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Abstract  
Teachers often struggle to implement technology integrated curricula in kindergartens. Involving 
teachers in design of a curriculum potentially benefits curriculum implementation. This study 
investigated teachers as co-designers and implementers of a technology integrated curriculum for 
emergent literacy and the resulting pupil learning outcomes. A case study method was used to 
study teacher co-design and curriculum enactment in three classes. Pupil learning was examined 
in a non-equivalent quasi experimental design (N = 105). Interviews were used to study teacher 
perceptions of teaching, technology, curriculum, and teacher role in co-design. Process accounts 
were made during design team meetings. Observations were made of the actual implementation 
of designed curricula. A test on emergent literacy was used to examine pupil learning. Findings 
indicate that teacher views on teaching/learning emergent literacy affect their involvement in 
designing curriculum. During design, teachers engaged in exchange of perspectives and 
contributed to decision-making. Teachers considered curriculum practicality based on efforts 
invested in design, expecting engagement in designing from the start on, and shared responsibility 
for the design. Teachers who implemented curriculum perceived themselves as committed to or a 
co-owner of the designed curriculum, and had positive perceptions about curriculum quality. The 
extent of integration of on- and off computer activities was similar in the three classes. Large 
pupil learning gains were found for the three classes. Teacher co-designed curriculum had a small 
positive effect on pupil emergent literacy learning outcomes. Tentatively it can be concluded that 
teacher co-design can positively impact curriculum implementation.  
 
 
 
 

1. Introduction 
Teacher involvement in the development of curriculum, often fosters a sense of 
ownership, which increases the chances of actual curriculum use (Fullan, 2003). When 
teachers are supported during collaborative design of curriculum, for example by 
curriculum specialists, teachers participate in an informed process which enables them to 
develop a curriculum effectively (Crow & Pounder, 2000). Designing an innovative 
curriculum in a collaborative and supportive mode, can help teachers to articulate and 
reflect upon their practice routines and habits. This was also distinguished by Cochran-
Smith and Little (1999) as knowledge-as-practice, which represents teachers practical 
knowledge, shaped by a teacher's values. Next to the exchange on practical knowledge, 
involvement in collaborative curriculum design can help teachers make explicit their tacit 
pedagogical knowledge, which teachers use in classroom but do not articulate Cochran- 
Smith and Little (1999) defined it as knowledge-in-practice. 
In the role of co-designer, teachers can explore the capabilities in a new curriculum and 
construct meanings around a new curriculum and its purposes, which could enhance 
teacher appraisals of curriculum quality and teacher expectation of successful 
implementation (Abrami, Poulsen & Chambers, 2004).  The collaborative environment, 
the innovative aspect of a ‘new curriculum’, and the designing of curriculum materials, 
position teachers well to explain to each other why they think their choices or decisions 
pertaining the design are practical for their classes. Being able to ‘see’ a curriculum in 
action is an important factor considered by teachers as they weigh off the amount of 
effort they invest and the potential benefits of the innovative curriculum (cf. Doyle & 
Ponder, 1977). Making meaningful linkages between new curriculum and classroom 
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practices in a collaborative and supportive environment may help teachers imagine their 
use of curriculum materials (Baildon & Damico, 2008).  
 
There are various ways to involve teachers in curriculum design and to support that 
involvement. This study is concerned with exploring collaborative teacher curriculum co-
design and curriculum implementation, including the impact of the curriculum 
implementation and on pupil learning. The following section describes the conjectured 
relationship between teacher involvement and curriculum implementation and pupil 
learning which underpins this study.  
 
 

2. Teacher involvement in development of a technology integrated curriculum  
Figure 1 shows how the factors related to teacher involvement in curriculum development 
influence curriculum implementation, which then influences pupil learning. The 
remainder of this section describes the theoretical underpinnings of the assumed 
relationships between the factors shown in the model. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Components related to curriculum implementation and pupils learning 
 

                      5. Curriculum implementation   

Pupil learning 

3. Teacher perception about quality of the 
designed curriculum 

2. Teacher perception about  
teacher role (Co-ownership) 

 

4. Teacher practicality considerations of designed 
curriculum 

1. Teacher involvement 
in curriculum design team 
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2.1 Perceptions on teaching and technology and curriculum design involvement 
Teachers perceptions about teaching and technology are assumed to play a role in 
teachers considerations about implementation of a technology supported curriculum. 
Teacher views concerning teaching/learning, technology and pedagogy have been shown 
to be important  determinants of teacher technology use in classrooms (Tondeur, Valcke, 
& van Braak, 2008; Tondeur, van Keer, van Braak, & Valcke, 2008; Inan & Lowther, 
2010). Also, teachers knowledge about technology enabling conditions for teaching, and 
the compatibility with teacher pedagogy is found to determine successful implementation 
of technology integrated curricula (Inan & Lowther, 2010; Koehler & Mishra, 2008; 
Zhao, Byers, Puge & Sheldon, 2002).   
 
It is assumed that involvement of teachers in collaborative design of curriculum materials 
enables teachers to link their perceptions about teaching and technology to the technology 
supported curriculum teachers develop together. According to Keengwe and Onchwari 
(2009) teacher collaborative curriculum development should feature hands-on 
opportunities and actual integrated lessons. Collaboration around technology practices 
may make pedagogical beliefs more explicit and give teachers the opportunity to 
experience how classroom practices may transform due to integration of technology 
(Ertmer, 2005). Teacher involvement in collaborative work on design of their curriculum 
is shown to contribute to teacher understanding of what it means to teach with technology 
(Koehler & Mishra, 2005; Reiser, Spillane, Steinmuller, Sorsa, Carney & Kyza, 2000). 
Teacher  curriculum development such as hands on opportunities for co-designing 
curriculum materials can contribute to positive teacher perceptions about the curriculum 
(Abrami, Poulsen & Chambers, 2004).  
 
However, current literature does not completely explain how teacher participation in a 
curriculum design team relates to curriculum implementation. Several factors can be 
identified to describe a design team process, which influences team outcome and 
curriculum implementation, for example teacher perceptions of designed curriculum, 
perceptions about co-ownership and practicality considerations (components 2, 3, and 4).  
 
 
2.2 Teacher role as co-designer 
The relationship between teacher curriculum design and successful curriculum 
implementation seems to be mediated by teachers’ experience of taking ownership of an 
innovative curriculum in the role as designer (Kirk & MacDonald, 2001; Fullan, 2003). A 
parallel to teachers experience of ownership to a curriculum can be seen in teachers 
experience of commitment to use a curriculum, which has been shown to significantly 
account for variance in degree of curriculum use (Abrami, Poulsen & Chambers, 2004).  
Since experiences in shaping a curriculum gives teachers voice (Carl, 2005, 2009), 
teacher co-design could enhance teacher experiences of co-ownership and commitment, 
which are fruitful for teacher decisions to implement a new curriculum. Collaborative 
teacher design can help teachers experience ownership of the definition of effective 
teaching with technology and its implementation (Ertmer & Ottenbreit-Leftwich, 2009) 
and their role as designer. Becker and Riel (2000) suggest collaborative design of 
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learning environments for pupils as an effective way in developing teachers as designers 
of classroom practice.  
 
 
2.3 Teacher perceptions about quality of curriculum and curriculum practicality  
Collaborative design can enhance teachers perceptions that they can succeed to 
implement an innovative curriculum in their own class (Abrami, Poulsen & Chambers, 
2004). Research shows that in face of a new curriculum teachers engage in a decision 
making process about the curriculum in relation to its implementation. Specifically, 
teachers consider the quality and the practicality of a curriculum for their teaching 
context. As Doyle and Ponder (1977) state, a teacher considers practicality of an 
innovation (component  4) based on three components. First, teachers consider how well 
specified is an innovative curriculum (instrumentality). Second, teachers consider the 
relation between their effort they invest in the curriculum and the benefits of the 
curriculum for their classroom (costs). And third, teachers consider how congruent the 
curriculum is with the needs of their classroom and specific students (congruency). 
Teacher practicality considerations determine the likelihood of actual incorporation of an 
innovative curriculum in classroom by teachers (Doyle & Ponder, 1977). Teacher 
considerations about the quality and practicality of a curriculum are shown to  account for 
teacher use of a curriculums in classroom. Abrami, Poulsen and Chambers (2004) found 
that teacher perception of the value of an innovation, expectancy of successful 
implementation, and perceived cost explain together for about 43% of the variance in 
teacher use of the curriculum, which means that curriculum implementation relates to 
teacher curriculum practicality and quality perceptions. 
 
Current literature does not explain how teacher involvement in curriculum design 
(component 1) influences teacher perceptions about quality of designed curriculum 
(component 3) and teacher practicality considerations about curriculum (component 4). 
When involved in collaborative curriculum design (component 1) teachers may form 
their judgments about practicality of curriculum (component 4), which is defined is this 
study as how practical a curriculum is for teachers classes (congruency), and what 
consequences there are when a curriculum is implemented in a classroom considering 
invested efforts in the design (costs). This relationship might be mediated by teacher 
perceptions about quality/value of curriculum (component 3), which are deliberations 
made in a curriculum design team about the value/quality of the new designed 
curriculum. Teacher perceptions of the quality of the designed curriculum are defined in 
the present study as teacher perceptions about clarity of the curriculum designed/teacher 
understanding of curriculum to implement it. Component 3 resembles the practicality 
component as defined by Doyle and Ponder (1977), which is ‘how well a designed 
curriculum is specified’, an aspect on which teachers consider practicality. Also, 
component 3 (teacher perceptions about quality of curriculum) is similar to teacher 
perceptions about curriculum value, defined by Abrami, Poulsen and Chambers (2004). 
as teacher preference to use new instead of familiar teaching approaches. As teacher who 
design curriculum have to consider quality aspects of their curriculum design, in this 
study teacher perceptions about quality, are assumed to affect teacher perceptions about 
the practicality of the curriculum (component 4). Thus, teacher involvement in 
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curriculum design (component 1) may influence teachers perceptions about curriculum 
quality (component 3) which may in turn influence teacher judgments about how 
practical a curriculum is for their class and pupils (congruency), and what consequences 
there are when a curriculum is implemented in a classroom considering invested efforts 
in design (cost) (component 4). Also, this relationship between component 1 and 4 might 
be mediated by teacher perception of their role as co-designer in a team which is assumed 
to help teacher in taking ownership of the designed curriculum (Fullan, 2003) and feeling 
committed to using a curriculum (Abrami, Poulsen & Chambers, 2004).  
 
 
2.4 Curriculum implementation and pupil early literacy learning 
Teacher involvement in training program activities to explore a new curriculum and try 
out teaching approaches, with guided support in classroom has been shown to affect both 
teacher curriculum implementation and pupil emergent literacy learning outcomes 
(Landry, Swank, Anthony & Assel, 2010). Successful implementation of technology 
integrated curricula is most likely when: teachers are informed on how to implement the 
innovation (how to use the technologies and how the curriculum might support their 
teaching practice); the distance between innovative and existing teacher practices are 
small; and teachers can take small steps during implementation of technology and when 
support is offered to teachers (Zhao et al., 2002).  
 
McGill-Franzen, Allington, Yokoi and Brooks (1999) found that providing teachers with 
the opportunity to create literacy-, language-, and print-rich classroom instruction had a 
positive effect on classroom practice and enhancing early literacy development in pupils. 
In an early childhood teacher purposive survey covering nine countries, teachers reported 
the need for developing own technology integrated curriculum materials and activities for 
pupils (Kales, 2010). Moreover, those teachers involved in developing own 
teaching/learning materials reported that the (re-implementation) and evaluation of own 
ideas was a primary reason to participate in curriculum development.  
 
The present study aims to understand better the role of teacher as co-designer in 
collaborative curriculum development. Based on the theoretical framework presented 
above, the present study involves kindergarten teachers in a supported collaborative 
design of technology integrated curriculum for emergent literacy. The study includes a 
set of variables for examination in the context of kindergarten teachers involved in 
collaborative design of a technology integrated curriculum for emergent literacy. Table 1 
shows descriptions of the variables examined in the present study.   
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Table 1 Description of variables examined in the present study 
 
Variables  Descriptions of variables  
 
1 Involvement of teachers in 
co-design of a technology 
integrated curriculum 

 
Teacher views on teaching/learning (of) young children, 
technology in teaching/learning, teaching/learning 
emergent literacy 

Co-design process in a team of teachers 

2 Teacher perception about a 
teacher role 
 

Teacher experiences about taking a role of a co-designer 
in a teacher team  
Teacher perceptions about the team outcome co-
ownership 
 

3 Teacher perception about 
quality of designed 
curriculum 

Teacher perceptions about the practicality of the team 
outcome: value of the curriculum for classroom  practice 
 

4 Teacher practicality 
considerations of designed 
curriculum 

Teacher perception on the efforts needed to co-design 
and implement curriculum, and the returns/benefits of 
the implementation.  
 
Teacher perceptions about the congruency of the 
curriculum with classroom conditions  
 

5 Curriculum implementation  Integration of on- and off computer activities  
 

6 Pupil learning Pupil emergent literacy learning outcomes 
 

 
 
 
 

3. Research design  
The assumption underling the research design is that actual implementation of a 
technology integrated learning environment in kindergarten classes should be supported 
by teacher involvement in its development. Teacher involvement in a co-design team 
could help teachers experience their role as co-designers of classroom practice, which  is 
assumed to help teachers take ownership of co-designed curriculum. Teacher 
participation in a co-design team gives teachers the opportunity to consider the quality 
and practicality of curriculum they co-design. Involvement of teachers in curriculum co-
design may contribute to curriculum implementation and pupil learning.  
This study explores teacher collaborative design of a technology integrated curriculum  
for emergent literacy, the implementation of the teacher co-designed curriculum and 
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learning outcomes of pupils learning with the curriculum. Two teams of teachers were 
involved in collaborative curriculum development, where teachers worked on designing 
new technology integrated teaching and learning materials. Both teacher teams were 
supported by researchers during their collaborative curriculum design.  
 
The main research question guiding this study was: When teachers are involved in co-
designing a technology integrated curriculum, what does that imply for curriculum 
enactment and learning outcomes? This question was addressed through the following 
three sub-questions: 

1. What are teacher views on teaching/learning, technology and emergent literacy? 
2. What does collaborative curriculum co-design in teacher teams look like?  
3. How do teachers integrate the technology integrated activities in their classrooms?  
4. What are the learning outcomes of pupils learning with the curriculum, co-

designed by teacher?  
 
In this study, the curriculum materials teachers co-design are intended to foster the 
development of early literacy concepts in 4 and 5 year old children. Both teacher teams 
take the PictoPal learning environment as a starting point for their design work. PictoPal 
is an ICT-rich learning environment with two main components: (a) on-computer 
activities through which pre-readers use words, sound and images to construct written 
texts; and (b) off-computer activities that prompt children to ‘use’ their printed 
documents for authentic purposes. For example, children create grocery lists using the 
computer and then ‘shop’ for the items on the printed list in the ´store´ corner of the 
kindergarten classroom. Alternatively, they prepare a weather forecast with the aid of the 
computer, and then ‘deliver’ the forecast to their class from the television corner (from 
inside a ‘television’ fashioned by the children from a large cardboard box). Figure 2 
shows children, with the aid of the computer, composing a receipt for a vegetable soup. 
Figure 3 shows children preparing soup to cook, following instructions on their printed 
receipt. For more information about the PictoPal learning environment, please refer to 
McKenney and Voogt (2009). 
 
 

 
 
Figure 2 On computer activity 

  

 
 
Figure 3 Off computer activity 
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3.1 Research methods 
The research questions are being answered through a case study of two co-design teacher 
teams, focused on the team’s design work and classroom implementation, including pupil 
learning. A case study approach (Yin, 2003) has been used to study two teams as cases. 
Both teams are studied as separate cases along the same set of variables.  
 
 
 
3.1.1 Participants  
Co-design team (1) concerns a team of two teachers, from two schools, both teaching 
their own  kindergarten class. In the co-design team (2) three teachers were involved, 
with one of them teaching a kindergarten class in one school and two of them taking 
teacher training-on the-job as part of an internship at the same school. The respondents 
were selected on the basis of teachers experiences of need for innovating their classroom 
curriculum for emergent literacy by participating in a co-design of a technology 
integrated learning environment and implementing it afterwards. Both co-designers 
participating in co-design team (1) implemented their co-designed PictoPal curriculum in 
their classes. In team (2) only the teacher already teaching a kindergarten class 
implemented afterwards the designed PictoPal curriculum in her kindergarten class. The 
co-design teachers were Maria and Carla; they had and both approximately 20 years 
teaching experience in primary schools. The co-design teachers of team 2 were Jenny, 
Wendy and Laura. The design teacher Jenny had 6 years teaching experience and, Wendy 
and Sandra 3 month teaching experience obtained during their internships. Table 2 shows 
an overview of the distribution of pupils in the four classrooms. 
To study the impact of PictoPal implementation on pupil learning, a non-equivalent 
group quasi experimental design was used with three classes n = 44 (28 boys and 16 
girls) learning with the designed PictoPal curriculum and four classes n = 67 (18 boys 
and 49 girls) not learning with PictioPal. Both groups used the standard language 
curriculum, but teachers enhanced or replaced standard activities with PictoPal activities 
in the experimental group. 
 
 

Table 2 Number and gender of pupils at the start PictoPal implementation per class of teachers as 
co-designers 

 n Boys Girls 

Class 2a, Maria 8 6 2 

Class 2b, Carla 16 10 6 

Class 2c, Jenny 20 12 8 
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3.1.2 Instruments  
Data were collected using five sources: pre-intervention interviews; observation of the 
team design meetings; observation of classroom implementation; post-intervention 
interviews; and pupil pre/post-tests. Each of these is described below. 
 
Pre-intervention interviews  
The pre-intervention interviews were held with participating teachers about factors that 
relate to the PictoPal intervention, including education views, attitudes toward 
technology, and views on teaching/learning emergent literacy. An example questions is: 
“What are you views on teaching young children?”   
 
Observation of the team design meetings 
In this study, collaborative curriculum design was examined by observation of the team 
meetings. This observation took the form of an open running summary.  
 
Observation of classroom implementation  
Classroom implementation was studied through structured observation using a closed 
checklist, which also contains open areas for comments (Verseput, 2008). Observations 
were focused on the extent to which teachers integrated on- and off computer activities 
during eight lessons. Two observers observed two activities each to account for observer 
reliability. The Integration Checklist contains 12 items measuring the extent of teachers’ 
integration of on- and off-computer activities: (1) Involving pupils; (2) Initiating 
listening; (3) Initiating speaking; (4) Initiating writing; (5) Initiating reading; (6) Play 
with writings; (7) Initiating activity; (8) Initiating collaboration; (9) Initiating individual 
work; (10) Providing support; (11) Initiating talk on process; and (12) Initiating talk on 
product. An example of item 12 is: “The teacher lets pupils talk on the product of their 
activity”. 
 
Post-intervention interviews 
Complementing team observations, post-intervention interviews were conducted to gain 
more nuanced understanding of teacher decision making during design and 
implementation. The post-intervention interviews also probed any possible links between 
the co-design role in each case and how teachers perceive and enact the PictoPal 
curriculum innovation. An example questions is: “What was your role in the team and 
what are your experiences of your role as co-designer?” 
 
Pupil pre/post-tests 
A emergent literacy test for 4-5 year olds (McKenney & Voogt, 2006) was used to 
investigate pupil learning outcomes. This test consists of emergent literacy tasks, created 
to examine pupil knowledge of language functions, and of the link between written and 
spoken language and pupil language consciousness. An example of the test items is: An 
example item is the following task: (1) The researcher sets out color pencils, a pen, paper, 
scissors, a coloring page, a book, a spoon, a postcard and a grocery list; (2) the researcher 
presents the items to the child with an open arm gesture and says, “Can you pretend that 
you are writing something”. The item is scored as correct if the child takes either a pencil 
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or a pen and a sheet of paper, and does or imitates the act of writing. The items were 
scored on a two-point scale (1 = correct; 0 = not correct). 
 
 
 
3.1.3 Analysis 
The data from the interviews and the process meeting accounts were analyzed using a 
content analysis. Teacher responses were attached to predefined variables (see Table1), to 
make comparisons between teachers on the same set of variables possible (Miles & 
Huberman, 1994). Data from the design sessions were summarized for each team as a 
case. The observation data on integration was analyzed using analyses of variance 
(ANOVA) as the data of the three teachers were independent and we wanted to examine 
the hypothesis that there was no difference in integration between teachers. The similarity 
of the groups concerning language skills was determined by scores on a Dutch national 
language test for kindergarteners. Therefore, we analyzed the test data using analyses of 
covariance (ANCOVA) to test the hypothesis that there were no differences between the 
control and experimental group. To study the impact of PictoPal in the teacher as co-
designer classes we analyzed the pre-and post-test scores using a paired sample T-test, or, 
when needed a non-parametric test was performed. 
 
 
 

4. Results 
 

4.1 Perceptions of teachers on teaching/learning, technology and emergent literacy  
 
Views on teaching/learning of teachers in Design team 1  
In the view of teacher Maria, education to young children should be contemporary, in 
which technology has a place. In her view pupils are  
 
‘…active, independent and self- motivated learners’, and teaching those pupils should be 
‘…promising, inspiring, digital and caring’.  
 
According to Maria pupils should be given the feeling of belonging to their environment, 
the feeling of competence (e.g. a pupils can reach a goal on their own), and the feeling of 
being someone. In her view the essence of teaching is stimulating broad development. A  
teacher should always offer meaningful play activities in the zone of proximal 
development of a pupil and try to help a pupil one step further in its development.  
For teacher Carla, teaching young children should be tailored to their needs, and should 
account for the ‘zone of proximal development’ . 
 
 
Attitudes toward technology of teachers in Design team 1 
Maria’s attitude towards technology was very positive. Technology is present in her class 
and she uses technology as a teaching aid. For example she uses a digital board on a daily 
basis for writing activities. In her view PictoPal can be expected to have a positive impact 
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on her pupil learning, as concepts can be explained with pictograms and other visual 
material of PictoPal. In Maria’s view pupil learning should be supported by tangible and 
visual examples. Visual support can be brought through technology, and a computer can 
offer visual materials to help  clarify learning objects to children. Furthermore, for Maria 
computers are of value in teaching and learning, if learning content is thematically 
structured.  
Carla’s attitude about technology in her class was positive. In her view ‘nowadays we 
cannot live without a computer’. She has no objection to let pupils in her kindergarten 
spend 20 minutes a day on a computer. In that way they can  learn literacy and math in a 
playful manner on their own level. She wishes to introduce technology supported 
learning material like PictoPal to her colleagues and make them enthusiastic to 
implement it in their classes during a new school year. 
 
 
Views on teaching/leaning emergent literacy of teachers in Design team 1 
Teaching emergent literacy, in Maria’s view, stands for orientating pupils towards written 
language, and towards learning to read and write. When orienting pupils towards 
emergent literacy, a teacher should account for differences between pupils and choose 
meaningful activities for pupils. In her view a rich language learning environment is 
needed to enable spontaneous child development.  
 
For Carla, teaching emergent literacy means bringing language to pupil attention by a 
variety of early literacy activities. Teachers should teach children how to read, once 
children are ready for it. To illustrate this she explained that she taught a couple of pupils 
in her class how to read, without using a language curriculum.  
 
 
Views on teaching/learning of teachers in Design team 2 
When asked about her views on good education of kindergarteners, Jenny explained her 
view as:  
 
‘…in my view, kindergarteners should be intrinsically stimulated to understand concepts, 
for example they should understand that they have to put their play attributes back in 
place for a reason other than because their teacher wants them to do so…or understand 
why they are not allowed to hit their peers…’.   
 
In Wendy’s view good education for young children constitutes stimulating the social – 
emotional development of a child as a basis for further child development. A teacher is 
not only a person providing knowledge, but also responsible for monitoring child 
development. Laura reported that pupils should be taught in a way that suits them and 
meets their development by  
 
‘…teaching pupils to work independently and together, creating a good educational 
climate, using a wide range of learning objectives and methods suitable for different 
pupils’. 
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Attitude toward technology of teachers in Design team 2 
When asked about technology attitude, teacher Jenny reported that her pupils enjoy 
working on computers. She viewed technology integration in her kindergarten class as 
important, and proposed more on-computer activities in the current language curriculum. 
The purchase of a Digital board could help her to visually illustrate  PictoPal  activities. 
Jenny perceived her involvement in the design and implementation of PictoPal as a good 
start toward technology integration in her class.  
 
The other two teachers were also positive about integration of learning activities on 
computer in kindergarten classes. Laura had a positive attitude towards technology: she 
perceives computers as practical and useful tools for teaching early literacy. She felt that 
computers enable faster feedback in individual and collaborative settings. Also, in her 
view, a computer allows for a much faster and more convenient linkages of pictograms to 
words and sentence composition than a teacher centered lesson. 
 
 
Views on teaching/leaning emergent literacy  
When asked about emergent literacy teaching/learning in kindergarten, Jenny explained: 
 
‘… when pupils enroll in Grade 3 they should have gained enthusiasm for letters, 
concentration, and motivation for language education.’.  
 
Jenny did not find it important to strictly follow the proposed number of letters and 
phonemes kindergarteners should know in kindergarten, but reported to find it important 
that every child develops enthusiasm for engagement in language activities.  
Wendy perceives language education important for developing communicating skills 
needed for child development. In Laura’s view, it is important that individual pupils 
develop a base of early literacy skills they need to be ready for Grade 3.  
 
 
4.2 Collaborative curriculum co-design process in teacher teams 

 
Co-design process in Design team 1  
Figure 4 shows a design team meeting with teachers interested in designing and a 
researcher showing a demo version of PictoPal to inspire teachers design of a new 
teaching and learning material PictoPal. The first two design session were held with 4 
teachers, a principal and two researchers. In the first meeting PictoPal was introduced and 
teachers were invited to discuss their insights and perceptions on integration of 
technology, emergent literacy  aspects  such as functions of written language and the link 
between spoken and written language. During the second meeting teachers engaged in 
discussing how aspects of emergent literacy can be brought into meaningful activities on 
and off computer. After second meeting two teachers decided not to participate in 
collaborative design. From individual interviews with the two teachers appeared that their 
view on teaching emergent literacy and the teaching practice of their kindergarten did not 
match with the way PictoPal can be implemented. The two teachers shared a view that  
teaching/learning should happen in an open learning environments, where little a priori 
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structured, restricted choices are offered to pupils. These teachers viewed PictoPal as 
structured to a large extent pertaining the word- and sentence on screens, where pupils 
can choose from to construct their own text on computer. The obstacle was for these two 
teachers considered as of great value, even more than the affordances and the goal of 
PictoPal, such as creating together with peers a meaningful text on a computer, printing it 
out and making authentic use of own written texts in off computer activities.    
 
Design team 1 was formed with two teachers who agreed to design a new module. They 
were supported by a researcher who explained design options, showing  a demo version 
of PictoPal and asking teachers to create a new module based on their insights and ideas. 
Figure 5 shows an interim team product, which is an example of teachers ideas on how to 
connect meaning of words to pictograms in a way children will understand. These initial 
draft, designed during the second session were a basis for teachers of team 1 to engage in 
creating a theme-based linked activity. The process of designing can be characterized by 
going back and forth, between the design principles of PictoPal, such as difficulty of 
sentences and teacher own insights based on classroom populating and implementation 
conditions.  Also  during the process teachers appreciated researchers presence. They felt 
supported when designing, because they could turn to a researcher to ask what 
technology related opportunities there were in PictoPal computer activities, and how 
some functions teachers thought of could be incorporated in their module. They needed 
one session of 3 hours more  to work out the initial draft ideas into a PictoPal module of 
eight theme based and integrated activities. Design team 1 had spent in total 9 hours to 
design eight linked computer and classroom activities.  
 

            
 
Figure 4 Design team meeting                                              Figure 5 Design team draft outcome                                      
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Co-design process in Design team 2  
Three teachers, with one of them teaching a kindergarten class and two of them having an 
on-the-job-training supervised by the kindergarten teacher, were involved in the design 
process of PictoPal. The three design sessions, in total 9 hours designing, started off with 
one researcher explaining the design objective, showing  a demo version of PictoPal and 
asking teachers to bring in their ideas about a design of a new curriculum module 
PictoPal and its implementation. The kindergarten teacher Jenny introduced a set of 
principles to be incorporated in the new module. She questioned the quality of the Dutch-
voice output in PictoPal. After discussing the technological obstacle, a new plan was set 
out for new content and implementation, based on the used language curriculum. A new 
theme, vocabulary, sentence structure, wished voice intonation and understandability of a 
text were clearly defined by the kindergarten teacher Jenny as principles to be 
incorporated in PictoPal. Throughout the design process, the importance of the newly 
defined features and options were discussed by the team members. During the design 
process the kindergarten teacher expressed frequently a clear understanding of her idea 
about the design in relation to the main underlying goal of PictoPal, relating the on-
computer activities to possible classroom application options. The internship-teachers 
wrote down the design proposals and contributed to writing a new teacher manual of a 
new PictoPal.  
 
 
4.2.1 Teacher perceptions about teacher role   
 
Teacher perceptions on teacher role in Design team 1  
According to Carla her role in the first team meeting was more as a provider of her prior 
knowledge regarding emergent literacy. She reported to have had no clue what PictoPal 
really was during the first meeting. During the second meeting, when designing started 
she explained that she had gained an clear idea of the purpose of PictoPal and felt a to be 
co-designer of an PictoPal module. In her perception, the first and the second could have 
been put together in one design session, letting a teacher feel co-designer from the start 
on. Carla felt co-owner of the PictoPal module she designed together with another 
teacher.  
Also, Maria shared roughly Carla’s perception on taking role of a co-designer in a teacher 
team. She felt too to have taken the role of co-designer after the first team meeting. She 
reported that during the first team meeting she repeated what she already knew about 
early literacy and that it was not that practical, as the design activities did not started 
during the first meeting. She felt enthusiastic that she took the role as co-designer and 
together with the other teacher, Carla, and the support of a researcher has worked 
intensively on reaching a team outcome. She felt enthusiastic about team outcome of 
eight technology integrated activities ready to be implemented in her kindergarten class. 
When asked about her experiences about co-ownership of the team outcome, Maria 
reported to feel committed, but that the word ‘ownership’ would be a big word to 
describe her experience of curriculum co-ownership.    
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Teacher perceptions on teacher role in Design team 2  
Teacher Jenny describes her role as activating and quickly responding to situations. In her 
view, she is able to adapt to situation such as design and she feels confident about 
reaching an outcome. When asked about her co-ownership experiences towards the 
designed curriculum, the teacher as co-designer emphasized her own input in the 
preparation of implementation of the designed curriculum. According to her, she adapted 
the designed PictoPal when preparing PictoPal activities, in order to be able to implement 
it as she sees fit. She felt co-owner of the design, because she gave an unique input. In 
her view teachers as co-designers differ in their design ideas. When taking the role of co-
designer, she expects an attitude reflected in an active participation in joint discussion 
about and understanding of curriculum design. She felt that all team members should 
have such attitude when taking the role of teacher as co-designer.  
 
 
4.2.2 Teacher perceptions about curriculum quality  
 
Teacher perceptions about product quality in Design team 1 
Carla and Maria felt very positive about the clarity of the curriculum content designed. 
Maria appreciated the examples of PictoPal which were provided as a demonstration to 
stimulate teachers to think about a new design. The value of the materials for classroom  
practice was determined in part due to the example curriculum materials. In Maria’s view 
those examples showed her what she could do when designing new curriculum materials. 
Also the examples were of value for relating and adjusting the curriculum to the own 
curriculum used and the classroom conditions.   
 
Teacher perceptions about product quality in Design team 1 
Jenny felt somewhat confident about the quality of the design team outcome. She 
reported to have had to adapt the introducing activities and off-computer activities during 
organization of the learning environment.  
 
 
4.2.3 Teacher perceptions about curriculum practicality 
 
Teacher perceptions about practicality in Design team 1  
Carla perceived the efforts she put in the first of  design meeting not in balance with what 
she expected. She explained to have expected direct involvement in design and an 
tangible team outcome, like it was created during the second and third design session. In 
her view during the first session she was presented with too much of content to think 
about and discuss it and worked too intensively. She felt positive about the ratio of efforts 
put in the design of and the rewards experience of the implementation of the co-designed 
curriculum, because the eight integrated activities were organized in a learning 
environment in her class as it was designed in the team. Maria also pointed to her 
curiousness about the learning outcomes as result of this study. By knowing the benefits 
of the curriculum in terms of pupils learning she would be able to weigh off thoroughly 
her effort and the total benefits of the co-designed curriculum and make statements about 
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the practicality of the curriculum. Both teachers perceived the co-curriculum congrent 
with the pupils needs in their classes. 
 
Teacher perceptions about practicality in Design team 2  
Jenny perceived the invested efforts in the design in accordance with her perceived 
expectation of the investment. She acknowledges the input and efforts of other team 
members: she felt supported by researchers and the internship-teachers during design and 
implementation, yet emphasized the importance of equally shared commitment  of all  
members toward the design(outcome). In her view, without support, designing a 
curriculum modules individually would cost time, and would be impractical. 
 
 

4.3 Teacher curriculum enactment  
 
4.3.1 Overall findings: Co-designers integration of “on- and off computer activities”  
Table 3 shows the overall mean integration scores and the means of the integration items 
which significantly differed between teachers. Results show that the extent of teacher 
integration was similar in the three classes during the eight activities. However, 
significant mean differences between teachers were observed in the on and off computer 
integration item of (1) Initiating writing F(2,21) = 4.786, p = .02, and (2) Initiating talk 
on process F(2,21) = 5.914, p = .01.  
 
 
Table 3 Integration means, integration items mean scores and standard deviations per class 
 

 
 

Jenny (2a) 
M (SD) 

Carla (2b) 
M (SD) 

Maria (2c) 
M (SD) 

Overall integration of 
on- and off computer  
activities  

 
 

8.31 (1.75) 

 
 

8.56 (.78) 
 

 
 

8.69 (1.71) 
 

Initiating writing 
 

.44 (.32) .88 (.35)*  .31 (.46) 

Initiating talk on 
process  

 
.56 (.32)* 

 
.38 (.35)* 

 
.06 (.18) 

*  indicates significance at the .05 level. 
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Figure 6 Distribution of the mean score on the of integration items of on- and off computer activities per classroom/teacher 
 
 



20 
 

To reveal between class differences in initiating writing a post hoc test was performed. 
This showed that the integration between on and off computer activities, regarding 
initiating writing differed significantly between class 2a (Jenny), (M = .44, SD = .32) and 
class 2b (Carla), (M = .87, SD = .35), p = .03. Carla offered more writing opportunities to 
her pupils and encouraged her pupils to use writing materials. These materials were used 
by her pupils during the eight integrated on- and off computer activities. Furthermore, the  
post test revealed that the integration between on and off computer activities related to 
initiating writing differed significantly between class 2b (Carla), (M = .87, SD = .35) and 
2c (Maria), (M = .31, SD = .46), p = .00. More writing experiences were observed in class 
2b (Carla), than were observed in class 2c (Maria) and class 2a (Jenny).  
 
To reveal between class differences in initiating talk on process a post hoc test was 
performed. This showed that the integration between on and off computer activities, 
regarding initiating talk on process differed significantly between class 2b (Carla), (M = 
.38, SD = .35) and class 2c (Maria), (M = .06, SD = .18), p = .05. Carla talked more with 
her pupils about a progress of integrated activities. She stimulated conversations between 
pupils about how they experience an integrated activity and her pupils talked about 
activities, accordingly. Furthermore, the post test revealed that the integration between on 
and off computer activities related to initiating talk on process differed significantly 
between class 2a (Jenny) (M = .56, SD = .32), and class 2c (Maria), (M = .06, SD = .18), 
p = .00. Jenny, like Carla, initiated more talk on a activity process than was observed in 
class 2c (Maria).   
 
 
4.3.2 Designers integration “on- and off computer activities”  over time  
Figure 7 shows a distribution of observation data on integration of the on- and off-
computer activities over 8 weeks in the three classes. Over time the degree of integration 
increased significantly for two of the three classes. Integration correlated significantly 
with the time of 8 weeks teachers worked with PictoPal, (R = .73, p = .00). This pattern 
also surfaced in the individual classes. A significant correlation was found between  
integration and time working with PictoPal in class 2a (Jenny) (R = .91, p = .00). 
Variance in integration in the class 2a (Jenny) is for a significant part explained by the 
time this class worked with PictoPal (F (1, 6) = 27.999, p = .00).  
 
In the second class, 2c (Maria) integration of on-and off computer activities revealed a 
significant correlation of the level of integration over time (R = .83, p = .01). Variance in 
integration in the class 2c (Maria) is for a significant part explained by the time working 
with PictoPal F (1, 6) = 12.990, p = .01. 
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Figure 7   Distribution of observation data on the twelve items of the integration of the on- and off 

computer activities over 8 weeks (for 8 activities during 8 weeks) 
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In the following section, the results on integration of on- and off computer activities are 
presented per classroom in order to discuss the distinct results of the three classes.   
 
4.3.3 Teacher curriculum enactment per classroom 
 
Integration on-and off computer activities in class 2a 
Figure 8 shows the mean scores on twelve integration items in the class of Jenny. The 
twelve bars represent twelve integration items, all scored on a 3 point scale. To reveal 
teacher emphasis in integration approach of the activities, the highest scored items (above 
M =.5) are discussed. Teacher Jenny scored high on involving pupils in activities 
(involving pupils and initiating activities). She ensured that at different times of the day 
there was a possibility for every child to perform an activity. Jenny furthermore put more 
emphasis on encouraging pupils to speak, listen, ‘read’ (initiating speaking, listening, 
reading) and play out their activity related role (play with writings), than to stimulating 
writing (initiating writing). Additionally Jenny encouraged pupils to engage in speaking 
about their products and experiences of off computer activities (initiating talk on process, 
product). Although the teacher initiated somewhat more collaboration (initiating 
collaboration) between pupils than performing an activity autonomously, she stimulated 
pupils to engage in activities without much support of the teacher.   
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Figure 8 Distribution of observation data on the items of the integration of the on- and off-computer 

activities in the co-designer class (Jenny)   
 
 
 
Integration on-and off computer activities in class 2b  
Figure 9 shows the distribution of the mean scores on twelve integration items in class 2b 
all scored on a 3 point scale. The highest scored items (above M =.5) will be discussed in 
order to reveal emphasis in Carla’s integration approach. Carla scored high on stimulating 
pupils to engage in activities (involving pupils and initiating activity). She emphasized 
individual work more than collaboration between pupils (initiating individual work). 
Also, Carla organized activities so that pupils with little support from her could manage 
to work on or play out. This is reflected in her low she score on providing support to 
pupils. She stimulated pupils more to listen, speak, write (initiating  listening, speaking, 
writing)  and play with their writings (play with writings) than to read their texts during 
the activities. During integration Carla commented often that she did not want to ‘push’ 
pupils to read, as they will learn to read in Grade 1, but that her task was to offer print 
and see if pupils show interest in reading. If so, she would offer situations to the pupils to 
learn to read in their own tempo. Carla scored low on stimulating pupils to talk about the 
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process and product of activities, which means that she allowed children only sometimes 
to reflect shortly on how their activity went and what they felt about their result of their 
‘off-computer activity’.  
 

 
 
Figure 9 Distribution of observation data on the items of the integration of the on- and off-computer 

activities in the co-designer class (Carla)   
 
 
 
Integration of on-and off computer activities in class 2c  
Figure 10 shows the mean scores on twelve integration items all scored on a 3 point scale 
in class 2c. The highest scored items (above M =.5) will be discussed in order to reveal  
emphasis in Maria’s integration approach. In class 2c pupils were stimulated to actively 
participate in activities with their writings produced on a computer (involving pupils, 
initiating activity). Maria stimulated pupils to ‘read’ and to talk during their off computer 
activities and afterwards about their products, for example she often asked pupils what 
they liked and not liked about their products (e.g. invitations pupils had posted), 
(initiating reading, speaking, listening, talk on product). Maria often helped pupils in their 
activities, by participating actively in activities and ensuring that with her support pupils 
will get their work done (providing support). She stimulated pupils to play and work to an 
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high extent during every activity (play with writings). She stimulated to a similar extent 
collaborative and individual work/play, which was mostly dependent on the nature of an 
activity (e. g. reading individually own invitation letter and posting it versus following 
together with peers a jointly written receipt instructions), (initiating collaboration, 
individual work). Yet, as shown in her low score on Initiating talk on process, Maria 
talked little with her pupils about how they felt about a progress of an activity (e.g. how 
children felt for example about making individually a page in their own book out of their 
writings about the Spring, they had created on a computer).    
 
 

 
 
 
 Figure 10 Distribution of observation data on the items of the integration of the on- and off-

computer activities in the co-designer class (Maria)   
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4.4 Pupil learning  
 
4.4.1 Overall findings: Learning outcomes of pupils learning with the designed 

curriculum  
Table 4 shows the number of pupils in experimental and control group and  presents an 
overview of the emergent literacy mean test scores of the experimental en control groups. 
To reveal any differential impact of PictoPal implemened by co-designers in pupils 
emergent literacy learning an ANCOVA was performed with post-test scores on 
emergent literacy as a dependent variable and level (co-designers experimental group and 
control group) as independent variable, and the pretest scores on the emergent literacy 
test as a covariate. The results showed a significant difference for level F (1, 102) = 
4,829, p = .03, η2 = .05. An ANCOVA with the post-test scores on emergent literacy as a 
dependent variable and level as independent variable, with national language test scores 
as a covariate showed similar effects F (1, 104) = 9,293, p = .00, η2 = .08. When 
corrected for the national language test scores, the pupil learning outcomes of co-
designers classes (Maria, Jenny and Carla) were significantly higher on a posttest than the 
learning outcomes in the control group (M = 16,16, SD = 2,18), (M = 15,11, SD = 2,98). 
This means that pupils of the co-designers classes scored significantly higher score on the 
test compared to the control group. The effect of PictoPal can be regarded as small, as 8 
% of the variance in pupils emergent literacy test scores can be explained by PictoPal. 
 
 
Table 4 Number of pupils, means and standard deviations of the emergent literacy test for the 

experimental and control group 
 

 
 

 
Pupils 

(n) 

 
Pre-test mean   

(SD)

 
Post-test mean  

(SD)

 
Cohens d 

 
Experimental 
group 
 
 
Control group 

 
42 

 
 
 

63 

 
13,47 (2,87) 

 
 
 

13,72 (2,98) 

 
       16,14  (2,20)

  
 
  

 15,00 (3,05) 

 
 1.05 

 
   
 

.43 
 

 
 
 
4.4.2 Pupil learning outcomes of co-designer classes  
Next to the overall effect of PictoPal, pupil learning outcomes in three classes were 
examined. Table 5 shows the pre-and post means per class and Cohens d per class. To 
reveal any differential impact of co-designed PictoPal on pupils learning outcomes in 
classes 2a, 2b, and 2c a Kruskal-Wallis test was performed. The hypothesis that the 
medians for post test scores do not differ between classes 2a, 2b, and 2c was tested. The 
results of the analysis indicates that there is no significant difference in the medians.  
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Table 5 Number of pupils, means and standard deviations of the emergent literacy test for of the 
pupils of  co-designer classes  

 
 
 
4.4.3 Pupil learning per classroom  
 
Pupil learning in class 2a 
We performed a paired samples T-test to test the hypothesis that there were no significant 
differences between the means of the pre-and post test scores of pupils learning with the 
designed PictoPal by their teachers. The T-test showed a significant difference between 
the means of the two variables: pre-test scores (M = 13.85, SD = 2,87) and post-test 
scores (M = 16,20, SD = 2,33), t (19) = - 3,685, p = .00. The implemented curriculum in 
class 2a (Jenny) had a large positive effect on pupils learning performance Cohens d = 
.83.  
 
Pupil learning in class 2b 
A T-test showed a significant difference between means of the two variables: pre-test 
scores (M = 13,60, SD = 2,10), and post-test scores (M = 15,60, SD = 2,16) t(14) = - 
3,515, p = .00. PictoPal implemented by Carla had a large positive effect on pupil 
learning outcomes in her class.  
 
Pupil learning in class 2c 
As the number of pupils in class 2c was small, we performed a Wilcoxon Signed ranks 
test to test the null hypothesis that the median of the differences between pre-and post-
data is null. A Wilcoxon Signed ranks test showed that there was a significant difference. 
Since the pre- and post data of class 2c was approximately normally distributed, we 
performed a paired samples T-test, which replicated the result. The T-test showed a 
significant difference between the means of the two variables: pre-test scores (M = 12,43, 
SD = 4,31) and post-test scores (M = 17,14, SD = 2,16), t (6) = - 2,686, p = .04. Also, in 
the class 2c (Maria) PictoPal had a large positive effect on pupil emergent literacy 
learning outcomes. 
 
 
 

 
 

 
Pupils 

(n) 

 
Pre-test mean   

(SD) 

 
Post-test mean  

(SD) 

 
Cohens d 

 
Class 2a (Jenny) 
 
Class 2b (Carla)   
 
Class 2c (Maria) 

 
20 
 

15   
 
7 

 

 
13, 85 (2,87) 

 
      13,60 (2,10) 

 
12,43 (4,31) 

 
                         

 
16,20 (2,33) 

 
     15,60 (2,16) 

 
17,14 (1,77) 

 

 
.83 

 
        .94 
        
      1.38 
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5. Discussion and conclusion 

The main research question guiding this study was, “When teachers are involved in co-
designing a technology integrated curriculum, what does that imply for curriculum 
enactment and learning outcomes?” 
 
In the present study, teacher participation in collaborative co-design provided an 
opportunity for teachers to 1. inform on how to implement a new curriculum, and 2. 
bridge the distance between the new pedagogy going along with a new curriculum and 
own pedagogy used in everyday classroom practice (Zhao et al., 2002). From the results 
on teacher perception about teaching/learning young children it can be concluded that 
teachers perceptions on teaching affect teacher involvement in curriculum development. 
Teachers who shared a similar approach to teaching young children, seemingly fitted best 
to the pedagogy underlying PictoPal, teamed up in a design team. When perceptions on 
teaching/learning and the underlying assumptions of a curriculum contradict, teachers can 
be expected to discontinue involvement in curriculum design and curriculum 
implementation.  
 
Teachers who discontinued co-design, also considered curriculum quality in terms of the 
structure of the computer activities, for example they considered the choice of wording 
per screen in PictoPal computer activities in relation to their class practice as limited and 
impractical. From the findings it appeared that teachers judged the quality of a 
curriculum, consider the value of a curriculum in relation to classroom practicality. This  
is partly in line with findings of Abrami, Poulsen and Chambers (2004) that teacher 
perceptions of curriculum value affect curriculum use, yet it provides an new insight by 
showing that teachers perceptions on teaching/learning, curriculum quality and 
practicality considerations are related, and together affect teacher decisions whether or 
not teachers will develop and implement a new curriculum.  
 
In both co-design teams, members were offered similar support and facilitation. The 
approach to design in team 1 differed somewhat to the approach in design team 2. In 
design team 1 teachers rushed into designing, in contrast to team 2 where teachers  
defined a common goal first and then set out the curriculum design. The findings show 
that teachers as co-designers and implementers were satisfied with the design product 
quality and practicality, pointing to their positive expectations towards successful 
curriculum implementation. Collaborative designing of curriculum seems to contribute to 
teacher perceptions of practicality (Baildon & Damico, 2008), when teachers take the role 
of co-designer from the start on. When involved in design teachers expect to do design 
work, feel co-designer and make decisions on design based on their knowledge of their 
practice. Teachers weigh off efforts they invest in design session profoundly against the 
benefits of it in practical terms, namely creating concrete tangible team outcomes ready 
to implement in their classes. Both teams, linked curriculum used in kindergarten and 
pupil needs/class composition to the curriculum materials to be designed. Meaningful 
linking of new curriculum and familiar practices was also found in a teacher teams 
investigated in a study of Baildon and Damico (2008). 
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The findings of this study show that teachers who designed a curriculum and 
implemented it afterwards were equally committed to the co-design. The teachers who 
implemented the co-designed curriculum took the responsibility for the design content 
and structure, because they were aware that they have to implement the co-design 
successfully. During co-design those teachers took on a leadership role by steering ideas, 
proposals and decision making in the direction suitable for their kindergarten curriculum. 
Yet the two teachers as co-designers, not implementing co-designed curriculum did not 
feel responsible for curriculum implementation, and were perceived by a team member 
involved in both co-design and implementation, as not committed to team co-design.  
 
It can be concluded that in contrast to the role of co-designer only, a role of co-designer 
and implementer of a curriculum positively affects teacher commitment to a new 
curriculum. The role of co-designer was appreciated by teachers of both teams. Teacher 
as co-designer and implementer involved in team 1 felt most confident about her role, 
defining the role as active, result/performance oriented and committed. Teachers in team 
1 were committed and felt partly co-owners of the designed curriculum.  
Based on this findings, it can be concluded that teacher perceptions on co-ownership and 
commitment to a curriculum and their role as co-designer are affected by  
a) teacher perceptions of teaching/learning which teachers link to the underlying 
teaching/learning assumptions of a new curriculum;  
b) teacher perceptions of curriculum quality, which teachers use for  
c) practicality considerations, valuing a design and considering the effort to be invested in 
design and implementation in relation to teaching and learning in classroom practice 
(congruency and cost as distinguished by Doyle & Pounder, 1977). This implies that in 
the model shown in Figure 1, an additional arrow between components 4 and 2 should 
show that teachers base their perceptions about the role as co-designer, and co-ownership 
(component 2) on their considerations about curriculum practicality (component 4).  
 
From  results on integration of on- and off computer activities it can be concluded that 
teachers as co-designers do not differ in their  curriculum  enactment. Different 
kindergarten teachers who designed different curricula emphasize more or less the same 
pedagogical aspects when implementing the technology integrated computer activities. 
Teachers  only differed on two aspects of integration: the extent of initiating writing and 
talk on process of off-computer activities, with higher scores on the extent in which 
writing was stimulated in classes 2a compared to 2c; and higher scores on initiating talk 
on process in classes 2a and 2b compared to class 2c. Only for one teacher time of 
working with PictoPal does not relate to the extent of integration, which might imply that 
the teacher does not grow over time in her integration of activities.  
 
As in all three classes the designed curriculum was implemented and integration of 
activities was reached (to a similar extent) it can be concluded that participation in 
designing seems to affect positively the enactment of the technology integrated 
curriculum. This finding is supported by the finding on pupils learning: pupils in all three 
classes had similar learning gains and the implemented PictoPal curriculum by teachers 
as co-designers had s large effect on pupil learning in all three classes. When compared to 
a control group, PictoPal was found to yield enhanced early literacy learning outcomes in 
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pupils learning with co-designed PictoPal. Yet, an effect of 8% of the variance explained 
is small (Cohen, 1988) and similar to the small effect of PictoPal (not co-designed by 
teachers) of 12% found in a previous study (Cviko, McKenney & Voogt, 2011). An 
explanation can be a decline in the quality of the designed PictoPal curriculum as 
teachers might not have included fully the structural components of the PictoPal 
curriculum when designing new curriculum, raising the problem of adherence to 
curricular guidelines, the question how far teachers may go without destroying the 
meaning of the planned curriculum (Ben Peretz & Eilam, 2010). An educational and 
theoretical implication could be to enhance the amount of teacher co-design and to 
provide support on adherence to curricular guidelines underlying PictoPal. In this way, 
the quality of PictoPal-curriculum could be ensured and both quality, in terms of support 
provided to co-designers, and quantity in terms of duration and amount of teacher co-
design could be warranted as preparation for effective implementation.   
 
A limitation in this study forms the absence of a control group at the same schools for a 
comparison of pupils learning in co-designer groups. Practically this was not feasible, 
because no other groups of children were at the kindergartens of teachers as co-designers, 
to consider as control group(s). Due to low numbers of participants, these case study 
findings are tentative for educational implications. At the same time, the low number of 
participants in this study is an advantage of this study. The present study allowed for 
thorough examination of the teacher role as co-designer in two teacher teams and 
examination of a set of variables in natural classroom settings with different number of 
pupils per class. Also, this case study allowed for identification of new teacher role 
related aspects, emerging from the rich data on teacher role as co-designer. Specifically, 
teachers perceptions on teaching/learning seem to be related to teacher decision-making 
process about taking the teacher role as co-designer of technology integrated curriculum.  
A strength of the present case study is the examination of the extent of actual 
implementation and actual benefits for the pupils learning with the implemented 
curriculum, while being focused on teacher perceptions and teacher approach to co-
design and examined. The inclusiveness allows for explanation of curriculum use and 
pupil learning outcomes by their teacher perceptions about involvement in curriculum 
development.  
 
An implication for teacher involvement in curriculum design is to inform teachers prior 
and or during the design process on the underlying assumption of the co-designer role, 
that teacher involvement and responsibility for the design can be fruitful for curriculum 
implementation in terms of understanding better why and how to use technology-
integrated curriculum for young children (Blum, Parette & Watts, 2009). The internship-
teachers involved in design should be informed on the benefits of their involvement for 
their future teaching practice with technology supported curriculum materials. Immersion 
in designing only and not in implementation afterwards can create concerns about the role 
of co-designer and impact teacher enthusiasm and commitment toward design work 
outcome. On the other hand, intensively engaging teachers in exchange of their practical 
knowledge about the design content at the start of design sessions can create concerns in 
teachers about their role of co-designer. Supporters and facilitators of co-design teams 
might enhance in this way teachers commitment to co-design and team outcome.  
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Based on the findings in this case study the direction for further research can be set 
towards scaling up the approach of teacher co-design, in terms of duration and amount. 
Landry et al. (2010) found that 2-year teacher participation in a professional development 
program had a larger positive effect on pupil emergent literacy compared to 1-year 
involvement. Also, teacher perceptions of received amount of (technology-related) 
training as preparation for successful implementation, was found to account for variance 
in the degree of curriculum use and computer use in classroom (Abrami, Poulsen & 
Chambers, 2004; Wozney, Venkatesh & Abrami, 2006). Therefore, enhancing both 
duration and amount of teachers collaborative design of technology integrated curricula, 
and studying the impact of the continuation of teacher role as co-designer on curriculum 
enactment and pupil learning would be appropriate follow up for this case study. 
Accounting for more variability in teacher individual traits as suggested by Wozney, 
Venkatesh and Abrami (2006) would mean that future research could build further on the 
findings of this case study by including more teachers to reach more variability in a) 
teacher teaching/learning and technology perceptions, b) teacher curriculum 
implementation and c) pupil learning responses. This scaling- up approach to the study of 
teacher as co-designer could examine if the findings of this study hold promise for 
teacher and pupil populations in the context of Dutch kindergarten and primary schools 
and if the effectiveness of a curriculum can be enlarged by continuation of the teacher 
role as co-designer by kindergarten teachers compared to non-designers as control 
teachers.   
 
This study indicates tentatively that teachers curriculum implementation and pupil 
learning is positively impacted by collaborative teacher curriculum design, in which 
teachers are involved as informed and supported participants. The findings of this study 
contribute to the knowledge on what constitutes effective kindergarten teacher 
involvement in curriculum development, which positively affects implementation of 
technology integrated curricula and pupil learning. 
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