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Integration and Implementation Sciences (i2S) provides a framework to
identify the core elements of expertise required for research to be trans-
disciplinary in addressing complex societal or environmental problems.
Expertise is required in three foundational domains (figure 1):

Synthesizing knowledge: Identifying and synthesizing relevant knowl-
edge from various disciplines and stakeholders to develop a more
comprehensive understanding of the problem. 
Knowledge includes not only “facts”, but also epistemologies, val-
ues, interests and world views. It can be formally defined in disci-
plines or gleaned from stakeholders, who can be usefully thought of
as those affected by the problem and those in a position to do some-
thing about it.
Managing unknowns: Comprehensively reviewing unknowns and de-
veloping strategies for dealing with them to reduce the risk of adverse
unintended consequences. 
Unknowns include known unknowns, unknown knowns and un-
known unknowns. Manifestations include error, incompleteness,
vagueness, distortion, uncertainty, deception, taboo, suppression,
and undecidability. 
Supporting improvement: Providing the best possible evidence-based
support to those in a position to address the problem to maximize
the chances of effective action. 
The evidence base integrates the results of the knowledge synthesis
and the strategies for dealing with unknowns. Those acting on the
problem may be in government, business and/or civ  il society and
may seek to change policy and/or practice.
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The framework also provides five questions, plus prompts, to stimulate
systematic consideration of specific expertise in each of the three domains,
in particular for how each question will be addressed.
1. What are the aims and who are the beneficiaries?
2. What is involved in determining relevant knowledge, unknowns and

options for improvement?
Systems-based approaches to adequately understand the 
problem and possible improvements;
scoping to identify all relevant disciplines and stakeholders, 
relevant unknowns, and possibilities for action;
boundary setting to establish the most important priorities
from the options identified by the scoping process;
framing decisions to define the problem and articulate courses
for improvement;
identification of value differences, especially value conflicts;
effective harnessing of different expertise in the research team,
plus management of differences that cause irritation and conflict.

3. What methods will be used for synthesizing knowledge, managing
unknowns and supporting improvement?

Knowledge synthesis methods include dialogue, modelling and
building a product;
managing unknowns includes established methods to reduce
unknowns (such as experiments, surveys, focus groups),
processes for accepting inevitable unknowns (such as hedging
and building in resilience), techniques to counter suppression
and deception, and means to exploit the benefits of unknowns;
supporting improvement includes methods for communication,
co-production and activism.

4. What circumstances might influence the research or its ability to
support improvement?

“Big picture” context includes political, economic, historical,
and cultural circumstances;
whether and what authorization is necessary;
facilitators and barriers imposed by the research and other
organiza tions involved.

5. Have the best possible choices been made in addressing each of the
four questions above?

Transdisciplinary research teams need an expert with an overall appreci -
a tion of the knowledge, skills and dispositional attributes identified
above. Different team members can also contribute specific elements
of that expertise such as skills in building models or understanding ele -
ments of context.
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FIGURE 1: Identifying transdisciplinary expertise: the Integration and 
Implementation Sciences (i2S) framework.
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