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Abstract. Contemporary technological and social developments demand transforma-
tion of educational practices. Teachers and schools are no longer fountains of knowl-
edge that fill students with information. Rather, their primarily role is to equip stu-
dents with new literacies, competencies for productive use of information technolo-
gy, and sufficient disciplinary-specific bases of conceptual knowledge. This requires
changes toward student-centered practices. In such contexts, teachers are designers
of learning; therefore lesson planning is replaced with a concept of ‘learning design.’
This paper introduces the RASE (Resources-Activity-Support-Evaluation) learning
design model developed as a framework to assist teachers in designing learning mod-
ules. Central to RASE is the emphasis on the design of activities where students en-
gage in using resources and in the production of artifacts that demonstrate learning.
The paper also emphasizes the importance of ‘conceptual models’ as a special type
of educational multimedia resource, and its role in assisting learning and application
of concepts, as opposed to the ‘information transfer’ models. RASE is beginning to
emerge as a powerful framework for transformation of teachers and their traditional
practices to contemporary, relevant student-centered practices. The model is also an
effective framework for productive uses of information technology in education.
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Introduction

Consider the changes that have occurred in the world over the past two dec-
ades. The Internet, Windows, MP3 players, game consoles, mobile phones,
handheld multimedia devices like the iPad, digital cameras, Android, Interac-
tive TV, Google, Facebook, among others. These tools and technologies have
become inextricable parts of our cultural and social milieu, as well as a criti-
cal psycho-emotional function of today’s student.

However, we are just at the beginning of a technological revolution which
will significantly transform virtually everyone’s life on the planet. Some skep-
tics expressed doubt, thinking these developments will be only for the worse.
One consequence is inevitable — what we learned, how we learn, what we do
with what we have learned, how we work, how we live and who we are — are
all changing with these developments.

Governments around the world are presented with an enormous challenge
of how to reform education in line with these technological, social, economic,
and political developments that life in the 21 century has brought to us. In-
deed, the concepts of the citizen, worker, student, teacher, and information,
knowledge, authority, freedom, and even governments are all transforming.

Some educators think that the science curriculum needs to be narrowed
in order to allow sufficient time for teachers to infuse new literacies required
for today and tomorrow, including emerging competencies such as learning
skills, problem-solving, critical thinking, creativity and collaboration skills.
We conceptualize “new literacies” as a blend of competencies that include
visual, critical, media, digital, and information literacy. From the more tradi-
tional view of “literacy” from the language perspective, new literacies build
not only on reading, writing, listening and speaking skills, but also include
viewing and representing.

Contemporary learning, including learning in the sciences, is critically
intertwined with these emerging literacies. For example, working with data,
reading (viewing) and representing scientific ideas are contingent upon visual
literacy and skills in using representational technologies. The main aim of
this paper is to introduce a learning design model to support student-centered
learning and the development of new literacies in science education. A criti-
cal aspect of the learning design model is to guide teachers to (a) transform
their practices in a student-centered direction, and (b) integrate the effective
use of educational technologies into their learning and teaching practices. We
argue that both aspects are important for the development of new literacies.
The RASE Learning Design model emphasizes four components of a learn-
ing unit: Resources, Activity, Support and Evaluation.
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The second aim is to emphasize the importance of concept learning in
science education. A frequent problem in science and engineering education is
that students are not supported and exposed to appropriate experiential learn-
ing (activity) and adequate resources to enable the development of conceptual
knowledge that is required for understanding and thinking in the sciences.
Teachers often concentrate on the teaching of facts, exposing students to in-
formation they require to remember (as opposed to deep understanding) for
reproduction in examinations and other assessment tasks. Science educators
need to focus on supporting students to develop sufficient bases of conceptual
knowledge required not only for thinking and solving problems, but also for
sense-making, and designing, engineering and applying technologies.

The third aim of this paper is to emphasize that as the world is becoming
increasingly technologically sophisticated, students need to learn more scien-
tific concepts than ever before. Our view is contrary to the popular belief that
calculators and computers offload the need for learning certain content, thus
reducing the total amount of content required by a given science curriculum.
In contrast, we argue that curricular content is expanding steadily along with
emerging scientific and technological developments. However, we realized
that the time available for educating the next generation of scientists is not.
We contend that a solution is required that will promote student learning at
deeper levels of conceptual understanding in a shorter period of time. This
paper proposes that appropriately designed digital learning objects embedded
within our learning design model will allow for deeper concept learning and
understanding in science education.

The RASE Pedagogical Model

The RASE Learning Design model can be viewed from two perspectives: (1)
instructional and (2) learning. From the instructional perspective, the model
assists teachers in developing a student-centered approach as well as the inte-
gration of educational technologies. From the learning perspective, the model
supports students to learn disciplinary content and develop new literacies.
The model builds upon important theoretical work and concepts described
below.

Constructivist learning environment (Jonassen, 1999). In this view, learn-
ing should be arranged around activities and occur in an environment that
supports knowledge construction, as opposed to knowledge transmission.
Knowledge construction is a process where students individually construct
their understanding of the content of the curriculum based on exploration,
social engagement, testing of understanding and consideration of multiple
perspectives. Underlining constructivist learning environments is Activity
Theory, initially proposed by Lev Vygotsky (1978) and his followers such as
Leont’ev (1978), and articulated in a more specific framework by scholars such
as Engestrom (1987). Activity Theory specifies components which underline



407 Learning design for science education in the 21 century

any activity system and are important to consider in planning, managing and
facilitating performance. To understand learning, it is important to under-
stand the specifics of an activity, as well as the tools used in the process.

Problem solving (Jonassen, 2000). For Jonassen, learning is most ef-
fective when it occurs in the context of an activity that engages students to
solve ill-structured, authentic, complex and dynamic problems. These types
of problems differ significantly from logical, well-structured problems with a
single solution. These types of problems include dilemmas, case studies, stra-
tegic decision-making and design, all of which require learners to engage in
deep thinking, examination of multiple possibilities, deployment of multiple
theoretical perspectives, uses of tools, creation of artifacts, and exploration of
possible solutions. Students learn by solving complex problems rather than by
absorbing ready-made rules and procedures.

Engaged learning (Dwyer et al., 1985-1998). Dwyer, Ringstaff and Sand-
holtz conducted a longitudinal study to investigate the most effective adop-
tion of Apple technology in a student-centered learning environment (i.e., the
Apple Classroom of Tomorrow). These scholars argue that technology must
serve as a tool for learning, which supports engagement in activities, col-
laboration and deep learning. Central to their work is the concept of ‘engaged
learning’, which is critical in making students more active in their learning
and uses of technology.

Problem-based learning (PBL) (Savery & Duffy, 1995). Savery and
Dufty propose PBL as an optimal design model for student-centered learning.
Similar to those above, PBL builds upon constructivist philosophy and con-
tends that learning is a process of knowledge construction and social co-con-
struction. One of the features of PBL is that students actively work on activi-
ties which are authentic to the environment in which they would be naturally
used, that is, students construct knowledge in the contexts which reassemble
those in which they would use that knowledge. Creativity, critical thinking,
metacognition, social negotiation, and collaboration are all perceived as a
critical component of a PBL process. One of the key characteristics of PBL is
that teachers should not primarily be concerned with the knowledge students
construct, but should focus, more attention on metacognitive processes.

Rich environments for active learning (Grabinger & Dunlap, 1997). Sim-
ilar to Savery and Duffy, Grabinger and Dunlap propose PBL as a highly ef-
fective educational intervention. However, in their approach further attention
is given to the context of the environment in which PBL occurs, considering
further aspects of components and complexities that such an activity requires.
In particular, emphasis is placed upon making students more responsible,
willing to provide initiatives, reflective and collaborative in the context of
dynamic, authentic and generative learning. This approach also emphasizes
importance of the development of lifelong learning skills.

Technology-based learning environments and conceptual change (Vos-
niadou et al., 1995). In this view, the central role of technology is to support
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students’ conceptual changes and concept learning rather than simple knowl-
edge transfer. Students construct mental models and other internal represen-
tations via attempts to explain the external world. Students often bring prior
misconceptions to learning situations. Therefore, instructions ought to be
designed to correct such misconceptions. Technology will scaffold not only
presentation of effective external representations of conceptual knowledge,
but also externalization of internal representations so that teachers can gain
insight into students’ knowledge and understanding. Taking a more construc-
tivist perspective, technology and representations will serve the role of me-
diators in learning activities.

Interactive learning environments (Harper & Hedberg, 1997; Oliver,
1999). In order to serve the complexity required for learning, Oliver proposes
that a learning module must contain resources, tasks and support. For full
learning to take place, a task must engage students to make purpose-specific
use of resources. The teacher’s role is to support learning. These integrated
components will lead to interactivity essential for learning to occur. Harper
and Hedberg strongly emphasize the constructivist philosophy, and argue that
technology itself should provide an environment where learners can inter-
act with tools and each other. Similar to Jonassen (2000), Hedberg supports
problem-based approaches as the most effective educational intervention. Al-
though this perspective was pioneered in the early stages of educational mul-
timedia adoption and development of software tools, the current paradigm
appears to be further advanced and provides possibilities to transfer between
environments in a ubiquitous manner.

Collaborative knowledge building (Bereiter & Scardamalia, in press).
Knowledge building is a theoretical construct developed by Bereiter and
Scardamalia to provide interpretation of what is required in the context of
collaborative learning activity. Personal knowledge is seen as an internal, un-
observable phenomenon and the only way to support learning and understand
what is taking place is to deal with the so-called public knowledge (which
represents what a community of learners know). This public knowledge is
available to students to work on, expand and modify through discourse, nego-
tiation, and collective synthesis of ideas.

Situated learning (Brown et al., 1989). Brown and colleagues build upon
the Activity Theory perspective to emphasize the central role of an activity in
learning. An activity is where conceptual knowledge is developed and used.
It is argued that this situation produces learning and cognition. Thus, activity,
tools and learning should not be considered as separate. Learning is a process
of enculturation where students become familiarized with uses of cognitive
tools in the context of working on an authentic activity. Both activity and
how these tools are used are specific to a culture of practice. Concepts are
not only situated in an activity, but are progressively developed through it,
shaped by emerging meaning, culture and social engagement. In Vygotsky’s
terms, concepts have history, both personal and cultural. Concepts can only
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be understood and learnt at a personal level through their uses within an ac-
tivity. Active tool use and interaction between tools and an activity leads to
increased and ever-changing understanding of both the activity and the con-
text of tool use, and the tool itself. The tool use might differ between different
communities of practice, so learning how to use a tool specific to a particular
community is a process of enculturation. How a tool is used reflects how the
community sees the world. Concepts also have their own history and are a
product of socio-cultural developments and experience of members of a com-
munity of practice. Thus, Brown and colleagues strongly suggest that activity,
concept and culture are interdependent, in that “the culture and the use of a
tool determine the way practitioners see the world, and the way the world ap-
pears to them determines the culture’s understanding of the world and of the
tools. To learn to use tools as practitioners use them, a student, like an appren-
tice, must enter that community and its culture” (pp. 33). Hence, learning is
a process of enculturation, where students learn to use a domain’s conceptual
tools in an authentic activity.

Inquiry-based learning supported by technology. Work under this gen-
eral concept includes practically oriented frameworks and design guidelines
for building technology-based learning modules. These include approaches
such as Quest Atlantis (Barab et al., 2005), Micro Lessons (Divaharan &
Wong, 2003), Active Lessons (Churchill, 2006), and Web Quest (Dodge,
1995). Similar to the previously discussed theoretical work, this approach el-
evates the importance of learning activity as critical for an effective educa-
tional intervention. Learning begins with an inquiry or a problem (supported
with a multimedia presentation) being presented to students in an interesting
way. The students are then assigned to a task(s), provided with a template to
assist them in the completion of the task(s), directed to Web-based and other
resources to assist them and collaborative tools such as discussion platforms.
Most often, students use technology-based tools in completing their tasks and
are directed to submit outcomes via electronic means. As a design model,
these approaches make a significant step in directing teachers to move away
from the traditional, content-driven, teacher-centered use of technology.

What can be observed from these ideas is that activity and conceptual
knowledge are central to learning. Based upon these theoretical and concep-
tual models, we developed the RASE Learning Design model as an important
tool to support the activity of instructional planning.

The central idea behind RASE is that content resources are not sufficient
for full achievement of learning outcomes. In addition to resources, teachers
need to consider the following:

* Activity for students to engage in using resources and working on

tasks such as experiments and problem solving leading through
experience towards learning outcomes.
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*  Support to ensure that students are provided help, and where possible
with tools to independently or in collaboration with other students,
solve emerging difficulties.

*  Evaluation to inform both students and teachers about progress and
to serve as a tool for understanding what else needs to be done in
order to ensure learning outcomes are achieved.

Figure 1 is a visual representation and summary of the RASE Learning De-
sign model. Readers are urged to consider all of the components and think
about ways how these can be integrated in a holistic learning environment in
their own practice.

Figure 1: The RASE pedagogical model

+ Learning objects * Inguiry

* Multimedia material + Problem solving
* Web content + Project work
* Articles, slides, notes + Collaborative task

« Tools
* Real-time teaching
* Textbooks

RESOURCES == ACTIVITY

SUPPORT EVALUATION

* F&Q
« Forums
+ Social netwerking

* Email . + Portfolios
+ Chat and other + Online presentations
synchronous tools + Reports
Resources

Resources include (a) content (e.g., digital media, textbooks, a lecture by a
teacher), (b) material (e.g., chemicals for an experiment, paint and canvas),
and (c) tools that students use when working on their activity (e.g., laboratory
tools, brushes, calculators, rulers, statistical analysis software, word process-
ing software). When integrating technology resources in teaching, it ought
to be done in a way that leads students to learn with, rather than just learn
from these resources. In this way, students can develop elements of their over-
all new literacies. There are various software tools that students can use in
learning (e.g., the Mind Mapping tool such as Mind Meister, the image/video
editing tool such as iMovie, professional tools such as AutoCAD and Math-
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ematica, and model building and experimentation tools such as Interactive
Physics and Stella).

What kind of digital content resources might be effective for science and
engineering learning, in particular for science concept learning, and develop-
ment of new literacies? We argue that ‘Conceptual Models Learning Objects’
should be given consideration by science and engineering educators. Over the
last decade, we have conducted extensive research work on design and educa-
tional uses of learning objects (see Churchill, 2005, 2007, 2008, 2010, 2011a,
2011b, in press; Churchill & Hedberg, 2008; Jonassen & Churchill, 2004).

A concept is broadly understood as a specific form of cognitive structure
that enables a knower to understand new information, and engage in specific
disciplinary thinking, problem-solving and further learning. The literature
underlines the importance of conceptual learning, and refers to evidence
that incomplete conceptual knowledge and misconceptions seriously impede
learning (see Mayer, 2002; Smith ef al., 1993; Vosniadou, 1994). Models have
been described in literature as effective tools for conceptual learning. Their
educational use has been in the areas of model-centered learning and instruc-
tion (e.g., Dawson, 2004; Gibbons, 2008; Johnson & Lesh, 2003; Lesh & Do-
err, 2003; Mayer, 1989; Norman, 1983; Seel, 2003; van Someren ef al., 1998).

A conceptual model learning object is designed to represent a specific
concept (or a set of related concepts) and its properties, parameters and re-
lationships. A learner can manipulate these properties and parameters with
interactive components (e.g., sliders, buttons, hotspot areas, text input boxes)
and observe changes displayed in a variety of modes (e.g., numerical, textual,
auditory and visual). These resources require little contact time for maximum
learning and conceptual knowledge to be constructed.

Figure 2 shows an example of a conceptual model learning object. This
learning object is an interactive and visual representation of a concept of me-
chanical transfer of power through a pulleys system. It allows students to ma-
nipulate a number of parameters and observe the impact of the configuration
on the pulleys system. In order to realize the full educational potential of this
learning object, a teacher needs to create a task (activity) within which stu-
dents will be engaged in inquiry and exploration of underlining relationships
embedded in the learning object. A student could reposition the two sliders
in order to change values of the load to be lifted and the effort to be exerted
to lift this load, or vice versa. Uncovering these relationships should lead to
deeper understanding of the key concepts represented by the learning object.
This deep understanding might, in the longer term, be supported by percep-
tual impressions and individuals’ cognitive ability to recreate interaction in
the mind through imagination.
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Figure 2: “Pulleys System” learning object
(from: Churchill & Hedberg, 2008)
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Another example of a learning object is presented in Figure 3. This learning
object depicts the key machining parameters in machining (turning). We used
engineering in order to demonstrate relevance of the idea to other domains.
Learners can manipulate these parameters and explore optimal combinations
required to complete a machining task.

Figure 3: “Machining Parameters” learning object
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The following scenarios, explicated from previous research, describe
how conceptual model learning objects might support science learning:

(1) Observation — A conceptual model can support students to make
links between the real world and the represented properties of a concept. It
can be designed so that learners can recognize properties from a real environ-
ment in the interface of a conceptual model, as well as the converse. These
representations of properties are not simply copies of the real world. Rather,
reality is represented through illustrations, diagrammatical representations,
analogies, metaphors, signs, cues, symbols, and icons.

(2) Analytical uses — A conceptual model would allow students to import
data from the real environment and experiments for analytical processing
(e.g., a special purpose calculator). Design features (e.g., sliders, dialers, hot-
spot areas and text input boxes) enable the input of parameters. Outcomes of
interactions can be displayed in a variety of formats such as numbers, graphs,
audio, verbal/written statements, pictorial representations, and animation.

(3) Experimentation — A conceptual model would enable learners to ma-
nipulate parameters and properties, and observe changes that result from such
manipulations. Also, it might allow the manipulation of outcomes of analyti-
cal use to enable students to examine how these changes affect the related
parameters. The changes can be highlighted to provide cues and encourage
generalizing. A conceptual model’s design features allow emergent generali-
zations to be tested.

(4) Thinking — A conceptual model might include features that initiate
and support scientific thinking. In relation to science concepts, this can be
achieved by integrating triggers (e.g., signals and cues) that capture atten-
tion and initiate curiosity. Furthermore, a conceptual model might support the
cognitive activities of linking mental models of concepts (verbal and visual)
developed through interaction with its content.

Conceptual models can be reused in different environments and activi-
ties. For example, reuse might include a classroom or a laboratory presentation,
or use by multiple learners as they collaborate on science tasks. Lately, there
has been an increase in conceptual models and other learning objects available
via mobile technologies such as iPods. The author refers to these as Learning
Object Apps. Mobile technologies enable these resources to be taken to authen-
tic contexts, moved between classrooms, laboratories and real world and used
by students independently outside of their schools and whenever needed. The
reader is reminded that resources are only one component of a learning unit.
Consideration also needs to be given to activity, support and evaluation.
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Activity

An activity is a critical component for full achievement of learning outcomes.
An activity provides students with an experience where learning occurs in the
context of emerging understanding, testing ideas, generalizing and applying
knowledge. Resources, such as conceptual model learning objects, are tools
that students use while completing their activity. The following are the two
key characteristics of an effective activity:

(I) An activity must be ‘Student-centered’:

e It focuses on what students will do to learn, rather than on what stu-

dents will remember,

¢ Resources are tools in students’ hands,

e Teachers are facilitators who participate in the process,

e Student produce artifacts that demonstrate their learning progress,

e Students learn about the process,

e Students develop new literacies.

(2) An activity must be ‘authentic’

e It contains real-life scenarios and ill-structured problems,

» It reassembles professional practice,

e Ituses tools specific to professional practice,

e Itresults in artifacts that demonstrate professional competence, not

only knowledge.

The following are examples of what an activity may be:

(1) A design project (e.g., design an experiment to test scientific hypothesis),

(2) Case study (e.g., a case of how a scientist identified new physics
regularity),

(3) A problem solving learning task (e.g., minimizing friction in the de-
sign of skis),

(4) Develop a documentary movie on a specific issue of interest (e.g.,
GM food pros and cons),

(5) A poster to promote a controversial scientific issue (e.g., Nuclear energy),

(6) Planning science day in your school,

(7) Develop a software to control mechanical transfer of power,

(8) Role-play (e.g., defending science experiment with small animals).

The outcome of an activity can be a conceptual artifact (e.g., an idea or a con-
cept presented in a written report), a hard artifact (e.g., a model of an electric
circuit), or a soft artifact (e.g., a computer-based creation). Artifacts produced
by students ought toundergo peer and expert review and revision before final
submission. This process may also involve student presentations and peer/expert
feedback. The produced artifacts ought tobe evaluated in ways that students
can reflect upon feedback and take further action towards a more coherent
achievement of the learning outcomes.
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Support

The purpose of support is to provide students with essential scaffolding while
enabling the development of learning skills and independence. For teachers,
one aim is to reduce redundancy and workload. Support might anticipate stu-
dents’ difficulty, such as understanding an activity, using tools or working in
groups. In addition, teachers must track and record the ongoing difficulties
and issues that need to be addressed during learning, and share these with
students. Three modes of support are possible: teacher-student, student-stu-
dent, and student-artifact (additional resources). Support can take place in a
classroom and in online environments such as through forums, Wikis, Blogs
and social networking spaces.

Support can also be seen as anticipatory of student needs. Depending
on the course, proactive support structures such as FAQs can be planned and
implemented in light of such needs. The objective of anticipatory support is
to ensure students have access to a body of resources when they need help,
rather than being dependent on asking teachers for help. Here are some spe-
cific strategies:

(1) Build a body of resources and materials which form an FAQ Page,

(2) Create a “How Do 1?” or “Help Me” Forum,

(3) Create a Glossary of course-related terms,

(4) Use checklists and rubrics for activities,

(5) Use other social networking platforms and synchronous tools such

as chat and Skype.

Overall, the support should aim at leading students to become more inde-
pendent learners. Teachers should give frequent, early, positive feedback that
supports students’ beliefs that they can do well. Furthermore, students also
need rules and parameters for their work. For example, before students can
ask teachers for help, they must first ask their classmates through one of the
Forums and/or search the Internet for solutions to their problem(s). In this
way, students are expected to take responsibility for their learning and to sup-
port other students in their cohort.

Evaluation

Evaluation of student learning during the semester is an essential part of ef-
fective student-centered learning experiences. The evaluation needs to be
formative in order to enable students to constantly improve their learning.
An activity should require students to work on tasks, and develop and pro-
duce artifacts that evidence their learning. This evidence of student learning
enables the teacher to monitor student progress and provide further formative
guides to help improve students’ learning achievement. Students also need to
record their progress in completing the tasks set, so they too can monitor their
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learning and the improvements they make. Rubrics can be provided to enable
students to conduct self-evaluation as well. In addition, evaluation might be
conducted by peers as well. Here are a few points why evaluation is important
to student learning;:

(1) Offers feedback on work and identifies where students are in their

learning,

(2) Offers opportunities for students to improve their work,

(3) Enables students to become more effective and motivated learners,

(4) Helps students become more independent and self-directed learners.

Putting it All Together

The following set of recommendations might be useful to teachers to develop
their learning units based on the RASE Learning Design model. Before be-
ginning to build a learning unit, teachers need to:
(1) Ensure that specific course learning outcomes are aligned with over-
all programme learning outcomes,
(2) Identify learning units required to achieve learning outcomes,
(3) Align assessment, learning units and learning outcomes.

These should be presented in an overall Course Outline document where
details of the course, including learning outcomes, schedule and topics, and
information about evaluation/assignments are clearly presented and aligned.
Only then is a teacher able to develop and present learning units as follows:

(1) Describe a topic,

(2) Present learning outcomes,

(3) Describe what to expect and what to do if Support is required,

(4) Explain prerequisites and how to build on previous learning,

(5) Describe an Activity,

(6) Explain the tasks within the activity,

(7) Provide instructions about how to proceed initially,

(8) Describe deliverables (artifacts to be produced), provide templates if

any, provide examples of deliverables if any,

(9) Present standard for Evaluation and provide rubrics,

(10) Provide self-check and peer evaluation form if required,

(11) Explain support options.

Furthermore, we need to provide Resources such as:
(1) Notes, articles and books,
(2) Presentations, demonstrations and recorded/real lectures,
(3) Interactive material such as conceptual models and other forms of
learning objects,
(4) Videos,
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(5) Software tools,
(6) Support tools.

We also need to clearly specify what is expected from evaluation and how it
will be conducted, so that students have clear reference points for their work.

Conclusion

Today, there are new challenges for science education. These include the lack
of adequate focus on the development of conceptual knowledge, insufficient
time to allow students to develop deep conceptual knowledge, inadequate
strategies to promote the development of new literacies and emerging compe-
tencies required for today’s learning, working and intellectual performance.
This paper argues that teachers need a learning design model to assist their
instructional planning in a way that will help them overcome such challenges.
The model presented here is composed of four integral components: Resourc-
es, Activity, Support and Evaluation. Conceptual model learning objects are
introduced as one effective type of digital resources for concept learning. Sci-
ence education needs to remain flexible and open to technological advances.
Technologies and tools, although seen to be significantly improving perform-
ance in scientific education, also scaffold a deeper understanding of scientific
concepts. Technology cannot yet think for us, nor can it create innovative
solutions to emerging problems. Without doubt, human intelligence is criti-
cal for this purpose. However, human intelligence, without deep conceptual
knowledge and new literacies through which to productively use technology,
may not take science education beyond our current horizon.
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Hanujen Yepuns, Mapk Kunr u bo6 ®okc
JEJAH MOJIEJI YUEBA Y HACTABU ITPUPOAHUX HAYKA V 21. BEKY
Ancmpaxm

CaBpeMEeHHN TOKOBH Pa3BOja TEXHOJOTHjE M IPYIITBA 3aXTEBajy TeMeJbHE MpoMe-
He oOpasoBHe Ipakce. HacTaBHUIM U HIKOJIE HE IPEACTaBIbajy BUIIIE ITyKE U3BOPE
3Hamwa Koju yueHunuma ode3oehyjy nandopmanuje. Hanporus, muxoBa npumapHa
yJiora IocTaje rnoayyaBame yUeHHKa HOBUM BPCTaMa IMCMEHOCTH U Pa3BOj KOMIIe-
TeHIMja 3a epukacHy yrnmoTpeOy HHPOPMAIIMOHUX TEXHOIOTHja 1 33a10BOJbaBajyhnx
OCHOBA TIOJMOBHOT 3Hafa CBOjCTBCHOT PA3NIMYUTHM HAYUYHHUM MUCHUIUIHHaMa. Ce
OBO 3aXTeBa IIPOMEHE KOje MOAPa3yMEBajy aKTHBHOCTH YCMEpPEHE Ha yUCHHKA. Y
TAKBOM KOHTEKCTY, HACTABHHIIM NIOCTA]y JIM3ajHEPH yueHa, [1a Ce CTOra Mojam IJia-
HUpamba 4acoBa 3aMembyje KOHLEIITOM ,,HAlIPT 32 yueme . Y 0BOM pajy MpeacTaBiba
ce Mojien yuemwa y HactaBu npuponuux Hayka RASE (Resource-Activity-Support-
Evaluation), xoju je pa3BHjeH Kao OKBHp KOju Tpeba J1a IIOMOTHEe HACTaBHUIIUMA Y
OCMHWIIIJbaBaby MOAyJa yuema. Hajsaxkuuja kapakTepuctuka mogena RASE jecte
Harjgacak Ha OCMUIIJbABAKY AKTHBHOCTH Yy KOjUMa CE YUCHMIM aHTaXyjy y KO-
pumhemwy pecypca u cTBapary apredakara Koju Mokasyjy 1ITa je Hay4deHo. Y paiy
ce Takole yka3syje Ha BaXKHOCT ,,[TIOJMOBHHUX MOJIeNIa* Kao MoceOHe BPCTE 00pa3oB-
HUX MYJITHMEIHjATHUX Pecypca U ’bUXOBE YIIOre Y MOAPIINH yUeHy U TPUMEHH T10j-
MOBa, HACYIIPOT MOZAENY ,,TpaHchepa nHpopmanuja“. RASE ce cBe Buie kopuctu
Kao eukacaH MozeN 3a mpolec TpaHnchopmaliije HaCTaBHUKA M TPAaTUIIHOHATHAX
METOZa pajia y CaBpeMeHy, PeJIeBaHTHY MIpaKkcy ycMepeHy Ha yueHuka. OBaj mozern,
Takolje, mpencTaBiba ACIOTBOPAH OKBUP 3a eukacHy ynorpedy nH(OPMAIMOHUX
TEXHOJIOTHja y 00pa30oBamy.

Kwyune peuu: Monen yuema, HacTaBa NpUPOAHUX HAYKA, YUCHE YCMEPEHO Ha yue-
HUKa, HALPT 32 yUeHe.
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Jouumsne Yepumiis, Mapk Kunr u boo ®okc
OJIHA MO/IEJIb OBYUEHI A B ITPETIOIABAHINH
ECTECTBEHHBIX HAVK B 21 BEKE
Peziome

CoBpeMeHHbIC HAPABICHUS Pa3BUTHS TEXHOJIOTHH M 00IIECTBa TPEOYIOT OCHOBA-
TEJIBHBIX EepeMeH B 00pa30BaTEIbHON MPAKTHKE. YUUTENS U IIKOJBI HE SBISIOTCS
Tenepb TOJIBKO UCTOYHUKAMH 3HAaHUH, KOTOPhIE 00ECIEUYNBAIOT YYEHUKOB HH(OP-
Manueid. Hao0opoT, X nepBUYHON POJIBIO CTAHOBHUTCS 00yUYEeHUE YUEHUKOB HOBBIM
BHJAaM TPaMOTHOCTH M Pa3BUTHE KOMIIETEHIMH i1 3((EKTUBHOTO HCIIOIb30Ba-
HUs MHOOPMAITMOHHBIX TEXHOJIOTHI 1 yIOBICTBOPUTEIBHBIX OCHOB MOHATHHHOTO
amnrmapara, XapaKTepHOTO JUIsl pa3IUYHbIX HAYyYHBIX JAUCHMILINH. Bee 310 Tpebyer
H3MeHeHHﬁ, KOTOPBIC NpEAnoJgararoT ACATCIbHOCTD, HAITPABJICHHYIO HA YYCHUKOB.
B Takux 0OCTOSATENbCTBAX YUHTENS! CTAHOBSITCS AM3aifHepamMu OOydYEeHHs, MOITO-
My IHOHSTHE ,,IUITAHHPOBAHUE YPOKOB™ 3aMEHSIETCS] KOHIIENTOM ,,9CKU3 00y4eHus .
B aroit pabore mpezacTaBieHa MoJelb 00yUYeHHsI B NPEIOJaBaHUK €CTECTBEHHBIX
Hayk RASE (Resource-Activity-Support-Evaluation), koTopsrii Ob11 pazpaboTaH Kax
OCHOBA, ITIOMOTAIOIIAs yUUTEISIM B OCMBICICHUH MOy st 00y4eHus. CaMoii BayKHOM
xapakTepuctukoil mogenu RASE sBisercs ynop Ha OCMBICIIEHHE ACATEIBHOCTH,
MIPH KOTOPOH YYEHUKH yUaCTBYIOT B UCIIOJIB30BAaHUH PECYPCOB M CO3JIaHUH 00BEK-
TOB, JIEMOHCTPUPYIOIIMX TO, 4TO OBIJIO yCBOCGHO. B paboTe Takxe moguepKuBaeTcs
BaXHOCTH ,,IOHITUHHBIX MOJIEJICH KaK OTJeIFHOTO BH/Ia 00pa30BaTEIbHBIX MYJIb-
TUMEIUHHBIX PECYpPCOB U UX POJIH B IO IEPKKE 00y UEeHUS U IPUMEHEHUH TIOHITHH,
B [IPOTHUBOBEC MoieNH ,,Tpancdepa uadpopmanun’. RASE Bce 6osnblie ncnosnb3yercs
B KadecTBe (P PEeKTUBHOM MOJIENIN ITpoliecca TpaHCPOPMaIUH YUUTENIeH 1 TPagHIIH-
OHHBIX METOZIOB pabOTHI B COBPEMEHHYI0, PEJICBAHTHYIO ITPAKTUKY, HAIPABICHHY IO
Ha YYEHHKaA. JTa MOJIEIIb TaKXKe MPECTABISCT MNIOAOTBOPHYIO OCHOBY JUIsl 3 dek-
THUBHOTO yroTpe0ieHus HOOPMAIMOHHBIX TEXHOJIOTHI B 00pa30BaHUM.
Kurouesvie cnosa: Monenb o0ydeHNs, IPENOAABaHNE ECTECTBEHHBIX HaykK, oOyue-
HUE, HAIIPaBJIEHHOE HA YUCHUKA, 3CKU3 00yUCHMUSL.



