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Knowledge Dynamics Visualization

Lecture:

� 1) What is Knowledge Dynamics Visualization (KDV)?

� 2) Historic examples of KDV’s (older and new ones)

� 3) Reflection on usage/value of KDV’s
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Knowledge Dynamics Visualization

What is Knowledge Dynamics Visualization (KDV)?
Knowledge (K):
• Scientific knowledge: published results of scientific research 

activities approved by the scientific community.
• Knowledge in people, instruments and devices.
Dynamics (D):
• Movement/change of something (i.c. knowledge/people, etc.);
• Forces or processes behind this movement or change.

Visualisation (V):

• Making things visible (not visible by themselves). 
• Vision (sensory and mental capacity); 
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Knowledge Dynamics Visualization

Example 0

RK Merton, 1938,
republished1970

No visualisation!
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Knowledge Dynamics Visualization

Example 0b

RK Merton, 1938,
republished1970

Merton visualised
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Knowledge Dynamics Visualization

� Usage of KDV
� Studying the (changing) science system

� Cognitive
� Social

� Research evaluation and science policy:
� field level
� country level
� organization level
� individual level
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Knowledge Dynamics Visualization

Intermezzo:

� 1) What is good knowledge dynamics visualization?
� Requirements for science studies/science policy.

� 2) What do you think?
� Individual: write down what you think important (2 min)
� Groups of 3: main requirements (5 minutes)
� Report from each group (list of main points)
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Requirements for good knowledge dynamics visualisation:
1) 
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Knowledge Dynamics Models

Value of KDV:

• ‘We must explain why science – our surest example of sound 
knowledge - progresses as it does, and we must first find out how in 
fact it does progress (Kuhn, 1970, p. 20).’ , M. Callon (1995, p. 29).

• ‘To understand the dynamics of science and its growth, we need to
explore both its contents and its organization.’, (Ibid., p. 60).

Reference: 
• Michel Callon, 1995, Four models for the Dynamics of Science, 

In: Handbook of Science and Technology Studies, S. Jasanoff et al. (eds.), Sage, 
1995, pp. 29-63.
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Knowledge Dynamics Models

Six questions*:

1) What does scientific production consist of?
2) Who are the actors and what competence do they have?
3) How does one define the underlying dynamic of scientific 

development?
4) How is agreement obtained?
5) What forms of social organization (internal of external) are 

assumed?
6) How are the overall dynamics of science described?

*Michel Callon, 1995
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Knowledge dynamics Models

Linking statements, technical devices and 
humans and bringing them in broader circulation

4 Translation

Researchers, and non-science actors striving for 
preferred consensus in hybrid social networks

3 Socio-Cultural    
Practice

Researchers competing to produce publications
for recognition and credits, in order to survive

2 Competition

Networks of statements produced and judged by 
researchers as rational justifiers, in public space

1 Rational 
knowledge

Four models for the dynamics of science (M. Callon, 1 995):
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Knowledge Dynamics Models

Similarities and differences:

Models 1 and 2 see science as separate from society;
Models 3 and 4 see allow other social spheres as well. 

Models 1 and 4 produce statements (texts; inscriptions)
Models 2 and 3 produce social results (status; consensus)



Robert Braam & Peter van den Besselaar  |  16 |  PRIME-ENID Amsterdam Summer School 2009

03 September 2009

Knowledge Dynamics Models

Which models apply to the following examples?

Model 1: rational knowledge?
Model 2: competition?
Model 3: socio-cultural?
Model 4: translation (extended)?
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Knowledge Dynamics Visualization

Example 1

De Solla Price, 1963

Science grows 
Exponentially!

Model 1

Model 2
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Knowledge Dynamics Visualization

Example 1b

De Solla Price,
1963

And their 
universities
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Knowledge Dynamics Visualization

Example 1c

Price, 1963

Everything grows 
like this

Up to a ceiling
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Knowledge Dynamics Visualization

Example 1d

De Solla Price
1963

Growth can’t
go on for ever
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Knowledge Dynamics Visualization

Example 2

Braam, Moed and 
Van Raan, 1991

Tracking specialty 
co-citation clusters

Researchers
connect their works
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Knowledge Dynamics Visualization

Example 2b

Braam, Moed and 
Van Raan, 1991

Usage of words to 
describe content of 
co-citation clusters
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Knowledge Dynamics Visualization

Example 2c

Braam, Moed and 
Van Raan, 1991

Checking similarity
in content between 
co-citation clusters
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Knowledge Dynamics Visualization

Example 2d

Braam, Moed and 
Van Raan, 1991

Following changes 
inspecting title words
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Knowledge Dynamics Visualization

Example 2e

Braam, Moed and 
Van Raan, 1991

Or subject 
categories
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Knowledge Dynamics Visualization

Example 3

Heimeriks & 
Van den Besselaar,
2006

Changing topics
Information science

Still Model 1?

Modern fashion
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Knowledge Dynamics Visualization

Example 4

Chavalarias and 
Cointet, 2008

Conceptual scheme
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Knowledge Dynamics Visualization

Example 4b

Chavalarias and 
Cointet,2008



Robert Braam & Peter van den Besselaar  |  29 |  PRIME-ENID Amsterdam Summer School 2009

03 September 2009

Knowledge Dynamics Visualization

Example 4c

Chavalarias and
Cointet, 2008

Conceptual
change

Applied 
Epistemology
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Knowledge Dynamics Visualization

Example 5

Callon, Law 
and Rip, 1986

Model 1, again?

Co-words
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Knowledge Dynamics Visualization

Example 6

Callon, 1986

This must be 
Model 4

And now for
something …
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Knowledge Dynamics Visualization

Example 6b

Callon, 1986

Model 4

Sociology of translation

Speaking in the name of …
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Knowledge Dynamics Visualization

Example 6c

Callon, 1986

Model 4

Actor network
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Knowledge Dynamics Visualization

Example 7

Leydesdorff,
1986

Journal citation
patterns visualise
new research area
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Knowledge Dynamics Visualization

Example 7b

Rafols & 
Leydesdorff,
2009

Journal citation
patterns
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Knowledge Dynamics Visualization

Example 7c

Rafols & 
Leydesdorff,
2009

Journal citation
patterns with 
new algorithm
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Knowledge Dynamics Models

It all just depends on your algorithm, stup..

Model 1: rational knowledge?
Model 2: competition?
Model 3: socio-cultural?
Model 4: translation (extended)?
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Knowledge Dynamics Visualization

Example 8

Bonaccorsi, 
2008

Do fields differ in 
search dynamics?

Model 1
Again!
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Knowledge Dynamics Visualization

Convergent versus Divergent Pattern of Search

• ‘By convergent search regime, we mean a dynamic pattern in which given one or more common 
premises (e.g. an accepted theory and an agreed research question or general hypothesis); each 
conclusion (i.e. experimental evidence or theoretical advancement) is a premise for further 
conclusions. In addition, all intermediate conclusions add support to a general conclusion.’

• ‘By divergent search regime, we mean a dynamic pattern in which given one or more common 
premises each conclusion gives origin to many other sub-hypotheses and then (possibly) new 
research programmes.’

• Strong divergence: hypotheses and then research programmes are competing in the sense 
that they cannot be true together, although they are all consistent with the general theory or 
with hypotheses of higher generality.

• Weak divergence:  hypotheses and then research programmes are different, in the sense that 
they are located at a large distance in the multidimensional space, for every reason. 

• Although science is always based on procedures that ensure ‘‘convergence to the truth’’, this may 
happen following different patterns of search.’

Source: Andrea Bonaccorsi, Search Regimes and the Industrial Dynamics of Science, Minerva (2008) 46:285–315.
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Knowledge Dynamics Visualization

Example 9

Alternating research strategies of groups
Braam, 2008

Can groups follow their
own search strategy?
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Knowledge Dynamics Visualization

Example 10

Laredo and
Mustar, 2000

Model 3?

Laboratory 
positioning
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Knowledge Dynamics Visualization

Example 11

Oslo ENID,
Braam, and Van
den Besselaar,
2007

Activity
profile
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Fig. 4b Output mix (all language publications; 
by type; excl. conferences)

Source:  www.csi.ensmp.fr/ February 2008; 
last update publications: November 2007, analysis RI-SciSA.
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Knowledge Dynamics Visualization

Example 11b

Oslo ENID,
Braam, and Van
den Besselaar,
2007

Focus
change

Source:  www.csi.ensmp.fr/ February 2008; 
last update publications: November 2007, analysis RI-SciSA.
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(all languages: academic and short articles; n=648;j=281)
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Knowledge Dynamics Visualization

Example 11c

Oslo ENID,
Braam, and Van
den Besselaar,
2007
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CSI: fluctuating, at high and mid range levels; 
CWTS: stable low level, with single peak
SPRU: stable mid-range level
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Knowledge Dynamics Visualization

Example 12a

Laredo and
Mustar, 2000

Changes in 
domains
of activity?
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Knowledge Dynamics Visualization

CSI 1975-1983
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Example 12b

Braam
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Knowledge Dynamics Visualization
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Braam

Stable profile

Growth pattern
Life cycle?
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Knowledge Dynamics Visualization

Example 13

Van de Ven
And Poole,
1995

Can we learn 
from organisation 
theory ?!
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Knowledge Dynamics Visualization

Example 14

Van der Weijden, Verbree,
Braam& Van den Besselaar,
2009

Environments of 
research groups
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Knowledge Dynamics Visualization

Example 15

Van den Besselaar

Environments of 
research groups

3) Scientific fields 
structure emergence

2) Entrepreneurial   
activities

1) Research 
activities at lab

Three dimensions for research groups/institutes:
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Knowledge Dynamics Visualization

Example 13

Gläser & Laudel, 
ISSI 2009

Individual level

And now for 
something …

Individuals
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Knowledge Dynamics Visualization

Example 13

U. Sandström & 
E.Sandström
ISSI 2009

Individual research lines, 
depicted by bibliographic
coupling and citation data
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Knowledge Dynamics Visualization

Example 13b

U. Sandström & 
E.Sandström
ISSI 2009

Individual research 
position, depicted 
by mapping
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Knowledge Dynamics Visualization

Do we do justice to the individual?

In the end, the individuals do the science?

Kasia will tell us about their entrepreneurship!
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Changing Science System?

Recent theorising:

• Various diagnoses: Mode1, 2, 3, Triple Helix, etc.
• Changing contract with society: autonomy; strategy

- Hessels, L.K. and H. van Lente, 2008, Re-thinking new knowledge production: A 
literature review and a research agenda, Research Policy 37(4), 740-760.

- Hessels, L.K., H. van Lente and R. Smits, 2009, In search of relevance: the changing 
contract between science and society, Science and Public Policy, 36(5), 387-401.
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Changing Science System?

Various diagnoses:
1. Choice of research agenda (research content)
2. Methods (teamwork, transdisciplinarity)
3. Epistemology (socially robust knowledge)
4. Map of disciplines (transdisciplinarity)
5. Values/labour ethic of scientists (reflexivity)
6. Norms of quality control (external peers)
7. Interaction with other societal ‘spheres’ (industry, 

government)
8. Incorporation of non-scientific expertise (participation)
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Changing Science System?

Common points in eight diagnoses:

1. Choice of research agenda (research content)

2. Interaction with other societal ‘spheres’ (industry, 
government)

Exception:
1. Incorporation of non-scientific expertise (participation)
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Changing Science System?

Changing contract with society?

Strategic knowledge2000+

Strategic knowledge1990s

Applicable knowledge1980s

+ Useful knowledge1970s

Basic research1950s and 1960s

Summary of identityTime period

Hessels, L.K., 
H. van Lente and 
R. Smits, 2009

Changes for 
Dutch chemistry
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Knowledge Dynamics Indicators

Three main points for KDV:

1. Choice and explication of model
2. Changing science system, not fixed.
3. Doing justice to individuals!



Robert Braam & Peter van den Besselaar  |  60 |  PRIME-ENID Amsterdam Summer School 2009

03 September 2009

Knowledge Dynamics Indicators

From data to Indicators:

1) Choice of data: objects with relevant features
Select database (e.g. ISI pubs) �

2) Select objects with shared attributes (features)
(e.g. keywords) � set of relevant object

3) Calculations on objects/attributes in set:
- Occurrences � frequency (+/- weights)
- Co-occurrences � relations (strength indices)
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Knowledge Dynamics Visuals

From Indicators to Visuals:

Types:
1) Graphs, qualitative
2) Time series (quantitative)
3) Networks (qualitative; quantitative)
4) Maps (qualitative; quantitative)
5) History graphs (quantitative)
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Knowledge Dynamics Visualization

From Visuals to Understanding:

Approach:
- Isolated or interaction model?
- Stable or changing system?
- Cognitive or social questions
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Knowledge Dynamics Visualization

From Visuals to Understanding:

Perspectives:
Science studies:
- Cognitive structure/dynamics
- Social structure/dynamics
Science policy: 
- foresight
- research evaluation
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Knowledge Dynamics Visualization

From Visuals to Understanding:

Levels:
- Science, fields, disciplines, paradigms
- Countries, institutes
- Organisations, research groups
- Individual researchers, co-authors
- Texts, statements, words, references, etc.
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Knowledge Dynamics Visualization

Question:

� 1) What is good knowledge dynamics visualization?
� For science studies/science policy/scientists

� 2) What do you think now?
� Individual: what to add/skip from list?
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Knowledge Dynamics Visualization

And now for something …..

Robert Braam & Peter van den Besselaar


