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OBJECTIVES  

Science is a creative endeavor that relies on innovative and novel thinking by groups and 
individuals (Lederman, Abd-El-Khalick, Bell & Schwartz, 2002). Despite wide agreement in the science 
education and nature of science literature on the importance of creativity (Murphy, Murphy, & 
Kilfeather, 2011), opportunities for students to move beyond a surface acknowledgement of creativity, 
and to both recognize it as a core process science and develop their own scientific creativity are severely 
limited (Braund, 1999, Kind & Kind, 2007). This not only creates false impressions and limits skill 
development, but can also engender a loss of scientific identity (“who we think we must be to engage in 
science”, Calabrese Barton, 1998, p. 379) culminating in an unintended estrangement from science 
(Shanahan & Nieswandt, 2009).  This is a pattern noted in the ongoing decline in student interest as they 
progress from elementary to secondary science programs and beyond (McWilliam, Poronnik, & Taylor, 
2008).  

Thus, this study will examine science students’ and teachers’ perceptions and experiences before, 
during, and after participating in an ongoing outreach program that actively promotes connections 
between science and creativity. It will specifically examine immediate and long-term changes in: 1) their 
understanding of science as a creative endeavor, 2) their own scientific creativity and 3) their identities 
in relation to science that result from shifts in creativity perceptions. These changes will be explored 
with the aim to better understand the role that scientific creativity can play in encouraging students and 
teachers to have deeper and more long lasting engagements with science. 

CONTEXT 
 
The program context 
The study will focus on the Science Creative Literacy Symposia (SCLS), a program that offers one-day 
sessions for students in Gr. 5-7, led by collaborative teams of graduate student scientists and creative 
writers and hosted by the Michael Smith Laboratories at the University of British Columbia. During the 
sessions, students engage in laboratory-embedded scientific inquiry experiences in the morning followed 
by guided creative writing exercises in the afternoon. The scientific content is framed around the 
teacher’s choice of one of three different activities including: the construction of a particle cloud 
chamber, a microscopy lab using student collected riparian samples, and the isolation of the students’ 
genomic DNA via a cheek cell preparation.  These activities not only examine scientific concepts but 
also have larger thematic narratives related to the processes and culture of science. The cloud chamber 
activity explores the nature of scientific evidence; the microscopy lab encourages discussions on 
environmental literacy and social responsibility; and the DNA lab provides provoked insights into 
definitions and ethics of selfhood. These thematic narratives then lead into the creative writing exercises, 
which involve the creation of individual and group-written poetry often composed with an element of 
performance art in mind (e.g., slam poetry); the production of mini screenplays rehearsed and performed 
in front of classmates; or the creation of a class-authored “Choose Your Own Adventure” book that 
begins with a group-led opening and culminates in a mini-book with various subplots and endings 
written by individual students. All of these writing experiences are meant to draw on and integrate the 
scientific concepts and discussions raised during the morning activities. At present, however, the direct 
connections between science and creativity are largely ad-hoc, with individual graduate student 
presenters determining the way that these relationships are discussed, if they are discussed at all. 
Therefore, this study will attempt to systematically examine the impact of the program - both as a whole, 
as well as when specific approaches are applied - to making these connections in ways that encourage 
both scientific creativity and the deeper understanding of science as a creative endeavor.  

Literature Context 
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 Creativity, though widely recognized as essential in a wide variety of contexts, is difficult to 
operationalize simply. Literature in several disciplines is full of multiple different and sometimes 
contradictory definitions (Hu & Adey, 2002). It is complex and multifactorial (DeHann, 2009) and also 
domain specific, often relying on deep conceptual and procedural knowledge (Hu & Adey, 2002). This 
is especially true in science. Scientific research must, to a certain degree, always be creative in that it 
involves going beyond current knowledge and procedures to propose, test and examine new 
explanations and causal relationships (Hu & Adey, 2002). Scientific creativity therefore must not only 
refer to the high creativity of scientific genius but also the creativity of the everyday work of science 
(Haigh, 2007) and to issues related to knowledge generation as well as the reconceptualization and 
restructuring of scientific problems (Bowden, Jung-Beeman, Fleck, & Kounios, 2005). These features 
distinguish it from general creativity, which might be defined simply as the generation of products that 
are both novel and appropriate (Sternberg & Lubart, 1999). In an education setting, it is additionally 
important that the idea of creativity in science be carefully considered and differentiated from creative 
teaching, where pedagogical methods are prized for their divergence from so-called traditional teaching 
activities but may or may not encourage the development of creativity in students or contribute to their 
understanding of science as a creative pursuit (Kind & Kind, 2007).  

Defining what creativity means in the context of this program must then begin with creativity 
that is authentic to and representative of the practices of science and of scientists. And while there are 
few definitive agreements on what specifically constitutes essential scientific processes and 
distinguishes science from other forms of scholarship (Bell, 2004), descriptions that emanate from 
observations of the work of at least some scientists are generally considered to reflect relatively 
authentic scientific practices. For this reason, divergent thinking (once the dominant paradigm for 
defining and measuring creativity in schools) is not appropriate as a central model of scientific 
creativity: it bears little resemblance to the creative thinking found in psychological studies of science 
and scientists (Kind & Kind, 2007). This desire must be tempered, however, with a recognition of the 
vast differences between the professional practice of science and that which can happen within the 
confines of school (Bowen, 2004). Focusing on the rich and varied creativity of scientists is difficult if 
those elements are not commensurate with the constraints of school science (Kind & Kind, 2007). For 
example, scientific skills that have found widespread recognition in school curricula, such as controlling 
variables and coordinating theory and evidence, have done so largely because they are both authentic 
scientific practices and appropriate for schools and fledgling members of scientific communities. For 
this reason, Kind & Kind (2007) propose making mental imagery and imaginative visualization the 
centrepiece definition of efforts to encourage scientific creativity and engage students with the 
importance of creativity to science. 
 Operationalizing scientific creativity in this way allows students and teachers to engage across 
two of the main elements of school science: learning to do science (developing the skills and practices of 
scientific research) and learning about science (understanding the culture and nature of science) (Davis 
& Gilbert, 2003; Hodson, 1992). Imaginative visualization centrally involves drawing on an individual’s 
knowledge and experiences and visually combining them in novel and surprising ways (Barbot et al., 
2012). This process is evident in the development of new scientific theories, methods and in the 
application of explanations to novel situations (Kind & Kind, 2007). Metaphor use in combination with 
visualization also appears to be a central element of many major scientific advances (Holton, 1995).  
From an educational perspective, visualization abilities have already been closely linked to achievement 
in science courses (Coleman & Gotch, 1998). Furthermore, Shea, Lubinski and Benbow (2001) have 
found that among academically talented teenagers, visualization and imaginative thinking are strong 
predictors of those that will eventually choose careers in science and engineering. Imaginative 
visualization is also one the dominant skills necessary for teaching and learning creative writing, with 
teachers, linguists, and writers all highlighting its value (Barbot et al., 2012), a finding that supports the 
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way that the SCLS has been conceptualized. And further, greater emphasis on and opportunities for 
reading and writing are promising avenues for developing creative thinking (Wang, 2011).  

Conceiving of scientific creativity through a lens of imaginative visualization therefore shows 
great promise in encouraging both students’ and teachers’ development of their own scientific creativity 
and their understanding of science as a creative endeavor. The value of such an approach, one that 
allows both learning to do science and learning about science, is especially evident when science 
learning is understood to be largely a project of identity development. Broadly speaking, learning is 
always a process of coming to be – coming to be a new person, with new understandings of the world 
and able to participate in new communities (Lave & Wenger, 1991). In particular in science, this means 
navigating complex social definitions of what it means to be scientific and what is expected in school 
science as well as the messages students receive from parents, teachers and peers regarding the 
appropriateness of their skills and behaviours and their own self-perceptions and confidence (e.g., 
Barton, Tan & Rivet, 2008; Carlone & Johnson, 2007; Gonsalves, Rahm & Carvalho, 2013). When 
students feel strongly that they can meet these expectations and are the right type of people for science, 
they tend to persist in science, showing greater interest and pursuing senior high school courses 
(Shanahan & Nieswandt, 2011) as well as resisting pressures to drop out of science-related degree 
programs (Hazari, Sadler, Sonnert, & Shanahan, 2010). Previous SSHRC-funded work by the principal 
investigator has supported the exploration of the meaning and processes of science student identity 
development from a structural symbolic interactionist perspective. Here, social structural norms are 
explored through the concept of fluid role definitions and where identities are developed when students 
can find symmetry in their self-perceptions and the role definitions they personally perceive (Stryker, 
1980, 2008). Deep identity development happens as students internalize a particular view of a scientific 
role and when they begin to use it to make sense of how they see themselves acting in the world (Burke 
& Stets, 2009). This has led to important insights into the typical ways in which students conceive of 
expected scientific roles and the outcomes related to finding personal match or mismatch with those 
expectations. Publications supported by that grant, such as Shanahan & Nieswant (2011), report in 
particular that students typically identify creativity as valuable to science but no more so than other 
disciplines. They have limited understanding of science as a creative endeavor, and those who define 
themselves through creative identities tend to be excluded from receiving recognition and support from 
teachers and peers as scientific (see also Shanahan & Nieswandt, 2009). Further work supported by that 
grant has found deep persistence of these typical role definitions even in classroom situations where a 
teachers engage deeply in inquiry-oriented pedagogies that emphasize student-directed scientific work 
and, implicitly, scientific creativity (Shanahan, 2011). 
  This is not to say that there has been no success in shifting students’ perceptions. Approaches 
that are more explicit and that use art (e.g., poetry and drama) to infuse elements of creativity in science 
have had positive outcomes in the classroom, from encouraging greater identification and engagement 
with science (Shanahan & Nieswandt, 2009) to developing conceptual understanding (Odgaard, 2003) 
and providing a tool for students to more fully develop their explanations (Watts, 2001). Too often 
though, these approaches have the downfall of marking art as the creative element, downplaying the 
creative thinking inherent in science. While students may see creative people as valuable to science, they 
continue to resist seeing science as inherently creative in such programs (Shanahan & Niewsandt, 2009). 
Conversely, some changes in perceptions of creativity have been noted in programs that engage students 
directly with scientists and in the open-ended investigations thought to more closely resemble scientific 
practice. Bell and Linn (2000) found that during inquiry activities students shifted towards more 
dynamic and fluid understandings of scientific thinking. Fergusson, Oliver, and Walter (2012) report 
changes in students’ awareness of creative thinking in science after participating in an astrobiology 
outreach program led by graduate researchers. The potential impact of these programs is limited though 
by the well-established finding that activities that teach students ideas about scientific practices 
implicitly, by having them conduct investigations or engage with scientists, result often in only tenuous 
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or short-term shifts in perceptions. For example, Deng et al.’s (2011) meta-analysis of intervention 
programs aiming to teach students about the nature of science (including the importance of creativity) 
illustrated that less than half of implicit efforts resulted in significant changes in students’ views. This 
contrasts sharply with those interventions that explicitly address ideas about the nature of science, 
directly helping students understand, make connections and develop conceptual frameworks for thinking 
about science. In these explicit efforts, 88% resulted in positive shifts according to Deng et al. (2011).  

With science learning conceived through a lens of identity development combined with the 
findings related to the pernicious nature of conventional role definitions, this study offers a valuable 
opportunity to extend our understanding of how to develop students’ creative abilities and self-
perceptions and how they might shift their perceptions of the science student role in ways that 
acknowledge its inherent creativity. The program allows a design that will provide insight into the 
following question: What are the essential elements of science education experiences that aim to develop 
scientific identities (including perceptions of science and perceptions of self) as they relate to scientific 
creativity?  

METHODOLOGY 

To examine both the complex interactions happening during the workshops and the larger 
patterns in outcomes from different types of integration between science and creative writing, this study 
takes a mixed-methods approach. It involves both sequential elements (where an initial qualitative 
investigation will inform the development of quantitative measures) and elements of concurrent 
triangulation (where a smaller parallel qualitative analysis will be completed alongside the quantitative 
analysis) (Morse, 2003). The study will therefore begin with an exploratory phase to examine students’ 
and teachers’ perceptions of creativity and science and draw out emergent themes from their experiences 
with the program. These emergent themes will then be more systematically examined in a mixed-
methods longitudinal phase that will follow students through three years of participation in the program 
and explore the impact of implicit and explicit connections made between science and creativity during 
the program activities.  

Phase 1 

The first year of the study will be exploratory in nature, beginning with open-ended examination of 
students’ and teachers’ experiences and responses, aimed primarily at assessing the effectiveness of the 
existing content. This exploratory phase is also essential to ensure that Phase 2 captures the full range of 
possible outcomes and salient questions, increasing both content and construct validity.  

Design. This phase (Year 1 of the grant) will occur during the regular operation of the SCLS, where 27 
classes of students in Grades 5 to 7 will attend day-long workshops at the Michael Smith Laboratories 
(approximately 675 students). These students will attend one of three topic area workshops addressing 
either: 1. Science Methods, 2. Ecosystems and social responsibility, 3. Genetics and Ethics. During each 
of these workshops they will participate in a scientific lab activity (approximately 2 hours) led by a 
Science graduate student and a creative writing activity (approximately 2 hours) lead by a Fine Arts 
graduate student. The degree of explicit connections between the two activities will vary with the 
graduate student instructors, and the topic that each class experiences will not be influenced or 
controlled by the researchers. This will lead to a wide variety of combinations of grade level, topic and 
degree of explicit creativity connections suitable for broadly examining student experiences. 

Data Collection and Analysis. Data collection will include: a) written products produced as part of the 
regular workshop programming, b) open-ended questionnaires, and c) follow-up interviews. During the 
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workshop session, a copy of all written products produced during the session will be collected from 
students with parental consent. These will include scientific observations and notes as well as the 
screenplays, stories and poems completed during the creative writing portion of the workshop. At the 
end of the workshop, approximately 20 minutes will be set aside for both students and teachers to 
complete open-ended response questionnaires. These will address participants’ conceptions of creativity 
and scientific self-identity, their understanding of connections between artistic and scientific creativity 
and any changes that may have occurred during their participation in the workshop. These same ideas 
will be further examined in follow-up interviews with a selection of students and teachers completed 
around one month after their SCLS visit. Approximately one third of the classes (9-10 classes) will be 
selected for follow up and selected purposefully to ensure representation of different grades, schools and 
districts participating in the program. The participating teacher for each selected class will be 
interviewed about their motivation for engaging with the program, their perceptions of scientific 
creativity and any changes that they observe in their students as a result of participation in the program. 
In each of those classes all students will again complete the short open-ended questionnaire and one 
third of the students (8-10) will be randomly selected (from those with parental consent) to participate in 
short interviews conducted during school hours. Like the open-ended questionnaires, these 10-minute 
interviews will focus on perceptions of scientific creativity and self-identity and any changes that 
students experienced during their participation in the program. All data will be analyzed through 
qualitative coding procedures to identify emergent themes and examine patterns found across data 
sources.  

Phase 2 

Phase 2 (Years 2-4 of the grant) will build on the emerging insights from Phase 1 with a longitudinal 
study following students as they participate in the Science Creative Literacy Symposia during Grades 5, 
6 and 7. This will be a multi-method phase where quantitative and qualitative methods are used in 
parallel to examine differing responses in students receiving different versions of the workshops. 
Quantitative and qualitative measures will be drawn from established sources, such as the Science 
Student Role Identity Question (Shanahan & Niewsandt, 2011) and the Views on the Nature of Science 
(Lederman, Abd‐El‐Khalick, Bell, & Schwartz, 2002) for assessing students’ perceptions of the broad 
importance of creativity to science and to their scientific self-identities. Measures to parse their probe 
more deeply their understanding of scientific creativity and their own developing creative abilities in 
science will be developed and tested based on the exploratory analysis from Phase 1. These measures 
will be pilot tested with four classes at the beginning of Year 2. They will be guided by an existing 
measure (Hu & Adey’s 2002 Scientific Creativity Test for Secondary School Students) but adapted 
because that measure emphasizes divergent thinking exercises over imaginative visualization and does 
not include any assessment of students’ perceptions of their abilities or of the creative nature of science. 

Design. During each year of Phase 2 (Years 2-4 of the grant) students in one grade level will attend the 
SCLS and experience a workshop on the same conceptual theme. Each class will be randomly assigned 
to one of four workshop conditions. (1) sessions with explicit blending of science and creativity 
activities (e.g., writing activities draw directly on the morning’s scientific activities) and with explicit of 
discussion of the importance and meanings of scientific creativity; (2) sessions with explicit blending of 
science and creativity activities, but without explicit of discussion of scientific creativity; (3) sessions 
with no explicit blending of science and creative activities (e.g., writing activities may touch only 
broadly on a theme related to the morning’s scientific activities) and students are left to independently 
draw connections between the two; and (4) sessions that do not include a creative writing component at 
all, only scientific creativity implied through the methods used during the scientific inquiry activities.  
The same teachers and classes (as much as possible) will return the next year for a second workshop on 
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a different topic (but with the same four conditions) and again for a third year when the students are in 
Grade 7. Taking attrition into account, session and participant numbers per year are envisioned as 
outlined in TABLE 1. 

Table 1 Number of classes and estimated number of students per year 
Year Gr. 5 Classes Gr. 6 Classes Gr. 7 Classes Estimated 

participants 
Phase 1  
 
   1 

 
 
9 (mixed topics 
and conditions) 

 
 
9 (mixed topics 
and conditions) 

 
 
9 (mixed topics 
and conditions) 

 
 

675 

Phase 2  
 
   2 
 
   3 
 
   4 
 

 
 
28 (7/workshop 
condition)a 

 

 
 
 
 
24 
(6/workshop 
condition)  

 
 
 
 
 
 
20  
(5/workshop 
condition)  

 
 

700 
 

600 
 

500 

 

Data Collection and Analysis. Data collection and analysis during Phase 2 will be primarily 
quantitative, with ongoing parallel qualitative data collection to triangulate and contribute to interpreting 
quantitative findings. Data collection will involve a short set of instruments organized into four 
categories: (1) the broad importance of creativity to science (VNOS and SSRIQ), (2) importance of 
creativity to scientific self-identity (SSRIQ), (3) conceptions of the meaning of scientific creativity 
(scales developed from Phase 1) and (4) students’ own scientific creativity (scales developed from Phase 
1 and based on Hu & Adey, 2002). These will be administered before the SCLS visit, at the end of 
workshop before students return to their schools and again one month following their visit. 
Approximately one third of the classes (2-3 per workshop condition in each year) will be randomly 
selected to also complete open-ended questionnaires at the same three time periods. These will be short, 
written responses to questions asking them to explain their answers to the quantitative items and 
elaborate on their experiences in the workshops. Data analysis will use multivariate quantitative 
techniques such as ANOVA/MANOVA and structural equation modeling to examine group differences 
and patterns across the four workshop conditions. The qualitative data will be analysed both for a priori 
themes identified in the quantitative analysis and for additional emergent themes indicating group 
differences and similarities. All of the qualitative and quantitative analyses will emphasize identifying 
changes in: 1) students’ development of scientific creativity and perceptions of themselves as 
scientifically creative, 2) their understanding of science as an inherently creative endeavor and 3) their 
scientific identification as a result of these shifts. In particular, differences in these outcomes across the 
four workshop conditions will be examined to identify the essential elements necessary to encourage 
these changes. For example, is the implicit integration of creative writing with scientific inquiry enough 
to engender these changes or is the explicit discussion of scientific creativity a necessary condition? 
These comparisons will offer important insights into how students can develop more authentic views of 
science that recognize the role of creativity and encourage greater opportunities to develop strong 
identities in science as a result. 


