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Abstract

Factors that influence reception and use of information are represented in
this koru model of science communication using the metaphor of a growing
plant. Identity is central to this model, determining whether an individual
attends to information, how it is used and whether access to it results in
increased awareness, knowledge or understanding, changed attitudes or
behaviour. In this koru model, facts are represented as nutrients in the soil;
the matrix influences their availability. Communication involves
reorganisation of facts into information, available via channels represented
as roots. When information is taken up, engagement with it is influenced by
external factors (social norms, support and control) and internal factors
(values, beliefs, attitudes, awareness, affect, understanding, skills and
behaviour) which affect whether the individual uses it to form new
knowledge.
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Context

Science communication is like gardening. Many can do it, but to become adept one
needs to be interested, be willing to learn from others and gain experience, to have
a plan, be prepared to experiment, occasionally fail and learn from failure and to
reflect on outcomes. It is useful to recognise that there are differences between a
novice’s enthusiastic attempts and those of a professional. That is not to say that
novices cannot produce good outcomes. But all science communicators can benefit
from an understanding of key principles and reflection about the craft. And all
science communicators can improve with increased understanding of how people
receive and use information.
This essay presents an integrated model of science communication, drawing from a
wide range of disciplines and literature. The model builds on previous models of
science communication which focus on the flow of information. This model adds
factors that influence an individual’s response to information and its use.
Many scientists are keen to share results of their work with the wider community
[Besley, Oh and Nisbet, 2013; Besley et al., 2016; Grand et al., 2015; Jensen and
Holliman, 2016]. It can surprise some when presentation of well conducted
research goes unnoticed or does not result in hoped for changes in attitudes or
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behaviour. There is good reason for audiences to be sceptical. Healthy scepticism is
an important aspect of critical thinking [Ennis, 1962]. Additionally, trust in research
conducted in publically funded organisations has been weakened by breaches of an
unspoken contract. Whilst rare, breaches can be serious and damaging, having
included cover-ups [Smith, Young and Gibson, 1999], fraudulence [Larson et al.,
2011] and potential conflicts of interest arising from pressure on research
organisations and researchers to secure funding [Gulbrandsen and Smeby, 2005].
Both trust [Frewer, Scholderer and Bredahl, 2003; Wynne, 1992; Wynne, 2006] and
credibility of the source of information [Wynne, 1992] are factors that impact
effectiveness of science communication.
Lack of personal control by users of research results can fuel distrust on issues such
as medical treatment [Larson et al., 2011; Lee and Garvin, 2003], use of personal
tissues [Skloot, 2011] and development and adoption of new technologies,
[Brossard et al., 2009; Frewer, Scholderer and Bredahl, 2003]. The response of many
science communicators to distrust or scepticism is to counter with more evidence to
support their argument. While evidence is invaluable in critical thinking and
deliberate decision making [Ahteensuu, 2011; Petty, McMichael and Brannon,
1992] many decisions are made quickly and subjectively or intuitively [see
Kahneman, 2011, for overview]. Evidence alone is insufficient to convince people
to change beliefs or practices.
Existing models of science communication include the Deficit Model and Dialogic
Model [Ahteensuu, 2011; Brossard and Lewenstein, 2010; Bucchi, 2008; Nisbet and
Scheufele, 2009] and models of Participatory or Citizen Science in which
communication is vital [Bonney et al., 2014]. These describe communication from
the perspective of science, scientists and organsiations. Many science
communicators focus on making their information clear and accessible which is
indeed a vital part of science communication [Longnecker and Gondwe, 2014].
However for effective science communication, normative factors [Cialdini, 2003]
and emotional state [Fredrickson and Branigan, 2005] can play important and
interdependent roles alongside clarity of information. This model of science
communication includes transmission of information and adds greater focus to
factors that affect individual use of that information to develop knowledge and
potentially acquire wisdom.

Koru model of
science
communication —
an overview

The metaphor used in this model of science communication (see figure 1) depicts
the individual as a growing plant, with facts as nutrients in the external matrix. The
koru or young fern leaf represents the individual, chosen because of its symbolism
of new life and growth in New Zealand Māori culture. The koru provides a
reminder that there is value in different ways of seeing and explaining the world
[Gondwe and Longnecker, 2015; Gondwe and Longnecker, 2014]. The components
of this model are simplified depictions, comprising whole fields of professional
activity, study and research.
There are three main components in this model: communication of information,
engagement with that information and use of it. Communication includes
transformation of facts into information and is represented in this model as uptake
and transport via a variety of channels. Engagement and processing of information
can be thought of as metabolism and physiology; use of information in formation
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of attitudes, decision-making and and behavior is represented as growth and
development.
Communication is the process through which information is collated from facts in
the matrix (soil in this depiction) and transmitted to the organism (a fern) or vice
versa. Availability of information can be affected by a number of things, including
culture (manipulation of the matrix) and the organism itself. Some channels of
communication (roots) will be more or less effective for transmission of
information for any given individual. An individual’s identity is a key aspect that
determines their engagement with information and its use. The processing and
retention of information and potential conversion into knowledge and
decision-making is affected by a variety of influences. In order for individuals to
use information, they must have control or access to necessary resources or
infrastructure. Support allows individuals to thrive and make most use of what is
available. Social norms (the microclimate around individuals) affect how an
individual makes meaningful use of information.

Figure 1. The koru integrated model of science communication. Factors above ground relate
to how an individual uses information for growth and development. Below ground relates
to collation and synthesis of facts into information that can be communicated via various
channels to the individual.

Transforming facts
into information

Transforming facts (nutrients in the soil in this model) into coherent information is
the first step of effective communication, and is the focus of much of the
underground activity depicted in figure 2. Science communicators focus on crafting
messages to increase the likelihood that information is noticed, relevant and readily
understood, foci that are important for many reasons. Increasing signal to noise
ratio can increase attention to a message [Petty, McMichael and Brannon, 1992] and
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framing of messages affects how they are received [Cacciatore, Scheufele and
Iyengar, 2016; Roh et al., 2015; Tversky and Kahneman, 1981]. Science
communicators must also select and use appropriate channels to make information
more likely to be noticed and taken up by the intended audience.
Culture can strengthen conditions that foster availability and use of information.
Ideally, cultural infrastructure that provides channels (including media, libraries,
museums, schools and other social structures) ensures availability and effective
delivery of information. Through increased relative value of science in society, in
particular in traditional media, greater attention may be paid to information about
science. Infrastructure that supports research and communication of its results
provides new facts and information.
An issue with this focus on messages and channels of communication is that it
appears uncomfortably similar to a Deficit Model of science communication
[Bucchi, 2008] which has been justifiably criticised [Ahteensuu, 2011; Wynne, 2006;
Wynne, 1992; Cortassa, 2016]. In the Deficit Model, science communication can be
seen as a transfer of information from a high concentration of information (an
expert) to a zone of low concentration (a novice) but this does not necessarily take
into account the way we learn [Allen et al., 2008; Liu and Falk, 2014] or other
valuable sources of knowledge [Ahteensuu, 2011; Gondwe and Longnecker, 2014;
Wynne, 1992]. There is a danger of ineffective communication when exclusive focus
on availability of information ignores the significant role of the environment and
the individual as critical determinants of that information’s use. And so this model
of science communication has been expanded to include these additional factors.

External factors:
social norms,
support and
control

Once information is made available to the individual (the fern in this model), that
information must be received and processed in order for it to result in change.
Whether information is used by any individual is complex and influenced by a
variety of factors — what is happening around the individual, how well that
information fits into an existing framework of knowledge and views, the life stage
of the individual and their particular needs. Social perceptions and norms impact
attention to information [Kahan et al., 2012; Cialdini, 2003; Cacciatore, Scheufele
and Iyengar, 2016]. The Theory of Planned Behavior [Ajzen, 1991] notes that
individual decision-making and behavior is influenced by what others actually
think as well as the individual’s perceptions of what others think. The importance
of those others to the individual affects whether their opinion matters [Wynne,
1992]. For example, early adopters of a new innovation will have a stronger impact
on the rate of adoption of others if those early adopters are respected opinion
leaders [Rogers, 2003]. Social influence contributes to an individual’s social
identity, bolstering a sense of belonging to a particular community. It is important
for normative messaging to be congruous with an individual’s sense of social
identity [Kahan et al., 2012; Cook and Lewandowsky, 2016; Roh et al., 2015; see
Harré, 2011, for overview].
In addition to information availability, community approval and external support,
the individual must have access to the means of implementing any change.
Infrastructure and resources must be available and the individual must have
control to enable enactment [Lee and Garvin, 2003; Harré, 2011; Fishbein and
Cappella, 2006]. Ideally, policies are put into place that empower individuals to
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Figure 2. Detailed koru integrated model of science communication. Channels of communication are represented by roots, with different channels likely to be more appropriate and
effective for different individuals. Inset: magnification of elements that can increase impact
via many channels of communication.

implement their decisions [Abecasis et al., 2013b; Garvin and Eyles, 2001]. The
individual must also recognise their ability to implement change [Bandura, 1977;
Ryan and Deci, 2000].

Response of the
individual: identity
and engagement

The koru model presented here considers the construct of identity as central to
effectiveness of communication and accommodates the impact of place in shaping
identity [Proshansky, Fabian and Kaminoff, 1983]. A sense of identity affects
engagement with information — whether we receive it, how we process it and
what use we make of it. While consideration of factors that influence information
reception and meaning-making are vital to maximise the chance of use of evidence,
to focus on availability and clarity of information without consideration of
recipients’ sense of identity risks ineffective communication [Abecasis et al., 2013a;
Hart and Nisbet, 2012; Kahan et al., 2012; Lee and Garvin, 2003]. People have
multiple identities (e.g. citizen, parent, scientist, teacher). Motivations to pay
attention to and use new information will depend on an individual’s focus at any
given point in time [see overview by Falk, 2009].
Attention to information or messages can be affected by the source [Rogers, 2003;
Wynne, 1992; Wynne, 2006] or even presentation tone [Anderson et al., 2014] but
primarily depends on relevance to immediate needs [as reviewed by Falk and
Dierking, 2012]. Demographic and socioeconomic factors are often used as
objective identity variables that influence information reception and use. Yet
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demographic variables such as socioeconomic status, education, gender and race
can be poor predictors of attitudes or response to information [Castelfranchi et al.,
2013; and review by Falk, 2009].
In communicating new information, it is important to acknowledge that an
individual’s acceptance or rejection of information depends to a large extent on that
individual’s existing cognition, values, beliefs and attitudes [Lee and Garvin, 2003;
Harré, 2011]. Internal factors, explored more fully in education and psychology,
are used extensively by communicators in fields such as marketing, health
promotion, tourism and international development. Personal experiences and
reflection on them can sway whether communication is effective in changing or
consolidating values, attitudes and behavior [Packer and Ballantyne, 2013; Walker
and Moscardo, 2014].
While relevance and levels of awareness, understanding and skill strongly
influence an individual’s use of communicated information, affect and emotional
engagement are also important [Carver, 2001]. For example, recent reception of
traumatic news may be detrimental to processing large amounts of new
information [Kerr et al., 2003]. Immediately after hearing the diagnosis of a serious
disease is unlikley to be the most effective time for a patient to learn about all of
their treatment options. Conversely, positive emotional states, may facilitate
receptivity to learning [Fredrickson and Branigan, 2005]. Active involvement
[Pegrum, Bartle and Longnecker, 2015] and enjoyment [Ainley and Ainley, 2011]
are elements that increase propensity for learning [Liu and Falk, 2014]. Fun (which
is not necessarily the same as simply being distracted or entertained) can be
positively associated with satisfaction [Csikszentmihalyi, 2008] and learning [Liu
and Falk, 2014; Packer and Ballantyne, 2004].
Providing evidence is insufficient to convince people to take notice or to change
values, attitudes or behavior. As described by the constructivist model of learning,
people make sense of the world in ways that fit with what they already know. With
the vast availability of information online, people can access and focus on
information that reinforces pre-existing views [Vaccari, 2013]. Once a narrative is
accepted and incorporated into personal understanding, it is hard to change [Cook
and Lewandowsky, 2016; Larson et al., 2011], especially if that understanding is
shared by the person’s social network [Harré, 2011]. When new information does
not fit with existing knowledge, cognitive dissonance can occur; potential
responses include ignoring the new information, restructuring the framework to
accommodate it or holding onto faulty knowledge in preference to no explanation
whatsoever [Lewandowsky et al., 2012]. Effective science communication which
takes into account internal and external factors that affect response as well as
production of accurate and clear information is an important means of providing
well grounded and trustworthy information.

Practical
implications

Humans are by nature curious, playful and explorative [Csikszentmihalyi, 2008;
Liu and Falk, 2014; Venville et al., 2013] and interest in science is often high
[Gaskell et al., 2011]. There is value in scientists communicating about their work
with people outside of their own discipline and many recognise this and strive to
communicate more effectively [Besley, Oh and Nisbet, 2013; Besley et al., 2016;
Grand et al., 2015; Jensen and Holliman, 2016]. There is no single recipe for
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successful communication. The aim of good science communication is to provide
something satisfying and potentially useful. This koru model provides a
framework to consider the many variables that produce unique communication
outcomes. It illustrates why it is difficult to predict when any given communication
effort might produce an ordinary result or when it might produce something
exceptional.
The koru model of science communication serves as a reminder that while evidence
is vital for communication, it is not enough. Other conditions must be met for facts
to be synthesised into information and for that information to be used. Many
science metaphors come to mind when considering the point that providing
information or evidence is not enough to ensure effective science communication.
All constituents may be present but a catalyst may be required before information
can be used. Nucleation may be necessary for the information to take shape. Other
conditions (social norms, support, culture, control) can affect the rate of reaction.
A useful metaphor that is pertinent to this koru model is Liebig’s Law of the
Minimum (Figure 3) which states that plant growth is restricted by the most
limiting factor. Communication efforts may be ineffective if they focus solely on
providing information that is clearer, more accurate, or simply more abundant
(more water in the barrel) when something else is limiting the use of that
information.

Figure 3. Liebig’s Law of the Minimum states that growth is determined by the most limiting
factor. Its relevance to this koru model is that adding more information will not result in
increased understanding or change if there is another limiting factor.

Conclusions

In order to maximise chances of science communication being effective, it is
important to accommodate how facts are transformed into information and to
recognise both internal and external factors that affect how that information is
perceived, processed and integrated into a personal framework and used.
It is disingenuous to claim that the role of science communication is simply to
provide evidence so that people can make evidence-based decisions. Science
JCOM 15(05)(2016)Y01 7

communication, which can include health promotion, agricultural extension and
environmental education, often aims to persuade. Some think it is unnecessary or
even inappropriate to involve emotions and values in communicating persuasive
messages, especially when those messages are straightforward. But there are many
examples of unambiguous and well supported, yet ineffective messages: ‘Stop
smoking because it is bad for you and those around you’; ‘We must develop
alternative sources of energy and adopt more sustainable lifestyles’. How
individuals receive and process information into knowledge and use new
knowledge to make decisions is not a straightforward process. And decisions made
in response to information may appear illogical to someone who views the same
information from a different perspective. This koru model presents a visual and
conceptual checklist of factors to consider before development or delivery of a
communication effort. The aim is more efficient and targeted use of time and other
resources with greater likelihood of effectiveness of science communication.
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