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Abstract

“to develop a complex mind, study the science of art, study the art of science, learn how to see.” 

Leonardo da Vinci  

Commonalities shared by the disciplines of art and science and rewards to be gained from collaboration between the subjects, have been identified and presented by academics from wide ranging backgrounds, including Dewey, Bohm, Bronowski, Eisner, Deckert, Wenham, Kemp, Caranfa, Slattery and Langerock. This article attempts to collate and present the spectrum of their beliefs in support of this theory and justifies the application of these views upon primary school curricula. 

Informed by their opinions, we developed an experimental and innovative teaching programme aimed at synchronising the integration of art and science. In a field study entitled Flights of Imagination: Synchronised integration of Art and Science in the Primary Curriculum, we tested the teaching programme, uniting creative, artistic education with children’s learning of science. This pushed the boundaries of subject integration to the extent where art and science were so tightly interconnected within individual lessons that the concept of joint learning outcomes (JLOs) could be tested, thereby synchronising the subjects.

Four dynamic primary school teachers embraced the challenge to deliver the programme, to their pupils ranging in age from 8-10 years. A sample of the results is presented here.

Flights of Imagination: Synchronised Integration of Art and Science in the Primary School Curriculum

D. Robson, I. Hickey & M. Flanagan

Introduction

In our experience as teacher educators working in the domains of science and art, we have long recognised the opportunities for connected learning in the primary curriculum. Even with much talk of subject integration in recent years, discrete areas of learning are proving somewhat immovable, tending to remain separate, despite some enterprising attempts at cross-curricular teaching. On the basis of this, we devised an experimental and innovative teaching programme for primary school children on the topic of flight – mechanical and biological, and tested it in four primary schools. 

The programme entitled Flights of Imagination: Synchronised Integration of Art and Science in the Primary Curriculum acknowledges and utilises what is common to teaching and learning in both art and science. In doing, so it enables the synchronising and integration of the subjects where appropriate within the same lesson. As a result of investigative, explorative, experimental and creative activities children apply their knowledge in the design and making of imaginary flying creatures. The project facilitates the testing of joint learning outcomes (JLOs) for art and science. 

Synchronised integration perhaps involves the relearning of subjects from the perspective of identifying their common ground, and in the case of the arts, a more knowledgeable awareness of the essence of art education may be required. These requirements exceed those of the familiar cross-curricular or thematic approaches, but the gains are greater. Neither subject plays a supporting role. Both subjects are given equal weighting and subject labels removed. Synchronised integration of art and science is a natural symbiosis of what is common and complimentary to furthering knowledge and understanding in both disciplines.

In preparation for this study, we surveyed undergraduate student teachers in St. Mary’s University College, Belfast. It confirmed our widely held assumption that art was considered to have little in common with science, having only slightly more to connect it with the subject than Religion, Music or Languages, as shown in Table 1. 

	Technology
	2.8

	Geography
	2.9

	Maths
	3.4

	P.E.
	4.4

	history
	5.2

	Economics
	6.3

	English
	6.7

	art
	7.5

	R.S.
	8.2

	Music
	9.2

	Languages
	9.5


Table 1 Students were asked to rank subjects in of their closeness to science. The table shows the mean rank scores for each subject.

Delving into the documentary evidence, which explores connections between art and science, brings a plethora of opinions and ideas to the surface, from many of the most highly respected academics of the 20th and 21st centuries. Surprisingly however, there is little evidence of the impact or application of their theories with a few notable exceptions. The Sciart Initiative, where artists take inspiration from science, continues to break new ground; research from the Helen Storey Foundation is inspiring; Martin Kemps’ ongoing work in the field of art and science is thought provoking and he is currently involved in preparations for the exhibition Universal Leonardo 2006. These are the most prominent examples. While, through creative, dynamic and remarkable projects, such as these, understanding is being furthered, informed debate regarding collaboration between art and science at curricular level in schools is a virtual desert. In general, the subjects continue to be perceived as intrinsically different and separate, both pedagogically and culturally. 

In support of a symbiosis, the late physicist David Bohm believed that it was adults, who created the unnatural separation between art and science, which children did not. He said: “they (children) are gradually trained to think, feel, and perceive in terms of this kind of separation” Bohm (1998, pg.80). 

While subject integration and creativity are being promoted in forthcoming changes to the Northern Ireland Curriculum. Recommendations for creative, flexible approaches, which will allow children to experience the joy of discovery and problem solving, are coming from DfES. This has been an opportune time to initiate an experiment, which pushes the boundaries of subject interconnection in schools, while simultaneously providing a vehicle for creativity in education, the acquisition of skills and having fun while learning. 

First of all, it must be clear that art and science have not been selected at random. There is an unparalleled level of connection between these two disciplines. As Wenham (1998, pg.61) states “there is and always has been significant common ground between art and science, encompassing not only issues of mutual concern but also modes of enquiry.” 

Background

Bohm through his extensive correspondence with the artist Charles Biederman became convinced that there were undeniable links between art and science and the work of artists and scientists was remarkably similar. He took as his starting point man’s “fundamental need to assimilate all his experience, both of the external environment and of his internal psychological process” Bohm (1998, pg 27). 

It is certainly true, artists and scientists grapple with attempts to understand and interpret all manner of things, through pulling together knowledge, experience and making new connections. This is represented in their manipulation of new information, manifesting itself in an assortment of forms. They share an inherent ‘curiosity’ to know, to understand and express. 

If we accept that artists and scientists (amongst others) are searching for understanding and meaning, then this is our first common bond between the two disciplines, and our starting point. Deckert (2001, pg.125) says science is “usually seen as rational and analytical and art often considered subjective and emotional.” With perceptions of art and science so diametrically opposed in our society, it is necessary to be clear about their commonalities and where opportunities for meaningful collaboration exist.

Prior to devising our teaching programme, we identified five main categories of commonality. This was essential to ensure authenticity in our approach and appropriate justification for implementing the programme in schools.  

The five categories are: modes of inquiry; fields of study; experimentation; creativity and imagination; aesthetic experience and artistic attitude. 

Category 1: Modes of Inquiry

Selecting and gathering of information, observing and recording, exploring, investigating and analysing, can all be classified as methods of inquiry common to both science and art. Underpinned by the fundamental need to assimilate, Kemp (2000, pg. 3) says: “Many artists ask ‘why?’ as insistently as any scientist. For the artist, as for the scientist, every act of looking has the potential to become an act of analysis.” Inquiry is fundamental.
Observation, as a method of inquiry requires the ability to see, not only to look. They are not the same. The ability to see requires both the visual awareness and visual literacy skills to focus, identify and cognitively register visual information. 

Arnheim (1991, pg. 41) describes artists as “the experts on what you might call the resources of visual language.” He speaks of the benefits of such expertise in visual awareness across all disciplines. 

We would argue, that to possess the capacity of visual literacy when observing and recording and in more abstract imaginings must surely be an elemental faculty of both disciplines, despite its greater emphasis within art education. 

According to Bradburne (2002, pg. 9) the skill of careful observation from life has its origins in the Renaissance. He describes Leonardo da Vinci as “the intelligent observer par excellence.” Observation from experience at first hand was a key to Leonardo’s achievements.  He held absolute belief in the necessity for first hand observation and it fuelled his insatiable desire for the what, how and why of things. The outcome was an unparalleled understanding of the natural world, which informed all his endeavours including his art. For example as Nicholls (2004, pg. 47) says “detailed botanical knowledge adds a dimension of scientific exactitude to the poetic depiction in his paintings.” It illustrates what art educationalists today call ‘informed art making.’ Contemporary art education would recommend that for a child to draw a tree, it is better for that child to experience the tree, to explore it, discover its qualities using his/her senses and collect information about it. Exactly the same approach underpins scientific investigation. 

Importantly, in this context Charles Darwin’s notebooks contain images, which “are not merely arid records of objective facts useful in inductive reasoning. On the contrary, Darwin’s images are full of feeling and show beyond question that when he observed nature he did so with full range of human emotions” Gruber cited in Caranfa (2001, pg. 155).

When devising our teaching programme, opportunities for first hand observation, exploration, analysis etc. were provided, including a visit to a bird sanctuary where the children could observe the birds at close proximity and specialist information was provided. This is also in keeping with the constructivist view of learning “which acknowledges that children have views and attitudes which are formed as a result of experiences in and out of school and that these must be taken into account if meaningful and transferable learning is to be achieved” Littledyke and Huxford (1998, pg viii).

Category 2: Fields of Study

Even a brief acquaintance with the history of art will inform the viewer that the breadth of study in art is considerable. If we explore the field of contemporary art, the breadth appears to be infinite. Some contemporary artists have helped further scientific investigations. An example being the series of digitally re-mastered photos by Alexa Wright entitled “After Image” which, are the result of working closely with neuro-psychologist Dr. Peter Haligan. Helen Storey (2005) talks of her “passion for science and her hunger to question it through art.” Art has always responded to the breadth of stimulus available at a given time.

In primary schools where teaching occurs through somewhat less complex themes, there exists an abundance of opportunities for collaboration between art and science, providing scope for observation, recording, creativity, imagination, experimentation and so forth. 

Category 3: Experimentation

Experimentation or testing, as it is commonly known in science is actually of primary importance to both disciplines. This is clear-cut in science, as it obviously provides the necessary data to substantiate a hypothesis, as required, and even emphasised by Leonardo in the 16th century. 

Perhaps because the ‘processes’ in art are not so clearly articulated, experimentation is less apparent in this domain. Dewey identified it as an essential requirement of both disciplines and writes with great clarity and insight of the fundamental role of experimentation in art. He speaks of the artist’s compulsion “to be an experimenter because he has to express an intensely individualised experience through means and materials that belong to the common and public world” Dewey (1980, pg 144). Each new piece of artwork requires further experimentation or the artist would simply repeat himself, and become aesthetically dead. Watching even the youngest children involved in art activity, this element is at work in combination with creative thought. Experimentation, problem solving and creativity work in tandem.

Category 4: Creativity and Imagination

Creativity and imagination are unlikely to appear at the forefront of teachers’ curricular plans, and in particular their plans for science. Yet it is as a result of these, connections and comparisons are made, new ideas are born and factual information applied. Creativity and imagination are thinking skills that young children possess innately but can fail to be nurtured in the classroom. 

In the 1970s Bronowski recognised this commonality between art and science and the lack of appreciation for its worth in education. “Science uses images, and experiments with imaginary situations, exactly as art does…to suppose that science does not need imagination, is one of the sad fallacies of our laggard education” Bronowski (1978, pg. 20). Almost thirty years later this respected academic’s opinion has had little effect. Murphy and Beggs’ (2003, pg. 308) recent research found that science was “frequently taught as facts or as a body of knowledge.” There would appear to be an important omission of creativity and imagination in primary curricular science, which needs to be addressed. 

While schools may continue to emphasise the acquisition of facts in science, within art creative thinking and imagination are given free reign. Yet they are fundamental to both disciplines. We agree with Eisner who makes the point that both scientists and artists “perceive what is, but imagine what might be, and then use their knowledge, their technical skills, and their sensibilities to pursue what they have imagined” Eisner (2002, pg. 198). 

Albert Einstein gives a scientist’s perspective when reflecting on his life as quoted by Clark cited in Gardner (1993, pg. 105) saying “ When I examine myself and my methods of thought I come to the conclusion that the gift of fantasy has meant more to me than my talent for absorbing positive knowledge.” He acknowledged that facts have limited value without imagination. Schools should begin to recognise imagination as a prized attribute, and a suitable learning outcome in science as well as art. 

Our Flights of Imagination teaching programme (set out below) aims to encourage imagination based on the premise that it is essential in developing the scientific mind. It facilitates this through the subject’s synchronised integration with art.

Category 5: Aesthetic Experience and Artistic Attitude

It appears to be widely accepted that facts, reasoning, and analysis belong to the domain of science, while aesthetics and imagination belong to the arts. But this is quite astonishing, for if it were true, what accomplishments would there be in art or science? 

For example, renaissance art is underpinned by knowledge of linear and aerial perspective. Without an awareness of colour theory, Romantic, Impressionist and Fauvist painting would not exist. Artists studied and experimented with these concepts and aesthetic experience is made possible in part, due to these scientific accomplishments. 
In comparison, if scientists only took rational, fact-based approaches, Albert Einstein would never have been inspired to take leaps of faith, in his exploration of light. To support this view Kemp (2000, pgs. 2-3) says: “At every stage in the process of the undertaking and broadcasting of the most committed kinds of science lie deep structures of intuition which often operate according to what can be described as aesthetic criteria.” 

Aesthetic experience is deeply personal. It energises the emotional and cognitive commitment, thus motivating pursuit of further engagement and assimilation. This experience is familiar to those involved in the arts and applicable at all levels of involvement, from preschool to professional career. It relates to joy of engagement as a driving influence. If we consider that aesthetic experience may also be a contributing factor in scientific achievement, then there develops a case for facilitating aesthetic experience in curricular science. Eisner and Powell (2002), following the lead given by Dewey (1934) and supported by Slattery and Langerock (2002, pg. 353) emphasise the need to explore the “personal side of science.” 

Aesthetics certainly appear to rest more comfortably in the arts, presumably for their subjective emotional nature, and rationality may have greater prominence in the sciences. But this suggests only single dimensions to what are complex disciplines. When we entertain the idea that art and science are multifaceted, that they actually have features in common, in recognising this and allowing them each to ‘breath’, then new possibilities arise. Slattery and Langerock citing philosopher Giles Deleuze (2002, pg. 354) state “Through the intertwining of concept and perception, we are able to create and recreate new possibilities and multiplicity of thought. 

Summary

How can it be that societies and their education systems, are so unaware of what makes art and science tick? Initiatives to promote science in schools, have not achieved their goals. Meanwhile the arts have been downgraded in many primary schools. In some cases functioning as decorative and therapeutic. Bohm argued that, artistic attitude was needed by all, in every phase of life. 

This paper does not attempt to claim that art and science are the same, but in truth they do share common features, which it has been difficult to do justice to in these few words. With subject integration being promoted in 21st century education, it would be careless to overlook the commonalities between art and science or fail to recognise that therein, may lie pedagogical gains for children.
If we accept the five categories identified above: modes of inquiry; fields of study; experimentation; creativity and imagination; aesthetic experience and artistic attitude as applying to both art and science. It provides substantial justification for devising and testing our synchronised integrated teaching programme. The programme fully maintains the integrity of both subjects, which tends to be a problem in cross-curricular and thematic approaches. It also promotes aspects of both subjects which are sometimes neglected such as creative thinking in science and informed art making.

Field Testing the Teaching Programme

There is little evidence of the commonalities between art and science being acknowledged in: curriculum development; the education of teachers; teaching and learning of children. These commonalities were at the core of our teaching programme and capitalised on children’s natural curiosity, providing first hand learning experiences, opportunities for experimentation and gathering of information. 

Children were asked to explore the theme of flight, mechanical and biological, culminating in the application of their knowledge and use of imagination in the designing and making of imaginary flying creatures. The approach being to teach art and science within the same lesson, so that teachers could see where barriers were unnecessary and even unhelpful. 

From the children’s point of view, they were involved in the Flights of Imagination project. The teachers made no references to art or science as separate subjects. This supports the contemporary constructivist view and has resonance in the work of Dewey among others. “Dewey opposed the fragmenting of learning into separate and thus schematically disconnected subjects because he was convinced that children learn holistically from experiences, which they then organise as new knowledge. Teachers, in Dewey’s view, need to be not so much knowledge givers as learning enablers, by which he meant providers of experiential opportunities” Walling (2000, pg. 52).

In brief, the teaching programme comprised the following sequence of activities: 

· Observation and Gathering of Information; 

· Development; 

· Creation to facilitate application of knowledge;

· An extra stage labelled Extension was added to allow for further creative thinking and connected learning, facilitating meaningful links with other areas of the curriculum, such as literacy.

Four teachers in four different primary schools agreed to implement the programme with their respective classes. The children ranged in age from 8-10 years and bridged key stages 1 & 2. The time scale for the field test was October 2004 – January 2005. 

The primary aims of delivering the programme in schools were to: 

· test the concept of synchronised integration of art and science;

· test the concept of joint learning outcomes (JLOs) in relation to science and art; 

· promote a more explorative, imaginative and enthusiastic response to science education;

· increase children’s knowledge and understanding of the world to inform their art making, matching contemporary thinking in art education; 

· promote creativity through providing opportunities for children to use their imaginations and make new connections; 

· apply Gardner’s theory of multiple intelligences to engage children and optimise learning potential; 

· enrich children’s learning experiences via first hand experiences and providing inbuilt opportunities for developing key and transferable skills.

Collection of Data

An extensive amount of data was collected. This included: teachers’ diaries; detailed questionnaires; video footage; photographs; comments from parents; the children’s work including imaginary flying creatures and film animations; and independent evaluations. 

Delivery of the Teaching Programme and Results 
The programme captured the interest of the four teachers. This provided an extremely positive starting point as their enthusiasm was naturally communicated to the pupils. To our delight, none of the teachers drew up a prescriptive scheme of work. On the contrary they exposed the children to resources and listened carefully to their pupils’ thoughts and ideas. Planning was much more subtle and allowed for flexibility and development.

This is not the usual approach in Northern Irish schools, as teachers are required to prepare and submit teaching plans in advance to their school principal. Listening to the children prior to planning was commented upon by one of the teachers as follows: 

“This really opened my eyes and questions arose that I wasn’t really sure how to answer. I was surprised by the children’s knowledge and their ability to question ideas.” 

The less formal and accountable approach to planning had the effect of stimulating and motivating pupils to take ownership of the project. It also initiated activities in the realm of thinking skills, which remained throughout its duration. As another teacher reported: 

“It was only after I had explained to the pupils that we were trying to get as many ideas as possible that I realised what was happening here…the development of creativity, language development and social and emotional development.” 

Teachers and pupils then embarked on a joint learning experience, which was powered by the children’s energy and enthusiasm. The teachers stated that they “learned together.” 

One teacher reported at the conclusion of the project that 

“as well as the children I think I know more about flight and bird types than I ever thought I would.” 

Such an outcome was unexpected but highly desirable, indicating the teacher was being motivated by the process.

There was some apprehension on the part of the teachers that their science or art knowledge may be inadequate and on reflection it would have been mutually supportive to have pairs of teachers in each of the schools involved. 

Some of the teachers admitted that drawing from observation was a skill they had not appropriately addressed in the past. Recognising that it would be fundamental in the early stages of the project, one school provided dead wasps, for the children to observe under magnifying glasses. 

“I wasn’t surprised when some children drew wasps with smiles and nicely rounded wings and a variation in the number of legs from one sketch to the next. I was very surprised when I saw Ruairi’s wasps. They were FANTASIC! Their bodies were elongated, their legs bent inward – every part of his drawing showed genuine observation” 

Importantly, it highlights how valuable observation is as a method of inquiry and how children’s understanding may be conveyed using a method other than literacy.

Stage 1: Observation and Gathering of Information

Within this stage all four classes made an educational visit to a local Wildfowl and Wetlands Trust centre, Castle Espie in County Down.  

All teachers reported this was the most valuable learning resource for the children and themselves. It was a motivating influence, providing immense scope for sensory experiences and it ultimately benefited learning greatly.  

“Giving the children first hand experiences enhanced their learning.” “They have retained what they learned.” 

This corresponds with what the educational community says about experiential learning. Yet it is not common practice. The children observed and recorded images: using memory; drawing in sketch-books and taking digital photographs. They listened carefully and even made drawings representing the sounds they heard. 

One teacher recorded how learning of science with art at this stage and throughout the project was more “informal” but it resulted in the “children being more enthusiastic.” The most valuable learning experiences 

“were those that were most different from standard pen and paper work.” 

The children seemed to engage with the topic through the use of less conventional teaching approaches. For example Bombardier Aerospace, which provides an education programme to schools in Northern Ireland, organised various activities for the pupils. This provided a suitably real starting point for exploration of mechanical flight. As well as making learning more interesting, this relates to Gardner’s theory of multiple intelligences and how children learn in different ways. It is significant that the traditional method of gathering information on a worksheet during a field trip was not practised by any of the teachers.  It became a trend throughout the project not to record knowledge in science notebooks, although the researchers had not specified this.  

Abandonment of subject titles proved to be beneficial. Compared with the usual response to science, the teachers reported that, 

“the children were more enthusiastic about the flight project.” 
Our intention was for children to have first hand experiences and challenge them to make connections between information from diverse sources. This proved to be the case. The children were expected to organise their own collections and teachers to act as facilitators. 

On returning to school from the bird sanctuary some of the classes used clay to create models of birds. Birds which, children could explain in terms of their physical features, and respective functions. Thus illustrating the combination of their: observation skills; manipulative skills: visual literacy; recollection and application of factual knowledge.  It is impossible to separate science and art in this activity and it would be counterproductive to do so. For it represents the natural symbiosis of the two disciplines, while involving children in an engaging learning activity, they found satisfying. This clarifies Deckert’s point (2001. pg.139): “Despite initial appearances, art and science are not such strange bedfellows after all. When a science teacher and an artist collaborate to integrate their two disciplines, each of them is encouraged to expand their way of looking at the world. As a result, they can guide their students in a process that makes meaning of the world through the power of both science and art.” 
Stage 2: Development
Within this stage, learning was more focussed, addressing particular aspects of the topic, essentially a practical and investigative phase. Examples of activities from this phase included: children investigating the various adaptations of flying creatures, their forms and behaviours related to their specific lifestyles. A closely similar approach was applied to mechanical flight and aircraft, such as observing and investigating forces that are responsible for lift to inform the design of the imaginary flying creature. 

With regard to JLOs one teacher’s diary  recorded that pupils:

“Find out about birds. Make observations using their senses. Observe similarities and differences among birds (colour, size, shape, beaks), Observe and make sketches to record observations.” 

 This is equally valid and derived from both the science and art programmes of study.  

The teachers’ responses to JLOs were very positive, they said: 

“joint learning outcomes were a realistic goal.” “They were feasible and having joint learning outcomes illustrated the extent to which the subjects can be integrated.” 

This was encouraging and provided evidence that the synchronised integrated approach based on the commonalities between art and science could work.  As expected  

“a few lessons did not support joint learning outcomes,” 

which corresponds with our acknowledgement that the subjects are not the same but there is sufficient scope to capitalise on the commonality. The teachers felt that it was also possible to assess using joint learning outcomes but further guidance would be required regarding this. Our view is that JLOs raise important issues for integrated teaching, which will require further research.

JLOs also promoted more creative approaches to teaching particular concepts. For example camouflage was investigated through more creative camouflage experiments than would normally be associated within science, involving colour and pattern and light. Camouflage provided a suitable topic for children to explore colour, pattern and light fundamental to art education but unlikely to be properly addressed within the pressurised primary curriculum. 

Similar mutual benefits were apparent in experimentation with materials relevant to both art and science at a curricular level. Experimentation with materials became much more open ended when synchronised with art. Children were found to think more creatively and resourcefully. There was evidence of lateral thinking rather than the very linear, controlled approach normally associated with testing materials in science lessons. Knowledge of creative and physical properties of materials would be required in the final phase of the project, therefore children knew that the experiments were required for a particular purpose. This was a significant motivating factor. One teacher reported, 

“when we found that the glue from the glue gun didn’t stick to plaster, the children knew that they couldn’t accept that and they had to keep trying and find a solution.” 

Intervention activities in schools were encouraged. One serendipitous event involved a parent who brought his motorised model aeroplanes into school. The teacher reported: 

“Mr Smyth delivered a great lesson…he explained to us the effect of moving certain parts of the wings and the tail wing…The children were allowed to touch, explore and control the planes which helped sustain their interest.” 

One teacher recorded how “the children’s motivation was also apparent through their parents’ interest and influence. It was obvious that they talked about their work and ideas a lot at home.” 

“The practical, hands-on and independent” nature of the project as opposed to the usual teacher led approach had other surprising effects. 

“Many children made significant efforts outside of school to do their own unprompted research at the library and glean information from parents. On several occasions I had a group of boys asking could they do some flight project at home in addition to their normal homework, a most unusual occurrence!” 

This demonstrates the ease with which pupils can make the transition from working in a highly controlled, directed classroom environment to being self-initiated, personally motivated, proactive learners, more conducive to creative thinking and achievement. The other teachers reported similar findings 

“They thought about flight day and night, at home and in school and were always relaying ideas back and forward to me and to one another.”

Stage 3: Creation


This section provided the opportunity for extensive problem solving and independent thinking. This transpired as one teacher reported that children were “very analytical throughout; they were constantly thinking about and reviewing their work, always trying to make it better.” 

Children invented and constructed novel flying creatures using their imaginations, the information collected and ideas they had developed.  Each creature was required to be adapted to a specific habitat of choice. 

“We decided that our creature was going to live in the trees in the school grounds and so we would like him to be camouflaged.” The beak is “shaped like the Shoveler Duck’s beak that we saw at Castle Espie. The idea is that the beak can open up and down and also spin like a propeller.” 

Such invention and application of knowledge is remarkable and shows a combination of skills from imagination to problem solving, equally applicable within art and science. All teachers reported that, 

“The development of thinking skills was very apparent throughout the project”

We know that the children enjoyed gathering information through various methods of inquiry, exploring the topic and experimenting etc in preparation for the design and construction of their imaginary flying creature.

The teachers felt that the flying creatures reflected the children’s knowledge gained during the project but even more significantly exceeded the teachers’ expectations. One teacher reported “that the children were able to imagine and create a creature that ‘in theory’ would be capable of flight, which I think would have been too difficult previously.”

 The teachers also noticed that the children’s observational drawings were greatly informed by their knowledge of birds. 

“When we sketched birds after discussing the wings and flight etc the wings were of an appropriate size, likely because the children understood their exact purpose and also because they were now seeing instead of just looking.”

Application of Gardner’s theory of multiple intelligences by the teachers proved successful in fostering engagement by pupils of wide ranging abilities. A number of interesting results were obtained in relation to pupils considered to be less able. In relation to independent research and motivation, one teacher recorded that 

“children with special needs produced work at home in relation to flight even though they were not asked to do so. The children questioned things others said and were proactive in finding answers to questions that arose.” 

All of the teachers commented on how greater emphasis on talking and listening and less on writing enabled the weaker children to contribute much more. One teacher commented on how this enabled 

“the weakest of my children to throw themselves wholly into the project.” 

Retention of vocabulary and development of language by the weakest children was also commented upon positively. 

In relation to the most capable pupils, teachers’ responses were equally positive. 

“The depth of the topic and the breadth of the information to which they were exposed, gave endless opportunities to explore challenging questions etc. and to produce many kinds of work of their choosing.” “The most able children developed an understanding of science well beyond the level of Primary Four.”

Children of all abilities frequently surprised their teachers in relation to the level of knowledge remembered, and how they connected pieces of information even over a considerable time frame. For example 

”The children took in much more of what I may have considered the ‘boring’ aspect of the project. Their recollection of facts about the Wright brothers, months after we had learnt about them, was surprising to me.” 

Stage 4: Extension

To further promote creative thinking and the making of connections, children were given the opportunity to draw together their findings to create an animation. In collaboration with animators from the Nerve Centre, Londonderry, children created their own animated narrative around their imaginary flying creatures. In terms of developing transferable skills this was very worthwhile. 

On a practical level the children associated the animation with the flight project and imaginative narrative dominated. Some teachers felt that 

“it enhanced the science behind their creature through including where the creature lived, hunted and what its predator was. It also revealed information about the pack nature of the creature.” 

Others felt that while the children were able to make connections and use knowledge, literacy, imagination, problem solving and other curricular subjects played greater roles. 
The teachers were genuinely surprised about the educational gains, especially in relation to the weakest pupils. There were numerous accounts of success for example 

“A child on Stage 3 of the SEN Register, concentrated as I had never seen him concentrate before…he produced fantastic models paying close attention to detail and was a great sources of help for the other children in the class.” 

The enthusiasm on the part of teachers also to this aspect of the project has been surprising and leaves scope for subsequent study.

Conclusion 

The teaching programme: Flights of Imagination: Synchronized Integration of Art and Science in the Primary School Curriculum, was inspired by our experience of art and science in teacher education, and the opinions of a large number of respected academics who have written authoritatively, on the commonalities shared by both disciplines.  

We aimed to trial the concept of synchronised integration art and science in primary education and test the concept of JLOs where applicable. We can conclude that the synchronised integrated approach is feasible and in the words of one of the teachers who tested the programme. “It works.” 

Other results obtained from trialling the programme in a small field study include: 

· the concept of JLOs is workable and effective; 

· a more explorative, imaginative and enthusiastic response to science education is achieved;

· children’s knowledge and understanding of the world to inform their art making, matching contemporary thinking in art education occurs; 

· creativity is promoted through providing opportunities for children to use their imaginations and make new connections; 

· the role and value of art education in schools is more apparent; 

· Gardner’s theory of multiple intelligences helps to fully engage all children and optimise learning potential; 

· children’s learning experiences are enriched via first hand experiences and the inbuilt opportunities for developing key and transferable skills.

· motivation to learn is extremely high where children are allowed to take ownership of their work.

· teachers are more likely to teach creatively and foster creativity in their pupils where planning is less formal.

Art and science currently remain quite separate within the Northern Ireland Curriculum. Priority is given to science whereas art is less seriously considered. In practice, neither programme of study within the curriculum is doing justice to the integrity of the subjects or children’s learning potential. We hope this paper will open debate on the matter.

This project was funded by The Paul Hamlyn Foundation and Escalate.
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