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Abstract

The overall performances in the Trends in International Mathematics and Science Study (TIMMS) and
Progress in International Reading Literacy Study (PIRLS) of South African learners have been dismal
to say the least and the Annual National Assessment test results of grade 3, 6 and 9 learners related
to general literacy and mathematics have left a lot to be desired. Clearly this suggests that something
has to be done to address this. At the same time, South African education is still suffering as a result of
the legacy of apartheid and the great majority of schools are lacking basic resources such as libraries,
infrastructure and Information and Communication Technology (ICT) resources, including internet con-
nectivity. General learner literacy and ICT literacy development and usage for learning are high on the
government s agenda, as is scientific literacy. However, there seems to be a dearth of ‘how to’ implement
ICT related activities to develop reading, talking, listening and writing within a science classroom learn-
ing context with special reference to promoting scientific literacy in its fundamental sense. The theoretical
and practical outline that follows attempts to assist filling the void related to the above by introducing an
ICT based scientific literacy heuristic that is infused by the ICT based ‘Extended Cyberhunt Approach’
of Du Plessis (2010) and Du Plessis and Webb (2011, 2012, in press) and the off-line Scientific Literacy
model of Webb and Villanueva (2008); Webb and Mayaba (2010) and Webb (2010). The focus of the
heuristic is to develop scientific reading, talking, listening and writing, as well as to establish a different
classroom learning space and experience. In addition, it adds emphasis on on-going feedback from the
teacher to the learners as well as focusing on reflection and journal writing to inform teacher planning
and subsequent interactions in the science classroom. The additional potential of the heuristic is not only
that it offers ICT literacy skills development and the development of skills within a curriculum related
science context, but also that ICT skills can be developed even without internet connectivity through using
Microsoft Word and/or PowerPoint for writing development and presentation or adding Web 2.0 tools
such as a Wiki to complement Microsoft Word and/or PowerPoint if connectivity is available. Research
suggests that various skills such as planning, searching and researching, presentation, assessment as
well as various cognitive skills can be developed when ICT is used as a cognitive tool in a ‘Learning-as-
Design’ context, i.e. when learners (students) become the designers and composers of artefacts related to
topics that are curriculum based. This paper also then forms the base for an intervention in two primary
schools in the Eastern Cape Province in South Africa that has received ICT resources for the first time
ever, including internet connectivity, in September 2013. Hence, the anticipated research within these two
schools will explore whether this heuristic has the potential to assist with and improve scientific reading,
talking, listening and writing, as well as whether this approach improves motivation and interest related
to science learning and ICT literacy development, including the potential to develop planning, searching
and researching, presentation, assessment as well as various associated cognitive skills.
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Introduction

As a result of the discriminatory apartheid policies prior to 1994 in South Africa, the
majority of South African learners are still disadvantaged, as their schools are situated in poor
township areas where basic amenities are still lacking (Fleisch, 2008; Taylor, Fleisch & Shindler,
2008). In spite of the democratic elections and the African National Congress in power since
1994, township schools do not have the same resources as more privileged schools situated in
middle- and upper class neighbourhoods, in fact, spending on education has declined during
the first fifteen years since the first democratic elections (Taylor, Fleisch & Shindler, 2008). It is
not just socio-economic backlogs that are a problem in the South African context, our learners
in our country is also lacking access to ICT resources and internet connectivity (DoBE, 2004;
2009; Howie, Muller & Paterson, 2005; Du Plessis, 2010) that results that our learners are still
‘digital immigrants’ instead of being ‘digital natives’ (Prensky, 2001). Yet, national curricula
demand that children become computer literate and that schools should integrate ICT across the
curriculum. For example the South African National Department of Education in South Africa
has provided a three phase plan for schools to prepare learners to be digitally competent from
2010 (Department of Education, 2004), but in reality schools have not been supplied with ICT
resources (Du Plessis, 2010). As government is not providing the majority of schools with the
minimum resources on various levels, such as textbooks that are delivered on time, libraries
and ablution; the Equal Education Movement has forced the minister of education to proclaim
minimum norms and standards (Pinnock, 2013). In addition, our learners are also not perform-
ing well in basic literacy skills (Chisholm, 2004; Spaull, 2012; Wilkinson & Rademeyer, 2013)
as well as in mathematics and science (Human Sciences Research Council, 2006; Spaull, 2012).
These backlogs are also highlighted in the international PIRLS 2006 Literacy Report (Mullis,
Martin, Kennedy & Foy, 2007) and the TIMMS 2003 Report on Mathematical- and Science
Knowledge and Skills (Gonzales, Williams, Jocelyn, Kastberg, & Brenwald, 2009).

The Department of Basic Education (DoBE) has acknowledged that ICT is paramount
for learning and has provided an overview in their White Paper on e-Education (Department of
Education, 2004) of the type of learning envisioned, the thinking that needs to be cultivated, the
kind of ICT levels that need to be developed, and the type of school that is required in the South
African context, i.e. schools that promote higher order thinking and that develop certain critical
outcomes. These critical outcomes refer to for example to work together in teams, to manage
themselves responsibly, to collect and analyse information, to communicate effectively to use
science and technology effectively, and to employ effective learning strategies (Department of
Education, 1997, 2002, 2004). Not only is the development of basic literacy skills high on the
agenda of the Department of Basic Education, but the development of science skills, specifi-
cally scientific literacy from grade 1 to 9 in the primary school has been made explicit in the
National Curriculum Statement (Webb, 2009). ICT implementation for teaching and learning is
also important, as mentioned previously (Department of Education, 2004), but there seems to
be no clear directives from the Department of Education on ‘zow to’ use ICT for teaching and
learning (Hodgkinson-Williams, 2005). It seems that the majority of schools in South Africa is
still using the computer laboratory model where ICT is bolted onto the curriculum (Department
of Education 2002, 2003), an aspect that has been confirmed by Du Plessis (2010). Du Plessis
(2010) uses terms suggested by Jonassen, Myers and McKillop (1996) and Jonassen, Peck and
Wilson (1999) in order to suggest that the predominant use of ICT resources within schools are
‘learning about computers’ (computer literacy), or using ICT as a tool to achieve traditional
goals in a ‘learning from’ context instead of using ICT as a tool in a ‘learning with’ context that
implies constructivist learning spaces (Du Plessis, 2010).
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From the above, it is thus clear that there is a need for the development of basic literacy
skills, scientific skills, ICT skills, the development of the critical outcomes of the South African
curriculum, as well as higher order thinking. The above mentioned aspects were also a concern
for Villanueva and Webb (2008), Webb (2009) and Webb and Mayaba (2010) and hence they
embarked upon scientific literacy interventions in rural areas win the Eastern Cape Province in
South Africa, interventions that showed positive results pertaining to the development of read-
ing, listening and writing skills.

Recently, two schools in rural areas in the Sundays River Valley close to Port Elizabeth
and the Nelson Mandela Metropolitan University, two primary schools received computers and
internet connectivity from sponsors with the aim not only to provide computer literacy skills to
learners who have never before engaged with computers and the internet, but also to promote
scientific literacy and mathematics through the use of ICT. In light of this and the paucity of
information on the ‘how to’ regarding ICT usage for teaching and learning, the question that
arose was, If there is a paucity of information and guidelines to assist teachers with ‘iow to’
implement ICT for teaching and learning in order to try to address the above-mentioned as-
pects, is it possible to design a cognitive development tool that could be used to address the
above-mentioned aspects to promote computer literacy and scientific literacy at the same time?
At the same time, this cognitive tool should not only promote motivation and interest in learn-
ing, but should be novel too.

Scientific Literacy

There are numerous conceptions or interpretations of what scientific literacy is or en-
tails (Villanueva & Hand, 2011), but for the scope of this paper the Organistion for Economic
Cooperation and Development (OECD, 2013, p. 100) definition is presented which states that
scientific literacy refers to an individual’s:

o “Scientific knowledge and use of that knowledge to identify ques-

tions, acquire new knowledge, explain scientific phenomena, and
to draw evidence-based conclusions about science-related issues.

o Understanding of the characteristic features of science as a form of
human knowledge and enquiry

o Awareness of how science and technology shape our material, intel-
lectual, and cultural environments

o Willingness to engage in science-related issues, and with the ideas of

science, as a reflective citizen.”
(OECD, 2013, p. 100)

In order to become scientifically literate, learners (students) have to be assisted to de-
velop good reading, writing and reasoning skills in order to assist them to engage in meaning-
ful ways (Pearson, Moje & Greenleaf, 2010; Webb, 2010; Webb & Treagust, 2006) with what
Pearson, Moje and Greenleaf (2010, p. 459) refer to as “the language, texts and dispositions of
science” in oral and written form, as engaging in these forms lead to the development of sci-
entific knowledge, greater understanding and hence provide opportunities to engage in public
science discourse (Pearson, Moje & Greenleaf, 2010). However, this is not easy, as learners
have to be prepared to read, write and argue in a scientific medium, an academic medium that
is different from the day-to-day or informal language that they speak at home and the specific
scientific language that science requires (Webb, 2010). In addition, it is important to note that
the reading texts or writings pertaining to science, i.e. expository (non-narrative texts), is not
something in which many learners engage during their primary school years, as the focus seems
to be on narrative fictional readings (Fang & Fine, 2007). Yet, seems that expository texts are
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becoming more and more important as learners progress through school and yet this is an area
that does not receive enough attention (Fang & Fine, 2007; Kamil & Bernhardt, 2004) , hence
the importance of introducing learners to scientific readings at an early age in order to not being
“left behind” (Fang & Fine, 2007, IS, p. 3). Another aspect that is important within scientific
literacy is metacognition; thinking about one’s own thinking or becoming, or as Thier (2010)
states, “becoming aware of their own thinking.” Thier (2010, p. 34) contends that not only
is metacognition a vital aspect in the scientific literacy process, but also making the teaching
strategies explicit to the learners in order that they are able to make the connection between the
teaching strategies and learning.

The importance of being able to question and inquire within the science domain is im-
portant as “When literacy activities are driven by inquiry, students simultaneously learn how
to read and write science texts and to do science” (Pearson, Moje and Greenleaf, 2010, p.
459-460), as “promoting reading, writing and talking while ‘doing science plays a vital role in
effective teaching and learning [of science]” (Webb, 2010, p. 448). Thier’s (2010) suggestions
clearly suggest that a high premise it put on questioning, writing, finding and clarifying. The
value of inquiry and writing in a scientific manner is further highlighted by Pearson, Moje &
Greenleaf (2010, p. 460) when they state that this refers to being able “think, write and shape
arguments the way they [scientists] do” when learners start to engage in talk and writing related
to aspects such as for example what is the problem, what is known about it and what does oth-
ers write about it, how can I gather information and data about it, what can I conclude from my
data and other literary sources and hence what claims can I make (Pearson, Moje & Greenleaf,
2010).

In order for learners to become scientific literate, there are tools that could be used, i.e.
talk. Wegerif and Mercer (1997) define three kinds of talk, namely disputational talk, cumula-
tive talk and exploratory talk as forms of talk that could be ‘visible’ when learners are engaged
in discussion. It seems that exploratory talk as an analytic tool (Webb & Treagust, 2006) is one
of the tools that seem to be useful in promoting scientific inquiry. Exploratory talk refers to
critically engaging in a constructive manner with the ideas of one’s peers, i.e. ideas that can be
challenged with justification by offering alternative possibilities or even alternative hypotheses
(Wegerif & Mercer, 1997). In contrast, disputational talk refers to disagreement and individual
decision making, hence excluding the pooling of available resources as well as criticism to
enhance understanding or to explore alternatives (Wegerif & Mercer, 1997). Cumulative talk
again refers to talk that is characterised by building positively without criticism on what other
peers have stated through accumulating information through repetition, confirmation and elabo-
ration (Wegerif & Mercer, 1997). From the above, it seems thus that exploratory talk should be
encouraged, as this seems to be critical and analytical talk due to the fact that scientific reason-
ing and science itself seems to be informed by analytical processes. Other tools that are useful
to promote scientific literacy are for example, listening skills and writing skills e.g. journal
writing, reflection and recording of one’s findings in a scientific notebook (Villanueva & Webb,
2008; Webb, 2009). In order to assist learners when reading scientific texts or viewing online
media with a view to support learners with their thinking, note taking and writing of science,
the guidelines of Thier (2010, p. 34) seem to be useful. She provides a detailed overview when
she provides the following guidelines (Thier, 2010, p. 34):

“Underline the main ideas or topics.

Place a dot next to the parts you want to remember.

Put a question mark next to the parts you don t understand.
Highlight the parts you find interesting.

Circle the parts you agree with.

Underline the parts you think your teacher wants you to know.
Write notes about the information you want to remember to remind
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yourself why it is important to you.

Write questions about parts you do not understand.

Write notes about your thoughts and feelings.

Write a short summary of the reading.

For any unfamiliar words, find their definitions and use them in a new
sentence”

(Thier, 2010, p. 34)

Research has shown that the discussion among students in pairs (three to four students
per pair) resulted in greater achievement in test scores than when using traditional teaching
methods (Osborne, 2010). It seems that debate and discussion with peers offers opportunities
to make meaning or even ‘new-meaning making’; hence argumentation and questioning seem
to be assisting with cognitive development and conceptual understanding (Osborne, 2010). At
the same time, it is important to take cognisance of the fact that this argumentation and debate
are characterised by decent social interaction which values one another’s arguments based upon
reasonable valid claims based upon evidence (Osborne, 2010). Research conducted by Villan-
ueva and Webb (2008), Webb (2009) and Webb and Mayaba (2010) also seems to concur with
the above, including that the scientific literacy model that they have implemented, suggested
positive results pertaining to learners’ scientific talk, listening, reading and writing

From the literature, it appears that scientific literacy could assist to develop scientific
literacy on two planes, namely the fundamental and derived senses (Norris & Phillips, 2003).
However, there seems to be an overemphasis on the derived sense (Norris & Phillips, 2003).
Villanueva and Hand (2011) argue based on references that these two senses should not be
seen as separate, but rather that there is interplay between the two. In order to indicate what the
fundamental and derived senses refer to, a presentation is provided in Table 1 (Yore, Pimm &
Tuan, 2007, p. 568).

Table 1. Interacting senses of scientific literacy - cognitive symbiosis (Yore,
Pimm & Tuan, 2007, p. 568).

Fundamental sense Derived sense
Cognitive and metacognitive abilities

Understanding the big ideas and unifying concepts of science

Critical thinking/plausible reasoning Nature of science

Habits of mind Scientific inquiry

Scientific language Technological design

(including mathematical language)

Information communication technologies (ICT) Relationships among science, technology, society, and environ-
ment (STSE)

The focus of this study is to make a case not only for scientific literacy, but how to infuse
ICT as a core component for promoting the fundamental sense through the implementation of
the proposed heuristic.

Barriers Pertaining to the Implementation of Scientific Literacy
Two key elements in science are argumentation and critique, aspects that can be achieved

through collaborative discourse and argumentation (Osborne, 2010). However, it seems that
these two keys are not present in science education with schools (Osborne, 2010). If these key
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elements are not becoming part and parcel of science education, it could result in naivety and
misconceptions about the nature of science (Osborne, 2010). Hence, it is important that learners
(students) need to engage critically with science in order to come to terms with the fact that sci-
entific knowledge is not a fixed body of knowledge, but that it is open to correction (Osborne,
2010).

It is quite possible that the two key elements are not addressed as a result of various
reasons, i.e. an over-emphasis on high stakes testing and exams (Pearson, Moje & Greenleaf,
2010 which results in following the curriculum in a step-by-step manner (Osborne, 2010), as
well as the traditional teacher transmission model of knowledge presentation (Osborne, 2010)
or lecturing of science. This results in teacher dependence from the learners’ side, passivity
from the learners’, as well as uncritical engagement and very little time provided for science
(and probably other subjects too) within the school week (Pearson, Moje & Greenleaf, 2010)
on the school time table. There seems thus and overemphasis on the importance of ‘what to
know’ instead of ‘how we can know’ due to textbook based knowledge teaching (Osborne,
2010; Pearson, Moje and Greenleaf, 2010) or “fext-centric curricula’ that hampers inquiry-
based learning (Pearson, Moje & Greenleaf, 2010, p. 459). This again raises the question of the
importance of ‘how much’ to be covered is important in opposition to ‘how well’ can scientific
aspects be dealt with in order to promote greater understanding and a more positive attitude
towards science learning. The proposed heuristic in this paper has as its focus the ‘how well’
dimension.

A Current Scientific Literacy Heuristic

Barber, Pearson, Cervetti, Hiebert and Bravo (2012) provide a multi-modal approach
related to scientific literacy in their “Seeds of Science/Roots of Reading” programme. Their
approach entails linking science to real life which requires that learners read about a problem
in a narrative text and then engage with the problem by examining it or modelling it. They also
reflect upon their findings, talk about their findings and write what they have found by using
a tool such as a storyboard to illustrate the process, including their findings (Barber et al.,
2012).

Webb and Villanueva (2008); Webb and Mayaba (2010) and Webb (2010) have also
provided their approach as an integrated strategy to scientific literacy in the form of a heuristic.
This integrated approach is represented in Figure 1.

Webb (2009) has argued with reference to others that the development of the fundamental
aspects of science is an important aspect of scientific literacy, as the latter is informed by the
former (Webb, 2009; Villanueva & Hand, 2011). With reference to the fundamental sense as
proposed by Yore, Primm and Tuan (2007), the South African proposed model developed through
collaboration of the Nelson Mandela Metropolitan University and partners in the United States
of America (Villanueva & Webb, 2008) and place a high premise on doing, talking, listening,
reading and writing (Villanueva & Webb, 2008; Webb, 2009; Webb & Mayaba, 2010; Webb,
2010).
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Figure 1: An integrated strategy for promoting teaching and learning toward
scientific literacy (Webb, 2010, p. 449).

In brief, their approach (see Figure 1) entails that a stimulus is provided by the teacher
such as reading material, concept cartoon or discrepant event that provided an opportunity as
stimulus for discussion related to the stimulus (Villanueva & Webb, 2008; Webb, 2009). This
paves the way for the generation of an investigable question(s) as well as the planning and
implementation of the investigation process, the ‘inquiry Investigation’ part in Figure 1. The
inquiry part requires that learners use their scientific notebooks or journals in which they write
down their prediction(s) or possible outcome of the investigation, following by indicating the
procedure to be followed, followed by data collection to refute or concur with their prediction
and writing their conclusion (Villanueva & Webb, 2008; Webb, 2009). The ‘line of learning’
part requires that learners indicate new concepts and vocabulary that they have learned related
to science, engage in further reading about the topic, engage in discussion with their teacher
and peers which then could result in the formulation of new possible investigable or non-in-
vestigable question(s) that could be researched (Villanueva & Webb, 2008; Webb, 2009). The
writing process is scaffolded through phases, as the ‘line of learning’ part requires that learners
indicate new concepts and vocabulary that they (Villanueva & Webb, 2008; Webb, 2009). This
then results in preparing learners to write and present their final report, the first part of the ‘In-
quiry Investigation’ part being a first draft, the ‘Line of Learning’ part enabling them to adjust
their first draft to produce a second draft and the ‘Argumentation’ section to produce their final
product in written or poster format (Villanueva & Webb, 2008; Webb, 2009).

This model holds promise as research conducted by Webb and Villanueva (2008); Webb
and Mayaba (2010) suggest that this approach has had a positive impact on reading, writing,
listening and speaking. However, one aspect seems to be missing although it could be implic-
itly implied, namely formal reflection on the process and experiences of ‘doing’ science in this
manner, including providing opportunities to share in writing the meta-cognitive part of learner
thinking about the process in an explicit manner. Another missing aspect seems to be on-going
feedback, although this could also be an implicit aspect.
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Exploring Alternative ICT Usage: Using ICT as a Cognitive Tool in a Learning as
Design Constructionist Manner

As the proposed heuristic for scientific literacy is underpinned by ICT usage as well as
constructivist and constructionist principles through ‘earning-as-design’, it is important to pro-
vide an overview of the current findings to ICT implementation as well as ICT usage in schools,
as well as of the proposed direction and usage of ICT within the proposed learning space.

Resources appears to be one of the main complaints why schools are not implementing
ICT for teaching and learning due to the fact that the Department of Basic Education in South
Africa, with special reference to the Eastern Cape Province, is not providing schools in disad-
vantaged areas with these resources (Du Plessis, 2010). Schools in more affluent areas use part
of their high school funds that the parents pay monthly, to purchase ICT equipment. However,
it seems that even if a group of disadvantaged schools are provided with ICT resources and
teacher professional development, the implementation of ICT for teaching and learning seems
minimal (Du Plessis, 2010; Du Plessis & Webb, 2012, in press). These findings are not new, as
Bain and Weston (2012) argue that even in developed countries, the provision of ICT resources
do not necessarily result in new teaching practices, improved learner results and achievement,
improved ICT usage and learners being able to transfer their ICT skills to other learning in
‘masterful’ ways. From the above, it appears then that there are several incorrect assumptions
pertaining to ICT access and its possibilities, due to the fact that ICT should not be used to
perpetuate an existing practice, but should rather provide for a paradigm shift pertaining to
classroom usage (Bain & Weston, 2012). Hence, it seems fair to say that ICT should not be
‘bolted-on’ to the curriculum in the computer laboratory as an ‘add-on’ (Du Plessis, 2010) with
little linkage to what learning is happening in the classroom or as a mere teacher presentation or
representational tool (Hokansen & Hooper, 2000) when teachers use PowerPoint instead of the
traditional blackboard. It is thus proposed that ICTs should be available to teachers and learners
whenever there is a need, for example to collect and record data, find and share information and
present findings (Bain & Weston, 2012) using ICT as a generative tool (Hokansen & Hooper,
2000) to foster meaningful learning (Jonassen, Howland, Moore & Marra, 2003).

Meaningful learning refers to learning “which occurs when students are [actively] mak-
ing meaning” (Jonassen et al., 2003, p. 6), i.e. learners are “wilfully engaged in a meaningful
task” (Jonassen et al., 2008, p. 1). The attributes of a meaningful learning space is grouped
as follow (Jonassen et al., 1999; Jonassen et al., 2003; Jonassen, Howland, Moore, Marra &
Crismond, 2008):

Active, manipulative and observant,
Constructive, articulative, reflective,
Intentional, reflective, regulatory,

Authentic, complex, contextual and
Cooperative, collaborative and conversational.

This implies a ‘break-away’ from the traditional ‘teacher-talk’ approach as well as using
ICTs to complement the traditional ways of teaching and doing as it suggests a collaborative ap-
proach that contains interaction and discussion among all involved during the learning process.
These advocated aspects or tenets relate to constructivism, learning as design and construction-
ism.

Constructivism is a theory of learning, it is not a theory or prescription regarding how to
teach (Fosnot, 2005), but one is able to deduce which aspects or tenets related to learning one
should plan for and include when constructing a learning space. Du Plessis (2010, p. 58) uses
the ideas of several authors to construct a succinct definition of constructivism as a theory about
how one knows and learns results as one constructs meaning by negotiating and sharing experi-
ences socially, mediated through dialogue when using language as a tool as a result of our social
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interaction with one another, implying a shared social interaction (Du Plessis, 2010). This con-
curs with Gagnon and Collay (2001) and Marlowe and Page (2005) who posit that constructiv-
ism is knowledge construction by actively participating in the construction or co-construction
of knowledge through social interaction in authentic real life contexts instead of being passive
consumers of information (Gagnon & Collay, 2001; Marlowe & Page, 2005). From the above, it
can thus be concluded that learning within constructivist learning spaces (contexts) should cater
for ‘meaning making’ through social interaction in order to assist with understanding, applying,
thinking and analysing which implies a significant turn form rote learning and memorisation
(Marlowe & Page, 2005).

Learning-as-design is based upon constructivist principles (Du Plessis & Webb, 2011,
2012) with the premise that learning occurs as a result when learners (students) are engaged in
the design of artefacts, an approach that emphasis both the process and product dimensions as
important (Perkins, 1986). This approach has the potential to incorporate and develop diverse
intelligences (Ivers & Baron, 2006). Implementation of this approach could lead to changing
the beliefs of teachers that learning is the transmission of knowledge from teachers to learn-
ers to learning as an active process based upon constructivist principles (Jonassen et al., 2008;
Papert, 1991; Kafai & Resnick, 1996).

The ‘learning-as-design’ approach extends constructivism to constructionism (Du Ples-
sis and Webb, 2011, 2012) as constructionism refers to the creative construction of an artefact
or product (Papert, 1991). In a previous publication (Du Plessis & Webb, 2011, 2012) the op-
portunities that this approach affords have been indicated. Research conducted by Du Plessis
(2010) suggests that the design process has the ability to develop the following aspects:

o Decision-making about what to do and how to do it,

o Searching, research related aspects and positive reading attitude

o Knowledge and skills related to composing questions on different cognitive lev-
els
Planning skills
Computer skills and design
Greater confidence in using the computer
Reflection and evaluation of artefacts
A greater awareness of audience,

Interest related to learning and ICT
Collaboration among peers

It is further argued that the searching and reading of information within a ‘learning-as-
design’ learning space, offers possibilities for the development and practice in context of skills
such as reading, note taking, defining or creating keywords for searching purposes, the valida-
tion of the quality of knowledge, and search skills (Du Plessis & Webb, 2011, 2012).

PowerPoint and Wikis as Cognitive Development Tools for Cyberhunts

In the previous section, it was indicated that the use of ICTs as cognitive tools in a
learning-as-design learning space afford opportunities pertaining to greater retention, compre-
hension and the development of higher order thinking skills (HOTS). Using ICTs as a cognitive
tool implies that the ICT tool that is being used become “mind-extension cognitive tool” (Derry
& Lajoie, 1993, p. 5) as the device does not become the tutor or teacher (not representing some-
one else’s thinking), rather, the device is used as a tool by the learners to represent their own
thinking learning, hence they use it as a construction tool in a constructionist manner to design
and represent in a visual manner their artefact and their thinking in a generative manner. The
implication thus is ‘learning with’ ICTs instead of ‘learning from’. According Steketee (2002)
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the visual presentation, which also implies the design of the artefact, provides opportunities to
extend knowledge construction, cognitive thinking as well as metacognitive development.

PowerPoint was designed as a presentation tool and personal observation and discus-
sions when visiting pre-service students and teachers at school during their practice teaching
assessments have indicated that these students and teachers use PowerPoint as a presentation
tool, replacing the chalk blackboard and the non-permanent whiteboard marker and whiteboard.
Yet, PowerPoint can be used as a generative cognitive tool by learners when they present their
thinking, thus moving the focus from the teacher as the transmitter of knowledge to presenting
their findings that resulted from inquiry. The one advantage of PowerPoint, is that one can use
it off-line as well as the fact that one can explore off-line materials as sources and still use it as
a cognitive tool.

A Wiki is another cognitive tool that could be useful, as it provide a platform for learners
to present their thinking and for teachers, parents or peers to track the progress on a project.
However, there is one drawback, as it requires internet access and in the South African context
it was alerted to that resource and infrastructure is lacking in the majority of schools. Wikis can
be classified as a Web 2.0 tool, a tool to which Anderson (2007) refers to as a read and write
web-based tool which distinguish itself from Web 1.0 tools that were merely reading or con-
sumerist tools. The writing dimension which allows any person to add content online has ex-
tended Web 1.0 to Web 2.0. A Wiki such as WikiSpaces (www.wikispaces.com) is basically and
online platform that allows a person(s) to store whatever they add to their wiki in the ‘cloud’.
A person(s) can add, edit or delete text, media (pictures, images and video), content, comments
or additional pages to their Wiki and can even engage in dialogue online and share information
at the same time (Du Plessis & Webb, in press). However, one can also restrict access and/or
editing and deleting by limiting users or viewers to being a guest (with little or no privileges),
being student (with all privileges, little or no privileges), instructor or administrator (all privi-
leges) (Du Plessis & Webb, in press). Furthermore, it also allows for peer collaboration and
group co-construction online in a collaborative manner and the presentation of their progress,
as well as their and final artefact, a process to which Du Plessis and Webb (in press) refer to as
subscribing to constructivist, constructionist and connectivist principles, “The co-construction
and meaning making through social interaction online provides not only a constructivist and
constructionist learning context, but also subscribes to connectivist principles” (Du Plessis &
Webb, in press). Connectivism as learning theory has been advocated by Siemens and Titten-
berger (2009) in the ‘Handbook of emerging technologies for learning’. When a Wiki is used,
it seems that the ‘six big ideas’ of Anderson (2007, p. 14) are beginning to emerge, namely
(1) individual production-generation of content, (2) harnessing or reigning in the power of the
crowd, (3) oceans of data and information being available, (4) new platforms of participation
and collaboration, (5) networking capabilities among people and (6) openness, aspects that are
also featured in connectivism.

In previous publications (Du Plessis & Webb, 2011, in press) it were indicated how the
types of ‘knowledges’ and the various cognitive processes can be linked based upon the frame-
work of Ainley, Banks and Flemming (2002) when learners engage in designing ‘Extended
Cyberhunts’ (Du Plessis, 2010; Du Plessis & Webb, 2011, in press). These links, with special
reference to ‘Extended Learner Designed Cyberhunts’, are depicted in Table 2. The Cyberhunt
strategy has been introduced and explained in previous papers (Du Plessis & Webb, 2011,
2012, in press) by using the heuristic in Figure 2 (Du Plessis & Webb, in press). In short, this
strategy extends the Cyberhunt idea as presented by Baedke, 2003), as it not only entails the
introduction of the internet in an interesting manner related to a topic in the curriculum, but that
learners become the designers of Cyberhunts instead of the teachers and these learners are also
introduced to the taxonomy of Bloom and/or Anderson and Krathwohl (Wilson, 2005).

When the teacher is the designer, the teacher uses software e.g. Microsoft Word or Pow-
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erPoint to type the questions pertaining to the topic and insert the associated hyperlink for the
learners to explore to enable them to answer the question(s) (Du Plessis & Webb, in press). The
learners can then explore the questions by clicking on the hyperlink and then answer the ques-
tions either on paper or by using Microsoft Word or PowerPoint to present the questions and
answers (Du Plessis & Webb, in press).

When learners become the designers, web browsing, web browser usage, searching for
information, key word creation, summarising and note taking, planning, slide creation and de-
signing, reading and posing questions on different cognitive levels are introduced or explored
further, depending on the level of skill acquisition of the learners (see Figure 2). Learners
also complete a memorandum based on the questions that have been created. The heuristic for
learner-designed cyberhunts has been designed based upon the concepts of Lamb, Smith and
Johnson (1997), Alessi and Trollip (2002), Ivers and Baron (2006); Lehrer (1993), Du Ples-
sis (2004), Morrison and Lowther (2002), Du Plessis (2010) and Du Plessis and Webb (2011,
2012) and consists of thirteen W’s, extending and adapting the seven W’s of Lamb et al. (1997).
It consists of the following components: Wowing, Wanting, Wondering, Webbing, Wiggling,
Weaving & Wiking (when a Wiki is used), Wrapping-up, Waving, Wmail & Wupload and Wis-
ing & Wishing (Du Plessis & Webb, 2011, 2012, in press).
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STEP 1: WOWING \ GEP 2: WANTING \ GEP 3: WONDERING \

e Teacher (Lecturer): Explanation ¢ Learners (Students): Planning ® Discussing or Brainstorming
and Goal Setting in their possible ideas or topics to
of the Outcomes, Assessment N
. Journals on pre-defined explore
and Presentation of the Results questions
(What Product is required?) ©® Thinking about possible

sub-themes or sub-sections to

e |dentifying a potential topic explore

that could be useful to explore
(decision-making)]

e Explanation and discussion \ J
about any aspects regarding
computer or internet related \ )
\ skills (aspects) j

Thinking and defining keywords
for their searches

STEP 9: WISHING &
WISING

® Reflecting on the design process
with aviewto articulate in
their journals what to do
differently in future:

STEP 4: WEBBING &
WREADING

—=> What they found easy,
Searching for information

difficult, problems
experienced,

= Name the skills that they
think they have learned

Reading, scanning, skimming

Bookmarking relevant

websites

= What they enjoyed

=>Whether problems were
resolved or not and by whom
they were resolved, why that
person was approached

Making of notes, if required

—=>Any other comments that
they may want to make

STEP 8: WAVING,

“WUPLOAD’ or WEMAIL S?a:'ing of experiences with rest [ \
° Inviti h h orEiass STEP 5: WIGGLING
Inviting others to use the Teacher read journals after . .
completed ‘learner-designed’ school: Why? ® Evaluating the quality of the
artefact info found and the
. p— Teacher written reflection after appropriateness of the
® ‘WEMail’ links to peer(s) / the session on similar aspects reapdinpg level

teacher / lecturer / students that the designers reflected

upon ® Posing questions to address or

to develop the different
cognitive levels [MAIN FOCUS
of LCLBDC]

=>(Learners or Students to
receive EXAMPLES of VERBS
associated with cognitive
levels: Cognitive Challenging
aspect in process [Require

) . \ ful tion]
GEP 7: WRAPPING-UP [snzp R \ % careful preparation y

©® Making their design or layout WIKI-ING
attractive to their users

® Designing and structuring on the

® Writing the necessary Wiki: Designing, Phrasing &

R Typing of questions and
® Testing whether all the indicating the Cognitive levels of
hyperlinks are working, each question within brackets

- [MAIN FOCUS of LCLBDC]
® Ascertaining whether the

different levels of questions have Inserting of hyperlinks to web
been appropriately addressed material

(How many levels? Which

Levels have not been addressed?
Why not?

[MAIN FOCUS of LCLBDC]

Constructing the memorandum
as well as adding or rephrasing
any questions, if necessary

) \[MAIN FOCUS of LCLBDC] )

-

Figure 2: Wiki-based extended Cyberhunt heuristic (Redrawn from Du Plessis &
Webb, in press).

An extract from a completed learner(student)-designed PowerPoint based Cyberhunt is
provided as an example in Figure 3. It is important not to equate Extended Cyberhunts with
WebQuests. Although there might be some similarities, a WebQuest is teacher designed and
learners do not pose questions on different cognitive levels. An overview of the similarities and
differences are available in Du Plessis (2010, pp. 95-98).
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Use the link below to answer the following

questions.

http://www.nmsea.org/Curriculum/Primer/forms_of_energy.htm

1. Classifythe energy sources as
either heat, electrical, chemical
or sound energy. (Knowledge &
Application)

X A: Lightning
B: Speaker
€ rade 6 C: Battery

< D: Hot f coff
Natural Science ot cuptcoties

2. Explain the difference between potential and kinetic
energy. Try to use your own words. (Comprehension &
Analysis)

5. How is wave energy
different to other
renewable energies?

3.The sun canbe categorisedas.................. energy. (Analysis)

(Knowledge)

The answers to the rest of the questions you will find at:

http:/fwww.ecocean-renewables.com/waveawater/wave-energy-facts/

4. Rearrange the following sentences so that paragraph

6. What are the advantages
makessense. (Comprehension)

of renewable wave

energy? (Knowledge)
The water is able to gain energy from the wind because of the friction
between the wind and the, Waves are generated by the differential
heating of the earth passing over the water surfaces as wind water. which
transfers some of its energy to the water in the form of waves. As the
wind blows,

Figure 3: Example of an extract of four slides of an Extended Student-designed
Cyberhunt in PowerPoint.

Table 2 indicates how the various aspects pertaining to learner-designed Cyberhunts,
relate to the types of knowledge and the different cognitive processes.
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38| Table 2. Further adapted framework for knowledge and cognitive dimension de-

velopment when implementing the LCLBDEC and when incorporating
reflective journal writing (Du Plessis, 2010, p. 113; Du Plessis & Webb,
2011, p. 1202; Du Plessis & Webb, in press).

TYPES OF KNOWLEDGE
PROCEDURAL
Cognitive FACTUAL CONCEPTUAL (Ways on how to do METAQOGNITNE
L . . : (Thinking about
processes (Basic informa-  (How basic information something as well , "
) one’s own thinking or
tion) connects) as knowledge of the
L progress)
criteria used)
Learners
provide their
answers to Learners recall
REMEMBERING certain design
factual level
(Recall) processes and
posed ques- rocedures
tions in the P
Cyberhunt.
UNDERSTAND- . Reflect on |dea§ and
. Learners provide feedback from inter-
ING (Providing a o
answers to the under- action with peers as
summary, ;
comparing or clas- standing level aresult of
omparing posed questions in the collaboration and
sifying )
. Cyberhunt social
something) ; .
interaction
Learners provide
their answers
to the applying
level questions by
providing possible
procedures, if
required
Learners embark on
L : . Learners plan the .
finding ways in which . . Reflect on ideas and
Leamners are they can ‘fix' gaps in project, project feedback from inter-
APPLYING using other y management and o
. ) their knowledge, . action with peers as
(Applying or learners time manage-
; conceptual frame- aresult of
carrying out a created ment, search .
. works, ; - collaboration and
procedure) products: . skills, defining )
procedures, skills and . social
Cyberhunts . . keywords, posing ; )
misconceptions or X interaction
artial conceptions questions on
P different cognitive

levels, organisa-
tion and repre-
sentation skills,
presentation skills,
reading, note tak-
ing, defining or
creating keywords
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Quality of note

Reflection: By 39

completing journals
to reflect on what
they have learned
(skills, knowledge,

ANALYSING Learners provide . taking, def|n]ng procedures,
L answers to analysing and/or creating etc.)
(Investigating o )
something) level questions in the k.eywords, vahdg- .
Cyberhunt tion of the quality Reflect on ideas and
of knowledge feedback from inter-
action with peers as
a result of
collaboration and
social interaction
Reflection: By
completing journals
Learners assess .
. to reflect on their
their own and
, own progress based
other learners .
. upon evaluation
Learners quality of the de- issues such as e
EVALUATING assess their signed Cyberhunt ) 9
. . which goals have
(Assessing a Own progress Learners assess their based upon a
, : you reached?
product, as well as own and other learners checklist or
process or some- other learn- answers or presenta- rubric .
. , . Which goals were
thing else based ers’ answers tions
L not reached?
on criteria) or presenta- Learners assess
tions their own and .
, (Provide explana-
other learners '
tions or reasons)
answers or pres-
entations (Reflect on all of the
design skills)
CREATING Legrners reflect in
. their
(Producing a . )
roduct Learners create their journals on how well
P ' own Cyberhunts in a they have designed

planning or design-

ing a product or
procedure)

group or as individuals.

it and what changes
they should make
the next time.

ICT Heuristic for Scientific Literacy: Using PowerPoint and/or Wikis

Villanueva and Webb (2008), Webb (2009) and Webb and Mayaba (2010) have indicated
that reading, writing, listening and speaking are pillars on which their scientific literacy heuris-
tic is embedded upon as these aspects help with language development. Their heuristic is simi-
lar to Barber et al. 5 (2012) multimodal approach which entails ‘Do-1t’, ‘Talk-1t’, ‘Read-It’ and
‘Write-1t . It seems that there are similarities, but at the same time it appears that the Villanueva
and Webb (2008), Webb (2009) and Webb and Mayaba (2010) model are more comprehensive
as it includes more opportunities for language development than that of Barber et al. 5 (2012),
but then the context seems to be different as the South African model has as its focus the devel-
opment of science and language development of English at second language level, as English
as second level medium of instruction is the language of instruction in the majority of schools
(Webb, 2009; Webb & Mayaba, 2010). However, it was argued previously in this paper that
it seems that their heuristic is not catering for reflection on the process itself, an aspect that is
vital in the learning-as-design approach to which was alluded previously. Furthermore, it does
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not indicate to the learners what the outcomes of the inquiry are, nor what type of final product
is required of how it will be assessed. Equally important, their heuristic does not indicate con-
tinuous teacher feedback to learners regarding their progress as an aspect, neither which tool or
tools could be used for feedback purposes. Hence, the importance of the learner journal writing
at the beginning and end of each science period, as reading the learner reflections captured in
their journals could be useful for planning for assistance with reference to subsequent science
contact sessions with the learners. Assistance to learners in whatever form is vital as this Zone
of Available Assistance (ZAA) (Luckin, 2010) has the potential to provide support and change
within the learners’ current thinking or schemata, hence the quality of the ZAA4 could have a
profound impact on the learners’ Zone of Proximal Adjustment (ZPA) (Luckin, 2010).

Keeping the above in mind, as well as the words of Hokansen and Hooper (2000) that
ICT implementation’s focus should be the generation of thinking, it is important to cater for
the above-mentioned aspects as well as the constructivist principles alluded to in a previous
section. The rationale to include the use of ICT in scientific literacy development is based on
the premise of Yore, Primm and Tuan (2007) who suggest that ICTs should form part of the
development of the fundamental sense of scientific literacy, as the fundamental sense serves
as the foundation which prepares one to cross to the derived sense (Webb, 2009). Reading is
an important aspect of the scientific literacy approach as it is through reading that Webb and
Mayaba (2010, p. 36) argue that reading of science literature “aims at enhancing reading to
learn science and learning to read for science.”

Using ICT for scientific literacy holds promise to transcend traditional teaching ap-
proaches and could enable teachers to explore with learning in an alternative classroom context
(Bain & Weston, 2012). The traditional written and paper-based scientific notebooks could be
replaced by Microsoft Word and PowerPoint as software ‘notebooks’ that records their findings
and pre-writings or by using Wiki based cloud based tools as recording tool (www.wikispaces.
com), hence, helping learners to what Villanueva and Webb (2008) refer to, with reference to
others, as making their thinking explicit and visible to all, which will include attitudes, how
learners think including possible misconceptions that they might have. The whole process actu-
ally assists learners with an introduction to how scientists write-up science (Webb, 2010). When
learners thus become the designers and actively participate in the science process by using this
scientific literacy model, it is argued that science as a practice of mere illustration and telling by
teachers are transcended, as these practices are not inquiry based (Gott & Dugan, 1995).

Based on the above, it seems that both the traditional ‘Teacher-designed Cyberhunt ap-
proach’ and the ‘Extended Learner-designed Cyberhunt approach’ holds promise not only to
develop reading, writing, listening and speaking, but also several other skills alluded to in
Section 5. The current ‘Teacher-designed Cyberhunt approach’ and the ‘Extended Learner-de-
signed Cyberhunt approach’ consisting of thirteen W’s as indicated in Section 6, can easily be
adapted as is to science as context. However, it will not replicate the scientific literacy inquiry,
as it does not require in its current design the investigation of an investigable question, making
predictions, collecting raw data as well as writing findings based upon the raw data. However,
it does offer the introduction of the internet, computer literacy skills within the subject area con-
text and the exploration of scientific concepts for possible further investigation. It also requires
learners to find and explore scientific based texts on a their level of understanding if they be-
come the designers, as well as posing realistic questions on different cognitive levels that their
peers could explore. Hence, it does also offer opportunities of discussion and different levels
of talk when learners co-design an ‘Extended Learner-designed Cyberhunt’. Critically looking
at the heuristic represented by Figure 2, it becomes evident that it does offer opportunities to
develop aspects of ‘Do-It’, ‘Talk-1t’, ‘Read-It’ and ‘Write-It’ (Barber et al. 2012).

Both the teacher-designed and learner-designed Cyberhunt approach can be adapted
to replicate and extend the model of Villanueva and Webb (2008), Webb (2009), Webb and
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Mayaba (2010) and at the same time develop the doing, talking, reading, listening and writing
dimensions. This newly ICT based scientific literacy heuristic is presented by means of Figure
4 and is based on the heuristic of Du Plessis & Webb (2011, in press), as well as the infusion of
the principles of Villanueva and Webb (2008), Webb (2009), Webb and Mayaba (2010). This
heuristic is not discussed in detail within the text, as Figure 4 presents a detailed overview.
What is important to note, is that talking, listening, reading and writing happens continuously
and not just at one specific point. The suggestions of Thier (2010) alluded to in a previous sec-
tion, could also be planned for during the process.

With reference to Figure 4, it is important to note that a specific W’s are not always spe-
cific to just one of the boxes of the Villanueva and Webb (2008), Webb (2009), Webb and May-
aba (2010) model, as some of the W’s can form part of different boxes in the newly proposed
heuristic. It is important to note that the learners make predictions and explore procedures that
are web-based or text based and that the data that they collect can be derived from the web or
from physical data generation and collection. In addition, a new W is added to the heuristic,
namely ‘Watering’. ‘Watering’ refers to the stimulus, i.e. ‘watering’ the fertile scientific soil for
the germination of new thinking and investigations related to science.

Another aspect that is key in the heuristic, is reflection about the process (learning, web-
bing, collaborating and designing), as reflection forms and integral part of this heuristic. As the
normal school day allows for between 30 to 60 minutes of Science Subject periods at a time,
the reflection can take place at the end of every science period on journal sheets. Suggested
questions that are not related to the scientific learning itself, but more regarding the learning
process, could include examples such as the following (Du Plessis, 2010; Du Plessis & Webb,
2011, 2012, in press):

e What are my goals for this session?

e What have I done during the session? Write below and also tick what you have
achieved by marking with a \ next to the goal written.

What have I learned during this session?

What are my concerns after the session today?

Why am I concerned about this?

What problems do I experience at the moment?

Why am I concerned about these problems?

What was difficult for me today and why?

What have I enjoyed today and why?

What did I not enjoy today and why?

What problems did I experience?

If I did experience problems, were the problems solved and by whom?
How was the problem solved?

Why did you ask this person(s) to help you to solve your problem(s)?
What will I do differently next time?

Any other comments that you wanted to make about the project? Write it down. (It
can be positive, negative, what you are thinking about, etc.)

The teacher should read these journal sheets and use it to inform preparation and plan-
ning for the next science contact session in order to assist learners where possible.
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Stimulus]

WATERING
« Providing a Stimulus to create interest and planting the ‘seeds’ of interest
=> Using web-based media (texts, images and/or video clips)
= Hand-outs or
= Discrepant event

[Investigable Question]

e
WOWING

 |dentification and writing down of a problem, questions and/or potential
topic to explore.

« Rationale for selecting this specific problem topic.

 Teacher explanation of outcomes, assessment & results presentation.

[Inquiry Investigation]

WANTING

« Plan by setting goals in their
journals on pre-defined questions that
they want to achieve.

WONDERING WEBBING

« Brainstorm or think about possible
key words or key phrases to assist
with their searching on the web

« Define possible questions that they
would like to compose, i.e. what
information they think are required

software.

to explore in order to answer the
investigable question

o Search for information.

* Read, scan and skim and bookmark
relevant websites or copy the
hyperlinks or URL’s to their design

o Make summaries of any information
or proposed questions.

« Propose predictions
Write or type the procedure to be
followed

[Inquiry Investigation] and [Line of Learning]

ﬂvlcsuns \
e Evaluate the quality of the information (Data) found (Implies

categorising, connecting, linking information and posing questions on
the different cognitive levels to address or to develop the different
cognitive levels. Most cognitive challenging aspectinthe design
process. It is important that the verbs associated with the different
cognitive levels are provided to the leamers)

Reflect upon their findings and indicate whether their prediction(s) were
true or false based on literature (web-based or paper-based]

Write conclusion

Teacher demonstration , Teacher discussion, Reading, Searching and/or
Viewing media

Revise and add to their findings

Write-up or type new scientific words or concepts related to the
problem area as well as their meaning

* Posing new questions to investigate further OR alternative aspects (new
topics) to explore /

[Argumentation & Presentation]
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WEAVING & WIKING:

Design and structure their
‘learner-created’ artefacts in
PowerPoint or a Wiki

Typing additional questions to
explore further

Compose questions on different
cognitive levels for other users to
explore and provide the

Complete the memorandum or
Presentation of findings

QRAPPING-UP \

* Ensuring design or layout attractive .
to prospective readers

o Testing whether all the hyperlinks

are working

Ascertaining through peer-review

whether:

=> The different initial problem
based questions have been
appropriately answered

= The accuracy of questions posed

that others could
\ explore on the topic j

Waving, Wmail & Wupload \
Inviting other learners to use the
completed ‘learner-designed”
artefact after they uploaded or
emailed their completed designs to
their peers or teacher
= Inviting by emailing or providing
the Wiki-based hyperlink to
their peers or teacher

J

[Reflecting: The missing aspect in existing models]

WISING & WISHING
« Reflecting on the design process with a view to articulate in their journals
what to do differently in future, thus sharing their ‘wise’ thoughts.
= Questions in their journals could refer to the following, namely: what
they found easy, difficult, problems experienced, name the skills that
they think they have learned, what they enjoyed, whether problems
were resolved or not and by whom they were resolved, and any other
comments that they may want to make.
* Sharing their ‘wise’ experiences with rest of class and the teacher reads
their journals after school and reflects on the session with a view to assist
learners during the next session.

Reflection during
each session,

including at the

end
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Figure 4: An ICT based heuristic to promote scientific literacy in a fundamental

sense.
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Levels of Knowledge, Skills and Cognition Development for Scientific Literacy:
ICT Possibilities of Using the Proposed Heuristic

In Section 6, Table 4 was used to indicate the possibilities that the ‘Learner-designed’
Cyberhunt approach affords related to how the various aspects during the design process are
infused with reference to the cognitive processes and the types of associated knowledges. By
using a blank table such as the one in Table 4, it is argued that one would be in a position to map
in a similar manner than in Table 4 how the proposed ICT based scientific literacy heuristic can
be linked to the various cognitive processes and knowledge types. It is therefore suggested that
this heuristic holds promise as it would be able to assist with the development of various cogni-
tive processes and types of knowledge, hence, suggesting a multitude of possibilities.

Lenses for Analysing Learning by Using the Proposed Heuristic

It is beyond the scope of this overview to provide an overview of theoretical lenses
that could be utilised to explain the perceptions, experiences and results of research which
implements the proposed heuristic in its various forms. However, it seems that for the purpose
of mixed research (quantitative and qualitative data) and qualitative interpretive designs or
even case studies, activity theory (Hardman, 2005a, 2005b, 2007; Jonassen, 2002; Murphy &
Rodriguez-Manzanares, 2008; Roth & Lee, 2007), learning as complexity (Beswick, Watsom
& de Geest, 2007; Davis & Simmt, 2003, Davis & Sumara, 2008; Sinclair, 2004), learning in
communities of practices which refers to community, identity, meaning and practice (Wenger,
1998) and the role of dialogue and talk pertaining to understanding (Wegerif & Mercer, 1997)
and the conversational framework pertaining to the design of the heuristic and the dialogue and
interaction that occurred (Laurillard, 1998, 2002) seem to be viable theoretical perspectives to
interpret the data, depending on the research questions being posed.

In addition, the use of the RAVENS test as well as Literacy Tests could be useful data
gathering tools used in a pre- and post-tests with controlled and uncontrolled groups to ascertain
whether there was an improvement in the domains of cognitive development and literacy.

Conclusion and Possible Research Agenda

The purpose of the theoretical and practical overview presented, was to make a case for
the use ICT resources and the internet to promote scientific literacy through the usage of a Wiki
and/or PowerPoint during which learners become the designers of a scientific literacy based
product by using these ICT resources as cognitive tools. Hence, it was argued that the presented
heuristic and the various aspects related to ‘learners-being-designers’ through utilising ICT re-
sources, afford learners opportunities to develop several cognitive skills and knowledges while
they are engaged in a scientific literacy project. The theoretical perspectives and areas of pos-
sible development have been indicated.

Scientific literacy has as its focus the development of the fundamental sense that includes
ICTs. The development of the fundamental sense seems to be a prerequisite for the derived
sense. As our learners of today, even those from disadvantaged contexts, are born as digital
natives it is imperative that we start to implement the usage of the tools that are part of their
everyday lives. However, what is important is not only the infusion of ICT tools, but also to
ascertain whether these tools hold promise with reference to the following, mentioning only a
few possibilities:

e Motivation and interest pertaining to science learning,

e Improvement in reading, talking and writing science
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Improvement pertaining to general literacy
Changes in attitudes and perception to science and ICT
The development of ICT skills within contexts
Aspects that are problematic with reference to the implementation of the heuristic, as
well as positive aspects

e [earners’ experiences related to learning in communities of practice

The above aspects are only a few of many possibilities that the implementation of this
scientific ICT based heuristic could explore. It is therefore important to establish communities
of practice globally to implement this heuristic and to co-navigate and explore its possibilities,
as well as how it can be improved and refined.
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