the following research questions:   

1. How do student teachers, having a university degree in informatics, apply and evaluate 
the learner-centered ICT teaching method in their teaching practice?  

2. What are the critical factors of success in trying out the learner-centered ICT teaching 
method in upper secondary schools? 

Current State of ICT Education in Secondary Schools 
The new national curriculum for schools in Norway from 2006, which is the latest reform in the 
10-year compulsory school, requires schools and teachers to acquire a high degree of digital liter-
acy in all subjects. As a result , digital literacy has become mandatory in all fields and should be 
integrated into all subjects. Digital literacy describes the ability to make use of ICT in learning 
and work activities (Erstad, 2006; Krumsvisk, 2006). Implicit  in the concept of digital literacy is 
the realization of the potential inherent in ICT for better learning.   
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In order to clarify the concept of digital literacy, it  is important to understand the role of ICT in 
secondary schools. According to Webb (2002), three categories can be identified: learning ICT as 
a school subject (or school informatics), using ICT as a tool for learning, and learning through 
ICT. ICT as a tool and learning through ICT are not considered in this paper.  

ICT as a school subject in the new national curriculum is divided into Information Technology I 
and II.  Information Technology I includes four topics: Digital equipment, programming, multi-
media applications, and Web development I. Information Technology II includes three topics: 
Information systems design, databases, and Web development II. Teachers and students need to 
be familiar with these topics in order to acquire digital competency. More specifically, digital 
competency in the ICT subject involves the acquisition of a number of ICT skills. The first skill is 
concerned with using software tools, such as Excel, FrontPage, Photoshop, Access, and similar 
software for problem solving, simulation, modeling, exploration, visualization, and publication. 
The second skill is about using Internet for finding information, analyzing, processing, and pre-
senting data with appropriate aids, and to be critical of sources, analyses, and results. Then teach-
ers and students need to learn about Web design, development of interactive multi-media applica-
tions, connecting Web applications with databases, publishing and maintaining Web sites, as well 
as user-centered design, such as ease-of-use and ease-of-learning, subjective satisfaction, etc. 
Then, it  is useful to acquire skills associated with software development approaches, both object-
oriented and conventional methodologies, for analyzing problem situations, modeling, imple-
menting, and testing appropriate solutions. Finally, programming with Java or similar languages 
is an important skill. Acquiring programming skills means analyzing the problem, breaking down 
the problem-solving process into its components, and designing an algorithm before coding.  
However, despite the emphasis on a set of well-defined topics, the new national curriculum makes 
few suggestions as to which pedagogical skills teachers need to acquire in order to teach these topics. 
In fact, the pedagogy of ICT is still in its infancy. It lacks an extensive research base of materials like 
the one published for mathematics. According to the research literature (Dagdilelis et al., 2004; 
Erstad, 2006; Hammond, 2004; Hennessy, Ruthven, & Brindley, 2005; Krumsvik, 2006; Minaidi 
& Hlapanis, 2005; Webb, 2002), ICT as a school subject is confronted with a number of closely 
related problems that are difficult  to solve. First, schools adapt slowly to technological and peda-
gogical changes despite the fact that many attempts at implementing ICT have been initiated 
since 1980 in many countries. In addition, teachers are often reluctant to abandon their existing 
pedagogy. As a result , teaching methods based on conventional epistemologies are still dominant 
despite the potentialit ies of innovative pedagogies based learning theories, such as constructivism 
and situated learning. Furthermore, teachers lack specific training and qualifications in ICT. A 
major problem for teachers is the complexity of software. While knowledge about the principles 
and functionality of software is necessary for teaching ICT, it is impossible for teachers to know 
all the specific features of all the software packages that they use, because software is continually 
being developed and improved. Another important problem for teachers is identifying suitable 
context of software use to develop ICT knowledge and skills. These contexts may be taken from 
the school context, the wider community, e.g. private or public sector, or from another subject 
area. Moreover, teaching resources and textbooks in ICT are still based on traditional pedagogies. 
Textbook publishers have difficulties to incorporate innovative teaching approaches that are 
suited to ICT, mostly because they are driven by marketing forces rather than pedagogical con-
siderations. Finally, a number of ICT topics are more difficult  to teach than other subjects, be-
cause they require a much greater range of professional and pedagogical skills than those required 
to teach a unit of work within a specific subject area. 

Given the current state of ICT education, there is a need for an integrated ICT teaching strategy 
that recognizes the interrelations of pedagogy, ICT skills, and school environment in order to suc-
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cessfully exploit  the potential capabilit ies of ICT in secondary education. To achieve this, schools 
must give more consideration to new pedagogies that are more suited to ICT.  

Learner-Centered ICT Pedagogy: Theoretical Framework 
The design of a learner-centered ICT teaching method depends on the chosen theoretical frame-
work. The framework supports the designers’ work, forming the foundation for implementation, 
evaluation, and research. The theoretical framework is developed in four steps: 

1)   Defining the psychological foundations of the learning-centered ICT teaching method 
based on learning theories and the learning cycle. 

2)   Specifying the underlying pedagogical principles of the learner-centered ICT teaching 
method.  

3)   Re-conceptualizing pedagogical principles of the ICT teaching method within learning 
theories and the learning cycle. 

4)   Defining the contextual factors influencing the use of the learner-centered ICT teaching 
method in secondary schools. 

Psychological Foundations of ICT Teaching 
Important to the design of a learner-centered ICT teaching is a psychological foundation built  on 
solid learning theory. Literature reviews suggest that learning theories can be related to three 
widespread models: cognitivist , constructivist, and socially situated model of learning. The re-
mainder of this section describes the most important characteristics of the learning theories and 
presents a three-stage model - the learning cycle - that retains the features of each one.   
The cognitive learning theory emphasizes the learner’s schema as an organized knowledge struc-
ture (Bruner, 1990; Gagne, Yekovich, & Yekovisch, 1993). Unlike behaviorism, cognitivism rec-
ognizes that the human mind is not simply a passive recipient of knowledge. Rather, the learner 
interprets knowledge and gives meaning to it . The cognitive perspective of learning refers to 
mental activity, such as analytical reasoning.  When teachers apply a cognitive approach, they 
focus on the understanding of concepts and their relationships. If learners are able to understand 
the connections between the concepts, break down information, and rebuild it  with logical con-
nections, then their understanding will increase.  
The constructivist learning theory views knowledge as a constructed entity made by each and 
every learner through a learning process. Constructivism frames learning less as the product of 
passive transmission than a process of active construction whereby the learners construct their 
own knowledge based upon prior knowledge (Duffy, Lowyck, & Jonassen, 1993; Piaget, 1971; 
Steffe & Gale, 1995). Constructivist  learning requires learners to demonstrate their skills by con-
structing their own knowledge when solving real-world problems. The constructivist model calls 
for learner-centered instruction, because learners are assumed to learn better when they are forced 
to explore and discover things themselves.  

The socially situated learning theory can be seen as a correction to constructivism, in which 
learning is disconnected from the social context. Whereas in the constructivist paradigm learning 
is assumed to occur as an individual learner interacts with study material, this perspective regards 
learning as socially situated and knowledge as socially distributed (Vygotsky, 1978; Wengler, 
1998). Learning occurs as learners exercise, test, and improve their knowledge through discus-
sion, dialogue, communication, collaboration, information sharing, and interaction with others. 
Vygotsky argued that the way learners construct knowledge, think, reason, and reflect on is 
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uniquely shaped by their relationships with others. He argued that the guidance given by more 
capable others, allows the learner to engage in levels of activity that could not be managed alone.  
The literature on learning theories points to the fundamental philosophical differences between 
them (Lin & Hsieh, 2001). However, in practice, a blend of learning theories is being used. In-
deed, educators tend to believe that what works in a learning situation is a subtle combination of 
learning theories (Karagiorgi & Symeou, 2005).  

Along the same line of argument, Mayes and Fowler (1999) proposed a three-stage model or 
learning cycle, in which they identified three types of learning – conceptualization, construction, 
and dialogue. The essential characteristic of the learning cycle is that it  describes a continuous 
cycle, or feedback loop, of gradual refinement of understanding. Accordingly, learning develops 
in three phases, beginning with conceptualization, progressing through construction to dialogue. 
Conceptualization is characterized by the process of interaction between the learners’ pre-existing 
framework and teacher’s knowledge. The construction phase refers to the process of building and 
combining concepts through their use in the performance of meaningful tasks. The dialogue phase 
refers to the testing of conceptualizations and the creation of new concepts during conversation 
with both fellow learners and teachers. Dialogue emerges through collaborative learning.  
The three stages of the learning cycle include elements that are closely related to learning theo-
ries. Conceptualization is associated with the cognitive learning theory as it  focuses on concepts 
and their relationships. The construction phase is related to the constructivist learning theory as it  
aims at the construction of new knowledge and its use in the performance of task-based activities. 
The dialogue phase is based on the socially situated learning theory as it is concerned with dia-
logue, group collaboration, and discussion.  

ICT Pedagogical Principles 
The ability to make use of software tools for problem solving requires the acquisition of a number 
of ICT skills, e.g. remembering commandos and dialogue boxes, finding details associated with 
the software, understanding the software functions and their relationships, understanding the 
overall principles of the software, finding the right sequence, creating associations in their own 
language, transferring previously acquired skills to the software, etc.  

The following description of ICT pedagogical principles is based on an article published in 2007 
(Brodahl, Fagernes, & Hadjerrouit, 2007). According to Herskin (2004), teaching these skills in-
volves two major steps. First, the teacher gives an overview and demonstrates the functionality of 
the software. Second, the students do hands-on exercises using the software. During the overview 
the teacher uses a video projector to present the software functions, and demonstrates how the 
following exercise should be solved. Then, the students work on their own, trying to remember 
this procedure. There are three basic problems that are related to this form of teaching ICT: 

1)   The memory problem : The student must remember a detailed procedure. 

2)   The understanding problem : The student has not understood the principles of how to 
solve the exercise. 

3)   The dependence problem : The student is not able to work on his own solving the prob-
lem. 

Techniques, such as teaching small groups, breaking down the lessons into smaller parts, provid-
ing the students with detailed manuals showing how the exercise should be solved step-by-step, 
using textbooks, or adopting similar methods, do not solve the basic problems of traditional ICT 
teaching. However, as Webb (2002) argued, it  is important for teachers not be overwhelmed by 
trying to master all the details of software but to focus on the main features of types of software 



 Hadjerrouit 

 239 

and how to find information about the detailed techniques. In line with this approach, Herskin 
(2004) proposes a teaching method relying on ICT pedagogical principles with three objectives: 

• First, an important objective is to remove the details needed to be remembered, using a 
problem-oriented understanding process, and changing the focus from memorizing to un-
derstanding. For this purpose, the concept of instruction sheet is proposed.   

• Second, for generating understanding, teachers use “understanding tools”.  

• Third, a pedagogical strategy is identified consisting of the single steps of the learning 
process, and the problems associated with those.  

As a result , the pedagogical strategy for teaching ICT has three major, but closely related phases:  

a) Overview phase (or presentation phase)  
b) Exercise phase (or hands-on phase)  

c) Summary phase. 

The objective of the overview phase is to generate understanding using “understanding tools”. 
These could be situated examples, visualizing, and dialogues. By using situated examples, the 
teacher should enable the students to understand the problem . The principles are then explained 
through visualizing. Finally, the teacher gives a procedure overview using visual boxes showing 
the main steps of the problem solving process. This is what Herskin (2004) calls the three P's.  
Accordingly, the overview phase has three components: 

a)   The Problem, 
b)   The Principles, and  

c)   The Procedural overview.  

The fundamental idea behind the instruction sheet is to provide the student with a brief manual. 
The aim is to enable the student to become less dependent on the teacher’s assistance. The in-
struction sheet should not contain any screen shots, but helps the student pay attention to informa-
tion in menus and dialogue boxes of the software tool. Before the students do the exercise, an in-
struction sheet for this kind of exercise is handed out. The instruction sheet should give a general-
ized explanation on how to solve this kind of task. The exercise itself should only describe the 
problem, not specifying how to solve it. An important issue is not to mix the exercise and the in-
struction sheet. The instruction sheet is divided into three columns: 

• Column 1 gives a procedural overview (heading: “PHASE”) 
• Column 2 explains why the student should perform this step (heading: “EXPLANA-

TION”). This column could be left  blank for the student to fill in 

• Column 3 leads the student to the correct menu, buttons, dialogue boxes etc. (heading: 
“INTERACTION”) 

An instruction sheet for uploading files in the LMS Classfronter is illustrated in Table 1.  
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Table 1: Instruction sheet for uploading files in the LMS Classfronter 

PHASE EXPLANATION INTERACTION 

Upload a file -You can upload any file from a PC or folder 
- In order to open a file, it must be saved on a 
computer 

 Upload file   

Upload one or 
multiples files 

- You can upload one file at a time 
- You can upload multiple files at a time 

Upload in a 
new window? 

Two possibilities: the file can be shown in 
Classfronter content felt or in its own window Open in new window 

File name, 
title, and 
description 

File name: You should not change the file name 
that is generated automatically 
Title: If you do not fill in this field, the name of 
the file will be assigned to the title 
Description (free to choose). This will be shown 
in the detailed file list 

 File name: 

 Title: 

 Description: 

Save An uploaded file must be saved  

-  Read to use 
- 

Now is the file placed in the folder  

More 
informat ion/ 
more 
functionality 

You can change the file properties: 
- You can change the content of the file 
- You can change the name and other features 
of the file 

 
 

Bla gjennom 

Save 

Multiple files 

 
In the summary phase, students get the opportunity to raise questions regarding the specific exer-
cise or more general problems. The teacher can provide supplementary information. In this phase 
the students might also discuss how the software functions could be used in similar situations. 

Re-conceptualizing ICT Pedagogy within the Learning Cycle 
Herskin (2004) does not refer to learning theory to support or justify his method, but the author of 
this work can draw a clear line from Herskin’s pedagogy to learning theories and the learning 
cycle (Brodahl et al., 2007).  
First, Herskin describes learning processes in a way that support well-known cognitive learning 
theory. Instead of imitation or repetition, knowledge is acquired through involvement with con-
tent and realistic problem solving. In Herskin’s model, students acquire an understanding of the 
software using understanding tools, among them situated examples for describing the problem, 
visualizations for explaining the principles, and procedure overview for showing the main steps 
of the problem solving process.  
Second, in the exercise phase, knowledge is constructed through involvement with instruction 
sheets and realistic problem solving. The fundamental idea behind the concept of instruction sheet 
is to enable students to become less dependent on the teacher’s assistance. The aim is to enable 
each student to work at his/her own pace, and from his/her prerequisites. The teacher works as a 
mentor of learning, not as a transmitter of knowledge. This fits in well with the constructivist 
learning theory. 



 Hadjerrouit 

 241 

Third, in the summary phase, students get the opportunity to raise questions regarding the specific 
exercise or more general problems. Any learning by co-operating is done through teacher-
managed dialogue in the student group. Hence, in the opinion of the author, there is a slightly 
lower degree of socially situated learning in Herskin's method. Hence, it  can be useful to let the 
students work together in the exercise phase. This might mean less differentiating of the students, 
but will increase the learning by co-operating in a higher degree. 

As a result , the three stages of Herskin’s ICT pedagogy can be re-conceptualized within the learn-
ing cycle and associated learning theories. The overview phase is associated with the conceptuali-
zation phase of the learning cycle and the cognitive learning theory as it  focuses on concepts and 
their relationships. This phase should last approximately 15-20 minutes. The exercise phase is 
related to the construction phase of the learning cycle and the constructivist learning theory as it  
aims at the construction of new knowledge and its use in the performance of task-based activities. 
This phase should last approximately 45 minutes. The summary phase is related to the dialogue 
phase of the learning cycle and the socially situated learning theory as it  is concerned with dia-
logue, group collaboration, and discussion. This phase should last about 10-15 minutes. 

In addition, at any stage of the ICT pedagogy there can be an emphasis on all the three stages of 
the learning cycle, depending on the situation: learning as cognition, learning as knowledge con-
struction, and learning as dialogue and social practice. Hence, overview phase, exercise phase, 
and summary phase are not separated. They are interdependent and reciprocal. In addition, the 
essential characteristic of the ICT pedagogy is that it describes a continuous cycle, or feedback 
loop, of gradual refinement of understanding. Figure 2 gives an overview of the learner-centered 
ICT teaching method with respect to the re-conceptualization of the method within the learning 
cycle and learning theories.  
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Factors Influencing ICT Teaching in Secondary Schools 
Secondary school classrooms are tightly regimented by a timetable and a number of factors that 
can constrain the experimental sessions with the ICT teaching method (Valcke, Rots, Verbecke & 
Van Brak, 2007). These factors are related to a number of internal and external elements (Figure 
3): Teacher education initiated by universities and performed by university teachers, the new na-
tional educational reform and digital literacy, school teachers’ ICT and pedagogical knowledge, 
current school pedagogical practices, availability of ICT learning resources and study material; 
student teachers’ ICT skills and pedagogical knowledge; pupils’ ICT skills and knowledge; and 
assessment procedures used to evaluate ICT teaching.  
 

 

Evaluation Methods 
This study was situated within teacher education at the university level in collaboration with a 
number of secondary schools, where teaching practice of six weeks was performed. The unit of 
study was the learning of ICT as a school subject using a learner-centered ICT teaching method.  
The goal of the study was twofold. Firstly, to analyze how student teachers, having a university 
degree in informatics, apply the learner-centered ICT teaching method in their teaching practice. 
Secondly, to identify critical factors of success, which require attention in future experiments. An 
exploratory approach based on the Design-based research paradigm was used to explore the stu-
dents’ application of the method. Accordingly, it  may be necessary to continually refine the 
teaching method through successive cycles of experimentations, where the shortcomings of each 
cycle are identified, redesigned, re-implemented, and re-evaluated. As a result, two cycles of ex-
perimentations were performed, the first  one in 2005 and the second one in 2006. Thus, evalua-
tion findings are described with regard to: 

• The first experiment with the ICT teaching method in the spring semester of 2005 and the 
redesign of the method according to the evaluation findings of the first  experiment    

• The second experiment with the ICT teaching method that was performed in the spring 
semester of 2006  
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The qualitative paradigm (Bryman, 2004) was found to be suitable for evaluating the implementa-
tion of the ICT teaching method in upper secondary schools, mainly because the study focused on 
student teachers’ learning processes, as well as final outcomes and personal aspects, such as stu-
dent teachers’ experiences, beliefs, thoughts, feelings, actions, and learning difficulties. Accord-
ingly, to answer the research questions, particular attention was devoted to the following evalua-
tion methods and their combination to a multi-strategy of data collection: 

• Student teachers’ feedback on their experiences with the ICT teaching method and formal 
discussions during the oral exam 

• Informal discussions with the student teachers over a three-month time period  

• Analysis and evaluation of student teachers’ written project reports and associated educa-
tional materials that they produced at the end of the experiment  

• Teacher’s field notes and observations of student teachers’ activities during their teaching 
practice in upper secondary schools 

• Finding evidence drawn from the research literature that confirms or contradicts the data 
collected and the evaluation results 

• Comparing the evaluation results of the first  experiment from 2005 with those of the sec-
ond experiment from 2006 

Data analysis consisted of finding diverse pieces of evidence from diverse data sources: formal 
and informal discussions with the student teachers, analysis of project reports, teacher’s observa-
tions and field notes, literature research, and comparing the first  with the second experiment.  

Evaluation of the First Experiment 
The learner-centered ICT teaching method was applied for the first t ime by student teachers in 
2005. The application of the method was defined as compulsory research-based task for student 
teachers taking the course in Practical ICT Didactics. During their teaching practice, they had to 
apply the ICT teaching method. Teaching practice was of six weeks’ duration, from the end of 
January until the beginning of March (Brodahl et al., 2007).   
Prior to their teaching practice, the student teachers were presented to the ICT teaching method in 
lecture course of three hours’ duration. In addition to this presentation, they had to study a text-
book related to the ICT teaching method (Herskin, 2004), which was a part of the required course 
reading material.  

At the end of their practice, the student teachers had to resume their experience in a project report 
of 60-80 pages. This report made 40 % of their portfolio, which was graded and presented in an 
oral exam. During this exam, they had to give feedback on their experiences of the ICT teaching 
method. Each student teacher was given this question during the oral exam: “What is the most 
important thing you have learned in the process of planning and teaching in accordance with the 
ICT teaching method?” 

Participants and Teaching Subjects 
There were 9 student teachers who participated in the experiment, 191 pupils between 16-18 
years from 9 different schools, 11 school teachers as practice supervisors, and 2 university teach-
ers as academic supervisors.  

The context, in which the research-based tasks were carried out, is listed in Table 2. Each row 
refers to the student teacher’s research-based task (teaching subject), number of lessons of 45 mi-
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nutes, and number of participating pupils. The extent of the research-based tasks differed from 
student to student.  

Table 2: Student teachers’ research-based tasks in the spring semester of 2005 

TEACHING SUBJECTS DURATION NUMBER OF PUPILS 

Creating forms and templates using Microsoft FrontPage 2 x 45 min. 18 

Creating diagrams using Microsoft Excel 3 x 45 min.  36 

Connecting a database to a website using Microsoft 
Access and Microsoft FrontPage 

2 x 45 min. 11 

Using hyperlinks and style sheets in  Microsoft FrontPage 2 x 45 min. 21 

Creating hyperlinks, changing backgrounds and font 
colors in Microsoft FrontPage 

2 x 45 min. 15 

Drawing graphs with the calculator simulating program 
TI-Interactive 

2 x 45 min. 11 

Using scientific calculator (with advanced functions and 
derivation) 

3 x 45 min. 23 

Implementing the project management tool Microsoft 
Project 

1 x 45 min. 11 

Using basic functions in the photo imaging software 
Adobe Photoshop 6.0 

6 x 45 min. 45 

 
 

Evaluation Findings 
The evaluation of the first  experiment with the learner-centered ICT teaching method was pub-
lished in a conference paper (Brodahl et al., 2007). The summary of the findings are described in 
the following sections. 

Student teachers’ experiences on the basis of oral discussions 
To the question: “What is the most important thing you have learned in the process of planning 
and teaching in accordance with the ICT teaching method?”, student teachers responded differ-
ently in their formal discussions with the teacher in the oral exam. 

All student teachers considered the method to be demanding and requiring considerable pre-work. 
Thinking they understood the method, working with it  showed that they did not pick up important 
parts of the method. In addition, considering the instruction sheet as the method’s main point, the 
students emphasized on elaborating this, failing to provide as much attention to other important 
parts of the method.  Finally, preparing lessons, the student teachers called attention to the lack of 
exemplary and approved study material. They asked for more examples, especially instruction 
sheets. Some of the student teachers’ statements about how they considered the method to be used 
in schools were: “The method seems to be appropriate for adapted, differentiated teaching.”; 
“The method is developed and might fit best for older, mature students. It might be modified to fit 
the pupil’s age and level.”; “The user may gain most from the method when using it for a longer 
period of time and becoming more familiar with it.”;  “The method might be more suitable for 
well-defined and less complex problems.” Moreover, student teachers reported that their pupils 
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liked the strict and logical structure of the method and appreciated the method reducing the mem-
ory load.  

Analysis of student teachers’ written project reports 
The analysis and evaluation of student teachers’ reports showed the following results. Clearly, 
none of the students did implement the ICT teaching method in total compliance with its underly-
ing principles, when applying it for the first  t ime. Most of the student teachers had not been aware 
of their deviations; other knowingly made alternative choices, some of them in order to lighten 
their preparation work. As a result , they paid most attention to the hands-on phase (exercise) and 
considerably less to the overview and summary phase. They often integrated an exercise or parts 
of it  into the instruction sheets. Doing so, they mixed up the two elements in the hands-on phase 
of the method, which, essentially, must be kept apart according the method’s basic principle. In 
addition, some student teachers mixed up the instruction sheet with an example or with several 
smaller examples. Their instruction sheets adapted the three columns (phase, explanation, interac-
tion), but their contents were similar to tutorials guiding the user through specific tasks. Finally, 
student teachers were critical about the fact that neither the academic supervisors (the university 
teachers), nor the practice supervisors (school teachers) could provide sufficient teaching re-
sources and documented experiences, as it  was the first  t ime that this kind of project work was 
carried out. They believed that documented experiences with the learner-centered ICT teaching 
method would have helped them to better perform their project activities. 

Observations of student teachers’ research activities 
The most important observations during the teaching practice were as follows. First, it  turned out 
to be a problem for most student teachers to make room for trying out this kind of research in up-
per secondary schools. In most cases, the school timeframe had not been in line with the student 
teachers’ six weeks practice and the need for trying out the ICT teaching method.  Second, trying 
to function simultaneously both as researcher and teacher was quite challenging for all student 
teachers, in line with the research literature (Cochran-Smith, 2005). Third, the practice supervi-
sors of student teachers, that is to say school teachers, did not have sufficient knowledge of the 
ICT teaching method. Therefore, they could not provide the student teachers with qualified su-
pervision on planning and carrying out the teaching method. As a result , they did not encourage 
the student teachers’ motivation. Furthermore, it  has been observed that not all student teachers 
reorganized their teaching radically. Some of them went on with a demo-oriented teaching con-
cept (demonstrating the program functions on the big screen), but tried to improve the teaching by 
adapting minor parts of the ICT teaching method. However, this cannot be considered as trying 
out the teaching method. Finally, even if all student teachers chose “ light versions” of the method, 
some of them uncritically, they believed they had still acquired valuable experience, which en-
ables them to change their teaching more radically in the future.  

Redesigning the ICT Teaching Method after the First Experiment 
The first experience with the ICT teaching method enabled teacher students to suggest some 
changes in order to successfully apply the method in upper secondary schools. The method was 
redesigned on the basis of student teachers’ recommendations, on the one hand, and evaluation 
findings, on the other hand. As a result , the following modifications and corrections were consid-
ered to be important to the next experiment with the ICT teaching method. 
First, a critical factor of trying out the ICT teaching method in secondary schools is the under-
standing of the school environment, where the method is being used, and the associated factors 
influencing its application. These could play an important role in applying the method in schools. 
With respect to the student teachers’ experiences, the influencing factors were: school teachers’ 
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ICT skills and pedagogical knowledge, pupils’ ICT skills, the degree of implementation of ICT in 
schools, school timeframe, learning assessment, teaching resources, and the type of software used 
in the classroom. All these factors were mentioned in one or another form by the student teachers. 

Second, it  is important that student teachers follow the ICT teaching method entirely from the 
overview to the summary phase. The overview phase is important, because it  provides the very 
basis of the ICT teaching process. In addition, the method should particularly emphasize collabo-
ration in the exercise phase and dialogue in the summary phase. Collaboration and dialogue are 
important pedagogical tools in school education, since learning occurs as learners exercise, test, 
and improve their knowledge through discussion, dialogue, information sharing, and collabora-
tion with fellow learners and teachers.  Hence, it  would be beneficial that some tasks are under-
taken by groups of pupils working in teams, as collaborative skills are highly valued attributes in 
school education (McDougall & Boyle, 2004). 

Third, the application of the ICT teaching method should be formulated as a continuous cycle of 
gradual refinement of understanding with three stages of learning: learning as cognition, as 
knowledge construction, and as dialogue. It is important to continuously apply the method during 
the teaching practice. A continuous application, over a longer period of time, might be necessary 
to refine the pupils’ understanding of software principles, which is an important factor of success.  

Fourth, student teachers’ preparation and pre-work at the university level - before entering the 
field of teaching practice - is an important factor of success. Student teachers believed that pre-
work should involve more than the theoretical understanding of the method’s underlying princi-
ples. Therefore, it  should not be limited to mastering concepts, but rather learning to use them to 
solve a variety of realistic ICT problems. This includes the ability to understand the underlying 
concepts, and to be able to apply them to solve ICT-based tasks using a variety of software tools, 
before entering the field of teaching practice.  

Finally, in addition to pre-work and preparation, student teachers reported that the lack of practi-
cal teaching material prevented them from applying the method as originally anticipated. Hence, 
teaching material and documented experiences must be available to the student teachers in order 
to provide support both to the preparation phase and the application of the method in their teach-
ing practice. Appropriate teaching material can be student teachers’ project reports from past ver-
sions of the Practical ICT Didactics course, including well-designed instruction sheets, visual ex-
amples that can be reused with slight modifications, and motivating exercises. Study material 
must be made available online so that it  can be accessed at any time and from any place. 

Evaluation of the Second Experiment 
Aiming at evaluating the applicability of the learner-centered ICT teaching method for the second 
time in upper secondary schools after the redesign of its underlying principles, the author in-
tended to repeat the experimentation from 2005 under similar conditions as a compulsory re-
search-based task for student teachers taking the course in Practical ICT Didactics. 

Prior to their teaching practice, the student teachers were presented to the method in two lectures 
of 4 hours’ duration. In addition to lectures, they had to study a textbook and some study material 
related to the ICT teaching method (Herskin, 2004). Moreover, in order to prepare and motivate 
the student teachers to perform their project work, the teacher reported on previous experiences 
and project reports from the spring semester of 2005. Student teachers had to study the reports 
carefully, understand the examples, instruction sheets, and exercises, as well as the whole process 
of applying the ICT teaching method in all its phases. 
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Participants and Teaching Subjects 
There were 3 student teachers who participated in the experiment, 50 pupils between 16-18 years 
from 3 different schools, 3 school teachers as practice supervisors, and one university teacher as 
academic supervisor. 

The context, in which the research-based tasks were carried out in the spring semester of 2006, is 
listed in Table 3. Each row refers to the student teacher’s research-based task (teaching subjects), 
number of lessons of 45 minutes, and number of participating pupils. The extent of the research-
based tasks differed from student teacher to student teacher. 

 
 

 

 
 

 

 

 

Evaluation Findings 
To evaluate the application of the learner-centered ICT teaching method for the second time, the 
same evaluation methods, with some modifications, were used as in the first  experiment in 2005. 

Student teachers’ experiences on the basis of formal discussions 
During the oral exam, the student teachers had to give feedback on their experiences and their 
understanding of the ICT teaching method. Each student was given the following questions:  

• “How did you use the ICT teaching method? Did you use it in accordance with its princi-
ples?” 

• “What is the pedagogical value of the learner-centered ICT teaching method compared to 
traditional methods? What are the pedagogical insights you have gained in the process of 
planning and teaching in accordance with the method?” 

• “Do you think that the ICT teaching method is appropriate for differentiated ICT teaching 
in upper secondary schools? “Do you think that the method is suitable for ICT teaching 
at the secondary school level?” 

Hence, evaluation results are described with regard to the following issues:  

1. Application of the ICT teaching method in accordance with its basic principles 
2. Pedagogical value of the ICT teaching method in upper secondary schools  

3. Suitability of the ICT teaching method in upper secondary schools 

Application of the learner-centered ict teaching method  
Prior to the application of the ICT teaching method, two student teachers reported that they en-
tered project work with varied grad of motivation, either because of intrinsic factors like the de-
sire to study, progress and develop, seeing the method as a challenge, and wanting to participate 

 

Table 3: Student teachers’ research-based tasks in the spring semester of 2006 

TEACHING SUBJECTS DURATION NUMBER OF PUPILS 

Creating images using the Web editor Microsoft 
FrontPage 

2 x 45 min. 17 

Using the LMS Classfronter for downloading files, 
creating folders, keeping track of appointments in 
Calendar, and changing preferences 

4 x 45 min. 15 

Connecting forms using the database program 
Microsoft Access 

3 x 45 min. 18 
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in trying innovative ICT teaching methods. The third student teacher reported that she was not 
interested in the project idea, mostly because she wanted to choose her own project work. But, 
after some lectures and discussions with the academic supervisor, they found that the method was 
nevertheless interesting and worth exploring during their teaching practice. When it  became evi-
dent that the student teachers’ motivation at the beginning was relatively high, it  became neces-
sary to ensure that this did not decline during their teaching practice. Student teachers were ex-
pected to acquire sufficient experience in the method within six weeks with respect to the time-
frame required for teaching practice. 
The following conclusions can be drawn from the application of the ICT teaching method. 

First, all student teachers followed the method’s main components: presentation phase (with the 
three P’s), exercise phase, and dialogue phase. In addition, they did not mix the exercise and the 
instruction sheet according to the method and its principles. Finally, they reported that the plan-
ning was different compared to traditional ICT teaching as it focused on conceptual understand-
ing and learning processes rather than the learning product.   

Second, all student teachers found that the method was a challenge as the planning of teaching 
sessions required a lot of time and effort.  All student teachers agreed that the ICT method was 
more demanding in terms of conceptual efforts than conventional teaching methods.  In addition, 
they reported that the timeframe for applying the method was short for this kind of work.   

Third, when asked about what they considered as the most important aspect of the method, two 
students reported that they liked the method, because it  gave them a holistic picture of ICT teach-
ing, in particular the three P’s (Problem, Procedure, and Principles). They felt  that the first phase 
of the method was quite important to their pupils. In addition, they reported that well-designed 
instruction sheets contributed to the understanding of software principles. But the design of in-
struction sheets was very demanding in terms of conceptual efforts. Finally, they reported that the 
summary phase did not play an important role as originally anticipated.  

Pedagogical value of learner-centered ICT teaching 
From a pedagogical point of view, two student teachers agreed that the learner-centered ICT 
teaching method is better suited to ICT than conventional teaching approaches, e.g. demonstra-
tions, tutorials, group work, and traditional hands-on. They argued that the ICT teaching method 
combines a number of learning theories and pedagogical strategies to an approach that takes into 
consideration the pupils’ needs, problems, and difficulties. They believed that the teaching 
method is a pedagogical innovation as it  provides a conceptual framework for understanding fun-
damental principles of software, in particular the first phase of the method, which provides a ho-
listic understanding of software. The third student teacher was rather skeptical from the very be-
ginning concerning some component of the method. She agreed that the understanding of princi-
ples is quite important, but she did not believe that the teaching method is a pedagogical innova-
tion as it  does not differentiate enough. She did not agree that the method takes into consideration 
pupils’ specific needs and learning styles. She thinks that ICT teaching at the upper secondary 
school level must use a variety of methods in order to meet the pupils’ needs.  

Suitability of learner-centered ICT teaching in upper secondary 
schools 
All student teachers agreed that the method might be appropriate in upper secondary schools un-
der some conditions. First , it  is important that pupils possess some computer skills. Second, the 
method must be adapted to the pupils’ needs, goals, and motivations. Third, the method requires 
pupils’ self-confidence and maturity as the use of instruction sheets is demanding in terms of 
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conceptual and intellectual efforts. Fourth, it  is important to let pupils help each other during the 
exercise phase instead of being dependent on the teacher’s assistance. 
Two student teachers were willing to use the method in all its dimensions in future courses in up-
per secondary schools. The third one picked up some elements of the method, especially the un-
derstanding of software principles and the use of understanding tools, in order to combine them 
with other teaching methods and techniques. 

Analysis of student teachers’ written project reports 
Project work evaluation during the second experiment was embedded in the learning process and 
spread out over the duration of the spring semester of 2006. The analysis and evaluation consisted 
of assessing the quality of the submitted project reports and the presentation of the results to the 
whole classroom. Feedback and comments from the academic supervisor gave student teachers 
the necessary pieces of how to perform project work. Student teachers benefited from reflecting 
on how they had achieved the learning goals, before they submitted their reports.  

During the entire project work student teachers were communicating and discussing the results of 
their efforts with the academic supervisor and fellow student teachers. To formally communicate 
their results, they presented their work at the end of the course, showing what they had done and 
discussing what they learned. The project report made 50 % of their portfolio, which was graded 
and presented in the classroom and during the oral exam.  

The goal of the evaluation of the project reports was to find out whether the student teachers were 
able to apply the ICT teaching method in compliance with its basic principles and phases.   
Presentation phase:  
Basically, all student teachers reported that this phase was the most important part of the ICT 
teaching method, because it  helped them to lay the groundwork for teaching fundamental princi-
ples of software through the 3 P’s and understanding tools, such as situated examples and visuali-
zations, without the need of remembering all details of the software. However, they experienced 
that the preparation and planning of the presentation phase was time consuming and very de-
manding in terms of efforts. Finding relevant situation examples, presenting a procedural over-
view, and using understanding tools for explaining software principles, were challenging tasks 
and required more conceptual efforts than traditional ICT teaching.  

Exercise phase:  
Two student teachers reported that the exercise phase was very important from a constructivist 
point of view, because it  required active involvement in authentic problem solving, such as build-
ing user-friendly data models using Microsoft Access, formatting pictures and integrating them 
into software, writing common documents. In addition, the development of exercises was rela-
tively easy for the student teachers, partly because specifying adequate exercises relied on work 
done during the presentation phase of the teaching method.  

Instruction sheet:  
From the project reports, it  appears that all student teachers divided the instruction sheet in three 
columns. They filled in the instruction sheets with textual information, but they ignored to keep 
blank the instruction sheets’ column for explanation in order to write down the navigation threads 
and keystrokes. They did not mix the instruction sheet with the exercise. In addition, one student 
teacher developed six well-structured instruction sheets that provided help for solving exercises 
associated with the LMS Classfronter. This is clearly a progress compared to previous experi-
ences with the method. Two student teachers experienced that the design of well-structured in-
struction sheets required conceptual efforts as it  was not easy to find an appropriate balance be-
tween information that is supposed to explain how the pupil should perform the steps specified in 
the procedural overview, on the one hand, and the menus, buttons, and dialogue boxes, on the 
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other hand.  The third student teacher did not encounter any obstacles when designing the instruc-
tion sheet. Finally, all student teachers agreed that instruction sheets are subject for reuse and ad-
aptation for similar software problems.  

Summary phase:  
Due to the efforts invested in the presentation phase and the difficulties encountered when design-
ing instruction sheets, the summary phase suffered from the short t imeframe remaining for this 
activity, resulting in very short dialogue. As a result, two student teachers did not pay much atten-
tion to the dialogue phase. One of them reported that the summary phase was not necessary, be-
cause the presentation phase provided sufficient support for understanding software principles so 
that it  was not important to the pupils to ask more questions. The third student teacher was rela-
tively satisfied with the discussion that took place after the exercise phase, even if it  was quite 
short. 

Evaluation of pupils’ learning with standard questionnaires:  
Pupils’ learning was evaluated using standard questionnaires at the end the teaching sessions. The 
results can be summarized as follows. 

Pupils, who used Microsoft Access, liked the ICT teaching method and the associated instruction 
sheets, because they gave them a generalized explanation of how to do the exercise without rely-
ing on much information and memorizing. Most of them possessed sufficient knowledge in Mi-
crosoft Access in order to understand the method. Some of the pupils’ statements about the ICT 
teaching method were: “It helps for understanding. I used what I knew before and the new teach-
ing method: ”It was fine”; “I liked using many similar examples”; “Yes, it was very helpful using 
the instruction sheet you handed out”; “Instruction sheets are useful as they give you a proce-
dural overview of what you need to do. It is impossible to do mistakes”.  

Most pupils, who used FrontPage, indicated that the ICT teaching method provided more support 
than FrontPage textbooks. They liked the presentation phase as it helped them to understand 
software principles through the 3 P’er and understanding tools, in particular visualizations. All 
pupils liked that the student teacher emphasized understanding rather than remembering technical 
details of the software, which is clearly one the most important features of the teaching method. 
Yet, seven pupils did not use the instruction sheets as expected, sometimes ignoring them com-
pletely. Instead they asked their follow pupils for help. Nevertheless, more than the majority of 
the pupils believed that the instruction sheets were helpful. Unfortunately, the summary phase 
was given insufficient consideration. At the end, however, most pupils were globally satisfied 
with the ICT teaching method. They found that software principles were easier to understand 
when the student teacher used the ICT teaching method.  

Finally, most pupils, who used the LMS Classfronter, had different attitudes to the ICT teaching 
method. Some were enthusiastic, while other did not like the teaching method. They reported that 
the presentation phase had two different learning effects depending on the degree of complexity 
of the software functions. While most pupils did not encounter serious difficulties for understand-
ing the most important and easy-to-use software functions, they had problems with the more ad-
vanced LMS functions. Furthermore, pupils reported that they learned a lot in the exercise phase, 
but they did not use the instruction sheets as originally anticipated. Some of them did not under-
stand them and how to use them. This was quite frustrating for the student teacher who invested a 
lot of t ime for designing six well-structured instruction sheets in the hope that her pupils will use 
them adequately. Finally, neither the student teacher nor the pupils gave sufficient consideration 
to the summary phase, resulting in few questions.  
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Observations of student teachers’ research activities 
In contrast to the first experiment, it has been observed that it  was easier to make room for trying 
out the ICT teaching method in upper secondary schools. In the schools where the second ex-
periments were performed, it appeared that two school teachers were more prepared for letting 
the student teachers apply the method, even if they did not have sufficient knowledge in order to 
provide the student teachers with qualified supervision on planning and carrying out the learner-
centered ICT teaching method. Nevertheless, they provided motivation and took into considera-
tion some of the student teachers’ concerns about timetable, number of lessons, pedagogy, and 
knowledge background. In contrast, the third school teacher did not appreciate the ICT teaching 
method, probably because he was not aware of the pedagogical potentialit ies of the method.   

Moreover, it  has been observed that student teachers used documented experiences that were 
available in form of project reports from the first  experiment, which could be reused with some 
modifications, in particular instruction sheets, situated examples and exercises, as well as visuali-
zations of software principles. This made the application of the ICT teaching method easier com-
pared to the first  experiment. Furthermore, it has been observed that all student teachers reorgan-
ized their teaching according to the basic principles of the method, even if the summary phase 
was given insufficient consideration.  
Finally, an important observation was that student teachers’ knowledge background in informat-
ics and prior pedagogical experience were important factors of success.  This was the case of all 
student teachers, who clearly demonstrated their teaching skills when applying the learner-
centered ICT teaching method.    

Discussion 
In this section, a summary of findings and implications for the ICT teaching method in upper sec-
ondary schools are presented. The limitations of the study and recommendations for future re-
search work and experiments are discussed as well.  
The findings help to answer the two research questions: 

1. How do student teachers, having a university degree in informatics, apply and evaluate 
the learner-centered ICT teaching method in their teaching practice?  

 
2. What are the critical factors of success in trying out the learner-centered ICT teaching 

method in upper secondary schools? 

Summary of Findings 
The student teachers’ experiences with the ICT teaching method in two cycles of experiments can 
be summarized as follows:  

a) The first experiment with the learner-centered ICT teaching method was not successful as 
originally anticipated. The method was new to all student teachers and, as a result, they 
struggled for applying it consistently according to its principles. 

b) The second experience was more successful for two reasons. First, student teachers’ con-
fidence, motivation, and knowledge background both in ICT and pedagogy played an im-
portant role. Another key factor was the availability of learning resources. This does not 
mean that student teachers did not encounter difficulties, but these did not prevent them 
from trying out the method more consistently than those of the first  experiment.   
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c) Student teachers, who took part in the second experiment, displayed a higher level of sat-
isfaction than those of the first  experiment, especially with regard to the presentation and 
exercise phases as these positively influenced the understanding of software principles. 

d) Yet, a majority of the student teachers did not attach much importance to the summary 
phase. Instead, they showed a more pragmatic approach to communication with pupils as 
dialogue and discussion were spread out over the duration of the teaching sessions.  

e) The planning of the ICT teaching method was demanding in terms of efforts and time for 
all participating student teachers, as it  was not always easy to find intrinsically motivating 
examples and exercises for explaining software principles. Another problem was that it 
was not always possible to let pupils work independently without interfering and stimu-
lating them to take part in discussion in order to ask the right questions.    

f) Teaching material and learning resources were very important, in particular student 
teachers’ project reports from previous versions of the course. The resources from the 
first experiment provided support for trying out the ICT teaching method for the second 
time, in particular with regard to the reuse of teaching material, e.g. instruction sheets, 
visual examples, and well-designed exercises.  

g) Student teachers generally believed that the ICT teaching method has the potential for 
improving pupils’ digital competency if it  is applied consistently and continually, over a 
certain period of time, and some (both internal and external) conditions are fulfilled.   

Implications for ICT Teaching in Upper Secondary Schools 
Having applied the learner-centered ICT teaching method in two successive cycles of experi-
ments in upper secondary schools, it  is now possible to discuss the second research question, that 
is to say the critical factors of success in trying out the method in future cycles of experiments. 
From a theoretical point of view, the ICT teaching method presented in this paper has great po-
tential for transforming ICT pedagogies. It could have positive impacts on pupils’ learning if sec-
ondary schools realize that the method offers affordances, which can transform existing peda-
gogical practices and push ahead with innovative ICT pedagogies (Pearson & Naylor, 2006). 

From a practical point view, however, the production of novelty, which is pedagogically and con-
ceptually possible in the learner-centered ICT teaching method, may be inhibited when it  is intro-
duced into educational settings where traditional views of teaching are actually predominant. In 
fact, secondary school classrooms, including student teachers’ involvement with ICT teaching, 
are tightly regimented by a timetable and a number of external factors that can act as inherent bar-
riers to change (Deaney, Ruthven, & Hennassy, 2003; Hennessy et al., 2005). Similarly, internal 
factors can act as inherent barriers that prevent student teachers from trying out the ICT teaching 
method. These factors include student teachers’ lack of confidence, pedagogical experience, and 
motivation, as well as the degree of software complexity and pre-existing classroom pedagogical 
practice. As a result , the integration of innovative ICT pedagogies into secondary education is a 
complex task. It can only succeed if a number of internal and external conditions are fulfilled si-
multaneously (Plomp, Pelgrum, & Law, 2007).  

Given this background, two elements are important to successfully apply the learner-centered ICT 
teaching method in upper secondary schools. First, the method should actively involve the stake-
holders in the process of experimentation (Hayes, 2007), e.g. student teachers, school teachers, 
university teachers, and pupils. Second, the method should take into account pedagogical factors, 
such as assessment procedures, learning theories and approaches, learning resources, as well as 
curricular issues and the concept of digital literacy. From these considerations, several implica-
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t ions for the implementation of the ICT teaching method are suggested. These are discussed in the 
next sections. 

Student teachers and teaching practice 
Radical pedagogical changes are clearly difficult to achieve in their teaching practice of six 
weeks, mainly because, besides external and internal factors that can act as barriers that prevent 
student teachers from trying out new ICT pedagogies, working simultaneously as teacher (using 
an innovative ICT teaching method) and researcher (performing project work), are challenging 
issues for many student teachers to deal with in the classroom (Cochran-Smith, 2005; Postholm, 
2006).  Nevertheless, pedagogical changes are possible if the following conditions are fulfilled. 
First, to successfully apply the learner-centered ICT teaching method, student teachers must be 
motivated and convinced of the need for pedagogical change in ICT teaching and how change can 
be incorporated into their teaching practice. Second, it is an advantage that student teachers have 
solid background in ICT and sufficient pedagogical knowledge in order to be able to try out new 
ICT teaching methods. Third, student teachers should develop their ICT teaching in a way that 
motivates pupils and enriches learning or stimulate high-level thinking and reasoning.  Hence, 
with respect to the ICT teaching method’s basic principles, student teachers’ goals must be foster-
ing pupils’ independence, autonomy and ownership, as well as alleviating difficulties encountered 
in using software tools. Fourth, the way to teach ICT is of paramount importance to the learning 
process, because, according to Cox & Marschall (2007), the instructional strategies of teachers 
have been shown to have a significant impact on students’ learning of ICT.  Thus, one of the 
goals of teacher education is helping student teachers to critically discuss their teaching practice, 
since the way they were taught relate strongly to the ways they later teach (Barak, 2006). Finally, 
to deal with the challenges, student teachers must be in a position to negotiate timetable, peda-
gogical, and organizational barriers with school teachers, otherwise innovative ICT pedagogies 
cannot have the desire effect. Unfortunately, this was not always the case, especially during the 
first experiment. 

School teachers and school context 
School teachers, as practice supervisors, can be facilitators, inhibitors of pedagogical change or 
conservators of the status quo of pedagogical practice in classrooms (Watson, 2006). According 
to Nordkvelle and Olsen (2005), the problem of ICT in schools is often attributed to deficiencies 
of practice, for a number of reasons. First, schools are considered as conservative social structures 
that resist  the challenges to redefine their teaching practice when integrating pedagogical innova-
tions using ICT. Clearly, schools are slow adapters to change (Hayes 2007; Krumsvik, 2006). 
Second, school teachers’ attitudes, concerns, and beliefs affect the implementation of pedagogical 
innovations in ways that are consistent with instructional practices at their schools (Niederhauser 
& Stoddart, 2001). Hence, school teachers are often reluctant to abandon their existing pedagogy 
(Hennessy et al., 2005) and, as a result , they could inhibit  or even hinder the implementation of 
pedagogical novelty that teacher students try to implement.  According to Nordkvelle and Olsen 
(2005), changing school teachers’ attitudes to pedagogical innovations, requires discussing the 
nature of the difficulties they face with ICT, and how they can deal with them and enhance prac-
tice. Clearly, they must be convinced that ICT is an educationally valuable tool. Hence, a factor 
of success is the consideration of school teachers’ concerns and values when introducing new 
teaching methods. This means that innovative ICT teaching methods and pedagogies should be 
introduced gradually in accordance with the school teachers’ concerns in order to avoid tensions 
between the actual pedagogical practice and pressure for pedagogical changes. This because 
mapping ICT innovative pedagogies onto classroom teaching is not a straightforward task, fol-
lowing a clear procedure. Clearly, factors of success depend on the specific school educational 
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policy or even at the level of the individual school teacher. Hence, school teachers should not be 
forced to implement new ICT teaching methods no matter what the reasons are. 

Pupils and their needs 
Pupils’ digital literacy is another important factor that could promote or inhibit the potentialit ies 
of innovative ICT pedagogies, even in Norway, which has relatively litt le digital divide and a 
high information technology density (Krumsvik, 2006). It  has been observed that pupils with in-
sufficient digital competency do not use instruction sheets as required by the teacher student. Pu-
pils were not able to work on their own solving software problems using instruction sheets. Some 
became completely dependent on the teacher’s help. However, while some knowledge back-
ground in computing is necessary, it  is not sufficient for learning to use instruction sheets in order 
to become less dependent on teacher’s help. Pupils’ needs, self-confidence, motivation, and ma-
turity are equally important factors of success. Clearly, the learner-centered ICT teaching method 
is not recommended in lower secondary schools due to the low level of pupils’ digital compe-
tency and lack of maturity in managing their own learning process. On the other hand, it  can be 
useful to let pupils work together in the exercise phase. This might mean less teacher’s depend-
ence, but more learning by collaboration with fellow pupils. But, as Jedoskog and Nissen (2004) 
stated, there is a risk to hand over much responsibility to the pupils themselves, because the proc-
ess of transferring responsibility to the pupils can end in a situation where technicalities of the 
software receive more attention than conceptual understanding of software principles. 

University teachers and teacher education 
One of the goals of teacher education at the university level is to promote the implementation of 
pedagogical novelty in the field of ICT education in secondary schools. To promote innovative 
ICT teaching methods, university teachers must not only be confident in their ability to try them 
out in their classes, but also to adapt them to the needs, learning styles, and prerequisite knowl-
edge of their student teachers, as well as the school environment (Bitan-Friedlander, Dreyfus, & 
Milgrom, 2004). Clearly, unless innovative ICT teaching methods are given sufficient attention at 
the university level, the implementation of new ICT pedagogies in upper secondary schools can-
not develop fully. Hence, it  is important that student teachers progress beyond the novice stage to 
higher-order skill levels in using the learner-centered ICT teaching method, and thus, acquiring 
mastery, at least at the conceptual level, before trying it  out in schools. Furthermore, university 
teachers as academic supervisors must prepare their student teachers, because pre-work is an im-
portant factor of success. Preparing student teachers to apply innovative ICT teaching methods 
involves more than the theoretical understanding of software principles. Therefore, student teach-
ers’ pre-work at the university level should not be limited to mastering concepts, but rather learn-
ing to use them to solve a variety of realistic ICT problems before entering the field of teaching 
practice. Finally, an important challenge for teacher education is to find new ways of creating 
opportunities for learning about teaching ICT (and teaching about ICT teaching) with student 
teachers. However, according to Loughran and Berry (2005), this is not a simple task, but such 
work is crucial to an articulation of ICT pedagogy. 

ICT pedagogy and learning theories 
ICT educators generally agree that there is a need for innovative pedagogical approaches based 
on learning theories (Dagdilelis et al., 2004; McDougall & Boyle, 2004). They argue that pro-
gress in ICT teaching will only come from a better understanding of the learning process and the 
re-conceptualization of ICT education within cognitive, constructivist, and socially situated learn-
ing theories. The alignment of the ICT teaching method presented in this paper with contempo-
rary learning theories is, therefore, an important goal of teacher education. In line with the cogni-
tive learning theory and student teachers’ experiences, the presentation phase of the ICT teaching 
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method provides an adequate support to understand software principles. Likewise, the exercise 
phase of the ICT teaching method provides sufficient support for the knowledge construction 
process in compliance with the constructivist learning theory. However, the summary phase was 
less integrated into the method. Indeed, the data collected indicated that discussion and dialogue 
did not play a key role in teaching ICT, since neither student teachers nor their pupils did view 
the lack of discussion as a significant problem to the learning process, even if, from a theoretical 
point of view, the summary phase is important to consolidate the pupils’ understanding of soft-
ware principles. Hence, it can be useful to integrate the summary phase into the learning process 
in order to promote situated and collaborative learning. The question is how to do in an effective 
way. Which motivational strategies are needed to engage pupils in discussions? How to improve 
dialogue between teacher students and their pupils? These questions need to be addressed if the 
ICT teaching method has to achieve its promises of providing dialogues that support effective 
learning.  

ICT teaching material and learning resources 
The diffusion of ICT pedagogical innovations is dependent on suitable textbooks, teaching mate-
rial and learning resources, which adequately address the underlying methods, principles, con-
cepts, and ideas. However, theoretical study material and textbooks in themselves are not suffi-
cient to provide practical experience and skill development when trying out an innovative ICT 
teaching method that is based on contemporary learning theories (Hsu, 2004). Teaching material 
developed by textbook publishers does not have a sufficient degree of flexibility. Teachers need 
to change the material (examples, problems, background information) to make it  more flexible 
(Volman, 2005). In addition, existing textbooks do not cover fundamental concepts and fail to 
address the connections between the concepts using analogy, by transferring concepts from the 
known to the unknown, that is to say to new situations (Wu, Lee, & Lai, 2004). The lack of de-
scriptions on the relationship between concepts prevents teachers from understanding software 
tools as a whole. To compensate the lack of practical learning material, it  is of crucial importance 
to provide learning material and documented experiences from previous project reports that stu-
dent teachers may explore and study, and eventually reuse with some modifications. Student 
teachers’ project reports can be reused to extract teaching material, which can be used in the pres-
entation phase to describe the problems, principles, and procedural overview of the subject matter 
using situated examples and visualizations. Previous study material can also be reused in the ex-
ercise phase to make problem solving more motivating and interesting for pupils. 

Formative assessment and cycles of experiments 
There are many ways of assessing the pedagogical value and the learning effects of the ICT 
teaching method: observations of pupils’ learning; analysis of pupils’ problem solving, formal 
and informal discussions with the pupils, standard questionnaires, etc. The question is how to do 
it  in an effective way.  Clearly, summative assessment based on quantitative evaluation, such as 
standard questionnaires, alone is not sufficient to assess the learning effects of the method in the 
long term. The method will be appropriately evaluated only if pupils are assessed formatively 
(Beverly & Bronwen, 2002). Formative assessment occurs when student teachers feed informa-
tion back to pupils in ways that enable them to learn better, or when pupils can engage in a simi-
lar, self-reflective process. Formative assessment is asking questions in order to determine the 
pupils’ current understanding, so that student teachers can make adjustments if necessary. Forma-
tive assessment is based on the principle that the evaluation of learning should not be separated 
from the learning process. To be effective, formative assessment must be integrated into the ICT 
teaching method in order to generate some evidence-based data about the pupils’ learning proc-
ess. This requires that student teachers consistently use the ICT teaching method during their 
teaching practice. This kind of assessment is, however, difficult  for student teachers to achieve, 
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unless they function simultaneously both as teacher and researcher of their own teaching, which 
is a quite challenging task (Cochran-Smith, 2005).  

Software principles and ICT concepts 
Another factor that may facilitate or inhibit  the learning process is the type and the degree of 
complexity of the software being used, the specific ICT-based tasks, and the types of ICT con-
cepts to be taught, which might affect the pupils’ learning. Software tools have various degree of 
complexity.  It  is thus important to understand the software tool in terms of usability, functional-
ity, detail richness, and design criteria before applying the ICT teaching method. Clearly, the de-
gree of complexity of software tools could be a serious obstacle for applying the ICT teaching 
method (Herskin, 2004). Analysis of student teachers’ project reports, discussions, and observa-
tions of their teaching activities showed that they experienced software tools in a variety of ways. 
It appears that the ICT teaching subject and the associated software tool affected the way student 
teachers implemented the ICT teaching method, and how they interpreted the underlying princi-
ples and concepts of the software. This is in line with previous research that has shown that dif-
ferent types of software will have different effects on pupils’ learning (Cox & Marshall, 2007). 
The opportunities provided by a range of software could only be taken by pupils if the student 
teachers themselves know enough about the software to be able to design task-based activities, 
instruction sheets, situated examples, and visualizations of the underlying principles of the soft-
ware. The teaching of a software tool, e.g. Microsoft Access, will have limited effect if the stu-
dent teacher has not understood the opportunities that the software provides, such as the concepts 
and techniques of data representation and modeling, metaphors and capabilit ies of type of appli-
cation. Clearly, without sufficient knowledge of the software being used, it could be difficult  for 
student teachers to apply the ICT teaching method in all its dimensions.  

The new educational reform and digital literacy 
Digital literacy has become compulsory and should be integrated in all subjects, including ICT 
education. It  is thus necessary to understand what “digital literacy” means and what it  means to 
teach and do research on digital literacy.  As described in the preceding sections, digital literacy 
means not only acquiring computing skills, but it entails a shift  away from technologically-driven 
model of ICT teaching towards one based on innovative pedagogies and contemporary learning 
theories, as illustrated in this paper. This means an emphasis on developing and sharing peda-
gogic expertise concerning innovative ICT teaching methods both with school teachers and stu-
dent teachers in collaboration with university teachers. Collaboration between universities and 
schools may encourage teachers to clarify the concept of digital literacy both from the theoretical 
and practical point of view. It  would serve to elevate the role of student teachers in affecting ICT 
pedagogy, enhance their motivation, and confidence in trying out new pedagogical methods.  

Limitations of the Study 
The present work was a study in which student teachers’ application of a learner-centered ICT 
teaching method in two successive experiments in different secondary schools were studied. The 
number of experiments with the teaching method and the sample size (9 student teachers and 191 
pupils of the first  experiment and 3 student teachers and 50 pupils of the second experiment) may 
not be sufficient to adequately support the findings of this work. Hence, new cycles of experi-
mentations and evaluations of the ICT teaching method in future studies are warranted to general-
ize the findings of the present work. The author is in a process of finishing the third experiment 
with the ICT teaching method in collaboration with new student teachers. The evaluation results 
will be published in details in a new paper. In addition, the methods used for collecting empirical 
data should be assessed and refined to ensure their quality, and eventually, completed with sup-
plementary, both quantitative and qualitative methods, such as experimental and quasi-
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experimental design, to compare mean results to standardized tests between a treatment and a 
control group, as well as structured interviews and similar methods. More importantly, however, 
is to continue to study ICT teaching not as an isolated variable, but as an integrated process using 
a combination of qualitative and quantitative data collection methods. The author intends to 
gather new data in future experiments in order to confirm the findings of this work, as well as to 
obtain a more in-depth theoretical understanding of the process of introducing innovative ICT 
pedagogies in secondary schools.    

Conclusion 
The ICT teaching method presented in this paper has the potential to improve the pedagogy of 
ICT as a subject in upper secondary schools. The method is learner-centered as it  takes into ac-
count the learner’s needs and prerequisites. Even if it is impossible to draw any general conclu-
sions from the experiments that were performed in 2005 and 2006, it  can be ascertained that stu-
dent teachers made a real progress in their attempt to apply the ICT teaching method in their 
classrooms. To exploit  the full potential of the method in future experiments requires the stake-
holders involved in teacher education and secondary schools to be initiated into all its aspects. 
The implementation entails taking into consideration both internal and externals factors affecting 
the introduction of innovative ICT teaching methods, changing the stakeholders’ views and prac-
tices to help them integrate innovative ICT pedagogies into secondary school environments. 
Pedagogical changes and innovations in the ICT subject in secondary schools can be achieved 
only through the iterative and continuous cycle of experimentations and evaluations in varied 
school contexts. The author intends to use the Design-based research paradigm to explore in fu-
ture experiments the application of the ICT teaching method in more details and depth in order to 
gain theoretical and practical insights about the process of introducing innovative ICT teaching 
methods in upper secondary schools in compliance with the concept of digital literacy of the new 
educational reform in Norway.  
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