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ABSTRACT 
 
This study focused on the teacher as an enactor of an ICT-rich curriculum for emergent 
literacy, called PictoPal. The study examined teachers’ perceptions about education, ICT and 
innovations and how they enacted the PictoPal curriculum in their classroom. In addition also 
pupils’ learning outcomes were examined. A case study design was used combining 
qualitative and quantitative research methods. To examine the actual implementation of 
PictoPal observations were undertaken on how pupils worked with the curriculum and how 
teachers taught with PictoPal. Interviews were used to examine teachers’ perceptions. Pupils’ 
emergent literacy learning outcomes were evaluated in a non equivalent quasi experimental 
design. Four kindergarten teachers and four classrooms (N= 95 pupils) participated in the 
study. Findings of the study suggest that a developmental approach to kindergarten 
education, positive attitudes and expectations towards ICT-based innovations, and positive 
perceptions on support in hampering work conditions relate to a high or moderate extent of 
ICT integration. Pupils from senior classrooms engaged to a higher extent in on-computer 
activities than junior kindergarteners. Compared with a control group (N=73) pupils 
following the PictoPal curriculum scored significantly higher on the emergent literacy 
proficiency test.  

1. INTRODUCTION 

1.1 Early literacy 

During the last decade, the importance of improving language education in Dutch primary 
schools and especially kindergartens has gained growing attention. The Dutch Ministry of 
Education, Culture, and Science (MoECS) has initiated the formulation of national emergent 
literacy attainment targets (Verhoeven & Aarnoutse, 1999). The formulation of the attainment 
targets aims to give teachers the goals to be achieved, freedom in the design of their language 
curricula and the responsibility for the achievement of children (MoECS, 1997). Recently the 
MoECS (2007) has set a goal to improve the average achievement of pupils on basic language 
skills in Dutch primary schools, including kindergartens by 2011.  
The Dutch kindergarten context has junior and senior classrooms that are sometimes 
combined classrooms for children aging 4 to 6. In those two years kindergarten pupils develop 
emergent literacy skills. Emergent literacy can be defined as the idea that children grow into 
reading and writing. It involves reading, writing, speaking, listening, and thinking (Cooper, 
1993).  Emergent literacy education in kindergartens contributes not only to learning to read 
and write, instructed conventionally in grade 3, but also to a broader area of literacy 
development as for example knowledge about the nature of language, writing skills, verbal 
ability, and ability to process information.  
Young children’s experiences with literacy are mostly gained in daily activities and 
interaction with peers and adults (Cooper, 1993). In this respect development of language can 
be viewed from the Vygotsky’s developmental perspective to learning with adult (teachers) 
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and peers as primarily source to social cooperation and interaction in the zone of proximal 
development (ZPD)  (Mahn, 2003). Vygotsky and Piaget have approached play as a drive in a 
child’s cognitive development. Play can be viewed as ZPD where peers within social 
interaction create and manipulate meanings (Musatti, 1993; Nicolopoulou, 1999). The social 
interaction through play among peers and adults’ guidance tend to form important 
foundations for young children’s learning of language. Approaching learning environments 
for young children, social interaction, teacher’s guidance, and play should be considered as 
important factors in teaching as well as learning of children.  
 
In recent years many Dutch kindergartens have invested in Information and Communication 
Technology (ICT) to support curriculum. Various studies have shown positive effects of ICT 
to support learning on emergent literacy development (e.g. Segers & Verhoeven, 2002, 2005; 
McKenney & Voogt, 2009; Van Scoter, 2008; de Jong & Bus, 2004). Meaningful literacy 
learning through engagement in literacy experiences and integration of ICT in the classrooms 
with 4-6 old children has also been endorsed by the National Association for the Education of 
Young Children (NAEYC) and the International Reading Association (IRA) (NAEYC, 1996, 
2009; Neuman & Roskos, 2005). ICT integration in kindergartens is much more favoured than 
isolated use of ICT, as integration of ICT with activities into a learning environment creates 
meaningful learning for children (Clements, Nastasi, & Swaminathan, 1993; Amante, 2007). 
Integration of ICT in children’s learning environment and its use to support children’s 
learning in a meaningful manner is viewed as developmentally appropriate practice for 
kindergarten classrooms (NAEYC, 1996). Practices in which kindergarteners use ICT, 
integrated in other activities  may contribute to develop literacy skills in a functionally 
manner serving authentic purposes like for example writing a grocery list to use in a play 
corner or a letter to a relative (Amante, 2007; Voogt & McKenney, 2009; Siraj-Blatchford & 
Whitebread, 2003).  
The effectiveness of an ICT-rich learning environment depends on how teachers integrate 
ICT-supported learning with classroom learning. Teachers play a central role in technology 
utilization bridging the gap between: a) the potential of technology to support learning as 
indicated by research and b) teachers’ own teaching, that is teachers’ used pedagogy in their 
classroom practice. However, primary school teachers struggle to integrate ICT in the 
classroom (Ertmer, 2005; Tondeur, van Braak, & Valcke, 2007; Turbill, 2001). One of the 
obstacles may be resistance to innovations due to their educational beliefs about teaching 
practice and technology (Zhao, Pugh, Sheldon, & Byers, 2002). 
The goal of the present study is to provide a picture of teachers’ role as an enactor of an ICT-
rich learning environment. To do so the study aims to investigate teachers’ integration of 
technology through off-line learning activities. As previous research (e.g. Ertmer, 2005; Zhao, 
et al., 2002) suggests that teachers’ pedagogical beliefs influence teachers’ ICT integration 
practices, the present study aims to take into account teachers’ perceptions on education of 
young children, on ICT and on innovations. By providing a picture of teachers’ perceptions 
we hope to understand better how teachers integrate ICT, that is the actual enactment of an 
ICT-rich learning environment. In addition the study aims to investigate the effects of an ICT-
rich learning environment on the emergent literacy skills of 4 – 6 year old children.  
 



5 

 

1.2 Theoretical framework: Teacher factors affecting ICT integration  

According to Fullan (2007) changing educational practice depends on what teachers do and 
think.  Research on the role of the teacher as enactor of a new curriculum in the classroom, 
such as the implementation of an ICT-rich curriculum, indicates that teachers provided with 
curriculum materials that portray the new curriculum, constantly adjust and adapt these 
curriculum materials to fit their teaching practice to the learning processes of their students 
(Remillard, 1999, 2000; Grossman & Thompson, 2008). Teachers construct then enacted 
curriculum in their classrooms by adjusting and adapting the new curriculum. As the actual 
implementation can be viewed as dependent on teachers’ thinking (Fullan, 2007), teachers’ 
interpretations of the meaning and intents of the new curriculum can be regarded as factor 
affecting the actual implementation. Those interpretations might be related to teachers’ 
perceptions of the new curriculum in relation to their views on education. Specifically research 
indicates that teachers’ views concerning education, ICT and pedagogy, and their shared 
visions as a school team about ICT determine ICT use in classrooms (Ertmer, 2005; Zhao, et al., 
2002; Tondeur, Valcke, & van Braak, 2008; Tondeur, van Keer, van Braak, & Valcke, 2008; Inan 
& Lowther, 2009). Teachers might interpret a new curriculum differently and construct the 
enacted curriculum differently then was intended by its designers, resulting in a different 
implemented curriculum and thereby affecting pupils’ learning outcomes.  
In the literature on the role of the teacher in the implementation of innovations factors can be 
found which influence teacher behaviour regarding the implementation of new curricula, 
such as an ICT-rich learning environment in the classroom. Teachers’ pedagogical beliefs can 
hinder successful integration ICT in the classroom (Ertmer, 2005). Hermans, Tondeur, van 
Braak and Valcke (2008) found that teacher beliefs predict integrated classroom use of ICT in 
primary schools. Teachers who hold constructivist beliefs reflecting a pupil-centered approach 
to teaching and learning do have a positive effect on integrated classroom use of ICT, whereas 
teacher’s traditional beliefs focusing on teacher-centered approaches to teaching and learning 
negatively influence integrated ICT-use in classroom. Next to teachers’ beliefs the factors 
gender, computer experience and attitudes are found to influence teachers’ integrated use of 
ICT (Hermans et al., 2008). Hermans et al., (2008) also found that the integration of ICT in the 
classroom depends on the particular school context, suggesting that a particular school context 
can be regarded as a setting wherein teachers’ beliefs are shared. Teachers working in the 
same school share similar beliefs about teaching and learning practices.  Thus teacher’s beliefs, 
teacher’s ICT-related characteristics, gender and school context determine teacher’s 
integration of ICT in the classroom practice.  Those factors may influence also innovative 
efforts to integration of ICT in the classrooms of kindergarten children.  
 
Successful implementation of innovations may also depend on teacher’s decision making 
based on their perceptions of what is practical and possible in classroom settings (Doyle & 
Ponder, 1977-1978; Ertmer, 1999). Teacher perceptions of the practicality of implementation 
of an innovation in the classroom determine the likelihood of trying out the innovation. 
According to Doyle and Ponder (1977-1978) teachers judge the proposed innovation on 
clarity of the content of the innovation (instrumentality), congruency with their perceptions 
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of their classroom conditions and relationships with students (congruency) and the extent to 
which efforts needed to implement the innovation matches with returns in terms of rewards 
for implementing the innovation (cost).  
Innovations comprising integration of ICT were found to succeed most likely when 1. the 
teachers were informed how to implement the innovation (how to use the technologies and 
how the innovation might support their teaching practice), 2. when the distance between 
innovative and existing teacher practices were small and 3. when teachers could take small 
steps during implementation of technology (Zhao, et al., 2002). Successful implementation of 
ICT innovations are determined to a great extent by teachers’ computer proficiency, skills in 
terms of knowledge about ICT enabling conditions for teaching, their compatibility with 
pedagogy (Inan & Lowther, 2009; Koehler & Mishra, 2008; Zhao et al., 2002) and their 
willingness to learn from innovations (Könings, Brand-Gruwel, & van Merriënboer, 2006). 
Successful integration is also determined by the support offered to teachers (Zhao et al., 2002) 
and their work conditions (Könings et al., 2006). Support to teachers (e.g. from 
administration, and availability of resources) seems to influence teachers’ perceptions of ICT, 
which influence teachers’ ICT integration in classroom practice. Considering the factors 
affecting integration of ICT in the classrooms the present study includes a set of variables 
presented in Table 1 for examination in the context of kindergarten teachers enacting an ICT- 
rich learning environment.  
 
Table 1 Description of variables to represent indicators for teachers’ perceptions on education and ICT   

Variable Variable description  

Vision on education Educational beliefs: vision on education, good teaching 

Attitudes towards computers (ICT) 
and years experience with computers  

Experience with ICT in the kindergarten  classroom; 
general ICT experience  

Attitudes and expectations towards 
ICT innovations  

Perceptions on ICT innovations in the kindergarten 
classrooms; expectations for an ICT-rich learning 
environment 

Skills to implement the ICT-
innovation 

Perceptions on skills needed to implement an ICT-rich 
learning environment in the kindergarten classroom 

Willingness to learn  Perceptions on innovations as opportunities for learning 

Work conditions Experience with (time)pressure in curriculum; support 
offered to teachers (by principal) 

 
The central question guiding this study is: “How do teachers’ perceptions of education and 
ICT impact the enactment of an ICT-rich curriculum for emergent literacy and how does the 
teachers’ enactment of the curriculum impact pupils’ learning outcomes? To answer the 
research question three sub-questions are formulated:   
1. Teacher perceptions: What are teachers’ perceptions on education and ICT innovations? 
2. Teacher’ curriculum enactment: How do teachers integrate lessons involving integrated 

on- computer activities and classroom activities? 
3. Pupil learning: What are pupils’ learning outcomes when they learn with an ICT-rich 

curriculum? 
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2. PICTOPAL, AN ICT-RICH CURRICULUM FOR EMERGENT LITERACY  

PictoPal is an ICT-rich curriculum for emergent literacy with learning activities on the 
computer and in the classroom. PictoPal is based on a selection of the national attainment goals 
for emergent literacy: (1) functional reading and writing (writing and reading with purpose), 
(2) function of written language (learning that printed language is a means to communication) 
(3) relationship between spoken and written language and (4) language consciousness. The 
basis of the PictoPal curriculum is the notion that children do have an intrinsic drive to engage 
with the world around them (McKenney & Voogt, 2009). Therefore PictoPal consists of 
components representing a context children are familiar with. PictoPal invites children to 
engage with written and spoken language and to create own written products. The aim of 
PictoPal computer and classroom activities is to create a learning environment for children 
wherein emergent literacy knowledge and skills are encouraged. PictoPal focuses on formation 
of linguistic concepts regarding the nature and function of written language by providing 
children with the opportunity to write own meaningful texts and use their written products in 
meaningful contexts (McKenney & Voogt, 2009). The focus on meaning-making and use of 
written products is characterized by connected computer activities and classroom activities. An 
example of a computer activity and classroom activity is given in Figure 1 and Figure 2.  
 

           
Figure 1 On-computer activity: Composing  Figure 2 Off-computer activity: Presenting 
 the weather forecast   the weather forecast 
 
Computer activities are designed using Clicker® software. Clicker® is a word processor with 
voice output. The word processor contains a grid with cells wherein parts of sentences, 
words and images are placed, and a writing window. Clicking on the cells allows children to 
put words and images in the writing window and to hear the spoken words. In addition 
children can print their resulting writings. In this way children create their own written texts 
which they can use then in classroom activities in an authentic way.   
The connection of the computer activities with the classroom activities is made by teachers. 
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Teachers create opportunities for children to use their writings (written on computer) in the 
classroom by introducing, organizing and arranging classroom activities (McKenney & 
Voogt, 2009). PictoPal emphasizes using on the computer written products in play or other 
authentic classroom settings. A teacher manual supports the teacher with suggestions for the 
classroom activities. 

3. METHODOLOGY 

3.1 Study design 

A case study design has been employed to study teachers’ role as an enactor of the ICT-rich 
PictoPal curriculum. According to Merriam (1998) case study is a particularly suitable design 
for investigating a process, for example describing how a program is implemented. In this 
study we used a multiple data collection approach (Patton, 2002) which is using different 
methods (e.g. in- depth interviewing, observations) to study the teachers’ role as an enactor 
of the PictoPal curriculum. The use of a multiple data collection approach enabled us to 
explore how teachers’ perceptions on education, ICT and innovations relate to teachers’ 
extent of ICT integration in the classroom. It also enabled us to explore relations between 
teachers’ ICT integration and pupil’s engagement and learning outcomes.  
In this study four cases (four kindergarten classrooms with four teachers) were studied with 
a common set of measures of 1. teachers’ perceptions, 2. pupils’ engagement in activities, 3. 
teachers’ integration of on- and off-computer activities, and 4. pupils’ emergent literacy 
proficiency. A comparative method was adopted, which involves representing each case 
separately and comparing them with each other (Patton, 2002). To represent the relationships 
within the four cases qualitative data were obtained on teachers’ perceptions, to interpret and 
explain the quantitative data obtained for teachers’ integration of on and off computer 
activities.  Data on pupils’ engagement and teachers’ integration was used to interpret the 
data obtained for pupils’ emergent literacy proficiency. In addition comparisons of the four 
cases on the four measures was undertaken to reveal differential impact of the PictoPal 
curriculum on pupils’ emergent literacy proficiency. 

3.2 Context  

One school in a medium size town in the eastern part of the Netherlands participated in the 
study. This school consisted of three different campuses. The educational approach of the 
school can be described as adaptive teaching, which implies that pupils are encouraged to 
learn and work independently and that tailor-made education for individual pupils is aimed 
for. In the kindergarten classrooms teachers spend approximately one hour a day on teaching 
literacy, for which a method called ‘Treasure Chest’ is used. ‘Treasure Chest’ has themes, 
comprising of language activities for play corners and teacher guided classroom discussions. 
‘Treasure Chest’ also has a software program not related to the specific themes of the 
method. The kindergarteners usually work 10 minutes a week with the ‘Treasure Chest’ 
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software individually and in pairs. During the computer sessions kindergarteners work 
without teachers’ guidance. Only in the junior classrooms some teacher guidance is provided 
during computer sessions to teach pupils to work with a mouse. The kindergarteners work 
on eight computers (two of them in the classroom and six of them placed outside the 
classroom). Teachers are supported when needed by two ICT coordinators, concerned with 
the update and functioning of computers and software. The school principal provides 
support to teachers by offering them opportunities for participating in training and courses 
outside the school, and participating in teacher team discussions on design of kindergarten 
education.  

3.3 Participants 

The study focused on the implementation of the PictoPal curriculum by four kindergarten 
teachers in one of the campuses. In the kindergarten classrooms of the other two campuses 
the teachers used the software of ‘Treasure Chest’. The group working with PictoPal 
consisted of 95 children (n = 95), mean age 64, 7 months (64 boys, and 51 girls) working with 
PictoPal. Kindergarteners of the other two campuses formed the control group, which 
consisted of 73 children (n = 73), mean age 64, 7 months (45 boys and 28 girls).  
To investigate the learning outcome of pupils working with PictoPal a non equivalent group 
design was used. All 168 pupils were pre- and post tested on emergent literacy. The 
similarity of the groups concerning language skills was determined by scores on a national 
language test for kindergarten pupils (Cito).  
PictoPal was implemented in two junior kindergarten classrooms (1a and 1b) and two senior 
kindergarten classrooms (2a and 2b).The junior kindergarten consisted of pupils aged 4-5 
years and the senior kindergarten of pupils aged 5-6 years. Table 2 presents an overview of 
the distribution of pupils in the four classrooms. Four teachers were involved in the 
implementation of PictoPal in their classroom. All four teachers were female. The teacher of 
classroom 1a had 20 years teaching experience in kindergarten classrooms and the teacher of 
classroom 1b 10 years. The teacher of classroom 2a had 12 years teaching experience in 
kindergarten classrooms and 2b teacher 33 years.  
 
Table 2 Gender pupils, mean age (in months) at the start PictoPal  

 N Boys Girls Mean age 

Junior classroom 1a, teacher Alice 19 11 8 57. 3 

Junior classroom 1b, teacher Carol 24 13 11 57. 8 

Senior classroom 2a, teacher Diana 27 13 14 70. 4 

Senior classroom 2b, teacher Fiona 25 14 11 70. 8 

3.4 Instruments 

Interview on teachers’ perceptions 
Since open ended interviews yield in depth responses about people’s perceptions and 
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opinions (Patton, 2002), we used semi-structured interviews. Data were collected on teachers’ 
perceptions and attitudes towards education, innovations, and teachers’ current teaching 
context. The interview scheme consisted of questions regarding the context of teaching in the 
kindergarten and questions related to 6 themes: 1. Vision on education; 2. Attitudes towards 
computers; 3. Expectations towards ICT; 4. Skills to implement PictoPal; 5. Willingness to 
learn; and 6. Work conditions. Examples of the questions related to the themes are:  
1. What is your vision of good education to young children? 
2. How would you describe your experience with computers in classroom?  
3. What importance do you attach to ICT innovations in kindergarten? What are your 

expectations of PictoPal as a technology innovation?  
4. Do you think that linking on- and off-computer activities in a meaningful way for 

children requires an additional skill of you as a teacher?  
5. Do you expect to learn from teaching with the new materials and methods of PictoPal in 

your classroom? 
6. Do you experience time pressure in the curriculum to offer sufficient language- and ICT-

activities? 
Interview data were audiotaped and transcribed.    
 
Observation checklist  
Observations as defined by Patton (2002) are fieldwork descriptions of behaviours, actions or 
conversations consisting of field notes. The observations in this study were structured into a 
few components which made it possible to focus on the teachers’ and pupils’ behaviors we 
were interested in. Careful observations of the ICT-rich activities and the linked classroom 
activities were undertaken to examine pupils’ engagement in computer activities and the 
extent to which teachers integrate on- and off-computer activities within PictoPal.  
The Integration Checklist (Verseput, 2008) was used as an observation tool for pupils’ 
engagement in computer activities and integration of PictoPal on- and off-computer 
activities. The Integration Checklist consists of 9 items measuring the extent of engagement 
and 12 items measuring the extent of integration of on- and off-computer activities. In Table 3 
the 9 items measuring the extent of engagement are presented and in Table 4 the items 
measuring the integration of on- and off-computer activities.  
 
Table 3 Items to measure pupil’s engagement in computer activities 

Group work  During the whole activity pupils are working with one or more pupil(s). 

Collaborative work During the execution of the activity pupils talk with each other on the 
content of the activity and on solving content difficulties. 

Helping peers Pupils receive help from each other in face of difficulties with navigating 
through the computer activities. 

Individual work Pupils carry out parts of the activity individually: pupils act individually.  

Asking support Pupils ask for support when it is necessary during the computer activity 
and a tutor provides support to pupils.  

Conversing on 
process 

Pupils talk about the course of the computer activity.  
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Conversing on 
product 

Pupils talk about their printed written texts as the result of their computer 
activity. 

Table 4 Items to measure teachers’ integration of the on- and off-computer activities 

Involving  pupils The teacher involves all pupils in the classroom activity. 

Initiating listening The teacher encourages pupils to listen during the classroom activity 
(e.g. through the reading of stories linked to the PictoPal-theme). 

Initiating speaking The teacher encourages pupils to talk to each other or with the teacher 
about the classroom activity. 

Initiating writing The teacher encourages pupils to use writing materials during the 
classroom activity. 

Initiating writing The teacher encourages pupils to read (e.g. teachers models reading by 
presenting books, written words to pupils). 

Play with writings The pupils play during the activity using their written products. 

Initiating activity  The teacher encourages children to be active during the classroom activity.  

Initiating 
collaboration  

The teacher encourages pupils’ joint activity (e.g. talking about the content, 
and solving together problems). 

Initiating 
individual work 

The teacher encourages pupils’ to use their own writings also individually. 

Providing support The teacher intervenes during the classroom activity when pupils need 
help, or act off task and provides needed support, instruction. 

Initiating talk on 
process 

The teacher lets pupils talk on the course of the activity. 

Initiating talk on 
product 

The teacher lets pupils talk on the product of their activity. 

 
The items were measured on a 3-points scale, with 0 indicating the target behaviour is absent, 
0.5 indicating behaviour is to some extent observable, and 1 indicating target behaviour is 
observable to a great extent. The interrater reliability for the raters, who observed and rated 
two activities, was found to be Cohen’s kappa = 0.67 (p <.0.001), 95% CI (0.375 - 0.966), 
indicating a substantial agreement. 
 
Test emergent literacy  
For a measurement of pupils emergent literacy proficiency the Test Emergent Literacy 
(Mckenney & Voogt, 2006) was used. The test was administered twice: prior to the 
implementation of PictoPal and after a period of 8 weeks of pupils’ working and learning 
within PictoPal. The test consists of 14 items all measuring emergent literacy skills regarding 
function of language (functional reading and writing, linking spoken and written language, 
function of written language). An example item is the following task: Researcher shows a 
letter to a child and says ‘This is a letter a boy named Samir has written to his grandmother. 
What do you think he has written in his letter?’  
The items were scored on a 2 point scale (correct/ not correct). Cronbach’s alpha was 0.76 on 
the pre-test and 0.87 on the post-test. The pre-test scores on the Test Emergent Literacy 
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correlated significantly with the pupils’ scores on the national language proficiency (Cito) test  
(r = .52, p <. 05). The correlation between the two tests suggests that the Test Emergent 
Literacy measures linguistic skills in children.  

3.5 Cross-case analysis 

For the study we adopted a qualitative comparative method involving studying cases 
separately along common variables followed by a cross-case analysis (Patton, 2002; Miles & 
Huberman, 1994). The data on teachers’ perceptions was content analyzed within each case 
to understand the particular cases. The content analysis involved summarizing the teachers’ 
responses into groups: a content code was attached to each teacher’s response reflecting the 
kernel of the response. The comparison of perceptions between the cases involved scanning 
the perceptions for commonalities, shared perceptions, thereby avoiding forcing cases into 
same categories (Miles & Huberman, 1994). The teachers’ perceptions were then compared to 
the data on teachers’ curriculum enactment. The data on teacher’s curriculum enactment was 
analyzed using analysis of variance (ANOVA) to test the hypothesis that there were no 
differences on curriculum enactment between the cases. On the basis of the data distribution 
on curriculum enactment the means of the cases were assigned a group label ‘low, ‘medum’ 
and ‘high’ which we used to give a meaning to pupils’ engagement in computer activities as 
well as the extent of the integration of activities. The relative position of the means was 
determined by assigning the curriculum enactment scores below the 33.3th percentile into 
‘low’ group, the scores above or equivalent to the 66, 7th percentile to a ‘high’ group, and the 
scores below the 66,7th percentile but above or 33.3th percentile to the ‘medum’ group. We 
used regression analysis to examine how the extents of teachers’ integration of the on- and 
off-computer activities and the extent of pupils engagement in computer activities were 
predicted by the time they worked within PictoPal. We performed regression analysis, 
whenever the variables teachers’ extent of integration and extent of pupils’ engagement 
correlated significantly with the variable time (the period of working within PictoPal). 
Following analysis of the data on the variable ‘curriculum enactment’, we compared 
teachers’ perceptions and their curriculum enactment qualitatively, by representing each case 
as a combination of relationships between perceptions and curriculum enactment.  
Pupils’ learning performances were analyzed using ANOVA and analysis of covariance 
(ANCOVA). We tested the hypothesis that the means of the scores on the Test for Emergent 
Literacy did not differ when corrected for the pupils’ scores on the National Language Test 
(Cito) between the control and the quasi-experimental group. An ANOVA was performed to 
test the hypothesis that the means of the test scores of the cases (classrooms) within the quasi-
experimental group did not differ. Following the analysis, teachers’ extent of the integration 
of on- and off-computer activities (curriculum enactment) and pupils’ engagement in 
computer activities was qualitatively compared with the results on pupils’ learning 
outcomes.  In a cross-case analysis we tried to explain teachers’ curriculum enactment by 
teachers’ perceptions and pupils’ learning outcomes by teachers’ curriculum enactment, that 
is the extent to which teachers integrated on– and off-computer activities within PictoPal and 
pupils’ engagement in the on- computer activities. 
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3.6 Procedure  

The implementation of PictoPal started with a one-day workshop provided to teachers by the 
researcher as an introduction to PictoPal. The aim of the workshop was to create dialog with 
teachers about the content of the curriculum material (computer activities and classroom 
activities) and the practical organization of PictoPal. The curriculum material was a PictoPal 
module on ‘Spring’, which was developed based on suggestions from the teachers and the 
earlier PictoPal designs. It consisted of eight activities all linked to the central theme ‘Spring’. 
An example of the on- and off-computer activities is presented in Figures 1 and 2. 
It was decided that the school’s ICT coordinator supported the technical implementation of 
PictoPal on the school’s computers. Guidance of kindergarteners during on computer 
activities was provided by pupils from the sixth grade. The computer- and classroom 
activities were implemented by kindergarten teachers over a period of 8 weeks with one 
integrated on- and off-computer activity a week.    
Prior to the implementation of PictoPal interviews were conducted with 4 teachers on their 
perceptions on education, innovation and technology. The interviews lasted approximately 
one hour per teacher. All interviews were audio taped and transcribed verbatim. The 
resulting phrases were coded.  Also prior to PictoPal implementation all pupils (N=168) were 
pretested on the Emergent Literacy Test (McKenney & Voogt, 2006). In addition their scores 
on the national language proficiency test  (Cito) were gathered.  
For the duration of the PictoPal implementation pairs of pupils worked together on the 
computer. The time in which pupils engaged in computer activities ranged between 10 minutes 
for the first 3 activities to 15 minutes for the 7th and 8th computer activity. During 10 – 15 
minutes of an activity we observed one pair of pupils. The observations were done for every 
activity during 8 weeks. For each kindergarten classroom observations were done of different 
pairs of pupils belonging to one classroom. In this way we got observations of different pairs of 
pupils from 4 classrooms for the 8 computer activities. We gathered 32 observations on 
engagement of pupils in computer activities from 4 classrooms during 8 activities. 
The pupils’ computer activities were followed by classroom activities in which pupils used 
their written print outs of their computer activities. Also for the duration of the PictoPal 
implementation the 8 classroom activities were observed in 4 kindergarten classrooms. 
Observations focused on the teachers’ integration of the on- and off-computer activities. An 
observation per activity lasted 20 minutes. The data on integration of on- and off-computer 
activities constituted 32 observations of 8 integrated activities taught by teachers in 4 
kindergarten classrooms.  
After PictoPal implementation all pupils (N=168) were post-tested with the same Emergent 
Literacy Test as was used in the pre-test.  
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4. RESULTS  

4.1 Overall findings: Curriculum enactment and pupils’ learning  

Pupils’ engagement in computer activities  
An inspection of the data on the variable ‘pupils’ engagement in computer activities’ 
showed no missing values. The scores were approximately normally distributed, and the 
variances homogeneous. An ANOVA was performed with ‘engagement in computer 
activities’ as a dependent variable and classroom with 4 levels as an independent variable. 
A significant difference was found for the level F (3, 28) = 3.511, p < .05, η2 = 0.27. The LSD 
post hoc test showed that children attending senior classroom (2b) M = 5.50, SD = 1.46 were 
significantly higher engaged in computer activities than pupils of the junior classroom (1b) 
M = 3.56, SD = 1.27. Table 5 presents the means and standard deviations of pupils’ 
engagement in computer activities. 
 
Integration of on and off computer activities  
Data inspection of the dependent variable ‘integration of the on- and off computer activities’ 
showed no missing values and approximately normally distribution of the observation scores 
for the 4 classrooms. The variances of the 4 groups were homogeneous. To assess the extent 
of teachers’ integration of the on- and off-computer activities an ANOVA has been 
performed with ‘integration of on- and off-computer activities’ as a dependent variable and 
classroom with 4 levels (grade 1a, grade 1b, grade 2a and grade 2b) as an independent 
variable. The ANOVA showed a difference for level F (3, 28) = 3. 035, p < .05, η2 = 0.25. 
However the LSD post hoc test showed that only the teacher teaching in the senior 
kindergarten classroom (2a) integrated on- and off-computer activities to a significantly 
greater extent M = 7.06, SD = 2.24 than teachers teaching in the junior kindergarten classroom 
(1b) M = 3.63, SD = 1.87. Table 5 summarizes the findings as means, standard deviations for 
teachers’ integration of on- and off- computer activities.   
 
Table 5 Means and standard deviations of observed pupils’ engagement in on computer activities; 

teachers integrated teaching of on –and off computer activities  

 Junior kindergarten classrooms Senior kindergarten classrooms 
 Classroom 1a 

(Alice) 
(n= 8) 

Classroom 1b 
(Carol) 
(n=8 ) 

Classroom 2a 
(Diana ) 
(n=8 ) 

Classroom 2b 
(Fiona) 
(n=8 ) 

On computer 
activities 

 
3.81 (1.22) L 

 
3.56 (1.27) L 

 
4.56 (1.29) M 

 
5.50 (1.46)H 

Integrated teaching 
on- and off 
computer activities 

 
 

4.94 (1.82) M 

 
 

3.63 (1.86) L 

 
 

7.06 (2.24) H 

 
 

5.31 (3.06)M 

Note: Pupils’ engagement on computer maximum score 8; Integrated on –off computer activities 
maximum score 12; L = low; M = medium; H = high, are indicators of the relative position 
of means in the observed range of scores. 
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Pupils’ emergent literacy proficiency 
The inspection of the missing values showed less than 5 % missing values on the dependent 
variable 'emergent literacy proficiency'. The variable was approximately normally distributed 
for the control group and the experimental group as well. The variances of both groups were 
homogenous. An ANOVA was performed with the pre-test score on emergent literacy as a 
dependent variable with two levels (experimental and control group) as independent 
variable. There was no difference between the control and experimental group on the pre-test 
scores on emergent literacy.  
The variable language proficiency, which is the scores on the national language test (Cito) 
was approximately normally distributed for both groups and their variances were 
homogeneous.  An ANOVA was performed with the language national test scores as a 
dependent variable with two levels (experimental and control group) as independent 
variable. A significant difference was found for the level on the national language test (as a 
pre-test measure) F (1, 165) = 6. 151, p < .05, η2 = 0.04. Pupils in the experimental group M = 
69.18, SD = 9.26, n = 95 scored higher than pupils in the control group M = 65. 06, SD = 12.28, 
n = 72.  
An ANCOVA was performed with post-test scores on emergent literacy proficiency as a 
dependent variable, ‘group’ with two levels (experimental and control group) as 
independent variable, and ‘Language proficiency Cito’ as a covariate. A significant difference 
was found for group on 'emergent literacy proficiency' F (1, 159) = 20. 799, p < .05, η2 = 0.12. 
Pupils in the experimental group M = 11.69, SD = 1.85, n = 91 scored higher on 'emergent 
literacy proficiency' when corrected for ‘Language proficiency Cito’ than pupils in the control 
group M = 9.92, SD = 2.45, n = 71. 

4.2 Teacher perceptions and curriculum enactment per  classroom  

4.2.1 Junior kindergarten classroom 1a  

Teacher perceptions  
Perceptions on education. Alice formulated her vision on education as providing guidance for 
children to grow up. Being able to monitor the development of individual pupils constitutes 
good teaching. For Alice good teaching of emergent literacy and language is very important 
and necessary in kindergarten. She has the opinion that kindergarteners need to be given lot 
of space and need to be offered settings where they can learn on their own level, without 
frustrations. Such settings were easier to offer to younger pupils than to older children, as 
kindergarteners in school have more space and freedom than pupils in higher grades. 
Attitudes towards and experience with computers. Alice has experience with computers in the 
classroom for approximately 10 years. She described her experience as positive. Alice 
reported that some pupils were very enthusiastic to work with computers. She thinks that 
learning how to use computers is part of kindergarten education. According to Alice 
computers have an added value for pupils’ learning and specifically also for language 
learning. She described the current use of computers to facilitate language education in her 
kindergarten classroom as good. Alice also regarded her own computer uses as positive. She 
reported to use the computer mostly for registration of pupils’ development and for 
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searching on the Internet on background information for lessons. 
Attitudes towards and expectations of ICT-based innovations. Alice indicated that ICT innovations 
should continue in kindergarten, yet much depends on the schools’ budget. She reported 
innovations of the ICT infrastructure were necessary, as she has been working with old 
computer programs for pupils in her classroom. According to Alice ICT innovations improve 
education for young children. She did not have particular expectations for PictoPal, as she 
did not know much yet about the computer activities. Alice indicated that usually effort and 
time accompanies ICT innovations. Yet she expected that knowing how to work with the 
innovation PictoPal will contribute to work efficiently with PictoPal.  
Skills to implement PictoPal. Alice reported that a teacher needs to learn how to adjust the new 
activities to pupils needs. Teachers have to think about how to arrange activities. She 
reported that she does not need additional skills to arrange and organize the PictoPal 
learning environment.  
Willingness to learn. Alice wanted to learn from technology innovations. Usually she views 
innovations in her classroom as opportunities to learn. Therefore she expected to learn from 
teaching in her classroom with the PictoPal environment.  
Work conditions. Besides being a classroom teacher, Alice was also a member of the school 
management. She experienced somewhat time pressure to offer sufficient language and 
computer activities to her pupils. She is busy with completing practical tasks or preparing 
new lessons. Alice wishes to have more time to spend only on language and computer 
activities. She experiences no pressure to prepare pupils for the next grade.  
 
Pupils’ engagement in computer activities  
The scores on pupils’ engagement in the 8 computer activities ranged between a minimum 
sum score 2.5 in the first computer activity and a maximum 5.5 in the seventh and eighth 
activity (M = 3.81, SD = 1.22). A distribution of the scores on the separate items is shown in 
Figure 3. Pupils were very active during the activities. Although pupils worked on 
computers activities mostly as pairs, they were observed to engage individually and ask 
support of the guides to a higher extent than to collaborate with and help their peers. During 
the 8 computer activities low pupils’ engagement was observed in conversing about the 
written products. Observation data show that pupils, while on the computer, did not engage 
in conversations about the activity itself.  
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Figure 3 Distribution of observation data on items of pupils’ engagement into computer 

activities (8 is the maximum score for 8 computer activities during 8 weeks) 
 
Figure 4 shows that the extent of pupils’ engagement in computer activities increases over the 
8 computer activities. The successive on computer activities (independent variable) explained 
a significant proportion of variance in pupils engagement scores, R2 = .72, F (1, 6) = 15.17, p < 
.05. This means that pupils showed more engagement in computer activities as they worked 
on more PictoPal computer activities. 
 

   
Figure 4 Pupils’ engagement (maximum sum score 8) during 8 computer activities 



18 

 
Figure 5 Extent of integrated teaching (maximum sum score 12) during 8 off computer activities 
 
 
Integration of on and off computer activities  
The observation scores on integration of the on- and off computer activities ranged between a 
minimum sum score of 1.5 in the third activity and a maximum sum score of 7.0 in the eighth 
activity (M = 4.94, SD = 1.82). Figure 6 shows the distribution of observation data on the 
separate items for the 8 off computer activities. Teacher A scored high on initiating and 
stimulating verbal expression during off-computer activities in children. Low scores were 
obtained on involving pupils in off-computer activities, initiating reading, collaboration and 
conversing on the activities themselves. On the other subscales the teacher scored mediocre 
compared to the scores of the other teachers.  
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Figure 6 Distribution of observation data on the items of integration of the on- and off-

computer activities (for 8 activities during 8 weeks) 
 
Although the extent of integration of the on- and off-computer activities as shown in Figure 5 
increases over the 8 off-computer activities, no significant correlation was found between 
time (the period of the successive off computer activities) and the extent of integration of on- 
and on computer activities.  

4.2.2 Junior kindergarten classroom 1b  

Teacher perceptions 
Perceptions on education. Carol described her vision on education as three goals: pupils should 
be able to stand stable in the society, be able to deal with situations and also have some 
knowledge about things. Carol viewed good teaching as teaching adaptively, that is 
differentiating towards individual pupils. Also she viewed good teaching as offering 
education to cover all development areas: social, emotional, cognitive, psychomotoric 
development. She viewed good teaching in relation to language and early literacy as offering 
topics through group discussions. Learning can take place through conversations with 
various materials, for example picture books and hand puppets. In kindergarten setting 
various forms of language should be offered. Carol perceived good education to young 
children as creating a stable basis so that children feel safe. According to her having that 
stable basis enables children to learn and expand their knowledge.  
Attitudes towards and experience with computers. Carol reported to have experiences with 
computers in the classroom and to some extent with games for kindergarteners. Carol has 
been working with computers in the kindergarten classroom for 7 years. She reported that 
her experience with pupils’ computer use depended on the difficulty of the computer 
program. Her pupils like to use computers. Yet difficult computer programs create a task for 
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Carol to provide a lot of guidance. This is according to her sometimes very difficult. Carol 
described her personal computer use as positive, as she had been using computer a lot for 
writing work related reports and for emailing. For the teacher computers have an added 
value for teachers’ work. She described the current use of computers in kindergarten as good. 
She found that it is good that kindergarteners can get acquainted with computers early on. 
Also she was positive about the current use of computers to facilitate language development. 
She indicated that computers as tools do have an added value for pupils learning.  
Attitudes towards and expectations of ICT-based innovations. Carol reported to attach great 
importance to ICT in kindergarten classrooms. For her it is very important that pupils become 
familiar with computers. She indicated that for some children computer use is difficult. About 
ICT innovations for kindergarteners Carol was positive, but felt that even the computer 
program of the currently used language method ‘Treasury Chest’ was still quite new for her. 
She expected the ICT- rich learning environment PictoPal as an innovation to be successful, as 
she had already formed a good image of PictoPal. ICT- innovations in kindergarten classroom 
are according to the teacher desirable, but do not form the main goal for the kindergarten. The 
teacher indicated that ICT- innovations are more important for the upper grades of primary 
education than for the first grade as computers would enable upper grade pupils to write. Yet 
she found it important that young children grow up with computers. For the teacher ICT 
innovations do have a potential to improve education for young children. The teacher 
expected the innovation PictoPal to contribute something extra to education in kindergartens 
as according to Carol PictoPal is practical for kindergarten classrooms. Carol expected to 
invest effort and time in PictoPal as innovation. She felt that this investment applies for the 
starting period as teachers have to learn how to work with the innovation.  
Skills to implement PictoPal. Carol did not expect to need any additional skills for teaching with 
PictoPal. Carol acknowledged that she has to invest effort in linking on and- off-computer 
activities within PictoPal, but indicated that establishing the link between the activities can be 
nice. She expected that the organization of computer activities within PictoPal would go well. 
The only concern Carol expressed was her skill to work with printers.  
Willingness to learn. Carol reported to strive to learn from ICT innovations. For her, learning 
from ICT innovations means learning in own classroom practice. She views innovations as 
opportunities to learn. Carol expected to learn from teaching in own classroom with the new 
materials and methods of PictoPal.  
Work conditions. Carol reported to participate in work groups where she collaborates with 
other teachers within the school on the organization of school-wide projects. She experienced 
time pressure in teaching language and offering ICT activities in junior kindergarten 
classroom no pressure but does so as teacher of senior kindergarten classroom. She 
experienced also testing pupils as time consuming and stressful. She described it as too much 
of work considering the teachers primary task of teaching in the classroom. Carol was very 
positive about the availability of ICT coordinators in the school as the resources for support.  
 
Pupils’ engagement in computer activities  
In classroom 1b the observed scores on engagement in 8 computer activities ranged between 
a minimum sum score 2.0 in the first computer activity and a maximum 5.5 in the seventh 
activity (M = 3.56, SD = 1.27). A distribution of the sum scores on the subscales of the variable 



21 

engagement is shown in Figure 7. Pupils were to a high extent actively engaged in the 
computer activities and in group work. Also pupils engaged to a high extent individually in 
the activities and in seeking guidance for support. Low engagement was observed in 
collaboration, helping and conversing about the writing processes and writing products.  

 
Figure 7 Distribution of observation data on the items of pupils’ engagement into computer 

activities (8 is the maximum score for 8 computer activities during 8 weeks)  
 
Figure 8 shows that the extent of pupils’ engagement increases over the 8 computer activities. 
The successive on computer activities explained a significant proportion of variance in pupils 
engagement scores, R2 = .49, F (1, 6) = 5.85, p < .05. 
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Figure 8 Pupils’ engagement (maximum sum score 8) during 8 computer activities  
    

 
Figure 9  Extent of integrated teaching (maximum sum score 12) during 8 off computer activities 
 
Integration of on and off computer activities  
The observed scores on integration of the on- and off computer activities ranged between a 
minimum sum score of 2.0 in the second and fourth off-computer activity and a maximum of 
6.5 in the seventh and eighth activity (M = 3.63, SD = 1.86). Figure 10 shows the distribution 
of observation data on integration. 
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Figure 10 Distribution of observation data on the items of integration of the on- and off-

computer activities (for 8 activities during 8 weeks) 
 
The extent of integration of on- and off computer activities as shown in Figure 9 increases 
over the 8 off computer activities. A significant proportion of variance in teachers integration 
of the on- and off-computer activities in classroom 1b can be explained by the time working 
within PictoPal (successive 8 off computer activities) R2 = .74, F (1, 6) = 16.96, p < .05. 

4.2.3 Senior kindergarten classroom 2a  

Teacher perceptions 
Perceptions on education. Diana formulated her vision on education as bringing children one 
step further in their development of linguistic and mathematical skills but also assisting 
children to develop social-emotionally. She perceived early education as offering children 
situations to experience fun (as stimulation for) in learning. On the language area stimulating 
children by offering fun and playful language experiences should lead according to her to 
development of early literacy. She believed that good teaching of early literacy was about 
offering children as much as possible language experiences in different ways for example 
with books, rhymes, songs, letters, sounds but also other educational language materials. 
Children should experience fun in practicing, learning language.  
Attitudes towards and experience with computers. Although Diana has been working with 
computers in the classroom for 10 years, she reported to have little experience with 
computers in classroom. She learned the required ICT skills for teaching in her classroom by 
attending ICT- training in the same school. She perceived herself as a teacher, who is need of 
training in ICT-skills, as she thought to have only enough experience to be able to teach ICT-
activities of schools’ current curriculum. Yet Diana perceived computers as having added 
value and important to her work as a kindergarten teacher and to her early literacy education 
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in her classroom. According to Diana computers are easily deployable to offer additional 
support in learning, especially to offer individual support to children with learning 
difficulties and high ability children. According to the teacher those children would be able to 
concentrate on computers with headphones better, could practice on their level and could 
learn better than in a crowded classroom with teachers not having enough time to offer 
always individual support. Furthermore the teacher reported to attach greater importance to 
use of ICT in the senior kindergarten classroom than in the junior classroom as in her 
perception junior classroom pupils should gain first experience to work with computers. The 
teacher perceived the ability of the pupils in her classroom to use computers as good.  
Attitudes towards and expectations of ICT-based innovations. Diana perceived ICT-innovations in 
early education as improving the education to young children. She reported to have positive 
expectations towards the innovation PictoPal as it looked good to her, and as she felt 
enthusiast about the materials. Diana expected the innovation to be additional support to 
early education and that children will benefit from it. She expected the implementation of the 
innovation in her classroom to be successful.  
Diana expected to invest effort and time into implementation of the PictoPal to some extent. 
She anticipated that her implementation of PictoPal would go well, without much effort, after 
some practice working within the PictoPal curriclum. Additionally, Diana felt confident 
about the skills to work on computers of the pupils from her classroom.  
Skills to implement PictoPal.  Diana felt confident about own skills to teach with PictoPal. She 
reported to know about PictoPal computer activities and that it would be pleasant for her to 
link computer activities to classroom activities in meaningful way for children. Diana 
indicated the link of the on- and off-computer activities within PictoPal to a central theme as 
an enrichment for all children.  
Willingness to learn. Diana reported to be willing to learn. With regard to PictoPal, she 
indicated to be willing to learn from the implementation of the innovation in her classroom. 
Work conditions. Diana reported to have no other teaching responsibility within the school than 
teaching her senior kindergarten classroom. She reported experiencing sometimes time 
pressure within the current curriculum to offer sufficient language- and ICT-activities to pupils. 
Dependent of the composition of the classroom per year, with classroom consisting of many 
pupils with low abilities she experienced pressure to prepare the pupils to the subsequent 
grade. Diana reported to receive support by the school principal in terms of time, as she 
experienced time pressure regarding evaluation and testing of pupils learning performances.  
 
Pupils’ engagement in computer activities  
The observation scores on engagement in 8 computer activities ranged between a minimum 
sum score of 2.5 in the first activity and a maximum 6.0 in the sixth and seventh activity (M = 
4.56, SD = 1.29). A distribution of the sum scores on the subscales constituting the variable 
engagement in computer activities is shown in Figure 11. Pupils of classroom 2a engaged 
highly in group work. Also pupils were observed to engage to a relatively similar high extent 
in helping peers, activity, working individually and asking support. During the computer 
activities mediocre engagement in collaboration was observed. Low pupils’ engagement was 
observed in conversations about the course of writing and the writing products.  
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Figure 11 Distribution of observation data on the items of pupils’ engagement in computer 

activities (8 is the maximum score for 8 computer activities during 8 weeks)  
 
Figure 12 shows that the extent of pupils’ engagement increases over the period of 8 weeks (8 
computer activities). The increasing number of the on-computer activities explained a 
significant proportion of variance in pupils engagement scores, R2 = .83, F (1, 6) = 29.96, p < .05. 
 

 
Figure 12 Pupils’ engagement (maximum sum score 8) during 8 computer activities  
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Figure 13 Extent of integrated teaching (maximum sum score 12) during 8 off computer activities 
 
Integration of on and off computer activities  
The observation scores on integration of on- and off-computer activities ranged between a 
minimum sum score 3.5 in the first off-computer activity and a maximum score 10.5 in the 
sixth activity (M = 7.06, SD = 2.24). Figure 14 shows the distribution of the observation data 
on the subscales of the variable integration. The teacher of this classroom (Diana) scored high 
on initiating settings in off-computer activities for play with the writing products pupils had 
written during on computer activities. Also the teacher of this classroom scored high on 
provision of support to pupils during the off-computer activities. Diana did not score low on 
any subscales of the variable integration.   
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Figure 14 Distribution of observation data on the items of integration of the on- and off-

computer activities (for 8 activities during 8 weeks)  
 
Figure 13 shows that the extent of integration of the on- and off computer activities increases 
over the 8 activities. The successive off computer activities over 8 weeks predict the extent to 
which teacher of classroom 2a integrates on and off computer activities R2 = .54, F (1, 6) = 
7.03, p < .05. 

4.2.4 Senior kindergarten classroom 2b  

Teacher perceptions 
Perceptions on education. Fiona formulated her vision of education as teaching pupils how to 
deal with other people (pupils and teachers). Good teaching involved for Fiona first offering 
pupils safety in their school and classroom environment, because pupils need to feel safe and 
at ease to be able to learn. According to her, learning can occur in such environment 
provided that teachers offer learning activities and situations. According to Fiona young 
children learn in a playful way. They learn to deal socially, emotionally with people and 
situation. Also children acquire knowledge of various topics about the world. Children gain 
experiences on numbers and letters but also in skills such as writing. Their experiences 
increase with offered new situations and content.  
Attitudes towards and experience with computers. Fiona reported to have experience with 
computers in the classroom for approximately 10 years. She has been working with 2 
computers in the classroom and 6 computers outside the classroom. Fiona indicated that 
use of 2 computers per kindergarten classroom was too limited. Therefore she used the 
other 6 computers outside the classroom regularly. Fiona reported to use computers not 
only for educative software but also games, as she thought that children learn from playing 
games. On own use Fiona reported to experienced computers to be helpful in monitoring 
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pupils’ progression.  
Attitudes towards and expectations of ICT-based innovations. Fiona perceived ICT innovations in the 
kindergarten classroom as necessary. In her view kindergarten education can always be 
improved as she believed all new curriculum materials need to be adapted to some extent. She 
felt that there was always something she missed in new curricula, which in her view needed to 
be adjusted for. Fiona indicated that from her experiences she believed that innovations in 
kindergarten settings can improve education, provided that teachers have knowledge what an 
innovation entails before its implementation. Fiona indicated that in the future she would like 
to use a computer to let children compose own texts or write words. She expected to 
implement PictoPal successfully in her classroom. 
 Skills to implement PictoPal. Fiona did not expect to need additional skills to teach integrated 
on- and off-computer activities in PictoPal. She reported to have the competence to link the 
computers to the classroom activities, as in her view the computer activities in PictoPal were 
not an isolated program. Fiona was positive about the relation of computer activities to a 
theme of other classroom activities.  
Willingness to learn. Fiona reported to be always striving to learn from innovations. She 
reported that she learnt from courses outside the school, but also from workshops provided 
within the school by ICT coordinators about ICT innovations, as for example about 
applications of the smartboard in the kindergarten. The teacher indicated to be willing to learn 
how to deal with ICT innovations as the smartboard and computer programs. The teacher 
explicated that ICT applications needed in school do have a priority for her to learn about.  
Work conditions. The teacher did not experience pressure in her teaching from subsequent 
grades. She described her teaching as providing pupils with experiences on their own level. 
Support on ICT applications, such as how to use a computer program consisted according to 
Fiona of explanations by ICT coordinators. Fiona found that support sufficient as she as a 
teacher has to get to know a computer program, think about how to arrange it within her 
classroom practice and to guide pupils in their use of a computer programs.  
 
Pupils’ engagement in computer activities  
The observation scores on engagement in 8 computer activities ranged in classroom 2b between 
a minimum sum score 2.5 in the first computer activity and a maximum 7.5 in the eighth 
activity (M = 5.50, SD = 1.46). Figure 15 shows the observation data on the subscales of pupils’ 
engagement in computer activities. Besides the high engagement in group work groups, pupils 
were observed to engage to a relatively similar extent in all 8 engagement components.  
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Figure 15 Distribution of observation data on the items of pupils’ engagement in computer 

activities (8 is the maximum score for 8 computer activities during 8 weeks)  
 



30 

Figure 17 shows that the extent of pupils’ engagement increases over the 8 computer 
activities. The successive on computer activities explained a significant proportion of 
variance in pupils engagement scores, R2 = .91, F (1, 6) = 64.00, p < .05. 
 

 
Figure 16 Extent of integrated teaching (maximum sum score 12) during 8 off computer activities
  

 
Figure 17 Pupils’ engagement (maximum sum score 8) during 8 computer activities 
 
Integration of on and off computer activities  
The observation scores on integration of the on- and off computer activities ranged between a 



31 

minimum sum score of 0 in the first off computer activity and a maximum of 8.5 in fifth, 
seventh and eighth activity (M = 5.31, SD = 3.06). The distribution of the observation data on 
the subscales of integration of on- and off-computer activities in this classroom is shown in 
Figure 18. Compared to the integration scores of the other teachers, the teacher of this 
classroom scored low on involving pupils in off computer activities. Fiona also scored low on 
initiating and stimulating writing and on initiating conversation on the course of the off 
computer activities. Fiona scored mediocre on the other subscales.  
 

 
Figure 18 Distribution of observation data on the items of the integration of the on- and off-

computer activities (for 8 activities during 8 weeks) 
 
The extent of integration of on- and off computer activities as shown in Figure 16 increases 
over the off computer activities. The successive 8 off computer activities over 8 weeks predict 
the extent to which teacher of classroom 2b integrates on and off computer activities R2 = .75, 
F (1, 6) = 17.50, p < .05. 

4.3 Pupils’ emergent literacy proficiency: differences between the four classrooms 

The data inspection of the variable pupils’ emergent literacy proficiency showed 
approximately normal distributions for all four classrooms. The variances were homogeneous. 
An ANOVA was performed with pre-test scores on emergent literacy as dependent variable 
and 4 levels (classroom 1a, 1b, 2a, and 2b) as an independent variable. A significant difference 
was found for group F (3, 91) = 9. 25, p < .05, η2 = 0.23. Pupils from classrooms 2a (Diana) M = 
10.19, SD = 2.30, n = 27 and pupils from classroom 2b (Fiona) M = 9. 76, SD = 2.57, n = 25 
scored higher on the pre-test than pupils from classroom 1a (Alice) M = 7.37, SD = 2.29, n = 19 
and classroom 1b (Carol) M = 7.29, SD = 2.58, n = 24. An ANOVA was performed with post- 
test scores on emergent literacy as dependent variable and 4 levels (classroom 1a, 1b, 2a, and 
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2b) as an independent variable. A significant difference was found for group F (3, 87) = 4. 66, p 
< .05, η2 = 0.14. A LSD post hoc test showed that classroom 2a pupils (Diana) M = 12.54, SD = 
1.45, n = 26 scored significantly higher than classroom 1a pupils (Alice) M = 11.11, SD = 1.97, n 
= 18 and classroom 1b pupils (Carol) M = 10.87, SD = 1.77, n = 23. Although classroom 2b 
pupils (Fiona) M = 12.00, SD = 1.84, n = 24 scored higher on emergent literacy proficiency than 
classroom 1a pupils and 1b pupils, this difference as the LSD post hoc test showed was not 
significant. No difference was found on emergent literacy performance between classroom 2a 
pupils and classroom 2b pupils. Also scores of classroom 1a pupils and scores of classroom 1b 
pupils did not differ significantly. We tested the null hypothesis that the mean differences 
between the pre- test scores and post-test scores were the same in the four classrooms. An 
ANOVA with ‘pre-post differences’ as dependent variable and 4 levels (classroom 1a, 1b, 2a, 
and 2b) as an independent variable showed a difference for level F (3, 87) = 4. 06, p < .05, η2 = 
0.12. The learning gains of classroom 1a pupils M = 3.83, SD = 2.04, n = 18 and 1b pupils M = 
3.73, SD = 2.20, n = 23 were higher than the learning gains of classroom 2a pupils M = 2.38, SD 
= 2.14, n = 26 and 2b pupils M = 2.08, SD = 2.08, n = 24. No difference was found in learning 
gains between 1a and 1b pupils as well as between the senior kindergarteners 2a and 2b. We 
tested also the hypothesis that there were no differences on the post-test when controlling for 
scores on language test scores (as a pre-test measure). An ANCOVA showed no differences on 
the post-test when controlling for initial differences on the national language test. The 
differences in learning gain means with emergent test scores could not be confirmed by 
analysis of variance with national language test scores. 

4.4 Cross-case analysis 

In a cross case analysis we compared the perceptions of the teachers on the six variables. 
The result is presented in Table 6. In Table 7 the teachers are compared with respect to their 
enactment of curriculum and the scores of their pupils on emergent literacy. 
The results of the cross-case analysis on teachers’ perceptions (Table 6) showed that the 
four teachers differed somewhat in their perception on teaching. Particularly Diana 
expressed to have a more developmental approach to teaching, while the other teachers 
reported to emphasize adaptive teaching.  With respect to their attitudes towards 
computers, all four teachers were rather positive, but Carol seemed to be a little bit more 
reserved about the use of computers for teaching. When we asked teachers about their 
attitude towards ICT-based innovations Carol seemed to be somewhat reserved. All four 
teachers were fairly positive about PictoPal as an innovation, although Alice, Carol and 
Fiona expected to invest time in the implementation of PictoPal. The four teachers felt 
confident that they have the skills to implement PictoPal and want to learn from the 
experience. Only Fiona does not felt the pressure of time when teaching the kindergarten 
curriculum, the other three teachers experienced time pressure to get their kindergarteners 
ready for the next grade. Diana reported that she experienceds support from the principal 
with regard to time pressure. 
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Table 6 Cross-case analysis of teachers’ perceptions 
 
Variable 

Classroom 1a 
Alice 

Classroom 1b 
Carol 

Classroom 2a 
Diana 

Classroom 2b 
Fiona 

Teacher 
perceptions 
on education 

*Adaptive teaching *Adaptive teaching 
*Viewing safe 
environment as 
condition for 
learning 

*Developmental 
teaching 

*Adaptive teaching 
*Viewing safe 
environment as 
condition for learning 

Attitudes 
towards and 
experience 
with 
computers  
 

*Positive attitudes 
towards computers 
*Positive 
experiences own 
use 

*Positive 
experiences own 
use 
*Difficulty of 
computer 
programs influence 
computer use in the 
class 

*Positive attitudes 
towards computers 
*Use of computers 
as a tool supporting 
learning 
*Need for 
professional 
development on 
how to deal with 
computers as a tool 

*Positive attitudes 
towards computers 
*Positive experiences 
own use 
 
 

Attitudes 
towards and 
expectations 
of ICT--
based 
innovations 

*Positive attitude 
towards ICT- based 
innovations 
*Investment of 
effort during 
implementation   
 
 
 

*Positive, but ICT-
based innovations 
are not the main 
goal for 
kindergarten. 
*Investment of 
effort during 
implementation  
 *Expectation of 
successful 
implementation of 
PictoPal 

*Positive attitudes 
towards ICT-based 
innovations 
*Expectation of 
successful 
implementation of 
PictoPal 

*Positive, but ICT-
based innovations 
can only work if the 
teacher knows the 
innovation before 
implementation 
*Investment of effort 
during 
implementation 
 *Expectation of 
successful 
implementation of 
PictoPal 

Skills to 
implement 
the ICT-
innovation 
 

*Confidence in 
being competent to 
implement PictoPal  

*Confidence in 
being competent to 
implement 
PictoPal; does not 
feel at ease with 
printers 

*Confidence in 
being competent to 
implement PictoPal 

*Confidence in being 
competent to 
implement PictoPal  

Willingness 
to learn  

*Wants to learn 
from PictoPal 
*Learning at own 
workplace by 
implementing the 
innovation 
 

*Wants to learn 
from PictoPal 
*Learning at own 
workplace by 
implementing the 
innovation 

*Wants to learn 
from PictoPal 
*Learning at own 
workplace by 
implementing the 
innovation 

*Wants to learn from 
PictoPal 
*Learning about 
innovations in 
courses outside the 
school and from 
workshops of the ICT 
coordinators 

Work 
conditions 

*Time pressure in 
teaching 

*Time pressure in 
teaching 

*Time pressure in 
teaching 
*Experiencing to 
receive support on 
time pressure from 
principal 

*No time pressure in 
teaching 
*Experiencing 
support on ICT 
applications by the 
ICT coordinators 
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Although all teachers are quite positive about the implementation of PictoPal , Diana is the 
only teacher who speaks without reservations about the implementation of PictoPal. It 
should be noticed that Diana’s perception on education differs from the other teachers.  
Table 7 shows the differences between the four teachers in the enactment of the PictoPal 
curriculum. The results show that the extent of integration between on- and off-computer 
activities is high in Diana’s class and medium or low in the three classes of the other 
teachers. Pupils’ engagement in the on-computer activities seemed higher in the senior 
classrooms than in the junior classrooms, with Fiona’s pupils showing the highest 
engagement. The two senior kindergarten classrooms demonstrated higher post-test scores, 
but no significant differences were found within junior and senior classrooms. The pupils 
from Diana’s class had the highest scores.  
Although the findings of the cross-case analysis should be taken with caution one might 
argue that Diana’s approach to developmental teaching fits best with the PictoPal 
philosophy. Also Diana’s non reserved attitude towards PictoPal might have helped her to 
integrate on- and off-computer activities, resulting in high score of her pupils on the 
emergent literacy test.  
 
Table 7 Cross-case analysis of teachers’ curriculum enactment and pupils’ performance  
Variable Classroom 1a 

Alice 
Classroom 1b 

Carol 
Classroom 2a 

Diana 
Classroom 2b 

Fiona 
Extent of 
integration 

Medium Low High Medium 

Extent of 
pupils’ 
engagement 

Low 
 

Low Medium High 

Pupils 
learning 
outcomes 

Significantly lower 
on post-test than 
2a; No difference in 
learning gains 
compared to 1b 

Significantly 
lower on post-
test than 2a; No 
difference in 
learning gains 
compared to 1a 

Significant higher 
score on post-test 
compared to 1a & 
1b; No difference in 
learning gains 
compared to 2b 

No significant 
differences found on 
post-test scores 
compared to 1a & 1b; 
No difference in 
learning gains 
compared to 2a 

5. CONCLUSIONS AND DISCUSSIONS  

This study sought to explore the relationships between teachers’ perceptions of education 
and ICT, teachers’ enactment of a technology-rich curriculum for emergent literacy and 
pupils’ learning outcomes.  
The findings of this study suggest that teachers’ perceptions on education, ICT and 
innovations can be related to the way teachers enacted the ICT-rich curriculum PictoPal in 
the kindergarten classroom. A vision on education that focuses on the development of 
children, a perception of ICT as an easily deployable tool for supporting learning, very 
positive expectations towards implementation of innovations, confidence in own ICT skills 
and perceived support provided by the principal in face of work pressure appears to be 
related with a high extent of ICT integration in the kindergarten classroom.  
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Findings of this study also indicate that the teachers’ enactment of the PictoPal curriculum 
has a positive effect on pupil’s emergent literacy leaning performance in both junior and 
senior kindergarten classrooms. A high extent of ICT integration of on- and off-computer 
activities is related to high pupils learning performances. This finding is conform the results 
of previous studies with the PictoPal curriculum (Voogt & McKenney, 2007; McKenney & 
Voogt, 2009).  
The findings in this study suggest that teachers’ perceptions on education and technology do 
have an impact on teacher’s enactment of the curriculum. A developmental approach to 
teaching, that is bringing children one step further in their development, seems to be related 
with a high extent of integration of on- and off-computer activities. A perception on 
education that is characterized by an emphasis of creating a safe environment for children as 
a precursor for providing learning opportunities and an emphasis on adaptive teaching 
seems to be related to mediocre and low extent of integration of on- and off-computer 
activities within PictoPal. Specifically, low integration seems to be due to low involvement of 
children into the activities, low collaboration and initiating conversation on the off-computer 
activities themselves. It can be argued that teachers who approach teaching with a focus on 
the basic conditions for learning and a focus on individual levels of ability of pupils 
consequently pay lower attention to pupils’ active involvement in learning experiences. The 
finding that a developmental approach relates to good integration of a ICT application as 
PictoPal can be viewed in line with a finding in a study of Hermans et al., (2008). They found 
that constructivist beliefs to learning favours integration of ICT. Kindergarten teachers who 
perceive themselves as a helper for pupils to construct meaning in order to bring them 
further in their development integrate ICT better that those who see themselves as a 
facilitator who sets conditions for learning. 
A positive attitude towards ICT as an easily deployable support tool to learning concurrently 
to other tools seems to relate to good integration of ICT activities and classroom practice. 
Also perceiving own ICT skills as sufficient to offer ICT activities but necessary to be 
developed further can be associated with a high extent of ICT integration. A less positive 
attitude towards ICT, due to perceptions on ICT as creating difficulties for pupils resulting in 
a call for teachers’ attention and guidance during computer activities seem to relate to low 
integration of ICT in classroom practice. Guidance of pupils during computer activities might 
be perceived by a teacher as an additional task, resulting from the difficulty of the software 
and not as opportunity for scaffolding pupils’ learning. The impact of positive attitude of 
kindergarten teachers towards ICT on ICT integration is in line with findings found by 
Hermans et al., (2008).  
Positive expectations about successfulness of implementation without investment of much 
effort and time and a congruency between pupils’ skills and the innovative learning 
environment seem also to relate to good ICT integration. In contrast, expecting investment of 
effort and time in the initial stage of implementation and not knowing much about the 
innovation at the start of its implementation can be related to low and mediocre extent of ICT 
integration. Practicality of an innovative effort in terms of congruency and costs (Doyle & 
Ponder, 1977-1978) seem to play an important role in kindergarten teachers’ thinking about 
an innovation and in their decision-making processes during implementation. Also 
confidence about own skills to implement an innovation seems to be related to good ICT 
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integration. Concerns about ICT skills and perceived investment of effort in ICT integration 
seem to influence integration negatively. Since all teachers were found to integrate ICT in 
classroom although to different extent, willingness to learn viewed by Könings et al. (2006) as 
a critical factor in implementation of innovation, had no differential impact on 
implementation of PictoPal in this study. All teachers perceived teaching in the innovative 
learning environment as an opportunity for learning. Teachers perceived themselves as eager 
to learn about how to implement an innovation in their classroom. 
The extent of the ICT integration in classroom practice seems to be influenced by teachers’ 
perception of support as offered by the principal in terms of time, and organisation in face of 
unpleasant work conditions as time pressure. This finding is in congruence with the finding 
in the study of Inan and Lowther (2009) that a perception of support provided by a principal 
positively influences teachers ICT integration.  
The findings on pupils’ engagement in computer activities indicate that pupils from senior 
classrooms do engage more in activities than pupils from junior classrooms. Senior 
kindergarten pupils could have been more skilled to work on computer and enjoying more 
on computer activities and showing thus more engagement than junior kindergarteners. The 
finding that junior- and senior kindergarteners engagement in on-computer activities 
increases in all classrooms over time indicates that junior kindergartener’s skills to work and 
enjoy PictoPal also grows during PictoPal implementation.   
The findings in this study indicate that a high extent of integration of on- and off-computer 
activities within PictoPal positively influences pupils’ learning outcomes on emergent literacy. 
The finding that integration of on- and off-computer activities increases over time suggests 
that positive effects on pupils’ learning performance can be expected also in classrooms where 
integration has been relatively low during the first 8 weeks of PictoPal implementation.   
The teachers reported that being well informed about an innovation with an emphasis on 
implementation in practice would contribute to their teaching. This finding suggests that 
teachers need to be informed about an innovative curriculum, prior to taking a role as 
enactor of a new curriculum. Since in this study no variations in teachers’ perceptions on 
willingness to learn were found and all teachers expected to learn from the innovation in 
future research not only perceptions on willingness to learn should be examined, but also 
perceptions on learning during implementation. In the interviews many teachers indicated to 
learn during the implementation of PictoPal. The finding in this study that kindergarten 
teachers working in the same school do not necessarily share the same perceptions on 
education contradicts the suggested relation between shared beliefs about teaching in a 
particular school context and ICT integration as was found by Hermans et al. (2008).  
The present study was a small scale case study which helped us to explore possible 
relationships between teachers’ perceptions of education and ICT, teachers’ enactment of 
an ICT-rich curriculum for emergent literacy and pupils’ learning outcomes. However, 
because of its scale the conclusions of the study can only be tentative. More research is 
needed to further examine relationships between teacher perceptions, curriculum 
enactment and pupils’ performance and also to further study the impact of PictoPal on 
junior, compared to senior kindergarten classrooms.  
There is one limitation that needs to be acknowledged and addressed in the next study. The 
limitations concern the test for emergent literacy. From the pre-testing data it appears that a 
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ceiling effect might impair the measurement for the senior kindergarteners, especially those 
senior kindergarteners who have high language performance. Also the data on the learning 
gains showed that the standard deviations for the senior kindergarten classrooms were much 
greater compared to the junior classrooms. The ceiling effect might form a serious problem in 
the future research, especially if senior classrooms are comprised of pupils whose language 
performance is on average higher compared to the senior classroom pupils in this study. In 
future research this limitation needs to be addressed. 
In future research it would be of interest to focus on settings with opportunities for teachers 
to collaborate on innovative efforts. Collaborations between teachers with different 
perceptions on education, technology, and education might be adequate to explicate 
perspectives on teaching, learning and learn from each other about ways how teaching 
emergent literacy in kindergarten can be aligned with ICT as a support tool. A setting for 
collaboration between teachers with opportunities for explication of individual teachers’ 
perceptions and design of concrete tangible products can be a first step toward productivity 
in a form of shared perceptions and together designed curriculum materials. In a follow up 
study it would be of interest to team up teachers into design teams with intention that 
teachers work together on redesigning the curriculum they already worked with. Examining 
teachers’ perceptions and the enactment of their co-constructed curriculum as ‘redesigner’ 
would be interesting, as collaboration between teachers on an innovative design is believed 
by Fullan (2003) to create a sense of ownership and commitment to an innovative effort and a 
sustained use of an innovative curriculum. 
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