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Abstract. Knowledge Building pedagogy engages students directly in continual
idea improvement through progressive inquiry, with the ultimate goal of creating
knowledge of value to the community. Knowledge Forum technology serves as
the community space for creative work with ideas, where students design views
(i.e., idea landscapes) to explore ideas, refine ideas, and synthesize ideas, with
supports in place for criss-crossing these idea landscapes with ease. This study
explores next-generation designs for visualizing idea landscapes in Knowledge
Forum. Whereas in a typical view, explicit idea connections via build-on notes
are automatically displayed, implicit idea connections via keyword tagging are
not immediately accessible to students. Semantic analyses were conducted on
student notes in Knowledge Forum in order to identify ‘big ideas’ in the student
discourse and compare word cloud visualizations with idea network visualiza‐
tions of the community knowledge. Implications of these designs are discussed
within the context of education for knowledge creation and innovation.
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1 Introduction

The emergence and rapid proliferation of information communication technologies have
drastically transformed the way in which we communicate, collaborate, and learn in our
everyday lives, resulting in the rise of digital literacy as an educational priority for the
21st century (Voogt and Knezek 2008). Studies in the field of learning sciences consis‐
tently demonstrate that computer-supported collaborative learning environments facil‐
itate students’ development of traditional learning skills and new digital literacies (see
Stahl et al. 2006 for review). Of particular educational importance is new competences
for knowledge creation, such as generating new ideas, searching for related ideas, iden‐
tifying promising ideas, developing criteria to evaluate multiple sources, and creating
coherence amongst diverse ideas, in order for students to engage in knowledge creation
and innovation for public good (Goldman and Scardamalia 2013). In other words,
education for knowledge creation must socialize students into a pervasive culture of
productive work with ideas so that they may improve their own ideas for their own
learning, as well as connect to and extend the ideas of others for knowledge creation.
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2 Current Study

2.1 Knowledge Building Pedagogy and Technology

Knowledge Building pedagogy and Knowledge Forum technology provide students
with opportunities to work creatively with ideas, “exploring idea landscapes, criss-
crossing them in every direction” (Scardamalia and Bereiter 2016, p. 3), which in turn
facilitates the development of digital literacies and competencies essential to knowledge
creation and innovation. Knowledge Building is synonymous with knowledge creation:
It is the collective endeavor of advancing collective understanding through the produc‐
tion of knowledge of value to the community (Scardamalia and Bereiter 2014a; 2006).
Much like rapid prototyping in the field of HCI design, Knowledge Building involves
continual development and refinement of ideas – a process that is highly collaborative,
iterative, non-linear, and ever-changing. The technological challenge is to design envi‐
ronments that support complex, emergent interactions and self-organization
(Scardamalia and Bereiter 2014b).

Fig. 1. Grade 5/6 human body view in knowledge forum and word cloud visualization of student
discourse.

Knowledge Forum is a networked online learning environment optimized to support
collaborative knowledge creation (Scardamalia 2004). In Knowledge Forum, students
design idea landscapes, called views (see Fig. 1), so that their ideas have a place to live
and grow. In a given view, students contribute ideas as notes, sketches, images, videos,
and other multimedia, which then become objects of the community, so that other
students can build on, cite, annotate, tag, and even synthesize ideas in the form of rise-
above notes. Whereas in a typical view, explicit connections are made between ideas
via build-ons, implicit connections, such as keyword tags, are not immediately acces‐
sible; therefore, embedding analytic tools can make such connections visible to students.
Guided by the Knowledge Building principles of epistemic agency, idea diversity, and
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rise above (see Scardamalia 2002 for overview), this study aims to explore designs for
visualizing idea landscapes in Knowledge Forum, so that students may discover hidden
connections between ideas in the community knowledge and find new ways to create
conceptual coherence across idea landscapes.

2.2 Knowledge Forum Next Generation Designs

When students are working in a view in Knowledge Forum, the view is synchronized
in real-time as a dynamic community space. The Knowledge Building process can be
visualized in real-time as the view changes when new ideas are added, existing ideas
are edited, ideas are moved around and connected together, and so forth. Over time, the
view can become a cluttered space, making it difficult to navigate and search for ideas.
Figure 1 shows a view in Knowledge Forum for a grade 5/6 class studying the human
body over the span of a week. Though it cannot be seen clearly in Fig. 1, several themes
have already emerged in the student discourse, such as sleep and dreams, puberty and
aging, food and digestion, cancer and illnesses, and evolutionary psychology. The word
cloud visualization tool (as indicated in the pink box) was developed to help students
get a general overview of the ‘big’ ideas in the view. The tool has automatically detected
‘brain’, ‘genes’, ‘cancer’, ‘body’, ‘food’, ‘sleep’, and ‘dream’ as the ‘big’ ideas in the
student discourse. Recent work (Resendes et al. 2015) revealed that when students used
word cloud visualizations as formative feedback for their Knowledge Building process,
they benefited from identifying and refining ‘big’ ideas in their community knowledge,
which in turn advanced their collective understanding.

One design challenge associated with the word cloud visualization, however, is that
the most common words in the discourse do not necessarily represent the most important
or relevant words for the topic of inquiry. For example, as the student discourse on
Knowledge Forum grows over time, it can become saturated with common words, such
as ‘if’, ‘the’, ‘think’, ‘just’, ‘maybe’ and ‘okay’, which do not reflect collective progress
or understanding. Thus, as new and important ideas are entered into the discourse, it
may become difficult for them to be picked up by the tool, ultimately limiting the possi‐
bility for students to find interesting ideas in their view. Another drawback of this tool
is that the existing connections between ideas that are already in the view are lost in the
word cloud visualization, which reduces the conceptual coherence that is already created
in the view. Looking at the word cloud, it is difficult to see which ‘big’ ideas are
connected to one another and which ones are not.

One way to address these design challenges is to create idea network visualizations
of student discourse in Knowledge Forum, as shown in Fig. 2. The idea network was
created based on keyword tagging of student notes, followed by thematic coding of
keyword tags (see Appendix for themes and associated keywords). Whereas each circle
represents one theme related to the topic of the human body, each square represents a
note containing keywords related to that theme. For example, a student working on the
topic of sleep can search for related ideas by clicking on the ‘neuroscience’ theme, which
is also connected to the ‘evolution’ and ‘nervous system’ themes. Notes connected to
these themes cover issues such as stages of sleep, dreams and consciousness, brain
processes, and bodily growth. Whereas in Fig. 1, notes about REM, sleepwalking,
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dreaming, and consciousness are placed in various locations on the view, in Fig. 2, the
idea network visualization, brings all these ideas together based on both explicit connec‐
tions (i.e., build-ons) and implicit connections (i.e., keyword tags). This then allows
students to explore and create unexpected connections between ideas. For example, the
pink box in Fig. 2 shows one student’s note about dreaming, which lies at the intersection
of the ‘neuroscience’ and ‘evolution’ themes. Though this student is simply sharing
information, their note represents a significant contribution to the community because
they are reframing the discussion about the human body in terms of its evolutionary
history and purpose, and in turn, advancing the collective understanding of sleep by
discussing its role in the history of the human species. The ability to find and make
serendipitous connections between ideas is invaluable to the Knowledge Building
process, and the idea network visualization has the potential to support students in
engaging creatively with ideas in Knowledge Forum.

Fig. 2. Idea network visualization of Grade 5/6 human body view in Knowledge Forum and one
student’s note.

3 Design Implications

In this study, word cloud and idea network visualizations were designed to facilitate
criss-crossing idea landscapes and connecting ideas in a view in Knowledge Forum. It
is expected that “idea networks” will help students reach higher levels of explanatory
coherence amongst diverse ideas in their community knowledge and support the role of
serendipity in identifying promising ideas for their knowledge work – both of which are
essential digital literacies for knowledge creation. Knowledge Building pedagogy and
Knowledge Forum technology represent one avenue for schools to move from the
periphery to the center of the Knowledge Society, preparing students to participate in
the growing need to innovate and create knowledge for public good (OECD 2015).
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Appendix

Table 1. Themes and keywords related to grade 5/6 human body

Theme Keywords
Circulatory system Blood, nutrients, oxygen, carbon dioxide, hormones, heart,, cardiac,

vessels, arteries, veins
Digestive system Organs, food, waste, mouth, esophagus, stomach, small intestine, large

intestine, rectum, anus, liver, pancreas
Endocrine system Glands, hormones, blood, regulation, metabolism, growth, sex, puberty
Immune system Bacteria, virus, pathogens, lymph nodes, spleen, bone marrow,

lymphocytes, white blood cells, infection
Nervous system Conscious, brain, spinal cord, spine, signals, nerves
Muscular system Muscles, blood, skeleton, organs, heart
Reproductive system Penis, testes, sperm, vagina, uterus, ovaries, eggs, fertilization, sex,

puberty
Skeletal system Bones, tendons, ligaments, cartilage, skeleton, blood cells, calcium,

teeth
Respiratory system Oxygen, carbon dioxide, breathing, trachea, diaphragm, lungs
Urinary system Urine, waste, foods, kidneys, ureters, bladder, sphincter, muscle, urethra
Integumentary system Organs, protection, defense, bacteria, viruses, pathogens, regulation,

temperature, waste, perspiration, skin, hair, nails
Evolution Species, evolve, change, environment, adaptation, natural selection

References

Goldman, S.R., Scardamalia, M.: Managing, understanding, applying, and creating knowledge in
the information age: next-generation challenges and opportunities. Cogn. Instr. 31(2),
255–269 (2013)

OECD: The Innovation Imperative: Contributing to Productivity, Growth and Well-being. OECD
Publishing, Paris (2015)

Resendes, M., Scardamalia, M., Bereiter, C., Chen, B., Halewood, C.: Group-level formative
feedback and metadiscourse. Int. J. Comput.-Support. Collaborative Learn. 10(3), 309–336
(2015)

Scardamalia, M.: Collective cognitive responsibility for the advancement of knowledge. In: Smith,
B., Bereiter, C. (eds.) Liberal Education in a Knowledge Society, pp. 67–98. Publishers Group
West, Berkeley (2002)

Scardamalia, M.: CSILE/Knowledge Forum®. In: Kovalchick, A., Dawson, K. (eds.) Education
and Technology: An Encyclopedia, pp. 183–192. Santa Barbara, ABC-CLIO (2004)

Scardamalia, M., Bereiter, C.: Knowledge building: theory, pedagogy, and technology. In:
Sawyer, K. (ed.) Cambridge Handbook of the Learning Sciences, pp. 97–118. Cambridge
University Press, New York (2006)

Scardamalia, M., Bereiter, C.: Knowledge building and knowledge creation: theory, pedagogy, and
technology. In: Sawyer, K. (ed.) Cambridge Handbook of the Learning Sciences, pp. 397–417.
Cambridge University Press, New York (2014a)

48 L. Ma



Scardamalia, M., Bereiter, C.: Smart technology for self-organizing processes. Smart Learn.
Environ. 2014(1), 1 (2014b)

Scardamalia, M., Bereiter, C.: Creating, criss-crossing, and rising above idea landscapes. In:
Huang, R.H., Kinshuk, A., Price, J.K. (eds.) ICT in Education in Global Context: Comparative
Reports of K-12 Schools Innovation, pp. 3–17. Springer-Verlag, Berlin (2016)

Stahl, G., Koschmann, T., Suthers, D.: Computer-supported collaborative learning: An historical
perspective. In: Sawyer, R.K. (ed.) Cambridge Handbook of the Learning Sciences, pp. 409–426.
Cambridge University Press, Cambridge, UK (2006)

Voogt, J., Knezek, G. (eds.): International Handbook of Information Technology in Primary and
Secondary Education, vol. 20. Springer Science+Business Media, New York (2008)

Criss-Crossing Idea Landscapes via Idea Networks 49


	Criss-Crossing Idea Landscapes via Idea Networks in Knowledge Forum
	Abstract
	1 Introduction
	2 Current Study
	2.1 Knowledge Building Pedagogy and Technology
	2.2 Knowledge Forum Next Generation Designs

	3 Design Implications
	Appendix
	References


