
1 

THROW AWAY THE KEYBOARD: ENHANCING 
LEARNING THROUGH PEN BASED 
COMPUTING 
 
By Dean Stanley, Leaning Enhancement Associates, April 2008 
www.lea.co.nz 
 

Abstract 
 
This paper describes the outcomes of a project which explored how pen based 
computing could be used to enhance learning in a knowledge age curriculum. The 
project was a partnership between the New Zealand Ministry of Education, Brooklyn 
School in Wellington New Zealand and HP New Zealand Ltd.  It took place from 2004 
to 2007. The project included the development of a school curriculum for the 
knowledge age and an exploration into ways in which the use of pen based computing 
could enhance learning within such a curriculum.  
 
The paper provides insights into the implications for school curricula resulting from 
the knowledge age. It describes the curriculum reforms that are leading to the 
development of knowledge age school curricula and the place of ICT within such 
curricula. It outlines the research process used to explore how pen based computing 
might be assimilated into a knowledge age curriculum. It concludes by describing the 
impact that pen based computing has on learning outcomes along with the 
infrastructural, pedagogical, and classroom organisational inputs required to 
maximise these learning outcomes. 
 

ASSIMILATING ICT INTO A SCHOOL CURRICULA FOR THE 
KNOWLEDGE AGE 
 
Jane Gilbert in her seminal book ‘Catching the Knowledge Wave’ (2005) writes about 
a paradigm shift that has occurred in recent history. The shift has occurred as we 
move from the industrial age to the knowledge age. The shift is due to the way in 
which knowledge is defined and operationalised in society. This shift not only has 
significant implications for learning, but it also provides substantial opportunities for 
changing the way in which schooling takes place in our communities.  
 
Gilbert argues that knowledge in the industrial age was something people had. During 
the industrial age knowledge became commodified with different forms accorded 
different values. Different forms of knowledge provided the owner of that knowledge 
with access to different opportunities in the industrialised society. Mass schooling was 
a phenomenon that evolved during industrialisation partly as a mechanism for 
societies to provide industry with a knowledgeable workforce for its production lines. 
Schooling became the system that assisted people to acquire knowledge as well as the 
mechanism through which owners of different forms of knowledge were sorted and 
provided with access to different opportunities in life. The school curriculum became 
a device through which society legitimised selection and segregation of people in 
society. 
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Over the past two hundred years the industrial age has matured and then begun to 
wane. As the industrial age has waned it has been replaced by the knowledge age 
which has brought with it exponential growth in the amount of information available 
to society along with an explosion in the capacity to generate new knowledge. As the 
growth in available knowledge compounds, the ability to know how to know has 
become as important, if not more important, than knowing itself. Knowledge in the 
knowledge age is now something we do as well as something we have (Gilbert, 2005).  
 
Despite these changes in society the systems of schooling that evolved during the 
industrial age have proved very enduring and resilient to change. The fundamental 
principles and structures of mass education have remained largely unchanged despite 
the significant changes in society. The changes heralded by the knowledge explosion 
mean that it is now absolutely impossible to anticipate and then provide learners with 
all the information they will need for their future. As a result the industrial age model 
of learning, where students are provided with the knowledge they require for life, 
needs to change to a model where students learn how to access, create, categorize and 
share knowledge throughout their life. The implication of this for schooling is that 
what schools do simply must change. 
 
One aspect of schooling that must change as we move further into the knowledge age 
is the curriculum. Costa (2008) summarises seven paradigm shifts that take place as 
industrial age curricula is transformed into knowledge age curricula. These shifts are 
represented in the following table. 
 
The paradigm shifts required to move industrial age curricula to knowledge age curricula (adapted 
from Costa 2008) 
 
Industrial age curricula Knowledge age curricula 
·  From innate intelligence to effort–based learning 

·  From transmitting meaning  to constructing meaning 

·  From compartmentalized subjects to transdisciplinary learning 

·  From knowing right answers to knowing how to behave when answers are not immediately apparent 

·  From uniformity to diversity 

·  From external evaluation to self assessment 

·  From motivating others to learn to liberating the human innate passion for learning 

Curriculum reform in New Zealand – a response to the knowledge age 
 
New Zealand has been working towards a knowledge age curriculum since the 1980s. 
To use a surfing analogy, the curriculum reform process can be represented as a series 
of swells which have pounded against the New Zealand education system and 
significantly altered its shape. The first swell was the ‘administration and curriculum 
reviews’ which took place in the late 1980s. These were followed by the ‘achievement 
initiative’ during the 1990s, which culminated with a ‘curriculum slocktake’ as we 
moved into the new millennium. As the research project described in this paper was 
taking place the New Zealand education system was beginning to be reshaped further 
by a third swell of curriculum reform known as the ‘curriculum project’. 
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In the 1980s the first swell of curriculum reform culminated in the laying of two 
important foundations for a knowledge age curriculum. The first of these foundations 
arose out of the Picot Commission which reviewed the future of public administration 
and education in New Zealand. The Picot report entitled ‘Administering for 
Excellence: Effective Administration in Education’ (1988) recommended the strong 
devolution of educational power, resources and responsibilities to local communities. 
In response, the government implemented the Tomorrow’s Schools reforms which led 
to local community governance of schools. The Tomorrow’s Schools reforms were 
fundamental in establishing the first foundation upon which a key cornerstone of 
knowledge age curricula, school based curriculum design (Bolstad, 2005), could be 
constructed. 
 
At around the same time a ‘curriculum review’ was implemented in New Zealand. In 
1987 the then Department of Education released the report of the committee to review 
the curriculum for schools. The curriculum review advocated for the development of a 
common national curriculum that emphasised the acquisition of life long learning 
skills as being of equal importance as the acquisition of knowledge (Department of 
Education, 1987). The report stated that all schools would need to plan their own 
curriculum to conform with the national curriculum in ways that were appropriate for 
its own students and community, and positioned responsibility for planning school 
based curriculum as a shared task for teachers, parents, students and the managing 
bodies of schools. With the publication of the curriculum review the foundation of a 
knowledge age curriculum was complete. 
 
The second curriculum reform swell saw New Zealand begin to build the framework 
for a knowledge age curriculum. The ‘curriculum review’ was followed by the 
‘achievement initiative’ which saw a significant restructuring of the curriculum for 
New Zealand schools. “With the publication of The New Zealand Curriculum 
Framework and Te Anga Marataunga o Aotearoa in 1993, curriculum policy shifted 
from a focus on content to a policy based on outcomes” (MoE, 2002b). The 
achievement initiative took nearly ten years to implement. During the 1990’s the 
Ministry of Education progressively gazetted curriculum documents for each of the 
learning areas. Each document included a set of expected achievement objectives for 
students at a range of achievement levels.  
 
By the late 1990s the new curriculum structure was largely in place and a ‘curriculum 
stocktake’ was undertaken to review how well the new structure was working (MoE, 
2002b). As the achievement initiative matured the number of achievement objectives 
that teachers were required to cover affected curriculum manageability, and 
crowdedness started to become an issue. Similarly, as our understanding of the 
competencies required to participate fully in the knowledge age matured, it became 
apparent that the framework for the development of essential skills was over 
complicated and inadequate (Brewerton, 2004). Furthermore the crowdedness and 
over-complicatedness of the curriculum had combined to stifle school’s confidence 
and capability to develop school based curricula. 
 
The findings of the stocktake were taken on board during the third curriculum reform 
swell known as the ‘curriculum project’. The stock take recommendations were 
encapsulated in the publication of the New Zealand Curriculum (MoE, 2007). The 
New Zealand Curriculum provided a framework for learning and teaching “designed 
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to ensure that all young New Zealanders are equipped with the knowledge, 
competencies, and values they will need to be successful citizens in the twenty-first 
century” (ibid, 4). The principal functions of the New Zealand curriculum were “to set 
the direction for student learning and to provide guidance for schools as they design 
and review their curriculum” (ibid, 6). On the one hand the curriculum outlined the 
knowledge, competencies and values that New Zealanders deemed to be important to 
help students become confident, connected, actively involved and lifelong learners in 
the knowledge age. On the other hand the New Zealand Curriculum gave schools the 
scope, flexibility, and authority they needed to design and shape their own knowledge 
age curriculum that reflect the aspirations of their communities.  

ICT in New Zealand schools – a key element of curriculum reform 
 
The quest to assimilate ICT into learning and teaching has played an important part in 
recent New Zealand curriculum reforms. The surfing analogy can be taken further in 
order to help us understand the position of ICT in the reshaping of the New Zealand 
education system. In nature waves derive their force from the underlying groundswell, 
with the shape and size of the waves changing depending on the swell within which it 
is embedded. If curriculum reforms are described as the ground swells that are 
reshaping New Zealand education then ICT can be described as a series of waves that 
have been created and shaped by each reform. Each wave of ICT and educating has 
had its own unique shape and size and has contributed in its own way to the impact of 
the curriculum reform within which it was embedded. 
 
The first wave of ICT in schools took place during the curriculum review of 1980s 
and can be described as a time of exploration and development by luminaries, and 
adoption by a small number of schools. The second wave took place through to the 
late 1990s during the achievement initiative. This was a time of growing recognition 
by all schools of the importance of ICT in learning and teaching. It is characterised by 
the vast majority of schools striving to develop ICT infrastructure and pedagogy, 
while an ever growing group of luminaries continued to explore and push the 
boundaries of how ICT could enhance learning and teaching. The third wave of ICT 
in schools began to build momentum in the early years of the new millennium as the 
curriculum project got underway. The pressure behind the third wave came from an 
increasing awareness amongst teachers, policy makers, educationalists, technologists, 
the business sector and society in general as to how  ICT can enhance learning and 
teaching, and a growing desire to become more sophisticated and coordinated in the 
implementation of ICT in schools.  
 
The third wave of ICT in New Zealand schools saw the implementation of three ICT 
and e-learning strategies – “Interactive Education” (MoE 1998), “Digital Horizons” 
(MoE 2003) and “Enabling the 21st Century Learner” (MoE 2006). Exploration of 
emerging technologies and their application to learning and teaching was a key 
initiative in each of these strategies. These exploratory studies became formalised 
under the digital opportunities banner (Falloon, 2004). The convergence of the 
knowledge age with curriculum reform and developments in e-learning provided the 
background for the implementation of the research project described in this paper. 
Before describing how pen based computing might enhance learning in a knowledge 
age curriculum, let’s first pay some attention to the research design.  
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INVESTIGATING THE IMPACT OF PEN BAsED COMPUTING 
ON LEARNING OUTCOMES IN A KNOWLEDGE AGE 
CURRICULUM 
 
An action research case study approach was used for this project. Each case study 
involved a partnership between a teacher or group of teachers and the researcher. The 
researcher would work with the teacher(s) to design each case study. The teacher 
would then implement the case study and the researcher would gather the data, 
analyse it and write up the case study report. 
 
Each of the four focus areas involved a series of action research case studies1. An 
initial exploratory action research case study was undertaken in each of the four focus 
areas. Findings from these exploratory studies were used as the basis for subsequent 
action research case studies in each focus area. Each of these subsequent studies 
explored refinements of the original approach while at the same time testing the 
findings of the exploratory studies from which they were spawned. 
 

 
 
Each action research case study began with a theory of how pen based computing 
might be used in a particular aspect of a knowledge age curriculum. A plan was 
developed to trial the particular approach. The trial was then implemented and a series 
of data collection processes were undertaken. Once the data had been analysed the 
case study was written up and posted on the project web site. An appreciative inquiry 
process was then used to identify the strong points from within the approach. These 
points formed the basis for the next action research case study with in the focus area. 
 
Each action research case study had its own set of data collection methods involving 
one or more of the following. 
 

Student voice 
Student voice was a key tool in almost all of the action research case studies. 
Students were interviewed at the end of most projects to gain insights into the 
degree to which they felt the technology had helped them learn. Student 
interview schedules included a mix of quantitative and qualitative questions. 

 
Teacher interviews 
Teacher interviews were also a key for almost all of the action research case 
studies. Teachers were interviewed at the end of most projects. The focus of 

                                                
1 Each of the case study reports can be viewed online. 
Go to http://www.brooklynprimary.school.nz/digiops_studies.html  
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the interviews was on identifying teacher perceptions of how the technology 
helped students learn and what they would do to improve the approach if they 
implemented it again. Teacher interview schedules included only qualitative 
questions. 
 
Student outcomes analysis 
In most of the action research projects an analysis of student outcomes were 
undertaken. In some cases this involved the use of control groups where one 
group of students completed an activity using technology and their outcomes 
were compared to a similar group who didn’t use the technology for the 
activity. In other case studies the analysis only involved the outcomes that the 
students using the technology generated. 
 
Embedded researcher observation 
The action research case studies took place over a 30 month period. 
Throughout this period the researcher was based at the school. For most of the 
case studies the researcher worked in a breakout room which contained a pod 
of computers and was adjacent to the classrooms in which the case study took 
place. The researcher was available to help students as issues arose with the 
technology. The researcher was able to concurrently observe students using 
the technology whilst completing other general tasks associated with the 
implementation of the overall research project.  

 
Focus areas 
 
The project had four focus areas as follows.  

Focus area 1: Numeracy and Literacy 
 
The first focus area investigated ways in which pen based computing could enhance 
the development of numeracy and literacy capability. 
 
In terms of numeracy the case studies in this area focused on ways in which numeracy 
learning objects can be used to develop early numeracy concepts. The objects include 
'open' objects developed in standard applications by teachers as well as 'closed' 
objects developed by vendors. Students used the objects to help them explore 
numeracy concepts and the research evaluated the impact that using the objects has on 
student numeracy capability. 
 
In terms of literacy the case studies in this area focused on ways in which pen based 
computing can assist students to develop early literacy skills particularly in writing. 
Standard classroom writing activities were duplicated and enhanced on Tablet PCs, 
using applications designed for pen based computing such as Windows Journal. The 
research evaluated the impact that using the pen based computing activities based 
activities has on student literacy capability. 

Focus area 2: Gathering Information Outside the Classroom 
 
The second focus area investigated ways in which pen based computing can be used 
to gather information from sources outside the classroom. 
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As knowledge age begins to impact on schooling more and more learning that 
children participate in will take place in contexts outside of the classroom. Having the 
capability to gather and store information from these sources in order to process it 
either back at school or in some other environment will become more and more 
important into the future. 
 
Case studies in this focus area explored the use of a range of devices for gathering 
information outside the classroom with a particular focus on Tablet PCs. The case 
studies investigated the merits of the device for collecting information in text, 
graphical, video, and sound formats from a range of environments. 
 
A special feature of this focus area was a partnership with the Museum of New 
Zealand Te Papa Tongarewa which students used as a key environment for collecting 
large amounts of information.  

Focus area 3: Creating and Presenting Information 
 
The third focus area investigated what could be expected of year eight students in 
terms of their ability to create and present information when they have ubiquitous 
access to pen based computing devices. 
 
The three key processes in the Brooklyn School Curriculum are 'Problem Solving', 
'Inquiry' and 'Experimentation'. Each of these processes conclude with students 
creating and presenting the outcomes of their learning journey. As more and more 
technology becomes available in learning environments more of these presentations 
will be created and communicated using ICT. 
 
Case studies in this focus area investigated what can be expected of students at the 
year eight level in terms of their capability to create websites, video, multimedia 
presentations, animations, as well as desktop publications such as posters and booklets 
when they have near to full time access to Tablet PCs. It lead to the development of a 
school wide model for helping to ensure students in the earlier years of school 
participate in the necessary learning experiences which will enable them to create and 
publish in these formats effectively at the year eight level. 

Focus area 4: The Tablet School 
 
The fourth focus area investigated the pedagogical, professional development and 
infrastructural implications involved in establishing a Tablet School.   
In recent times it has become clear that the aims and objectives of New Zealand's e-
learning strategy will not be fully realised until such time as there is ubiquitous access 
to computing devices for students from at least year six or seven onwards. When this 
is in place then we should be expecting around 80% of student work to be completed 
on these devices and for them to be available both at home and at school.  
 
Pen based computing is the new paradigm in terms of educational technology within 
this emerging reality. Case studies in this focus area explored what is required to 
establish a Tablet school. It investigated the changes in pedagogy required to get the 
most out of the new technology. It explored the professional development inputs 
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required to enable teachers to support their students to use the technology in their 
learning. It also investigated the infrastructural developments that need to occur to 
ensure the technology is able to be used to best effect. 

Research Questions 
 
1. How can pen based computing be used to  

- support the development of junior numeracy and literacy competencies 
and speed up the development of digital literacy? 

- help students gather information from learning experiences outside the 
classroom? 

- support students to enhance presentations? 
 
2. What infrastructure is required to optimize the use of pen based computing for  

- the development of numeracy and literacy competencies? 
- gathering information from outside the classroom? 
- presentations? 

 
3. What classroom organisation and pedagogical changes are required to enable pen 

based computing  
- to be used in numeracy and literacy programmes? 
- for gathering information from outside the classroom? 
- to be used in support of presentations? 

 
4. What impact does the use of pen based computing have on  

- numeracy and literacy competencies? 
- student’s ability to gather information from outside the classroom? 
- on student presentation skills? 

 
 
THROW AWAY THE KEYBOARD: IMPLICATIONS OF 
RESEARCH RESULTS ON LEARNING OUTCOMES 
 
In general terms pen based computing has a positive effect on learning outcomes in all 
learning areas. There are seven key themes that can be used to summarise the major 
positive effects on learning outcomes resulting from learning through pen based 
computing. 
 
Student motivation to learn  
 
Learning through pen based computing in a knowledge age curriculum provides 
students with a high level of self determined motivation. Ryan and Deci describe the 
three types of motivation as amotivation, extrinsic motivation and intrinsic motivation 
(2000, 72). The more self determined a person’s motivation is then the more likely 
they are to act. The two strongest forms of self determined motivation are integrated 
regulation extrinsic motivation and intrinsic motivation. Integrated regulation 
extrinsic motivation occurs “when regulations are fully assimilated to the self, which 
means they have been brought into congruence with one’s other values and needs”  
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(ibid, 73). Intrinsic motivation is the most autonomous form of motivation and occurs 
when actions are undertaken for their inherent enjoyment (ibid).  
 
Students demonstrate much higher levels of both these forms of self determined 
motivation to learn when learning through pen based computing in a knowledge age 
curriculum as compared to not learning through the technology in a traditional 
curriculum. This level of motivation does not diminish even after learning through the 
technology for a year. Students themselves realise that the technology is having this 
impact on their motivation and teachers also notice increased levels of student 
motivation. This motivation is increased further when learning takes place within an 
authentic context generated by students themselves.  
 
Students believe that using pen based computing is how they want to learn at school. 
When the topic for learning is provided to them then they are likely to demonstrate 
integrated regulation extrinsic motivation. When the topic for learning is an authentic 
one, which they have negotiated with other students and the teacher, then they are 
likely to demonstrate intrinsic motivation to learn. Using the pen based computing 
alongside of authentic learning has a compounding effect on each other in terms of 
student motivation to learn. 
 
Quality and quantity of writing by children   
 
Here is one reason why we should throw away the keyboard - the quantity and quality 
of student writing is greatly enhanced when undertaken using pen based computing. 
Perhaps the most exciting results, with the greatest potential to enhance learning 
overall, were those associated with the ‘learning to write with a pen’ case study2. Any 
new entrant or junior classroom teacher will tell you how difficult it is to get a whole 
class of students writing a story onto the computer using a keyboard. If that doesn’t 
convince you ask them how hard it is to get every child in their class to add a picture 
they have drawn with a mouse to that story.    
 
Now get them to try the same thing using pen based computing - the speed with which 
new entrant and junior classroom students are able to acquire the skills of writing and 
drawing onto the screen will astound them. What is even more impressive is that the 
integration of these skills into the classroom writing programme is seamless.  
 
Using pen based computing in the new entrant and junior classroom does more than 
simply replace the pencil and paper with a new writing tool. It also enhances the 
writing programme by greatly improving student ability to correct their work as a 
result of teacher feedback. Furthermore it empowers students to easily begin the 
rudimentary recrafting of their writing from an early age. 
 
If you move up the school then the impact of pen based computing on student writing 
is just as profound – although it isn’t necessary to throw away the keyboard for these 
students! At one level the use of the technology has a positive effect on surface 
features of writing such as spelling, grammar and legibility. At the deeper level of the 
writing process itself the impacts are even stronger. Writing with pen based 

                                                
2 The “learning to write” case study can be read online. 
Go to http://www.brooklynprimary.school.nz/CHaOS/case_studies/LearningToWriteWithAPen.pdf  
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computing facilitates a change in the process of writing to a more organic and simple 
one. Students and teachers describe this change as doing away with the draft writing 
step and being able to recraft and publish from the beginning of the process. This 
leads to an improvement in the quality of writing that students complete, and to an 
increase in the quantity of writing that students produce. An added bonus of writing 
with pen based computing is that the process of providing feedback on student writing 
is easier and students more actively seek and use this feedback.    
 
Student creativity  
 
Reason number two to throw away the keyboard – creating and working with images 
is greatly simplified when using pen based computing. Ever tried to do a self portrait 
with a mouse? Now try doing it with a digital photo, tracing paper, and oil pant in Art 
Rage on a Tablet PC. If you have problems then hand the machine over to a ten year 
old and see what they can do. Again the results will astound you. 
 
Being able to use visual language is an increasingly important component of 
communication in the information age. Using a pen to interact with graphics software 
greatly enhances student capability to communicate visually. The quality of images 
generated by students using the pen is much higher than those generated using a 
mouse as it is a far more natural way to draw. Students are capable of creating images 
that are superior to those generated on pen and paper and have the added advantage of 
being able to insert these images easily into their publications.  
 
Students from a young age are able use design and drawing techniques such as 
layering. The tools available to them for drawing and painting electronically are far 
greater than those available in the traditional classroom. The colour ranges are also 
much greater. The ability to undo and redo parts of their work helps them achieve a 
better quality outcome.  
 
The availability of three dimensional modeling software, stopmotion and animation 
software adds a further element to the creation and use of images that is not available 
to them in the traditional classroom. Students from year 5 on, if not before, are 
capable of using this software if given support and guidance.  
 
Numeracy outcomes  
 
The use of numeracy learning objects will become an increasingly important part of 
the maths classroom into the future. Currently the range of objects available is not 
great and teacher capability to create their own objects is not strong. Even given these 
constraints it is clear from this project that the use of learning objects increases the 
amount of feedback that students receive which in turn improves their achievement in 
maths. Numeracy learning objects are particularly suitable for practicing strategies or 
reinforcing maths knowledge. 
 
Pen based computing allows for learning objects to be more easily integrated into a 
classroom programme. Having Tablet PCs available in the classroom means that 
groups of students can participate in appropriate activities for their personal 
achievement level without the disruption of leaving the room or moving from their 
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desk. It is as seamless as having one group working with abacus, while another group 
uses worksheets, while another group works with the teacher. 
 
Student ability to gather and locate information  
 
With ubiquitous use of Tablet PCs that are permanently connected to the internet 
students greatly increase the amount of information they have access to and the degree 
to which they can gather this information. The internet has profoundly and 
irreversibly changed the way we interact with information in the knowledge age. No 
longer is it possible for all information a child will need or want to be contained 
within the four walls of the school library.  
 
Students have the potential to be adept at locating information and discerning in the 
information they select from a relatively young age, and should generally be 
demonstrating this capability in their learning from year 5 onwards, if not before. 
When students have had input into the authentic context that they want to learn about 
then the types of questions that they will be trying to answer through an inquiry will 
naturally draw them away from simply cutting and pasting screeds of information 
from the internet. Instead they will begin to look for information from a range of 
sources that they can combine and synthesise in order to support an argument they are 
presenting or a line of inquiry they are following. The teacher is absolutely 
fundamental in directing and supporting students as they learn in this way.       
 
With ubiquitous access to pen based computing the role of the library in a school 
changes. It is no longer the information centre for the school. It continues to provide 
students with access to the fiction titles that will develop their reading capability and a 
love of reading. The role of the non fiction titles, however, changes. They become a 
controlled source of information through which teachers can support students to 
develop the important information literacy skills of key wording, cataloguing, 
indexing, note taking, note making, etc. These skills can then be applied to locating 
and gathering information from a range of sources such as the internet and the school 
library itself.     
 
Student ability to organise and synthesise information  
 
With ubiquitous use of pen based computing students quickly become proficient at 
organising the information they have found, and synthesizing this together in order to 
answer their research questions, solve their problems or draw conclusions about the 
outcomes of an experiment.  
 
At a simple level the device allows them to store together all of the information, data 
or components that they need for their inquiry, or to solve their problem or to 
complete their experiment. Generally students from at least year 5 onwards, if not 
before, are capable of organising a range of different elements, such as an interview 
sound file, a group of images, a set of notes, a set of data in a spreadsheet, some 
graphs, a 3d model, etc, within folder structures on the Tablet PC itself or across a 
school network. 
 
At a deeper level these same students are capable of using the device to synthesise 
together information. They and their teachers have no problems in using the Tablet 
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PCs in combination with thinking strategies such as plus minus interesting, venn 
diagrams, mind maps, spider diagrams, flow charts, etc, in order to synthesise 
information together. Furthermore they are capable with strong teacher support 
(provided the teacher themselves are capable or have appropriate support) to use 
software such as spreadsheets and databases to filter, sort, calculate and query data 
that they have gathered. This use of the technology is perhaps the most challenging 
for teachers to integrate into student self directed learning journeys, but is very 
powerful when it is achieved.     

Student ability to create and present  
 
Ubiquitous use of Tablet PCs means that students always have a wide range of 
traditional and new media tools available to them when it comes time to create and 
present new knowledge. This is one of the most significant advantages that using pen 
based computing has over the traditional classroom environment where students 
undertake the majority of their work on pen and paper. Comparing creating and 
presenting through pen based computing with creating and presenting through pen and 
paper is like comparing a Humber 80 with a Porsche 911 – there is no comparison. 
 
Students from year 5 onwards, if not before, have the capability to utilise a wide range 
of applications to create and present information. They are capable of choosing and 
integrating various formats including text, sound, video, animation, modeling and 
images into their presentations. Teacher capability in using the specific applications is 
not as important as having suitable support available when needed within the school. 
Teacher awareness of what is available, however, is vital.  
 
 
PEN BASED COMPUTING IN A KNOWLEDGE AGE SCHOOL: 
IMPLICATIONS FOR SCHOOL DEVELOPMENT  
 
There is much discourse about the need to change the physical design of schools to 
reflect learning in the knowledge age. Although laudable this is far from practical 
given the significant investment in buildings that is already in place. More 
importantly, changing the physical structure of the school will have little effect if 
nothing is done with the curriculum and the way children learn within the 
environment. It is far more important to change the curriculum, the way teachers 
teach, and the way students learn, all of which can be achieved with minimal changes 
to the physical space in which schooling takes place.  
 
The following inputs were identified as important precursors to establishing pen based 
computing in a knowledge age school. The inputs are divided into infrastructural, 
pedagogical and classroom management inputs.   
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INFRASTRUCTURAL INPUTS 
 
The Tablet PC is an ideal device for learning. It is the first device that truly integrates 
into existing classroom structures. Laptops came close as a device but their mobility 
was too limited for the school environment. The portability and mobility of Tablet 
PCs along with their small foot print mean that they fit easily into existing classrooms. 
 
The device itself could have some changes made to it in order to make it even more 
suitable for learning. The pen needs to be made much stronger. Currently it has a clip 
which acts as a locking device when the pen is stored in the screen. This clip is far too 
fragile and needs to be strengthened. There is also a button half way down the pen 
which performs the same function as a right button on the mouse. The button makes 
the pen susceptible to breaking and could be removed altogether, as its functionality 
can be achieved by holding the pen nib down on the screen for a short period. 
Additional programmable hardware buttons could be added to the edge of the screen. 
This would allow the user to hold down shift, ctrl, and alt keys when working in 
character recognition mode or in graphics applications. The wireless connection 
button could be made harder to accidentally turn off. Building a camera into the back 
of the screen would also be useful. 
 
Original versions of the Tablet PCs had detachable keyboards. This feature should be 
reinstated and a model should be made that does away with the keyboard altogether. 
From years 0 to 4 students should use the Tablet PCs in screen mode only, and if 
possible the keyboards should be detached. Ideally students from years 5 to 8 should 
also operate in screen mode only, though pragmatically it would be best to keep their 
keyboards attached. 
 
A unique software build was created for this project. The build was based upon a 
pencil case and book analogy so that it would be as quick or quicker to start writing 
on the Tablet as it was to pull out a book and pencil case. The analogy was taken 
further so that rather than looking for the names of software, students used the menus 
to look for the learning task they were to perform.  
 
From the start menu students had direct access to key applications that were used 
often. This included a pen based calculator, dictionary and encyclopedia. The start 
menu gave direct access to an exercise book with ruled lines and a maths book with 
grid lines. These mirrored the standard exercise and maths books used in the 
classroom. Students could gain access to Art Rage for painting and drawing, and the 
internet from the start menu. They could also choose to access documents stored on 
the Tablet PC or documents stored on the school server from the start menu. 
 
The sub menus included numeracy, oral language, reading, visual language, working 
with images, writing, the six steps of the inquiry process, animation & 3D, art, games, 
music, reference, science, video and web. Each of the sub menus contained 
applications, learning objects or links that related to the specific learning task. Access 
to the control panel was not available to students but they were able to customise 
aspects of their device such as the desktop image. 
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Screenshot of the student Tablet PC software image 
 

 
 
 
It is recommended that the following student to Tablet PC ratios be instigated for 
years 0 to 8 in a knowledge age school. 
 

Year level Number of Tablet PCS 
0-2 4 
3-4 7 
5-6 1 per child (school owned) 
7-8 1 per child (student owned) 

 
Each year 0-2 classroom requires one wireless network access point. All other 
classrooms require two wireless access points, and key common areas such as the 
library and staff room also require wireless access points. It is advantageous to set up 
the Tablet PCs so that they only access the network when it is needed, e.g. if students 
want to access the internet, or save onto and access files from the school network.  
 
The Tablet PCs should be set up to never shut down but instead switch to hibernation 
when not in use. This means that as soon as the Tablet PC is switched back on it is 
ready to go and there is no delay waiting for the device to access the network. When 
students want to save their work to, or access work from the network they are 
prompted to enter their personal username and password, or class username and 
password in the case of year 0 to 4 classes. The same happens when students want to 
access the internet.      
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It is recommended that the following peripheral ratios be instigated in a knowledge 
age school. 
 

Peripheral Ratio 
Colour laser printer 1 per four classes 
Black and white printer/photocopier 1 per school 
Data projector (or) Plasma screen 1 per classroom 
Surround sound system 1 per classroom 
Digital still camera 1 per classroom 
Digital video camera 1 per classroom 
Headphone/Microphone 4 per classroom 
CD/DVD read-write kit 4 per classroom 
Charging cabinet 1 per year 0-4 classroom 
Charging trolley 2 per year 4-8 classroom 

 
Each school needs a small set of back up Tablet PCs so that if a machine requires 
maintenance it can be swapped for one of the spares. Each school also requires 
technical support at the rate of 0.5 FTE technicians per 400 students.  
 
Each school needs to establish a digital media facilitator at the rate of 1.0 FTE per 400 
students. 
 
 
PEDAGOGICAL INPUTS  
 
There is an old saying that goes something like … 
 

Be careful not to put new wine into old wine skins. 
 
In order to make the most of pen based computing it is important to assimilate it into a 
knowledge age curriculum. A school based knowledge age curriculum called CHaOS 
was conceptualised and implemented at Brooklyn School during the project. CHaOS 
stands for Children Have Ownership of Schooling. This section of the paper describes 
what the curriculum looked like at the end of three years of trialing and 
developmental work.   
 
The mental model for CHaOS consists of six pillars which combine together to 
support students not only to learn at school, but also to become lifelong autonomous 
learners. The model has two ‘framing pillars’ which act as the major support structure 
for learning and teaching. The two framing pillars are ‘self managed learning’ and 
‘authentic learning’. The remaining four pillars are all ‘linking pillars’. They are 
called linking pillars because when they are linked together they combine to 
strengthen authentic learning and self managed learning. The four linking pillars in 
the CHaOS model are ‘thinking strategies’, ‘learning habits’, ‘problem solving, 
inquiry & experimental processes’ and ‘learning through ICT’. The six pillars are 
constructed on a strong foundation of student numeracy and literacy programmes. The 
underlying belief inherent in all aspects of the CHaOS model is that learning and 
teaching is most effective when Children Have Ownership of Schooling. 
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The CHaOS model utilises traditional Maori symbolism to portray contemporary 
pedagogical constructs3. The Wharenui was chosen as the central theme for the 
CHaOS logo to represent the fact that a strong structure is required if children are to 
have ownership of schooling. The Amo of the Wharenui represent the two framing 
pillars of the CHaOS model – Authentic Learning and Self Managed Learning. The 
Poutama Tukutuku paneling within the Wharenui represents the four linking pillars of 
the CHaOS model – learning habits; problem solving, inquiry and experimental 
processes; thinking strategies; and learning through ICT. The Wharenui is built upon 
solid ground, which represents the strong foundation of numeracy and literacy 
inherent in the CHaOS model. 
 

 
 
The vision that underpins the CHaOS model is that when Children Have Ownership 
of schooling teachers find teaching more motivating, rewarding and manageable, 
while students demonstrate positive attitudes to learning, are more likely to develop 
life long learning skills, view learning as relevant and real, and gain high 
achievement, reaching their full potential. This document explains what is involved in 
each of the pillars of the CHaOS model. It begins by describing the two framing 
pillars then outlines how the linking pillars support the overall learning and teaching 
structure. It concludes by commenting on how important a strong foundation of 
numeracy and literacy is if children are to have ownership of schooling. 

Self Managed Learning 
 
The first framing pillar of the CHaOS model is ‘self managed learning’. A self 
managing learner is able to sustain and maintain their momentum through out the life 
of a learning journey. If students are to self manage learning then the school needs to 
ensure that it allows them to broaden and deepen their learning journeys. In order for 
this to happen it is important that the students are supported to understand how to 
learn, and that they are equipped with an understanding of strategies they can use to 
help them learn. It is also important that students are not locked into specific time 
frames in which to complete certain passages of learning. Schools need to be flexible 
enough to provide opportunities for students to move beyond orientation and 
individual development to exploration and in-depth study. 
 

                                                
3 A video to introduce the CHaOS model can be viewed online.  
Go to http://www.brooklynprimary.school.nz/chaos_resources.html  
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There are three dimensions to the development of self managed learners. In term one 
each year students work through two steps to awaken their understanding of self 
managed learning for the year and to acquaint themselves with the tools that can 
support them to self manage their learning at their particular level. During terms two, 
three and four students practise self managing learning. During these terms they 
become increasingly more confident to self manage their learning journeys, a key 
component of which is the presentation of their outcomes to their peers. As the year 
goes on the older students are encouraged more and more to embark on in depth 
studies during which they are being self managed learners.    
 
The three dimensions of self managed learning in the CHaOS model 
 

 
 
The first dimension of self managed learning is the ‘awakening’ dimension. The first 
step in this dimension typically takes place at the beginning of each school year, 
although its aims are reinforced throughout each year. During this step students 
develop an increasing understanding of the concepts of intelligence and creativity. 
They develop and reinforce their understanding of self and community in order to 
answer questions such as who am I?, where am I from?, where am I headed?, what 
does it mean to belong to this learning community?, and what do I need to do to reach 
my full potential? During this step students participate in a range of activities such as 
‘biographical sketches’ in order to better understand intelligence and creativity, as 
well as to develop their sense of self and community. 
 
The second step in the ‘awakening’ dimension is also completed during term one of 
each year, with understandings applied and reinforced throughout the rest of the year. 
During this step students focus on ‘learning how to learn’ by being introduced to the 
strategies that they will use to help them learn throughout the rest of the year. During 
this step they are introduced to tools that they will need to self manage their learning 
at their level. The first of these tool sets is process tools, which involves developing 
an awareness of how to inquire, problem solve, and experiment. The second set of 
tools are organisational tools and involves students developing understandings of how 
to plan projects, how to set goals, how to manage time and how to evaluate. During 
this dimension students also develop an awareness of how to use thinking strategies, 
of what successful learning habits are, of how ICT can support learning, and of what 
is required in a good presentation. 
 
The second dimension of self managed learning is called ‘practising’. The 'practising’ 
dimension involves two closely related steps. The first step in the practising 
dimension involves students in undertaking investigations and explorations within 
authentic contexts which emerge from the issues, concerns and topics that students 
themselves identify as both relevant and real. The intention of this step is to support 
students to become increasingly more aware of how the authentic learning process can 
be used to determine the focus of learning, to specify learning intentions, to develop 
assessment criteria and to implement the learning process. The second step of the 
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practising dimension involves students in learning how to take stock of their learning, 
celebrate what they have learnt, and produce and present new ideas to their peers. 
 
The third dimension of self managed learning at is called the ‘being’ dimension. 
During the ‘being’ dimension students get to become truly self managing. During this 
dimension students pursue issues, concerns and topics of interest to them. They use 
the skills and understandings developed during the previous dimensions to self 
manage their learning journeys. In the early years the model assumes that not all 
students will make it to the third dimension. By the time students are in the senior 
years the expectation is that the vast majority of students will have made it to this 
dimension and had the opportunity to self manage learning journeys through to an in 
depth study level.   

Authentic Learning 
 
The second framing pillar is ‘authentic learning’4. Beane advocates that when 
negotiating curricula with students, teachers must refrain from establishing 
connections between the present selections of separate subjects (1993). Instead, he 
believes that teachers must establish collaborative working environments in which 
students can create their own authentic themes of study, which transcend separate 
subject approaches. Beane advocates that authentic learning can only be established 
when the curriculum emerges from the issues, concerns and topics that students 
themselves identify as being both relevant and real. The CHaOS model calls for 
schools to develop curriculum structures which enable students to negotiate with 
teachers and engage in authentic learning. 
 
Tension exists between the requirements of state mandated curricula and the 
development of themes of study which are based upon issues, concerns and topics that 
students identify themselves. The CHaOS model includes a system for authentic 
learning that utilises a four step process to help ensure that learning takes place within 
contexts that are authentic to students, but still meet the requirements of state 
mandated curricula (Stanley, 2002). The first of these steps involves teachers and 
students in deciding on the focus of learning. Step two involves teachers and students 
in becoming more specific about what will be learnt. Students and teachers then 
develop assessment tasks and criteria, after which they embark on step four which 
involves teachers and students structuring and implementing the learning and teaching 
processes. Once teachers and students decide that the passage of learning has reached 
its conclusion, then the whole process begins again. 
 
Authentic Learning process: Steps for planning learning and teaching 
 

 
 
 
 
                                                
4 A video to show the authentic learning process in action can be viewed online. 
Go to http://www.brooklynprimary.school.nz/chaos_resources.html 
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The first step in the process involves teachers and students in deciding on the focus of 
learning. The process during this step draws heavily on the work of Beane. Individual 
students in a class answer a set of questions. The questions are ‘what questions or 
concerns do you have about yourself?’, ‘what questions or concerns do you have 
about the world?’, ‘what things in the world are you curious about?’, ‘what questions 
do you have about your future?’ and ‘what are your hopes, dreams and concerns?’ 
Students then form into groups to identify themes and questions that they have in 
common. At this point teachers and students ask whether the themes that have been 
identified are sufficiently deep to form the focus of a programme of work. If they 
decide that the themes are indeed deep enough then they work together to identify 
possible learning activities for each theme. If they decide that the themes are not deep 
enough then they regroup the themes or ask the questions again. The first step of the 
authentic learning process concludes with the class working through a process to 
decide what the key theme and questions are that the class should explore during the 
next programme of work.  
 
The second step of the authentic learning process involves teachers and students in 
becoming more specific about what will be learnt. This step begins by students and 
teachers identifying key knowledge, understandings, attitudes, values and skills that 
will be addressed through the programme of work. In order to do this students and 
teachers work through the following questions. 
  

What opportunities will there be to: 
-  Consider the different views of others? 
-  Consider why people hold their points of view? 
-  Develop and justify our points of view? 

What will we come to know and understand once we have explored our theme 
and questions? 
Will we use a problem solving, inquiry and/or experimental process?  
What ICT and/or thinking skills do we need to use to complete the process? 
What learning habits will we be able develop as we explore our theme? 
What opportunities will there be to act on what we discover through our 
theme? 

 
Once this process has been completed students and teachers prepare a set of learning 
intentions for the programme of work. The answers to these questions are used as the 
basis for the development of the learning intentions.  
 
The third step of the authentic learning process involves students and teachers 
working together to develop assessment tasks and criteria. The previous step 
concluded with teachers and students agreeing upon a set of learning intentions for the 
programme of work. This third step begins with teachers and students agreeing upon 
which of these learning intentions are the most important and, therefore, will form the 
basis of assessment for the programme of work. Once teachers and students have 
agreed upon the key learning intentions, they then work together to establish criteria 
that will be used to describe the degree to which students are successful in achieving 
each learning intention. For each learning intention they identify four levels of 
capability – novice, apprentice, practitioner, and expert. 
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Teachers either by themselves or in partnership with students have a further task to 
complete at this point in the process. They take the full set of learning intentions that 
have been developed and relate these to the achievement objectives from the New 
Zealand curriculum. This process of correlating learning intentions against 
achievement objectives provides teachers and students with an insight into the 
achievement objectives from the curriculum which are not likely to be covered 
through the programme of work. They make decisions about which of these additional 
achievement objectives could form the basis of learning experiences that would 
support students to develop knowledge, understanding, skills, values and attitudes 
associated with the general direction of the programme of work. Teachers either by 
themselves or in partnership with students develop learning intentions, assessment 
tasks and criteria for these additional achievement objectives.  
 
The fourth step of the authentic learning process involves teachers and students in 
structuring and implementing the learning and teaching programme. Students take the 
learning intentions and develop a problem solving, inquiry and/or experimental plan. 
Once this has been developed they begin the process of implementing their plan. 
Meanwhile teachers prepare learning experiences for the development of knowledge, 
understandings, attitudes, values and skills that will support students as they 
implement their inquiry or problem solving plans. Teachers support students as they 
implement their plans through the provision of ‘just in time’ and ‘just in case’ 
learning experiences on a whole class, group and individual student basis as need 
dictates. In addition teachers develop learning experiences for the parallel learning 
intentions that were identified in step three of the authentic learning process. Some of 
these learning experiences flow through to directly support student inquiry and/or 
problem solving plans while other experiences are implemented purely for their own 
sake.       
 
As student learning journeys draw to an end, teachers and students decide upon the 
time in which the passage of learning has reached its natural conclusion. Once 
consensus has been reached the whole process begins again with students and teachers 
negotiating the focus for the next passage of learning. 

Learning Habits 
 
The first linking pillar of the CHaOS model is ‘learning habits’. A student who has 
well developed learning habits will use a range of rituals, behaviours, practices, 
routines and ways of learning to help them move their learning journeys 
systematically and thoughtfully from orientation through to in-depth study. The 
CHaOS model assumes that schools will identify, develop, teach and practice a set of 
positive learning habits. 
 
Brooklyn School has adopted Costa’s “Habits of Mind” as the basis for their learning 
habits programme (2001). Perkins in his foreword to Costa and Kallick’s  book 
‘Integrating and sustaining Habits of Mind’ (2000a), suggests that we “should have 
habits of mind such as persistence and flexible thinking, just as we have habits like 
brushing our teeth or putting the dog out or being kind to people. Habits are not 
behaviours we pick up and lay down whimsically or arbitrarily. They are behaviours 
we exhibit reliably on appropriate occasions, and they are smoothly triggered without 
painstaking attention” (viii).  Costa and Kallick define Habits of Mind as “dispositions 
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displayed by intelligent people in response to problems, dilemmas, and enigmas, the 
resolutions of which are not immediately apparent” (2000b). Furthermore, they 
describe “a Habit of Mind as knowing how to behave intelligently when you DON’T 
know the answer” (2001). 
 
There are sixteen Habits of Mind. Students are progressively introduced to and taught 
how to use each of the habits as they move through the first six years of their time at 
Brooklyn School. In years seven and eight students are supported to use all of the 
habits as and when appropriate to support their learning journeys. The following 
graphics depict which habits of mind are introduced at each year level. 
 
Habits of Mind introduced at years 1 and 2 at Brooklyn School 

 
 
Habits of Mind introduced at years 3 and 4 at Brooklyn School 

 
 
Habits of Mind introduced at years 5 and 6 at Brooklyn School 

 
 
 

Problem Solving, Inquiry and Experimental Processes 
 
The second linking pillar of the CHaOS model is ‘problem solving, inquiry and 
experimental processes’. Students are more likely to be successful problem solvers, 
inquirers and experimenters if they utilise consistent problem solving, inquiry and 
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experimental models across learning areas and year levels. The problem solving, 
inquiry and experimental processes used in a School should remain the same 
irrespective of the achievement level at which a student is operating. What changes as 
students move through the achievement levels is the complexity with which they 
operate within each of the stages of these three processes. The CHaOS model requires 
a school to embrace a model for each of these processes and use them consistently 
across learning areas and achievement levels. 
 
Many models for inquiry learning have been developed world wide (Berkowitz and 
Eisenberg, 2001; Gawith, 2004; Capra and Ryan, 2004; McKenzie, 2000; etc). 
Brooklyn School has adopted the inquiry process at the heart of Capra and Ryan’s 
(2004) information literacy planning overview as the model for inquiry throughout the 
school. The model is a six step process that can be implemented in either a linear or 
non linear fashion. If the inquiry process is described linearly then it begins with the 
defining stage. At this point in the process students build on prior knowledge in order 
to define what it is that they want to find out, and conclude by developing a research 
plan for their inquiry journey. Once this is completed they begin the process of 
locating and recording information to help them answer their research questions. They 
then analyse the information that they have gathered and select those parts of it which 
are going to help answer their questions. This information is organised and 
synthesized to best support their conclusions. Students then create and present new 
information or conclusions related to their research questions. They then evaluate how 
effective they were in implementing their research process and reflect on how they 
could improve it for the next research process. The following graphic depicts the 
inquiry process used at Brooklyn School. 
 
Inquiry process at Brooklyn School 
 

 
 
Brooklyn School has developed its own process for problem solving. This process is 
used as a consistent model for solving problems across a range of learning areas. It 
has its roots in the technology capability process from the technology curriculum 
(Ministry of Education, 1995) and the social decision making process from the social 
studies curriculum (Ministry of Education, 1997), and draws on the problem solving 
process from the mathematics curriculum (Ministry of Education, 1992). Having 
identified a problem, be it in a social or technological sense, students conceive of a 
range of possible solutions to that problem. They then develop and use a set of criteria 
to evaluate which of the solutions will be most effective in solving the problem. 
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Having made their decision about the most preferred solution they then develop and 
trial this solution to measure its effectiveness in relation to the initial problem. The 
final step in the problem solving process is to create and present a presentation that 
documents how and why the solution solves the problem and how it could be 
improved further. The following graphic depicts the problem solving process used at 
Brooklyn School. 
 
Problem solving process at Brooklyn School  
 

 
 
 
The experimental process used at Brooklyn School has its roots in science. Although 
the process is mostly used in a science context, it is also sometimes used across other 
learning areas. The first step in the experimental process is to develop a hypothesis as 
a prediction of what students think will happen as a result of the experiment. Once 
they have developed their hypothesis students come up with an experiment plan 
which includes a description of how they intend to test their hypothesis. They then 
implement their plan and analyse the results that are generated. They use the analysis 
to draw conclusions about the validity or otherwise of their original hypothesis. 
Finally they create and present a presentation of the experimental process and the 
conclusions that were drawn from it. The following graphic depicts the experimental 
process used at Brooklyn School. 
 
Experimental process at Brooklyn School 
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Thinking strategies 
 
The third linking pillar of the CHaOS model is ‘thinking strategies’. A wide range of 
thinking tools and strategies, ranging from De Bono’s six thinking hats to graphic 
organisers, exist in the world today. Students who are skilled in the use of these tools 
and strategies are more likely to be able to think creatively, critically and 
systematically than students who are unfamiliar with them. The more practice a 
student has in the use of these tools and strategies then the better they will become in 
using them. The CHaOS model assumes that schools will identify a core set off 
thinking strategies and then encourage and support students to use them to learn.  
 
Brooklyn School has developed a matrix of four groups of strategies that can be used 
to support thinking across the school. The matrix includes strategies for: self 
evaluating; comparing, organising and contrasting; predicting, justifying and 
checking; and synthesising thoughts.  
 
Thinking strategies at Brooklyn School 

 
 

 
 
Brooklyn School has developed its own self evaluation strategy for listening, 
speaking, giving feedback and for presenting. By the end of year four students at 
Brooklyn School are expected to be able to use teacher given criteria to verbally 
evaluate their work. They are also expected to be beginning to develop their own 
criteria for evaluation with strong teacher support. In years five to eight they are 
expected to become increasingly independent in the both the development and use of 
criteria to self evaluate listening, speaking, giving feedback and presentations.  
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In the early years at Brooklyn School students are introduced to a range of graphic 
organisers for comparing, organising and contrasting. These include mind maps, flow 
charts, fishbone diagrams, venn diagrams, brainstorms and spider maps. They are also 
introduced to a range of CoRT tools including PMI (plus minus interesting), OPV 
(over people’s viewpoints), C&S (consequence and sequel) and CAF (consider all 
factors). As students move into the senior years at Brooklyn School they are expected 
to become increasingly more independent in the use of the graphic organisers and 
CoRT tools that they were introduced to in their junior years.  
 
De Bono’s six thinking hats (1999) are used as the key tool for synthesising thoughts 
at Brooklyn School. By the end of year four students have been introduced to all six 
hats and have had opportunities to use them individually to direct thinking in whole 
class situations. Initially this begins with an introduction to Yellow, Green, Black and 
Red hats in the first years of schooling but expands to include blue and white hats by 
year four. In the senior school the focus moves to using the combinations of the hats 
in sequences that allow students synthesise their thoughts. 
 
The final set of strategies in the Brooklyn School thinking strategies matrix are aimed 
at helping students to predict, justify and check. Brooklyn School has developed its 
own strategy for predicting, justifying and checking. Students are introduced and 
taught how to use this strategy in Maths, Reading and Science. In the senior years 
they are supported to use these strategies to predict, justify and check across all 
learning areas. 

Learning through ICT 
 
The fourth and final linking pillar is ‘learning through ICT’. The potential for ICT to 
enhance learning and teaching across a number of domains and learning areas is well 
established. Provided that ample ICT infrastructure is available, that teachers 
themselves are sufficiently capable, and provided they have an awareness of the 
pedagogical potential of ICT, then it is more than probable that they will be able to 
support students to achieve by learning through ICT. The CHaOS model assumes that 
schools will embrace and promote the use of ICT as a key learning and teaching tool.  

There are two domains for learning through ICT. The first domain for learning 
through ICT is the use of ICT to support inquiry, problem solving and 
experimentation. Students are encouraged to use a range of information and 
communication technologies during all the stages of the inquiry  process. 
Technologies such as the internet, cdroms, audio conferencing, faxes, library 
catalogues, videos, etc can be used to gather information. Technologies such as 
spreadsheets, databases, word processors, video editing, etc can be used to process 
information. Technologies such as publishing software, drawing programmes, photo 
editing, etc can be used to publish information. Technologies such as ohps, videos, 
multimedia presentations, wikis, blogs etc can be used to communicate information.  
 
Students are also encouraged to use ICT to enhance the development of student 
problem solving capability. As with the inquiry process, teachers can enhance the 
capability of students to solve problems by providing opportunities for them to use a 
range of information and communication technologies during all four stages of the 
problem solving process. Technologies such as the internet, cdroms, audio 
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conferencing, video, etc can be used to identify problems or issues. Technologies such 
as databases, mind mapping software, spreadsheets, etc can be used to develop 
possible solutions to the problems or issues. Depending on the learning area, 
technologies such as CAD, drawing programmes, publishing software, video 
recording, etc can be used to design possible solutions. Technologies such as 
databases, multimedia presentation software, publishing software, etc might be used 
to implement, evaluate and present a report regarding the effectiveness of a chosen 
solution.  
 
The use of ICT by students to support learning in the experimental process is 
encouraged. As with the inquiry and problem solving processes teachers can enhance 
the capability of students to experiment by providing opportunities for them to use a 
range of information and communication technologies during the six stages of the 
experimental process. 
 
The second domain for learning through ICT is the use of ICT in the development of 
numeracy and literacy capability. This role is transparent to the learner in much the 
same way as the use of the whiteboard or chalk is transparent to the learner. For 
example, the concept of how data can be represented in different ways can be easily 
taught by using graphing software. By making a pie graph and a bar graph linked to 
the same data, a teacher can change the values for different data categories and ask 
students to predict what will happen to each graph. The outcome is instantaneous and 
the concept is grasped with comparative ease. Similarly interactive cdroms, and 
digital learning objects add another dimension to a classroom’s numeracy and literacy 
programme, while contemporary communication systems such as wikis, blogs and 
intranets are changing the ways in which students communicate and share 
information.  
 
Wherever possible the development of skills in the use of ICT is undertaken within 
the context of the classroom programme as opposed to developing these as a ‘learning 
area’ in their own right.  

Changes in the emphasis on the two domains for learning through ICT as 
students move through school 
 
Imagine we have been given the task of creating a graph that represents the relative 
emphasis that is placed on the two domains of learning through ICT at school. The 
graph would look something like this … 
 
On the X axis we have a continuum of the year levels, starting at year one and ending 
at year eight. On the Y axis we have the relative emphasis that is placed on each of the 
two domains as a mechanism through which ICT skills are developed by students. 
The Y axis scale ranges from 0 to 100%.where 0 indicates that there is very little 
emphasis placed on the use of ICT in the particular domain and 100% indicates that a 
great deal of emphasis is placed on the particular domain.  
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Relative emphasis placed on the two domains of learning through ICT at different year levels at 
school 

 
 
 
In the early years at school students are most likely to be using ICT to support the 
development of numeracy and literacy concepts. When using ICT they will develop 
an awareness of how a range of applications function as they interact with them to 
complete tasks that often have a numeracy or literacy focus. During these years they 
will also use a range of technologies as they inquire into things, solve problems and 
experiment, but the relative emphasis on this domain of learning through ICT is 
considerably less than the emphasis on using ICT as a tool to support the development 
of numeracy and literacy concepts. 
 
As students move into the middle years at school a cross over occurs. At the 
beginning of this period students are more likely to be using ICT in a numeracy and 
literacy context than they are to be using it to support inquiry, problem solving and 
experimentation, but the difference between the relative emphasis on these domains of 
learning through ICT is less marked than in the earlier years. As students move 
through year three it is likely that students will be using ICT as much for inquiry, 
problem solving and experimentation as they are to develop understanding of 
numeracy and literacy concepts. By year four the relative emphasis on each domain of 
learning through ICT reverses so that students are more likely to be using ICT to help 
them experiment, solve problems and inquire than they are to further their 
understanding of numeracy and literacy concepts. 
 
Once students are in the senior years at school the relative emphasis that is placed 
upon ICT as a tool for problem solving, inquiry and experimenting continues to 
increase so that by the time students leave school the emphasis on this domain of 
learning through ICT is far greater than the numeracy & literacy domain. As they exit 
school it is expected that students should have a good understanding of inquiry, 
problem solving and experimental processes and should be using a range of 
technologies to enhance whatever they are doing at each of the stages of each process. 
The emphasis that is placed on the use of ICT for numeracy and literacy diminishes, 
but doesn’t disappear, as students move through the senior primary years.  
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Building autonomous learners on a numeracy and literacy foundation  
 
The six pillars of the CHaOS model are built upon a strong foundation of numeracy 
and literacy. If children are to develop into autonomous learners then it is important 
that they have strong numeracy and literacy skills. The CHaOS model is not expected 
to be fully unveiled until students are in years seven and eight. Through to year two a 
large part of the daily programme is based around the development of numeracy and 
literacy capacity with some time spent on learning habits, problem solving, inquiry & 
experimental processes, thinking strategies, and learning through ICT. At these year 
levels students spend most of their day working on teacher directed activities with the 
foundations of authentic learning and self managed learning being laid.  
 
By the time students reach year eight it is expected that they will be demonstrating 
positive learning habits as they use problem solving, inquiry & experimental 
processes, thinking strategies, and ICT to help them self manage learning journeys 
based in contexts which are authentic to them. At this level numeracy and literacy 
programmes are still implemented separately from student’s self directed learning 
journeys, but wherever possible the content of numeracy and literacy programmes is 
designed and timetabled to ensure that it is based upon, and supports, the contexts for 
learning that students have selected5.   
 
 
CLASSROOM ORGANISATIONAL INPUTS  
 
One of the strengths of pen based computing is that it assimilates seamlessly into 
existing classroom organisational structures. In terms of physically fitting into the 
space of the classroom the small footprint, and high degree of mobility, mean that the 
Tablet PC can go anywhere that an exercise book can go. The same can be said of the 
curriculum, the Tablet PC can go anywhere that pen and paper can go in supporting 
learning across the curriculum, and then some. 
 
It is not good enough, however, to simply apply pen based computing to traditional 
curriculum structures. Although this will yield improvements they will be well short 
of the real potential of the technology. Where the real enhancements come is when 
pen based computing is used to support authenticity and autonomy for learners in the 
knowledge age classroom. To achieve this some fundamental changes to classroom 
organisation need to occur, not necessarily in a physical sense, but in a curriculum 
implementation sense.  
 
To achieve autonomy for learners the teacher must foster an environment where 
learners develop lifelong learning skills by learning how to learn while actively self 
managing their learning. For this to happen learning must take place through contexts 
which are authentic to learners. 
 
If you visit a classroom and they are using Tablets PCs to study the solar system 
because it is week two - term four then you know the teacher has missed the point. 

                                                
5 To view supporting material for the implementation of the CHaOS model .. 
Go to http://www.brooklynprimary.school.nz/chaos_profiles.html  
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However, if the teacher in that same class has decided to teach students now pen 
based computing can be used for note taking and note making, using the solar system 
as a context, because s/he and his/her students have identified that they need to 
sharpen these skills for their upcoming topic on Human Impact, which they agreed 
would be one of the key themes of study for the year, then you know that they are on 
the right track.  
 
The key to achieving this reality is involving students in the decision making about 
what will be learnt, when it will be learnt and how it will be learnt. This is authentic 
learning. Organise your classroom so that authentic learning is coupled to pen based 
computing and you will be a long way down the track to helping your students be 
autonomous life long learners prepared for the knowledge age.  
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