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Introduction
For many years I have had a special interest in science and art.  Most of my working life has been involved in science education while in my spare time I played around with kinetic sculpture.  During that time I was involved in five curriculum development programs funded by the National Science Foundation. (1)  In designing activities for these programs I  would first explore a phenomenon playing around with simple materials to determine what was possible as practical activities for elementary and middle school students. I tended to gravitate to phenomena that had high aesthetic appeal such as soap bubbles, shadows, air and water movement and objects such as mirrors and mobiles.  I would take the materials associated with these phenomena myself into classrooms and after school programs to see how students would use the materials and how I could shape the explorations so that there was a systematic inquiry leading to the introduction of basic physical and biological concepts.  I found that these phenomena would readily engage students in explorations and inquiry without having to set up incentives. I also found that anytime students had direct engagement with physical materials they were readily engaged.   Concurrently, these explorations with these aesthetically appealing phenomena led me to explore ways of making kinetic sculpture. 
What happened with two of the phenomenon was particularly interesting to me. I had children blowing soap bubbles in Kenya, in a refugee camp in Indonesia, in museum settings in Sweden and France.   An exhibit with bubbles and soap film has been at the Boston Children's Museum for more than 30 years.  I observed that there were similar kinds of reactions of children and adults in different cultural and environmental contexts.   With air and water movement I had students and sometimes teachers in workshops drop food color in trays having highly diluted white paint. They gently moved the drops of food color to create very pleasing spiral patterns. They became very fascinated with the patterns.  I came to call these intrinsically interesting phenomena because it appeared that the aesthetics of the phenomena readily engaged them in exploring. This type of involvement got me thinking about the role of aesthetics in learning. I also tried out some of these activities in after school programs. In this kind of context children were in a different frame of mind compared to school. They were free to explore and play in an open ended manner.  A similar kind of behavior happens in children's museum and science centers. This observation got me thinking about the role of play in learning. 
These observations moved me to look into the research literature and writings on aesthetics, play and exploratory behavior.  This search led me to other areas such as embodied cognition and because I was 
1. Elementary Science Study, Models in Technology and Science, World -In-Motion, Design-it, Explore-it, Exploring Trees and Ponds.
 designing for science inquiry I also looked into writings on metaphor and modeling.  Eventually, I put this all together writing a book that went into the complexities and intricacies of what is involved in designing engaging science activities.  The book Exploration and Meaning Making in the Learning of Science goes into detail about these different types of behaviors and ways of thinking.  What follows is distillation of these findings and writings.
Recently, while reading Water Isaacson's book about Leonardo DaVinci it occurred to me that I could use my past experience in science education and my explorations of kinetic sculpture to contribute to the recent movement of aligning art and science activities in some kind of coherent manner.  As others have pointed out DaVinci is a great exemplar.  I go into some detail about his practices and pay particular attention to the relationship between his art and science activities. According to Issacson there are clear differences between these two undertakings.  At times the two may have intermingled but DaVinci at other times was fully focused on only exploring some phenomenon or only working away at his painting.  Also, from my own experience   when was I playing around with my kinetic sculpture my main focus was on the aesthetics. It was separate from my involvement in science education. I saw them as two separate undertakings.  I propose that the two have complementary relationships but must be seen as moving to separate goals. Therefore, I question some of the current approaches of bringing art and science together.  Supposedly using art to teach science or vice versa particularly when it happens in only a few sessions is a questionable practice. Instead of what has been labeled as integrating art and science I propose that there should be the synchronizing of art and science activities. (This term is borrowed from a paper written by Northern Ireland educators.)(2)  Art and science activities should be carried out in a parallel manner by focusing on a common ground of exploring the same phenomena with high aesthetic appeal. These investigations would involve using analogous processes that DaVinci exemplified. 
This approach gives particular attention to what has been seen as a shortcoming to the way inquiry has been formulated and practiced in science education.  As a number of writers ( references  )in recent years have pointed out  most pedagogical models used in science education tend to neglect the affective part of learning. The emphasis is on scientific process and conceptualization. There is some consideration given to engaging the students in interesting activities but this is in service to teaching the science concepts. There is not enough consideration for engaging the whole student-affective and intellectual. This is more than the student's feeling of accomplishment on completing a project successfully with a good grade. To what extent are they intrinsically motivated? Do they have an empathic involvement with the phenomena being explored? These questions lead to examining the role of exploration, play and aesthetics in an educational experience.  A similar problem may arise when the emphasis in art classes is mostly on the development of skills versus providing for self expression. Having students engaged in an investigation around a common phenomenon in a parallel manner is one way of addressing this issue. 
2. Flights of Imagination: Synchronized Integration of Art and Science in the Primary School Curriculum, D. Robson, I. Hickey and M. Flanagan. Paper presented at the British Educational Research Association Annual Conference. .
Part one is a brief review of the current educational scene regarding the growing realization that there is a need to provide for student self expression and creativity.  Drawing upon Isaacson's biography of Leonardo DaVinci I point out he is an exemplar not only in the way he carried out his explorations and art work but also in the particular phenomena he explored.  He also exemplifies the complex relationship involving exploration, play and aesthetics.  I dealt with these behaviors in detail in my book Exploration and Meaning Making in the Learning of Science. Here I only briefly summarized their essential importance in learning and how they are relevant in synchronizing art and science activities. 
In part two I provide an outline of projects from existing curriculum to show how one approach to the synchronizing of art and science can happen. I wanted to do more than just mention possible projects. By giving some detail I wanted to show how in-depth exploration can happen. The science activities are taken from a curriculum project called Models in Technology and Science funded by the National Science Foundation and published by Kelvin. I suggest possible art activities that are already part of the repertoire of art teachers and many of them are demonstrated on the internet. 
There is the question of how to combine art and science activities that will have authenticity and integrity. Authentic in the sense that they are directly involved in scientific and artistic processes, Holistic in the sense that they are engaged intellectually and emotionally. I come at this having also spent time exploring ways of making kinetic sculpture. In playing around with different materials for designing science activities I came to realize that some of these materials could be made into interesting kinetic sculpture. One device was of particular significance. I was working on activities on wave motion and came across a demonstration originally done by James Maxwell. He made a wave device where metal rods were attached to a flexible metal strip.
Possible drawing here
 Each rod was parallel to each other and separated by an inch or so. When one or more rods are moved, a wave-like motion travels along the whole length resulting in a pleasing movement. In a science class this is used to demonstrate different properties of wave movement. In an art class it can be the starting point for making different kinds of kinetic sculptures.  You can see versions of this device on the internet done by artist and crafts people.  Playing around with this device led me to make other kinetic sculptures that were different in shape and form but because of the way the connections between the parts there was either a wave like motion or oscillations. In making these pieces I was not thinking about them as demonstrations of wave motion although they could be seen as examples of how energy is transferred. My interest was in creating interesting aesthetic effects. A similar transition to designing kinetic sculpture happened what my exploration of air and water movement. I have made things moving in water- a sort of water ballet, (See my website: zubrowskib-sculpture.com) and outdoor pieces moved by the wind. This is a very important point to keep in mind as you read the rest of this book. The eventual goal in the context of science education is to arrive at some conceptual formulation for understanding a basic phenomenon.  The eventual goal in the context of art education is the development of symbolic forms that are a means of personal expression. 
PART ONE
The Current Educational Scene
With the enactment of No Child Left Behind legislation, most states moved toward mandated tests. Focusing on basic skills in literacy and math, the goal was to raise standards of achievement especially for low performing schools. These tests became a basic driver of what was taught in many elementary and middle schools. Teachers and principals were under great pressure to have students perform well on the tests. Perhaps, it was not intended by the politicians and some educational leaders but the school day and year came to be dominated by preparing students for the tests. Subject areas not related to literacy and math were either short changed or just not taught. There are certainly good reasons for setting up standards and testing for performance against them. This is especially true for urban school systems or systems with a high percentage of low income students However, over time there was a growing realization that this narrow focus may be producing needed skills but such a focus was also producing students who may not be functional for 21st century work. 
The American economy has undergone significant change with the shift to the use of robots, movement of low skill and manufacturing jobs overseas as well as the introduction of information technology in many areas of work even in white collar jobs. Future work will not only require basic skills and a competent literacy but also require what some writers call resiliency and creativity.  There are the economic and political questions as to whether an inadequate education will produce future generations that have the requisite flexibility and creativity to move from job to job and survive economically. Also, will they have the imagination to fit in and survive?
For the past few decades there has been a growing emphasis on science, technology and engineering to partly address this problem. Despite the rhetoric about these particular subject areas science is still short changed at the elementary level particularly in schools having low income students. In addition, not many elementary and middle schools carry out engineering activities.  Also, whenever there are budget cuts the arts are usually curtailed or just dropped. Unfortunately, these particular subject areas are where students can have firsthand experience with physical materials and use their imagination. 
In recent years there has been a movement to bring back the arts and promote them as essential activities for student growth. Now there is STEAM replacing STEM in some schools and school districts. This movement is promoted to help students become a more rounded person and to move them to exercise their imagination so that they will be able to meet the challenges of future employment. Art activates can stir the imagination and foster creativity when done in a well thought out manner. Art classes can be an environment where personal expression can boost student self image and confidence in themselves. This is especially true for students who don't do well in the traditional academic setting. Whether they have problems such as dyslexia or mild autism they struggle to perform where there is a total emphasis on verbal skills and             type of thought processes. Often, they are visual or kinesthetic learners needing activities that involve non-verbal skills or visual thinking. Often, these kinds of students barely survive during their time in schools. Interestingly, some of more creative and eventually successful people were ones in their early years suffered through school because of these handicaps. 
There are various studies which provide some support for art activities in themselves and as a type of enhancement of learning in other subject areas.  A large multi-years study sponsored by the National Endowment for the Arts focused on the impact of low socially and economically disadvantage elementary and middle school youth. In the summary report it states:
Socially and economically disadvantaged children and teenagers who had high level of arts engagement or arts learning show more positive outcomes in a variety of areas than low-arts engaged peers.
Eight graders who had high level of arts engagement from kindergarten through elementary school showed higher test scores in science and writing than did students who had lower levels of art engagement over the same period.   (NEA: The Arts and Achievement in At-Risk Youth: Findings from four longitudinal studies, Research Report, #55, 2012.)
It should be noted that this report is about art engagement and not necessarily about art integration. 
There has been some research in the impact of music on learning in general. Glenn Schellengberg found that a group of six year old children who were exposed to different kinds of music-direct and indirect-had a small but long-lasting increase in IQ. Schellenberg, E.G. (2005) Music and cognitive abilities, Current Directions in Psychological Studies 14: 317-20.)
Although there are encouraging reports such as these, there still remain qualifications about the kinds of implementations of curriculum and projects that happen in schools and questions about the relative rigor of past research focusing on the integration of art with other subject areas. Since the movement to include more arts into the school day and specifically linking it to the teaching of science, there are as yet few rigorous research studies. Integration may seem to be a good thing but there are reports that question the effectiveness of this approach.
Consider the report by Hetland and Winner (Arts Education Policy Review (102(5)0 603 Hetland and Winner). They summarized various research on the impact on students learning regarding transfer of skills and knowledge from the arts to other subjects. There are some positive results regarding the impact of music; less so with dance and theater.  They note that there is a relative lack of research in this area and the problems of measuring transfer across subject areas.  
With these results in mind, they advocate for art education as a separate undertaking in itself, because "The primary justification for art education should remain the intrinsic importance of the arts and the skill that they develop."  (Arts Education Policy review, p15)
Types of Integration of Curriculum

If there is this movement to give more serious attention to joining together art and science, there should be developed some overall rationale that provides a natural framework for this undertaking.  Most of the current attempts to combine art and science into a joint undertaking are framed in terms of integration. This term has taken on various understandings over a long period of time. Some writers have described it in terms of a continuum divided into three basic categories. For instance ASCD defines it in this manner:
· Correlation is where teachers plan to make the materials of one subject interpret the problems of another.

· Fusion is the combination of two subjects usually under the same teacher or teachers.

· Integration; the unification of all subjects and experience

From a cursory review of what appears on the internet it would appear that most attempts are of a type of correlation or fusion. There are lesson plans where it is claimed that art is being used to teach science or science is being used to teach something about art. There can be further subdivisions of integration:
· Multi displinary: Standards of the disciplines are organized around a theme

· Interdisciplinary: Interdisciplinary skills and concepts are embedded in disciplinary standards. The disciplines are identifiable, but they assume less importance than in the multidisciplinary approach. 

· Transdisciplinary: Projects center on a real life context and student questions. Emphasis is on involving students in a real life context and the learning of life based skills. 

The above list outlines general descriptions. What would these look like regarding art and science? Although there is a paper written by educators from Finland related to this effort, their survey would probably reflect general practices in the US.  In surveying science teachers' practices regarding integrating art into science they found "that links between content were established indirectly through a theme or an artifact or with a direct link between the content in the two disciplines."
· Art integration through a theme; the themes were broad in scope such as symmetry, sound, color and light.

· Art integration through an artifact: these were ones based on artifacts that had both scientific and artistic characteristics. These artifacts could be machines, objects or works of art. They mention paintings as one example. 

· Art integration with a direct link: two concepts, ideas or domains between art and science are connected.

From my perspective, the second approach is the most promising approach but I would include natural phenomena and aesthetically appealing materials.
When considering any of these approaches to bringing together art and science, an essential question comes up. To what extent is there transfer of learning from one subject area to another? As mentioned above in Hetland and Winner's report they found in their survey a questionable amount of transfer across subjects.  
Apparently, in looking at the literature about transfer of learning there has been a long history of this process with mixed results. Perkins and Saloman point out that a common practice has been to assume that transfer occurs automatically with students.( Educational Leadership, V46 ni,p22-23 Sept ) Yet, research indicates that a very deliberate pedagogical approach has to be taken by the teacher to even affect a partial transfer. These would include such practices as prompting-helping students see similarities between old and new problems- by the teacher. Also, promoting students self awareness in terms of what and how they are learning and what is called meta-cognition-know how one is learning. Additionally, students need to have experiences with multiple examples which have differences but are not so different from each other-this is called near transfer.   These are techniques that go much beyond what usually happens in the classroom where often a topic is dealt with in a one or perhaps two sessions and there is limited discussion. Having students move through multiple examples is also not commonly practiced. 
The recommendations for promoting transfer implies that just dealing with a single discipline-near transfer- in an effective manner is a complex and sophisticated undertaking. Attempting to promote transfer across unrelated disciplines such as art and science-called far transfer- is especially challenging. Add to this complexity is the further challenge of team teaching where there is a need for very close coordination of activities and the challenge is even greater. I would propose that a type of parallel investigation be one way of bringing together the arts and sciences. This would be one where the two teachers set up an experience having a common ground and common processes. The common ground can be basic natural phenomena or exploration of materials of high aesthetic appeal. The common processes can be observation, investigation and verbal and visual representation. In the next section I will elaborate on these common processes. The overall goal is to move students to a better understanding and appreciation of basic natural phenomena. However, the movement through these processes differs within each discipline. With science there is movement to the development of formulating science concepts that arise out of experimentation and modeling. With art there is movement to exercising the imagination to bring about affective reactions, self expression and symbolic meaning.  A concrete example for this type of experience can be found in the life of Leonardo DaVinci. 
Leonardo DaVinci as an exemplar
Others who have written about and advocated for an integration of arts and sciences often mention Leonardo Da Vinci in passing. Usually, they do not go into detail of how he exemplifies a model for combining art and science.  In Walter Isaacson's recent biography of Da Vinci he goes into some detail about his work providing some insight into the relationship between his art work and his many kinds of explorations of the natural world.  What becomes apparent is there were times when these two processes were separate undertakings. It appeared that DaVinci's great curiosity would move him to spend much time observing some natural phenomenon without any reference to his paintings. Eventually, some of these observations and experimentation would be applied in his paintings.   While reading this book I had in mind my past work in science education and my current involvement in designing kinetic sculpture.  It occurred to me that there are processes and investigations of phenomena that Da Vinci carried out that could provide a general framework and a set of characteristics for thinking about and planning for a synchronized approach. 
As is well known he involved himself in a wide diversity of pursuits-painting sculpture, various kinds of engineering projects, and something new to me planning and participating in pageants. Interspersed among these pursuits was a continual exploration of the natural world and at times playing around with geometrical problems. In his exploration of the natural world there are practices that could well be promoted by elementary and middle school teachers. These are:
· Close and focused observation

· Simple experimentation

· Note taking, visual representations  

· Speculations and Generating Analogies

Overall his approach can be characterized as an empirical one. According to Isaacson he did not "use abstract mathematical tools to extract theoretical laws from nature. .....he was able to see patterns in nature, and he theorized by making analogies."(p176). This approach could well be the goals of elementary and middle school science curriculum. (There would be other processes that need to be included if a teacher is to be fulfilling the Next Generation Science Standards.)  In recent times researchers in science education have emphasized movement from the students' innate knowing to the understanding of formal science concepts.  They have tested various experiences to find ways that students reach some sort of conceptual understanding at the end of these experiences.  They want more vigor and logical thinking to occur. The new national science standards also propose cross cutting concepts and processes. There is no doubt that curriculum needs to be organized around big ideas and carried out in a manner consistent with the standards.  In my observations of teachers over the years both at the elementary and middle school level there is a cursory attempt at the initial explorations and a rush to introducing and verbalizing concepts. Particularly at the elementary level students' innate curiosity is short changed.  A phenomenon is explored in an instrumental manner without giving due recognition to the student's affective connection to the phenomenon. This is one area among several where synchronizing with the arts could make for a balanced approach. 
In addition to DaVinci I would also suggest considering the work of Michael Faraday who was one of the great experimentalist in the physical sciences.  He is known for his explorations of electricity and magnetism. Although he did not make art of any form, his approach to exploring and experimenting with electrical and other phenomena had some similarities to that of DaVinci in term of his manipulations of materials and his extensive recording of his observations and experiments. His explorations were interesting because of the multi-sensory type of engagement with electricity and magnetism.  (In my book Exploration and Meaning Making in the Learning of Science, I go into detail about Faraday's explorations.) 
Issaacson reports in his book that there were times that DaVinci explored something just out of his great curiosity. Sometimes he might be motivated to enhance his art work such as observing how light is reflected off of objects.  These observations according to Isaascon allow DaVinci to add depth and greater realism to these paintings. Other times he was more in the mode of a scientific investigator.  There are four processes that are relevant-observation, experimentation, recording and visual representations, analogizing. 
Observations
At one point DaVinci states: "If you wish to have a sound knowledge of the forms of objects, begin with the details of them, and do not go on to the second step until you have the first well fixed in memory." (Isaacson, p 520). In most inquiry pedagogical models for teaching science the first stage is characterized as exploration during which observation through manipulation of materials is supposed to be emphasized.  From my experience during my time in science education teachers whether or not they were specialists, tended to short change this essential step. In fact some written curriculum skips it altogether. They move very quickly into experimentation and explanation with the result that most students are not sure why they are doing the experiments and how they relate to targeted concepts. The result is a lack of a personal investment in the investigation and an ignoring of the affective engagement with the phenomenon. Later, I will write more about the importance of exploratory behavior and its relationship to play and aesthetics. 
There are different ways that observations are carried out. Some are of a more passive nature such as looking closely at a tree and paying attention to the branching structure and the way the leaves are attached. This can be made more active by having students make drawings of trees.  A somewhat more active mode of observation occurs when manipulating a mirror to produce interesting reflections. There is a coordination between the manipulation and observing what reflections one sees.
 There are different frames of mind that can make a difference in what one observes. One can pay attention to the shape of the leaves and how they are arranged on a branch reacting to the aesthetics of the arrangement. Or, one can consider the arrangement of the leaves in terms of how they most optimally catch the sunlight. Likewise, one can pay attention to the angle of the mirror and what reflections happen. Or, manipulate the mirror to create a view that makes something familiar strange. 
Faraday made use of techniques that gave multisensory information. He moved an end of a wire connected to an electrostatic generator inside a copper boiler vessel. The variation in the sound of the discharge between the tip of the wire and the surface of the vessel helped to map the value of the electricity discharged. He even involved his whole body placing it in a large metal cage to observe the nature of electrostatic discharge. (Gooding, Faraday Rediscovered.) The point here is that the carrying out of observations can be multi-sensory and involve systematic manipulations.  
In art classes both in school and in after school programs students are sometimes shown a product to be copied or given a set of materials with the goal of creating a product very quickly. The students are not given the time to just explore and play around with the materials to see what can be done with them and how then can be manipulated to produce interesting aesthetic results. Because these early explorations appear to be too open ended               teachers assume that they are unproductive. Interestingly, observation is only explicitly mentioned in the National Core Art Standards for grade one, but investigations are mentioned for the later grades perhaps implying that observation is still important.  In the anchor standard 2 there is mentioned exploration of different kinds of tools and materials.  If creativity is going to be fostered, these processes are certainly of importance but they should happen with a more open-ended approach.
So, a common ground for an art and science project should be allowing sufficient time and psychological space for students to closely observe a phenomena or set of materials. The mind set is different within the two pursuits. In the science context attention is given more to properties and processes and their causal relationships.  In the art context attention may be given to the aesthetic properties and the way they give rise to affective reactions.  In actual practice if the teacher has set up a classroom culture where students know at this stage they can explore and observe freely, the more  affective reactions will likely first occur with the more rational observations following close behind.  However, it is my recommendation that these two processes may better occur when happening with two different teachers or when the context is clearly defined so that students know what they can do especially in the art context. 
Experimentation
DaVinci carried many simple experiments with light and how we perceive light. For instance, he held a sewing needle closer and closer to the eye to determine how the parts of the eye see an object. He observed a tree through a pane of glass to determine how color diminishes in tandem with size. (Isaacson, p 276.)Faraday in his exploration of the magnetic field near a wire conducting a current suspended a needle on a thin string and moved this needle to different positions around the wire. In both situations manipulations of simple materials can be used to arrive at useful discoveries. 
In both art and science there are different kinds of experimentation. By middle school students are expected to have an explicit sense of how to control variables and set up formal experiments where one variable at a time is varied. Experimentation is of a different arrangement in the art context. Although some artist may in fact systematically vary ways of manipulating materials or a process, others play around in a more intuitive manner varying    the arrangements of materials, trying out different shapes or colors.  The mind-set here is to discover what aesthetic effects result from the manipulation.   Some artists may have a clear concept in mind while other explore until something emerges. 
Consider the making of a mobile: there are decisions on what materials and shapes could hang from the arms of the mobile.  The simplest type of mobile is one where the main balance beam is attached at the center to a string and equal numbers of pieces hang on the two ends in a hierarchical manner. 
                                                                     



 This type of arrangement is analogous to a simple balance beam. Moving the lower beams will change the main beam orientation. Move the left lower beam toward the center and the main beam tilts. The right lower beam has to be moved the same distance to the center to get the main beam horizontal again.  Adding extra weight on one of the lower beams has to be compensated by adding weigh to the other lower beam. By experimenting with the changing position of the beams and their placement a pattern can be discovered and eventually a rule developed. This can happen in the science class.  . 
In art students can play around with placing different shapes on the lower beams in an effort to achieve different aesthetic effects while paying attention to the weight of the object and its position to keep all the beams horizontal. What the students discover in the science class of how the beams are balanced can be useful in the art class. In this manner there is a complementary relationship between what could be happening in the science class and what is happening in the art class.  
Journaling and Visual representations
DaVinci kept an on-going record of his observations and his experimentations.  This was a combination of description, narrative, drawings and visual representations. Nowadays, there is great emphasis on journaling in science classes. It is considered an essential practice and is used as one criterion for assessment. It can be a way of fostering students' verbal literacy.  Also, it gives students a specific and authentic reason for writing. When experiencing a specific phenomenon, students find it easier to write something about it. 
Faraday kept extensive notes of his investigations. They were detailed enough that later scientist could duplicate his manipulations and could follow the development of his thinking 
Gooding, who made a close study of Faraday's notebooks, proposed that drawings are more than the recoding of observations stating that these served several purposes. He proposed that at various time the drawings possibly functioned in several ways.
· They could have functioned as a heuristic aiding Faraday in his process of discovery.

· They could have integrated a series of observations providing a composite image giving a more complete understanding of a phenomenon.

· They could have functioned as a visual conceptual model standing for a complex of manipulations, observations and theoretical proposals.

· They could have provided a way of fostering analogical transfer.

(Zubrowski, Exploration and Meaning Making in the Learning of Science p25.)
With the above in mind drawings are more than recordings of observations. They serve a cognitive purpose. Therefore, drawing is a skill that serves the student well in art and science. It should be noted that The National Core Art Standards in several places give attention to the documentation and drawing of natural phenomena and the physical environment.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
From my experience with elementary students during pond and tree investigations I have found that by fourth grade, if not sooner, some perhaps most students become inhibited and have a block about drawing.  If they can't produce a very realistic drawing, they seem to feel they can't draw at all. Yet, simple drawings, rough sketches, schematics can be very useful both for recording and for envisioning possible experiments or artistic enactments. Therefore, the art teacher can help these students move through some simple exercises to increase their skills and increase their confidence.  This growing set of skills would then be useful in both art and science.
This inhibition to drawing may be part of a general trend as reported by Kimberly Sheirdan and Howard Gardner. Reporting on a study done by Harvard researchers it was found that there is a decline in expressive development.  Children at age 5 have a high expressivity but as they grow older this declines. This decline persisted as they grow older but can rise again for those adults who pursue art as a career.  There has been debate about this decline some attributing it   to cultural factors.  For instance, Chinese and American judges of the same art works from different-aged children and adults differed in their assessment. Others attribute the decline to the type of education children experience in elementary school. The authors do not provide much of a clear explanation for this decline. (Kimberly Sheidan, Howard Gardner, Artistic Development. in Aesthetic Science, Shimamura, A., Palmer, Stepehn, 2014, p288.) These findings should be kept in mind when the model of integration is considered. Mixing art and science activities may move students to be more literal in their artistic expression. Separating art and science activities may provide for a more conducive environment where students feel free to explore their personal reactions to various phenomena
Generating Analogies
According to Isaacson DaVinci would go beyond his observations by making analogies. He compared the flow and branching of veins and arteries to the human digestive, urinary and respiratory systems as well as the flow of rivers, the movement of air, and the branching of plants. He also made analogies between the human body and machines. (Isaacson, p 400-401) When DaVinci made further observations that conflicted with his current thinking he revised his analogies. 
Faraday sometimes developed explicit analogies and at other times experimented in a way that had an implicit analogy. For instance, at one point he experimented with the arrangements of small particles on one plate determining how the vibrations of a nearby plate affected them. The plates were not in contact but it was obvious that something was being transmitted across the space between the plates. William speculates that Faraday saw an analogy to some experiments he previously carried out with electrical induction. (Williams, 1965, p178.)
 Analogies are an essential cognitive tool in developing explanations in science and are closely related to the development of models. Recent research in science education has found that learning is promoted and made more secure when simple models are introduced to the students. The most recent national science standards give particular emphasis to the role of modeling. 
During my time in science education I had the opportunity to set up an arrangement where two students at a time would explore some material or phenomena. I would record these sessions on video and then study what happened with both the manipulations and the talk. What occurred in a number of these sessions was the spontaneous uttering of analogies and metaphors. 
In a session with a fourth grade boy and girl they were mixing liquids in a small vial. The boy had poured a little Karo syrup into the vial. Then he poured a small volume of cooking oil on top of the syrup. It formed two separate layers. Next, he put a drop of red food color into the vial. The food color settled between the two layers. He stared at the vial for a moment and then uttered: "It's like swimming in mud." He didn't elaborate on this statement. I assumed that he was making an analogy where the drop of food color is like a person getting stuck in a place like a pond where there is mud and his or her movement is resisted by the mud.   
Another time four 11 year olds were making model windmills with index cards as arms, dowels as support stuck into a cup which could rotate on an axle. They were testing different arrangement of the arms to see if more arms would lift more weight in a cup attached to the axle of the model. A small fan was use as the source of wind.  Moving through two, four six and when they reached eight arms, they discovered that the model began to stall.  At this point the eight arms were very closely spaced together. In the follow up discussion I asked them to the think about why too many arms might not work as well. One of girls came up with an interesting analogy to explain this result. She stated that you had to move more slowly when moving between two houses. At first I couldn't make sense of this but then realized that she was referring to her urban neighborhood where houses were very close to each other. There were narrow alley ways separating the two houses.
There were other occasions when students would spontaneously bring up analogies. Exploring directly phenomena particularly if they are aesthetically interesting seems to foster this type of verbalization.  I suspect it happens best in an environment where students feel relaxed and feel free to explore in a more personal manner.  These spontaneous analogies can provide for a movement toward modeling a scientific understanding and a beginning of artistic possibilities. 
Aesthetics
There is another way of thinking about what can be a common ground for synchronizing art and science.  DaVinci sometimes carried out observations and experiments to refine what he did in his paintings.  At other times, the phenomena in themselves sparked DaVinci's curiosity but the artist in him must have also been taken by the aesthetic appeal. As one example which has a deep seated resonance on several levels is the movement of water. He made many drawings based on observations of rivers and streams. These observations can be related to the science of fluid dynamics. The vortexes or spirals that occur in certain situations with moving water have a special appeal. Spirals can be an explicit symbol or be incorporated into the body of the painting.   For instance, according to Isaacson DaVinci deliberately rendered the curls of the hair of the Mona Lisa painting as spirals.   The well known painting Starry Night by Van Gogh is another example.  Louise Bourgies made a series of sculptures incorporating the spiral.  Nicol Israel in his book Spirals writes that "the spiral is the crucial means through which twentieth-century writers and visual artists think about the twentieth century."(Israel, p2) Also of significance the spiral is a Jungian archetype functioning as a universal symbol. It has a deep seated symbolic resonance.  Spirals that occur in air and water movement , then, have rich possibilities for bringing art and science together.  Other basic phenomena such as shadows, mirror images, some trees and plants also offer similar possibilities. These phenomena are also associated with universal symbols indicating that there is a deep human resonance with them.  These are examples of what can be described as an aesthetic reaction to things in nature and in art to their expressive possibilities. Aesthetic reactions can be a common ground for synchronizing art and science activities. 
Past definitions of aesthetics are closely associated with art and are aligned with beauty and feelings of pleasure.  Some philosophers and scientists (Dewey, Gademer, Arthur Shimura, Michael Gazziniga) writing about and researching aesthetics view these defining characteristics as too narrow.  Artists of the twentieth century also counter this orientation by sometimes making works that could in some sense be considered ugly or eliciting disgust. For example, consider the paintings of Francis Bacon.   For my purposes here it would be more useful to go with more general defining characteristics.   One useful description that goes beyond art is that by Gazzaniga.  
Aesthetics is a special class of experience, neither a type of response nor an emotion. But a modus operandi of "knowing about" the world. It is sensation with an attached positive or negative evaluation. ( Gazzaniga, p208)
 This is a very general way of describing an aesthetic response. It can be applied to almost any object.  How it is applied will depend on three general psychological explanations. One is our inherited biological capacities and preferences. The second is the cultural inheritance and technological innovations that expand our way of seeing the world. The third is that of our individual temperaments. (Artistic Development: The Three Essential Spheres, Kimberly M. Sheridan and Howard Gardner in Aesthetic Science: Connecting Minds, Brains and Experience. Arthur P. Shimamura and Stephen E. Palmer, Oxford 2014>)
The second and third are in some ways self evident. Music happens across many cultures but there is variation in instruments and the type of music that happens. In terms of technological innovations the coming of the computer and the internet has changed the way some visual art is produced.  Individuals vary from one another in their taste in music and visual art. 
In terms of our inherited biological capacities recent thinking in evolutionary psychology has proposed some interesting theories and findings relevant to my purposes here. Evolution has built into our brain perceptual processes which direct our attention to specific features of objects and phenomena. These processes are partly determined by aesthetics.  Aesthetics determines how easily we process our perceptions and the more easily we process our experiences the more likely we get a positive feeling. (Gazzaniga, p210.) There is one theory in particular about the role of aesthetics in human development that could be very relevant as it may be applied to education.
Scientists have puzzled over the very long history of the participation and enactment of artistic experiences.  These activities on the surface seem to be ones that have little or no survival value from an evolutionary perspective. Some scientists have proposed that there may be universal procedures for aesthetic preferences that are hardwired in our brains.  Tooby and Cosmide reconsidered the role of art and aesthetics in human development. They propose that aesthetic experience make our brain work better. (p223)
Genes underlying adaptations are selected so that, in development, genes and specific aspects of the world interact to cause the reliable development of a well designed adaptation (Tooby and Cosmidaes, 1992). This means that information and structure necessary for the proper development of an adaptation may be stored in the world (my emphasis) as well in the genome, and that selection will shape development programs to exploit information-rich features of the world. (My emphasis)This allows adaptations, such as language faculty (Piner, 1994).....to be far more elaborate than could be managed if all of the necessary information had to be supplied by the genome. What is genetically specified in adaptations is an economical kernel of elements that guides the construction and initialization of the machinery through targeted interactions with specific structures, situations or stimuli in the world (my emphasis) (e.g. playing with words)
This means that aesthetic motivations may be a necessary guidance system for the development of each adaptation-that is, motivations to detect, seek and experience certain aspects of the world are evolved design features, present to help adaptations become organized into their mature form. ( Does Beauty Build Adaptative Minds, P15.)
Later, they state that there are many beautiful objects which means that there is not a general principle but that our psychological architecture acts to give sustained attention to them "through making the experience intrinsically rewarding.( my emphasis). ( Tooby and Cosmidea, p17 .
I gave emphasis to certain parts of their proposal because I think it has real significance when thinking about the role of aesthetics in learning. My interpretation of what Tooby and Cosmides propose is that there is an implicit dynamic. There is set up a dialectical interaction with phenomena and materials whereby our inherited tendencies and filters "exploit information rich features of the world". The aesthetic appeal of the phenomena engages the person and the experience with the phenomena are shaped by inherent ways of assimilating the experience.  Through other inherited modes of behavior such as exploration and play, personal symbols are developed. This interaction has the potential to be furthered developed into science concepts and artistic products.
 This process can be illustrated by considering how some crafts persons and artists go about working with their materials. There is  a report I came across by Edumd Carpenter. He was observing an Eskimo Carver working away at a piece of bone. The carver spent a while doing his carving. There did not seem to be a preconceived image or concept guiding his carving. Eventually, a seal emerged. This animal is a familiar one in their environment and has symbolic associations so it would be culturally appropriate for this form to emerge.   I have read about artists such as Michelangelo and Brancusi sometimes approached marble and wood in a similar manner. Their eventual figures emerged from their exploring the materials. In interviews of contemporary artist I have read of similar comments of dialoguing with their paints or materials. This has implications for carrying out joint art and science activities. 
In part two I will outline activities with some basic phenomena. In my book Exploration and Meaning Making in the Learning of Science I write about what I described as intrinsically interesting phenomena (p193-199.) What got me thinking along these lines was my experience with soap bubble and soap film. Wherever I introduced them, children and as well as adults were immediately engaged and fascinated.  I did bubble workshops in a refugee camp in Indonesia, in museum settings in Japan, Sweden, France, and in many settings in the US.   The bright colors and geometric shapes acted as a very engaging aesthetic despite the different cultural and environmental contexts.  As I later developed other educational activities I observed that aesthetic properties of other phenomena such as modeling water movement by dropping food color in a tray of white liquid, making waves in water, dropping food colors on paper towels, observing pond creatures readily engaged student explorations. Exploring and playing around with bubbles and these other phenomena were" intrinsically rewarding".  I did not need to motivate people to engage with these phenomena.  
The dialectical interaction can be taken further and put into a generalized pedagogical model. A four way set of interactions can be represented in this manner.  
                                                                      Concept
                                                                                                  teacher
                                                student                                                                                                                                         
                                                                          Phenomena
The student engages with a phenomenon first exploring to gain a general sense of the properties of the phenomena as mentioned above regarding artistic exploration.  The physical properties of the phenomena act as a constraint on what students can discover. The teacher provides guidance through timely intervention. Follow-up discussions guided by the teacher have students share their observations and move them to developing explanations and the design of experiments. Through a series of experiments and processing of data the teacher guides students to the point where a targeted concept is developed. There is a back and forth between student and phenomena and between teacher and students with all of these interactions shaped by an underlying concept. 
 There have been criticisms of theories of learning because of the neglect the affective component. ( Hadzigeorgiou, Y. ;Dahlin, Girod) In recent years some researchers have included aesthetics as an essential component.  Yannis Hadigeorgiou. (Imaginative Science Education, Springer 2016) advocates for the essential role of imagination and wonder in science education with particular attention to the role of personal identity. From my reading he seems to emphasize that students need to make a personal connection with the object of study which he associates with scientific concepts and processes. Aesthetics is more associated with the experience of assimilating these concepts than with the phenomena being studied. Wonder is concerned with the scientific imagination and less so with the beauty of the physical and natural world. Although I would concur on his emphasis on imagination and wonder, it seems to be that he is still neglecting the student's connection with their environment. However, he does advocate for what he calls an aesthetic experience.
Attempting to describe what is an aesthetic experience in relation to learning science is complex. Frequently cited are John Dewey and his book Art and Experience. I write about this in my book Exploration and Meaning Making. I reference some of what Dewey writes about aesthetic experience. What makes an act of thinking aesthetic is that "the experience itself has a satisfying emotional quality because it possesses internal integration and fulfillment reached through ordered and organized movement." ( Dewey, 1934, pp16-17).  As I interpret this statement in relation to synchronizing art and science I would relate it to the in-depth investigation of phenomena that has high aesthetic appeal.  The dialogue with the phenomena can be satisfying because the aesthetic properties are pleasing or of high interest. There can develop an empathic resonance with the phenomena activating an internal affective and cognitive response.  During an in-depth investigation questions can happen that give rise to a tension. As students proceed through the formal experimentation in science or the playing around with materials in art there is an ordered movement as structured by the teacher. There is organized movement as they move toward developing explanations and modeling in science and as they arrive at a satisfactory arrangement in their art project. The interaction with the phenomena through the experimentation and enacting of a project can bring about an internal integration and fulfillment. 
Although I put the emphasis on an in-depth investigation it may be possible that an aesthetic experience can happen in a shorter time period perhaps even in one lesson. From my experience I have found that it takes multiple sessions to arrive at some development of a basic science concept. Sometimes a simple art project can lead to a satisfying result. Essential in this whole process is the central role of the teacher. She or he has to have a repertoire of skills, sensitivity to the students and a sufficient knowledge of the science and art to be effective. 
Exploration, Play and Aesthetics
In an interview the artist Hemali Bhuta had this to say about how she approached her art work.
"With materials, I am like a child at play, with no prior knowledge of handling the materials. It is always about exploring the material more viscerally. It communicates to you like a ghost, and I allow myself to be led into that labyrinth, where I am not in control; instead the material commands and I follow." ( Sculpture, June 2018, Vol 37 no 5, p29)
Bhuta explored a wide range of materials such as soap, glass, silicone rubber, basalt. The resulting forms are minimally shaped into different kinds of installations. Her statement is of a similar nature as the one I previously mentioned about the Eskimo carver and captures the essential connection between exploration, play and art. 
 Some philosophers and researchers have closely associated aesthetics with play in some cases essentially conflating the two. (Sutton Smith, Ambiguities of Play).If aesthetics is an important consideration in synchronizing art and science activities, to what extent should teachers provide for an environment where play can happen?   Then there are those who have studied play have commented on about the relationship between play and exploration. (Wholwill,) Why go into this complex and controversial matter? In the case of teaching science there are a number of pedagogical models of learning that explicitly designate a stage in inquiry as an exploratory phase.  In the teaching of art there are debates about the relative amount of time given to art history, the teaching of specific skills and the development of students' artistic expression. Although not explicit in the National Art Standards, exploration and play does seem to be a practice among some art educators. (Tarrr, Arts Education: a process approach to the development of pedagogy.)   In what manner do teachers of art promote artistic expression? Are explorations and play an essential part of this process?
 Some researchers in child development, animal behavior, and perception during 60s, 70s and 80s focused their attention on exploration and play. There is a large literature that reports on and develops theories about the importance and role of play and exploration in the adaptations of animals and children to their physical and social environment. For my purpose here I will only mention a few that provide some sense of the importance of play and exploration and what it implies in the design of educational experiences. In some research special environments were designed that would incite exploration. Play, especially involving young children was mostly observed in environments such as preschool settings, playgrounds and museums.  Careful observations and analysis were done to characterize the changes in behavior of animals and children. Most of the controlled experimentation involved exploratory behavior much of it passive in the sense that participants view images and reported their reactions to these images. A general observation was made that there was some connection proposed between exploration and play but a recognition that the two are not easily distinguished. 
I mention animal play because play whether animal or human in general had previously been characterized as unproductive and lacking significant purpose. The fact that there is wide spread animal exploratory and play behavior suggests that it may served some kind of adaptive purpose.  Drawing upon a great deal of observation of young animals particularly mammals ethologists changed their thinking about the role of these behaviors giving some importance to the role of play as an adaptive behavior.  Interestingly, Fagen in an overview of theories of animal play and an extensive summary of reports on animal play at one point makes a connection to the arts. "Rigorous analysis of animal play provides a basis for discussing possible biological roots of human artistic and intellectual creativity." (Fagen, Animal Play Behavior, p31). 
There was one study of young children that had special significance. Corinne Hutt started out as an observer of animal behavior moving on to the study of play in young children. She carried out a study where she presented them with a specially designed device. It was one where a lever on a metal box could be manipulated to give off sounds and visual signals.  She found that "In all children, once active investigation had commenced, it generally preceded vigorously, all aspects of the object being explored. It was only once the child had apparently learned all there was to know about the object that it was incorporated in play activities, and any further learning. (In Herron and Sutton Smith, Child's Play, p241). Other researchers in this area recognized the importance of this finding but still find that these two behaviors are not that easily distinguishable. The point here is that if one does allow exploration to happen in the classroom context, there will be an intermingling of exploration and play.
Exploration can be described as the taking in of information about an object or the environment. Materials are manipulated to feel and see what happens. Hutt characterized exploratory behavior as: "What does this object do?" The shift to the play mode is "What can I do with this object?" (Hutt, in Sutton-Smith, p 246) Play is a shifting to accommodating this new found information to the person's previous experiences and thinking. Getting acquainted with the properties of materials is a prerequisite to using them effectively. Summarizing the findings and analyses of this research it can be said that exploration in general proceeds play.  Exploration may be instigated by a variety of factors that stir the curiosity of the person.  Aesthetic features of the object are one type of stimulant. Play may result in manipulations of the materials or of the environment resulting in role play, different types of games or a symbolic enactment such as art works. It is important to note that both types of behavior are intrinsically motivated. A teacher can stimulate students to explore but can quickly inhibit them if there is too much interference and goals are made very explicit. Play is especially sensitive to outside intervention. Conditions can be set up for play to happen but one can't necessarily make a person play.   
 As an example of this consider the use of cardboard in a design engineering project. Cardboard has a bias. It is much stronger in one orientation than another.  Pushing down on the edge of the cardboard when the rows of corrugation are vertical is much stronger than pushing down on it when the corrugating is in a horizontal orientation. This would be important to know in the construction of a cardboard chair or other projects using cardboard. Giving time to explore the properties of cardboard before they get involved in an engineering or art project could allow them to discover this property. Of course, the teacher could just show the students this property, but it would not have the same impact if the students themselves made this discovery. It would be more salient and valued because they made the discovery. 
It may appear that children are inveterate explorers, but what about adults. Some artists appear to do a fair amount of exploration before finalizing a work. Getzels and Csikszentimihalyi followed a group of young painters as they were starting a career in painting. The researchers observed a different approach with those who eventually came to be recognized as the more creative artists, compared to those who were less creative and productive. Significantly, the more creative went about their work in a more open ended manner. They did not start with a strongly conceived image and how the final image might look but rather they carried on evolving toward a final product. The plan of their work came after it was half over. (Csikszentmihalyi and Getzels, 1971)
Williams (1965) in his study of Faraday's notebook reports that the investigation of sound started out as a sort of dabbling because there is little mention of his initial manipulations in his notebooks. However, as he became more involved with this investigation he became more systematic. Interestingly, in experimenting with particles on plate where the particles were moved by the sound vibration he saw an analogy to some experiments he had carried out with electrical induction. In this case study we see that exploration can lead to productive result. 
Several philosophers such as Shiller, Spenser and Gadamer have written about the relationship between art and play. They note the common characteristics of each but point out that play precedes art and serves a different function and has a different goal. Howard Gardner has given much thought to the role of art in child development. He has conducted observations of children with a view to their developing skills and thinking regarding the arts.  In considering the relationship between art and play: 
The arts never become merged with everyday experience, for there is a sense of distance inherent in the arts, a feeling of tentativeness about the communication. While play is an amplification of all experience, the arts are restricted to a certain form of interpersonal communication for which specific symbolic media are suited. Perhaps, we should think of play as a necessary antecedent for participation in the aesthetic process.  (Arts and Human Development, p 166)
Combining this proposal with Hutt's findings mentioned above a sequence of behavior appears to be happening. There is a movement: 
From exploration (information gathering) to play (acting on that information) to a creative act of art (creating personal and cultural symbolic forms about that information). 
In realty this sequence may not be so clearly apparent or this simplified. Most likely there is fluidity to these behaviors where there is a back and forth between play and exploration preceding art making. At times during the art making there may be a return to exploration to find ways to produce a more effective product.
DaVinci carried out thousands of observations coupling them with drawings. He would follow up with simple experiments to test his understandings. In a way the observations could be described as a type of exploration. Isasscson recounting DaVinci's studies of shadows and reflected light notes that these explorations can be seen in paintings such as Lady with an Ermine and Virgin of the rocks. "Studying the paintings, in turn, leads to a more profound understanding of Leanardo's scientific inquiry into rebounding and reflected light. This iterative process was true for him as well: his analysis of nature informed his art, which informed his analysis of nature.”(Isaacson, p268)
 In my own work I would video older students (grades 4-6) in an out of school environment placing them in front of interesting materials and giving them minimal directions and allowing them to just explore. One time I had two boys (fifth grade) play around with bubbles. Using large diameter tubing they blew into this tubing to make big bubble domes sometime 20 inches in diameter and about 10 inches high. They discovered that if they wet their hands and arms, they could place them inside the bubble. One boy then wonders if you put your whole body in a bubble would you float presumably because soap bubbles seem to float. A short discussion with me followed on whether this was possible or not. This dialogue, in itself, is not art or science but could be the beginning of a science investigation related to how and why things float in air. In art there could be either a drawing of a person floating in a bubble or a short story of an adventure of a boy who travels by floating in a bubble.  Here again, it is important to note that such fantasy most likely arises in an environment where students feel free to express themselves and often comes when they are playing with materials.
Some philosophers and those of a more practical frame of mind such as game designers have made a close association between art, aesthetics and games. A parallel can be made between the design of games and the design of educational experiences. It should be kept in mind that there are a variety of different kinds of games some being more formal where there are well defined rules involving competition and some kind of achievement. More informal games can have a set of explicit and implicit rules, a fixed set of actions and a resolution. (Avedon E. M. and Sutton Smith B. Rules of Play: Game Design Fundamentals, MIT Press, Cambridge Ma 1971, p7.) It is the latter type I have in mind.  
An educational experience can be thought of as a type of game.  Focusing on one phenomenon is a type of boundary.  What materials are introduced to explore the phenomenon is also a type of boundary. The properties of the materials to some extent constrain with can be done with them. The socio-cultural classroom environment has an implicit and explicit set of rules following from how the teacher introduces and guides the activities. As the project evolves there are variable manipulations of materials leading toward a resolution. In the case of science there is the explicit development of a concept or model. In the case of art there is the development of a creative product. The frame of mind of the student and how he or she participates depends heavily upon the socio-cultural environment established by the teacher and the school. The extent to which students are intrinsically motivated depends on the amount and kind of directions given by the teacher, whether he or she overtly rewards actions and the sensitivity to the affective state of students. A play frame of mind of the student will depend on all these boundaries and modes of interaction. 
As an example of the intermingling of exploration, play and art consider what can be done with mirrors. They can be used to discover properties of reflective light. Students are challenged to explore with the mirrors to see what they can discover. Using two mirrors they can try different arrangements of the mirrors to make strange looking faces or they can reflect a flashlight beam with several mirrors to create interesting visual effects.  In each of these manipulations a variety of discoveries can happen. The boundary is a set of two mirrors and the challenge of seeing what interesting effects can arise by manipulating the mirrors.  A game can be designed where two mirrors are used to reflect light from a flashlight through a maze of cardboard barriers to a target at the end of the maze.  One person places several pieces of cardboard on a grid drawn on a large sheet of paper.  He or she places these cardboard on lines of the grid and sets the target at the end of the maze of cardboard. The other person has to line up the two mirrors in the maze so that the light reflected from the flashlight hits the target. In the process of aligning the mirrors the one person has to think about how light is reflected.  These explorations can be followed up with controlled experiments to come up with a rule for reflection of light.  Mirrors could be suspended on a  string and allowed to oscillate reflecting images in the room to achieve interesting aesthetic effects.  To promote creativity it is sometimes mistakenly viewed as giving complete freedom. Establishing constraints is a way of not overwhelming the student with too many choices. However, it takes very careful planning to provide for the optimal challenge. 
Given what has been previously described as essential ingredients in an investigation, it should be noted that synchronizing a project involving art and science is a complex undertaking. Considering the example of DaVinci it is possible to find a common ground because of similar processes. In the next section I will propose another way of providing for a common ground by way of examples of common phenomena that have high aesthetic appeal. 
A Summing Up-A Pedagogical Model for Synchronizing Art and Science
Keeping in mind the previous commentary on exploration, play, visual representations and analogy, a joint investigation involving art and science can be designed so that there is a complementary relationship. First, by having students investigate the same phenomenon there is a common ground. There can be the use of the same materials in both contexts. The investigation can start off in the art class where students explore the phenomenon in an open ended manner. Since it is happening in the context of art, a more personal and open mind set can happen. This should result in students developing a resonance with the phenomenon that is more affective than intellectual. (This is in contrast to the typical science investigation where even if there is an introductory exploration phase students are immediately directed to designing experiments and explanations.)Following up the open exploration in the art class observation and discoveries are shared and recorded.  In the science context there is a follow up to these discoveries with an exploration but this exploration is more focused on observing more closely to begin to isolate characteristics that may or may not be relevant in understanding the phenomenon. Back in the art class there is further exploration with a movement toward playing with the materials to see what kind of interesting aesthetic effects can be made to happen. Follow up discussions is a sharing of these results and a beginning of making visual representations to clarify what is happening. Meanwhile, in the science class the same students start developing questions about what has been discovered and with the support and direction of the teacher the students design simple tests and experiments to find answer to these questions. Some of the visual representations developed in the art class can be used to help students better define what they think is happening and how they can design experiments.
After sufficient exploration and playing around with the materials the art teacher can move students to design an art project based on their discoveries. They are encouraged to take their discoveries from playing around and carry out a more deliberate design that is expressive of their personal feeling or an idea that is related to a spontaneous analogy expressed during the play and exploration.  Having completed the project students share this with the whole class making comments about others work in a constructive manner. 
 In the science class students carry out tests and experiments, report and analyze the results and begin to develop explanations. Depending on the age and background of the students the teacher involves them in constructing a visual model (Sometime this could be a kinetic model) This is used by the teacher to move students toward a conceptual explanation of what they have observed about the phenomenon and to answer questions that they had previously generated.
	Art
· Open exploration
· More explorations and playful manipulations of the materials.
Students share discoveries and observations.
Teacher guides them in the developing of useful visual representation. 
· Designing a project
Teacher moves students to incorporate one or a few discoveries designing and making a project that is expressive of a personal feeling or idea related to analogies expressed during the investigation. 
· Sharing and Critiquing
Students share their projects with the whole class and offer constructive comments. 

	Science
· Exploration
Observations are more focused.
Students share observations and begin to generate questions for carrying out tests and experiments.  Preliminary speculations about discoveries are encouraged. 
· Generating Questions and Experiments
As students carry out tests and experiments there is follow up reporting and discussing of the results. Tentative explanations are developed.  Visual representations are developed to help clarify the results of the experiments. 
Developing Explanations and Models
The teacher leads the students in the development of explanations by a verbal or visual model.  The visual representations developed in art and in science are a way of developing this model.  Analogies are solicited or ones that came up spontaneously are also used in developing the model. 



The above process is generic in intent and suggestive.  It will vary depending on the type of phenomenon or material being investigated.  The number of sessions will vary depending on past experiences of the students and the inherent challenges of exploring different phenomena and materials. The teacher shapes the movement through the process based on her or his knowledge of the students capabilities and the other special considerations. 
 I outline activities that involve more than one kind of encounter with a phenomenon or material. In exploring colored substance I suggest students investigate food color and inks from pens.  In investigating mirrors I suggest the students explore plane mirrors, transparent surfaces and curved mirrors.  The idea is that what understanding students develop in their first type of encounter with the phenomenon they can apply in the second or third encounter. This can be a way of assessing their understanding. It is also a way of having students apply their new understandings which according to some research will help strengthen them. .
Some artists have the practice of working with the same materials or phenomena producing multiple works of art. Alexander Calder made hundreds of mobiles. Anish Kapoor made a number of sculptures of reflective surfaces.   Following up an investigation in art class with materials that extend the investigation of the same phenomenon is a way of further stimulating their creativity and strengthen their skills and confidence.
                                                                                                                                                                                                                                            PART 2
Some of the phenomena and materials DaVinci explored and investigated are readily accessible since they are part of the everyday environment. These would include; shadows, reflections, experimenting with colored substances, observations of wind and air movement.  He also was extensively involved in various engineering projects.  Two of his explorations offer possibilities for synchronizing art and science.  These are his observation of birds in flight and speculations of the flight of man and utilizing wind energy. 
 Isaacson mentions that at times DaVinci did the explorations to better enhance his paintings. There was an aesthetic appeal to these phenomena. In this second part I will outline activities that naturally lead to explorations in art and science.  These suggestions are based on years of involvement in different kinds of curriculum projects and the design of exhibits when I worked at the Boston Children's museum where I was involved in educational activities for after school programming as well as formal schooling. I also wrote a number of children's science books that focused on some of the same phenomena that DaVinci explored. 
Rather than just listing these projects I have outlined a set of activities for science and art to give a sense of what is possible and how the two can be related to each other. The science activities are taken from a curriculum project funded by the National Science Foundation. These were based on extensive testing while I was at the Boston Childrens' Museum. The curriculum Models in Technology and Science has a set of guides that are available from the publisher Kelvin. The art activities are suggestions that best align with the parallel science activities. Some of these are already part of art curriculum. Others are ones that can be found on YouTube or related internet sites. 
The art activities suggested involve the visual arts because of practical considerations and also because processes such as drawing can complement what is happening in the science activities.  In addition, a 2012 report by the US Department of Education showed that the offering of dance and theater in US elementary schools had dramatically decreased in the past decade: In 2010, 3% of schools offered dance a 4% theater, against 20% in 2000. However, there was no decrease for music and visual arts education, which have always represented the principal forms of arts education in US elementary schools. (p15, Art for Art's Sake?). Since this report there may have been an increase but given the recent cuts in funding to education in a number of states this is unlikely. 
It should be noted that there are multiple activities exploring the same phenomena both in science and art. This practice was address in a previous publication: Exploration and Meaning Making in the Learning of Science. The rationale for this approach is related to the findings of the TIMMSS project which compared student achievement and pedagogical practices involving three different countries. This project examined curriculum frameworks and the amount of time given to the development of basic concepts. Following up on this report William Schmidt and his team carried out an analysis of US textbooks. Their report indicates that there is a lack of continuity "because most US(text) books do not develop lengthy strands focusing on a topic but are composed mostly of many short 'strands'" (Schmidt, 2003,p2) A similar problem was found with National Science Foundation supported materials. (Zubrowski, p314-15.) It should be evident that an activity labeled as an integrated art science project on the internet described as happening in one or two sessions is highly questionable. 
An additional consideration is that of pedagogical practices by the teacher. A curriculum guide or textbook provides information mostly for the activities. How these activities are implemented and processed is of more importance. There should be a systematic set of practices that establishes a classroom culture by which students can assimilate, analyze and conceptualize as they are moving through an investigation. Among these are journaling, reporting and sharing observations, experimenting, and developing analogies and models. Additionally, there should be feedback through either embedded or formal assessments to provide students with a sense of how they are performing during an investigation. These practices take years of development for teachers to become proficient at them. 
The synchronization of art and science should be carried out in a deliberate and well thought out manner. Ideally it should involve both an art teacher and the regular classroom teacher at the elementary level and the art teacher and science teacher at the middle school level. In some situations it is possible for the elementary teacher in the self contained classroom to combine both types of explorations. Given the pressure of testing and demands of time there might be a tendency to move quickly through the activities and not give the full attention and required time especially for the art portion. In addition less experienced elementary teachers are still trying to master good pedagogy for teaching science. Trying to "integrate" art and science by the same teacher is a big challenge.
Practical Considerations
There are two types of problems that may occur when attempting an art/ science project. The suggested projects all involve the use of physical materials Gathering these materials can be a major problem. . There is also the question of when to do this kind of project.  
 Some charter schools and experimental schools have extended their daily hours. In some situations teachers have been allowed to try out new projects or experimental projects toward the end of the day. It may be possible in this time slot to try out an art/science project. If both a regular teacher and an art teacher are involved this will require careful coordination.  Another possibility for doing an experimental project is the time at the end of the school year after students have already participated in the state tests. Some principals give some leeway for teachers to do projects not directly related to the state standards. There is also the possibility of doing projects in special after school programs or summer camps. Given the informal nature of these programs there is the challenge of trying to incorporate a more rigorous approach.  If the activities are truly engaging, sometime students will take up the challenge.
Presumably, most art teachers have a budget or access to materials to do their art projects. In attempting to collaborate with the science teacher may require materials not usually found in the art room.  Likewise, the science teacher may only have materials that are part of the required curriculum. In both cases they may have to buy or collect the special materials. This requires planning well ahead of the project. Parents may come through with some funds, and in some situations students can be asked to collect some materials. 
It is also prudent for the teachers to consult with the principle and the school system art and science director making sure that their project is seen as educationally valuable.
 Food color, Inks and Paper-Exploring their aesthetics and physical properties
Playing around with colored materials is a very engaging activity for students of all ages. Depending on the materials and the way they are introduced there is an opportunity to carry out parallel investigations in art and science.  The materials can be very simple.  For instance, I have found that dropping food color on paper towels to make various designs readily engages students at the elementary and middle school level. They naturally will make designs and patterns with the food color. This type of exploration can be extended by placing a few drops of water on the spots of food color causing the colors to spread out in interesting ways. Observed closely the expanding mixtures of food color eventually results in a separation. The red color separates from the blue or yellow.  This occurrence can be the start of an extended science investigation with the question of why colors separate. Going further with this approach water based markers and permanent markers can also be used to make designs and patterns. Water is dropped on the spots made by these markers. Interesting designs will appear.  Liquids other than water can also be used to spread out the marks.  In the science exploration the technique of chromatography can be used to see what happens with different kinds of markers doing this in a systematic manner.   Concurrently, the colors from different kinds of markers and different liquids can be the basis for creating different kinds of aesthetic effects. These explorations and experiments can be the context for introducing physical and chemical properties of materials such as solubility, physical and chemical changes.  
Students can be shown some of the paintings of Helen Frankethaler and Morris Lewis who carried out an analogous type of exploration pouring oil paints on untreated canvas. Examples of their work can be found on the internet.
Possible materials: Food color, paper towels, water base and permanent markers, liquids such as alcohol, household cleaners, vinegar, baking soda solution, bleach.
The science activities outlined are developed in detail in the curriculum guide Inks and Papers from the curriculum project Models in Technology and Science available at Kelvin.com.
Art                                                                                      Science

            
Mobiles and Balancing Toys
Mobiles are a readily recognized artifact found in various environments from baby cribs to atriums of large buildings and many art museums. They have an intrinsic appeal. A close cousin to the mobiles is various kinds of balancing toys. Alexander Calder was a creator of both types. They appeal to people of all ages and offer a rich opportunity for exploration in both art and science.   
In the outline of the activities I suggest starting off by making a cardboard model of a human body. This could be done in art class and the model decorated. In science students systematically manipulate this model to see how the orientation of the model changes as the arms and legs are moved to different positions.  A preliminary discussion begins about how objects are balanced. The next activity involves making balancing toys which could be done in the art class. Students can design own toys. In science these toys are systematically manipulated to further develop an understanding of how objects balanced. 
In the process of exploring and systematically analyzing the various objects, the concept of physical equilibrium can be developed as well as the concept of moment arms. 
In art students can move on to designing different kinds of mobiles drawing on these previous experiences with toys. Follow up discussions can focus on what makes particular arrangement more pleasing than others. What does the role of symmetry or broken symmetry play in making it pleasing?
Possible Materials: cardboard, nails, string and a few other simple materials.
The science activities mentioned are described in greater detail in the curriculum guide: Mobiles and Balancing Toys from the Curriculum project Models in Technology and Science available from Kelvin. 
	              ART
Balancing a Model of a Human Body
The same cardboard model constructed in science can be manipulated into different positions placing the arms, legs and head in different positions. Students can be challenged to arrange these appendages so that they express different kinds of movement. They can be decorated and made into a life size doll. 
Balancing Toys
Students are challenged to make toys in the shape of a human body that balance on a point and express different emotions. Or, they can create small models of circus performers who have balancing in their acts. 
A  Simple Mobile
A simple symmetrical mobile is constructed using either a horizontal piece of cardboard or thin dowels. This is a type of mobile that has several levels of different lengths. 
Next, they make a simple symmetrical mobile using shapes and designs that they create from their own imagination. 
	               SCIENCE
Balancing a Model of a Human Body

A cardboard model is constructed in a way that arms, legs and head are similar in proportional weight as a human body. Students arrange these appendages in different positions and see whether the body will remain vertically or horizontally balanced.
Balancing different kinds of objects
Students are challenged to balance different kinds of objects first vertically and then horizontally. ( Objects can be a broom stick, 
Cardboard shapes such as triangles, squares, rectangles.

A preliminary follow up discussion focuses on what sort or rules can be developed based on discoveries made in the two previous activities. Visual representations are developed to help students formulate these rules. 
Experimenting with a Mobile
A simple symmetrical mobile is systematically explored to discover what happens when the 
different parts are moved around or when some part is removed. How does this rearrangement change the balancing of the whole mobile as well as the different parts?
 



Mirrors and Reflective Surfaces
Mirrors and Reflections
Reflections in mirrors and various surfaces are intrinsically interesting. People have a fascination with mirrors. They reveal something about our psychological self. Various myths have been put forth about the power of mirrors such as that of Narcissus. In ancient china       mirrors were so valued that they were buried with the person. 
 DaVinci became fascinated with mirrors after witnessing concave mirrors used to focus sunlight into an intense beam that would solder together sheets of metal. According to Isascson Leonardo made almost two hundred drawing in his notebook that show how to make concave mirrors that will focus light rays from varying angles. (Isaacson, p 38) He also would make many diagrams of how light rays reflected from a curved surface showing how the rays were reflected. (Isaacson, p 458.)
Reflecting surfaces have been used to study the properties of light from ancient times until today. Flat and curved mirrors provide opportunities to refine one's understanding of how light is reflected. Curved mirror surfaces give distorted reflections which can be a source of play and fascination.  Transparent mirrors such as plastic or regular glass can be used to make a device for coping drawings.   
During the exploration of flat and curved mirrors in art students can use their discoveries to make simple sculptures reflecting faces or parts of their bodies.  Or, they can make abstract geometric drawings based on the way light is reflected off the mirrors. In science they can systematically investigate angular relationships and properties of reflective surfaces.
Some contemporary artists such as Anish Kaporr have made sculptures out of highly reflective metal. Kappoor designed Cloud Gate a very large piece for Chicago and smaller pieces that are in various museums. 
Materials: Mirrors such as those called locker mirrors, sheets of Plexiglas, or transparent plastic, cardboard, flashlight, laser pointer (optional) 
Activities with a variety of mirrors and reflective surfaces are described in detail in the curriculum guide Mirrors published by Kelvin. 
	                     ART
Reflections in two mirrors
Using two mirrors students explore different arrangements that result in their bodies or faces having strange shapes.  A starting question: How can they arrange the two mirrors to have multiple reflections?
Mirror Monster Game
A grid on a large sheet of paper is drawn.  Square pieces of cardboard are cut. The game is to stand these pieces of cardboard on lines of the grid to form a maze by one student. Then another student tries to arrange two or more mirrors within the maze of cardboard squares to reflect light from a flashlight unto a picture of a monster that is at the end of the maze. 
Multiple Face Moving Sculpture
This can be set up as an exhibit for a few students to set up and other students to explore.

Several sheets of square Plexi glass are hung on a wood frame using ribbon as the support for the sheets. When a flashlight is shone on a face in front of the sheets, one can see multiple reflections If the sheets are moving a weird vision happen.

	                 SCIENCE
 Students systematically explore how reflections change as two hinged mirrors are move to create multiple images. How does the number of reflections change as the angle between the two mirrors become smaller?
Students systematically explore how a collimated light beam is reflected off of one mirror. (Or, they can use a laser pointer but safety procedures need to be followed.) 
Exploring and experimenting with reflections from transparent sheets of plastic. 
Experimenting with the way light is reflected from curved surfaces.



  Possible reproductions of Anish Kapor Sculptures

                                            Possible image of Anish Kapor art
Shadows and Projected Images
DaVinci gave a great deal of attention to the study of shadows. According to Isaacson he wrote more than fifteen thousand words on the topic. DaVinci felt that shadows were very important for making art. "Shadows are the means by which bodies display their form." (Isaacson, p266-277). Isaacson reports that DaVinci carried out many ingenious experiments coming up with multiple categories of shadows. These findings were applied to his paintings.
In his book The Shadow Club, Roberto Casati presents a history of the exploration of shadows over hundreds of years. They figured in the Greeks invention of geometry and in the evolving understanding of the moon and the planets. Carl Jung wrote extensively about the metaphorical shadow giving it a central role in his psychology.
Shadows then can be a rich phenomena to explore. They offer possibilities for developing some conception about the properties of light and they provide a way of having students play with different ways of drawing geometrical shapes.
In art students have multiple ways of exploring shadow. Different shapes and different kinds of arrangements of lighting can produce interesting aesthetic effects.  After some open exploration students can design sculptures or installations that produce interesting shadows. In science students systematically investigate ways of making shadows that reveal properties of light. These explorations do not require special materials. In the outline below I draw upon my own experiences of having students explore shadows. In doing so I did not spend time on the possible connections to geometry although there are real possibilities for doing so. The art activities are suggestions that relate to what is happening in the science explorations.
Drawing shadows can be a way of coaxing students who are inhibited about drawing to try their hand. Moving from just tracing shadows they can try creating shadows of imaginary objects.
Materials: Cardboard boxes, flashlights, Super bright LEDs, batteries wire, clear acetate sheets,
A Shadow Box: A special set up is suggested where a cardboard box is made into a mini lab. A rectangular portion of one end is cut out and a transparent plastic sheet tape over this hole. Tracing paper is attached to this plastic. At the other end a small hole is made so that a LED light or flashlight is positioned to light up the box. Students place different objects in the box, moving them around to explore the shadows created. 
The shadow box and detailed explanations of shadows can be found in the curriculum guide Shadow Play published by Kelvin. 

	                ART
Personal Silhouettes
Using flashlights students can draw the shadows created of their head or other parts of their body. They can study the art work of Alice Walker who used silhouettes. 
Shadow drawings
Light show
Using flashlights or LEDs students can create interesting effects by shining light through different kinds of transparent containers and materials. After playing around with the materials they can be challenged to put on a light show. 
Shadow Puppet Theater
Making human shaped puppets group of students can create a story projecting the shadow of the puppets on a wall. The Indonesian shadow puppetry can be studied.  They can also study Indonesian shadow puppetry. 
History of the camera obscura and its impact on painting in the Renaissance. 
Students can also study reproductions of the painting of DaVinci focusing on how he dealt with shadows in the paintings Lady with Ermine and Virgin of the Rocks. 
	                  SCIENCE
Exploring Shadows Outdoors
Students can explore shadows in sunlight using chalk to draw outlines of their bodies and other shapes made from cardboard.
A critical observation to be made is that the size of shadow doesn't change as objects are move further away from the ground

 A Shadow Box
There are several kinds of explorations that can be done with this box.
1. Three dimensional shapes are projected using modeling clay.
2. Two dimensional shapes are projected using index cards.
3. Wire is made into different shapes and shadows are created.
"Shadows" of Transparent Objects
Glass and plastic bottles and containers are placed in the Shadow Box. 
These materials will result in bright spots and dark spots within the overall outline of the containers.
It is an opportunity to introduce the property of refraction.
Shadows" of Thicker Transparent Objects
Water added to cylindrical bottles act like crude lenses.  A comb is placed between the light source and the container. The combs give a pattern of rays which can be traced when the rays are bent by the container.




Possible reproductions of DaVinci paintings
    Possible reproductions of DaVinci paintings
Reproductions of Alice Walker art works

Air and Water Movement
Air and Water Movement
Another phenomenon that fascinated DaVinci was that of water movement. He carried out studies of water movement as part of a larger project to alter water flow. His drawings shows the eddies and vortices forming when an object is placed in a flowing stream. He made an analogy of water flow to the curls of human hair and some plants. (Isaacson, p 432.) He also made many observations of birds in flight resulting in analogies of air turbulence and water eddies.
Spirals are a Jungian archetype. They appear in many mythologies, Theodor Schwenk in his book Sensitive Chaos illustrates the many occurrences that the spiral occurs in nature and the physical world. Vortices or spiral formations were of special interest for artist of the 20th century. Nicol Israel writes about the special significance of the spiral in literature and the visual arts in the twentieth century. Marcel Duchamp in his Rotoreliefs had motorized kinetic sculptures with spinning spirals. Robert Smithson had constructed a large spiral on a salt lake in Utah. Other painters and sculptors also incorporated spirals in their works.  The iconic painting of Van Gogh, Starry night, has the sky energized with moving spirals. Louise Bourgeious made a series of sculptures having different spiral shapes. 
Fluid dynamics, the study of the movement of gases and liquids, unfortunately, is not a subject area that gets any attention at elementary, middle and high school levels. However, it should get some attention in earth science because it would be helpful in understanding atmospheric and oceanic circulation. The cloud movement seen on satellite photos on the weather forecast or ones that you can check out on the NOAA website show very large vortices spanning hundreds of miles.
I have carried out many times workshops and classroom exploration of these phenomena. Adults and children are quite fascinated with creating interesting patterns dropping food color in a tray having highly diluted white paint. Some students spontaneously make comments of imaginary creatures or scenes when the various vortex patterns occur. I have shown teachers in workshops and middle school students a satellite picture of what is called a vortex street-a series of alternating vortices. I challenged them to create a similar pattern working with a tray of with water having a special liquid that has fine particles in suspension (rheoscopic fluid). They soon were able to approximate this pattern and speculated what may have caused it. The patterns can be an inspiration for making drawings, paintings and sculptures as well as the writing of a short story.
In art students can explore in an open ended manner how food color creates patterns in a tray of highly diluted white paint. Drawings or painting can be made of these patterns as well as photos.  Some students might be interested in making up stories about the movement they observe.   In science the investigation is of a more qualitative nature. They can compare and contrast air and water movement. Under the guidance of the teacher they can characterize what are the variables that determine fluid motion. 
Materials: dishwashing soap, trays, white latex paint, pearlescent paint or rheoscopic fluid
Detailed description of the science activities can be found in the curriculum guide Air and Water movement published by Kelvin. 
Art                                                                                      Science           
	Drawing smoke movement
Students can closely observe videos of incense smoke and make drawings. This can be followed up with imaginary drawings of smoke patterns.
Drawing of spirals
Having carried out the activity in the science class with food color, students can be challenged to make drawings or paintings that incorporate spirals.
Marbling Paper
An analogous activity to the food color activity in science can be done where the patterns created in the fluid can be.........   Instead of food color, diluted oil based paints are dropped on the water. Paper is carefully placed on these surfaces and then peeled off. There are many suggested techniques on the internet.
Drawings or sculptures of Fluid Patterns
Having observed in science class what happens when the special water solution moves around objects, students can try to create imaginary constructions using clay, wire or other materials. 
Students can study painting incorporating spiral movement such as Van Gogh Starry Night. 

	Mapping outdoor air current
Bubbles can be a way of seeing how air currents move around buildings. 
Mapping indoor air currents
Incense could possibly be used but will set off fire alarms. There is a device that puts out puffs of vapor which can be used to follow the ambient air currents in a classroom.
Observing smoke from incense
There are on YouTube some videos of smoke from incense. It is useful to do this observation because it shows three types of fluid movement-laminar flow, vortices, and chaotic movement.
Observing movement of a fluid
An eye dropper filled to the tip with food color is placed at the top of a bottle of water. The food color flows out of the eye dropper forming an eye catching stream. It is an analogue to the smoke stream from the burning incense.
Exploring movement in water
A tray is partially filled with highly diluted white latex paint. Students carefully drop food color into this solution and very slowly move a stick through it. Interesting eddies and vortex patterns are created.
Viewing of Satellite photos
On the NOAA websites there can be found photos of storm system such as a hurricane or general atmospheric circulation showing spirals. 
Exploring movement in water-part 2
A tray is partially filled with water and some pearlescent paint liquid. Blowing on the surface of the water causes patterns to form because of the very fine particles from the pearlescent paint.
Students can explore how the fluid move around different shape objects made from modeling clay by blowing on the liquid in front of the object. 



Photos from NOAA of satellite weather movement
Paintings or sculpture by artists such as Van Gogh and Louise Bourgeoisie
Wave Movement
Rhythmic motion has an inherent aesthetic appeal. There are the waves of the ocean, lake, and pond and even on a puddle in the street. Just sitting at the beach and watching the rolling waves is a past time for many people.  Sometimes there are wave like patterns of clouds in the sky. Somewhat related, there is the inherent appeal in all kinds of music of rhythmic variation. 
Students' exploration of wave movement with different kinds of material elicits a strong visual and kinesthetic response. There are a variety of materials to be explored. Usually, this involves water or some mechanical devices. Included in the outline is an activity with soap film.  This is an exciting activity, messy but also mesmerizing. A simple device using drinking straws and tape can be constructed which is useful for exploring specific variable of waves but it also has a pleasing motion. Some crafts people and artists have modified this device into appealing kinetic sculptures.
The initial exploration of making waves in water could happen in either art or science. Making drawings of what is observed is a way of beginning to understand how waves behave. As already mentioned the model wave machine is both a useful device for studying the variables that affect wave motion but it also exhibits a pleasing movement. It can be the starting point for making a variety of kinetic sculptures. 
In modern physics the study and characterization of wave phenomena is fundamental. It is related to the properties of sound and light and the electromagnetic spectrum. The understanding of the atom and subatomic particles is based on the characterization of waves.
There are many representational paintings of seascapes involving the depiction of the ocean both when it is stormy and when it is calm.  Turner's paintings are especially appealing.  Bridget Riley has created a number of paintings which depict wave like patterns that has special optical effects. 
Closely related to wave movement are objects and devices that oscillate. This usually is dealt with in science education with the exploration of a pendulum. This simple device doesn't have that much appeal except when several pendulums are connected together. Then, the movement starts to resemble wave like moment. I have included several activities involving coupled pendulums in the outline. 
Materials; String, drop cloths, dishwashing soap, trays, Plexi glass, slinky, drinking straws, masking tape
A detailed description of the science activities can be found in the curriculum guide Making Waves: Finding out about rhythmic motion which is published by Kelvin. 
Art                                                                                 Science
	Drawing Or Photographing Wave Patterns
Following up on their explorations in science class students can make wave patterns similar to those seen. Then they can use their imagination to make drawings or paintings which are abstract patterns similar but different from what they observed.
Making kinetic sculptures
The wave device lends itself to variations that can be made into different kinds of kinetic sculptures.  There are examples on you tube under the heading Kinetic sculptures and other web sites. 
Students can study the painting of Bridget Riley. 
	Making Waves in Water
A modified tray having a transparent bottom is filled to a level with an inch or so with water. A flashlight or led is held above the water. Students explore ways of tapping their finger in the water to create different kinds of wave patterns.
Making waves with Soap Film
A loop of string several feet long is dipped into a dishwashing soap solution. Two students pull the loop out of the solution spreading it apart then carefully move the ends up and down. By varying the rhythm of their movement different wave patterns are formed.
Making Wave Patterns with Plastic Sheets
Students can explore ways of making waves in the plastic sheets used as drop cloth. They compare and contrast this with the water waves and soap film.
Exploring Waves Patterns with Rope and Elastic and a Slinky-Two dimensional waves
Students now explore waves made in two dimensions moving these materials in a rhythmic manner. The chacterization of a wave pattern in terms of amplitude, frequency and energy are developed.
Model Wave Machine
A simple device can be made placing drinking straws or thin dowels evenly spaced on masking tape. When set up horizontally, it will make a pleasing wave movement when any one of the straws is displaced.
This device can be used to explore what happens when different quantities of weight are placed on the end of all the straws or some of them.


Possible reproductions of Bridget Rile paintings 

Pond Studies
We all have a special attraction for animals and living things.  Edward O. Wilson wrote about this attraction proposing the term biophilia. It is important to recognize that is innate. It is an intrinsic, unlearned reaction. Various cultures have generated different mythologies and symbols based on animals extending this innate tendency. Various virtues or vices become associated with specific animals which have a strong affective reaction. Part of this attraction arises from the aesthetic appeal of their external appearance as well as their behavior. There are the colorful plumages of birds, the striking markings of a leopard or zebra among many numerous markings of animals. One way of observing living organisms is to collect pond water and set up observation tanks to study their behavior.  There are many kinds of pond organisms which are a source of fascination by students of all ages. 
Making close observations of living things should be a part of every student's education. There is a practical reason why this doesn't happen much in formal schooling. There is the care and feeding of animals as well as ethical considerations of what should be bought into the classroom. One type of study if done responsibly provides a firsthand look at organisms without having a complex arrangement.  This is the study of pond organisms.
I have brought into the classroom many times buckets of pond water. At first when students scoop out a cup of the pond water and place it on a container on the desk, some are at first reluctant. Pretty soon, there is a great deal of excitement as they discover a variety of creatures swimming around. After several sessions of sorting, students in small groups are asked to study one organism at a time. On large newsprint sheets they make a detailed drawing and describe the organism's behavior. Then they set up containers in which some of the organisms are placed for a long term study. Observations are made over several months of what the organism do and how they interact. The concepts of habitats, food chain, adaptive behavior, camouflage, can be developed. The more abstract concept of form and function can also be developed.  Later, close ups of different organisms can be studied from YouTube videos. Or, students can make their own videos using their cell phones or a school provided video camera.  
This type of study can be done at three levels. In first or second grade, a large container can be set up which could house goldfish, tadpoles, snails and crayfish. In fourth or fifth grade, small containers such as large soda  bottles can be set up housing organisms such as dragon fly larvae, amphipods, daphnia, water beetles, leeches, worms, planaria etc.  In eight grade small containers can be set up which house different kinds of micro organisms. In this last situation pond water can be used but also supplemented with organisms from a science supply business. 
There are several ways that art can be part of these explorations.  Drawing can be a way of carrying out a close observation of an organism. Some eighteenth century naturalists who made important discoveries were noted for their drawings with historians noting the close relationship between their drawing abilities and their discoveries.   Ernst Haeckel published a book of drawings and paintings that are noted not only for their scientific importance but also because the images have great aesthetic appeal.   Some students will need help in how to render their drawings so that they can become confident.  In my experience the initial drawings tend to be cartoon-like not showing much detail.  It requires several iterations before students really capture the full details of an organism. One time in a second grade students were doing drawings of a gold fish. One student's stood out with her drawings. It turned out that she had been taking lessons at the local art museum. Given time and practice students who think they are not good at drawing can become proficient. The art teacher can provide useful advice and encouragement.
In many mythologies there are hybrid creatures such as the Sphinx in Egypt.  Some dragons are a combination of a bird and another animal.  Having spent some time doing close observations and drawings, student can have their imaginations challenged to make imaginary creatures.  They could also make small sculptures using oil based modeling clay and some other materials such as beads and wire. Stories could be written about what these creatures do and what they signify. 
At the end of each of the extended investigations at the different grade levels an embedded type of assessment can happen. Students can be asked to make a three dimensional imaginary creature. This is similar to the hybrid creatures challenge using similar materials.  In this situation students need to relate the form and structure of their creature to survival traits. What kind of niche does their creature inhabit? How does it survive? What does it eat? What might eat it? There can be two types of assessments. From the science perspective to what extent did they show how adaptive their creature was? From the art perspective to what extent did their creature show creativity in terms of having an interesting aesthetic appeal. 
Pond Study-Grades one or two
Art                                                                      Science
	Students get help in drawing organisms.  What are ways of making drawings proportional and ways of adding details?
Making Imaginary Creatures
Students are challenged to create imaginary creatures. They can be hybrids of animal possibly using photo shop.  
Students can view the illustrations of Ernest Haeckel. 
	Setting up an mini pond
Using a small wading pool, large tray or several wallpaper trays glued together an observational container can be set up.  It can include gold fish or other fresh water fish, large snails, tadpoles and crayfish. Freshwater plants are also included as well as rocks and small plastic containers for the crayfish to hide.
Close observation of each of the organisms.
Students make drawings on large newsprint sheet of each of the organisms. These are shared and discussed with the whole class.
Long term observations
Over a period of several months students make observations of the behavior of the different organisms. They take turns feeding the organisms.
Observations of videos
Various videos of each the organisms can be viewed and studied on you tube.
Creating a creature that might survive in a pond- an embedded assessment.
Students either make a imaginary fish, snail, or crayfish from modeling clay wire, pipe cleaners, and other materials 


Pond Studies-Grades 5 or 6, MacroInvertabrates
Art                                                                                   Science
	Drawing Pond Organisms
The art teacher instructs students of way of rendering each pond organism. 
Drawing Imagining Pond Organisms
Students are challenged to create an imaginary pond organism based on previous observations and develop a short story about what it does and symbolize. 
Creating a Dance based on the movement of pond organism   (Optional)
A Mural
Students make a large wall size mural which includes the pond organisms they have observed, plants and other animals that may visit the pond.
Art teacher assists students in making their imaginary pond organism for science. 

	Sorting Pond Organisms collected from a Pond
Students scoop out cups of pond water onto a plate and discover what creatures are moving.
After a rough inventory they place some of these in large soda bottles or long term observation.
Close Observation of the Organisms
Small group of students make drawings of one organism while also observing and recording the behavior. 
These drawings and observations are shared with the whole group. Questions are generated for future observation.
Setting  up containers for Long Term observations
A limited set of organisms are added to a container. Water plants and pond soil is added.
Over a period of several months students make occasional observations and see if they can answer some of the questions generated during their initial explorations.
Observational Study of You Tube Videos of Pond organisms.
Or, students can make and study  their own videos
Some Simple  Experiments
Using different kinds of containers student can try out different conditions.
For example,
Will Daphnia move toward light or away from light?
What happens when Daphnia are placed in a small container with either dragon fly larvae or Hydra?
Can snails detect the presence of decaying matter?
Classifying Pond organisms
Students attempt to classify pond organisms by grouping small cut out images of a whole range of organisms including those that frequent the pond such as birds.
Inventing a Pond Organism
Students are given the assignment of inventing a pond organism having an adapted characteristics for a particular niche, has appendages that serve useful purposes, and their eating and predator behavior are described.


	Possible drawings of different kinds  of pond organisms


Pond Organisms Grade 8-Micro Organisms
Art                                                                                  Science
	Students make imaginary drawings of a very small organisms moving in an imaginary world. 
	Reviewing previous pond studies
Observing a drop of pond water
Using microscopes students inventory how many microorganisms are in the drop of pond water. (In some situations these may have to be ordered from a science supply business.)
Drawing Micro Organisms
Experiments with Micro Organisms
Studying you tube videos of micro organisms



Trees and Other Plants
Trees tend to be in the background of our daily life. They do get some attention in the fall with the changing colors of the leaves and in the spring when they are flowering. Yet, they have a certain presence that at times goes beyond just observing them.  When an old trees is suddenly cut down people notice and protest. In the aftermath of a strong storm when some trees are knocked over, people lament their loss.  Various mythologies around the world have given special symbolic value to trees. They figure in some creation myths.  In Jungian psychology they come up as being symbolic of multiple associations.   Michael Perlman in his book Power of Trees writes about the strong connections we can have about trees. He cites a number of patients he was counseling who mention trees as a personal symbol. Other psychological investigators have noted that trees as symbols evoke the soul, personality and biography. (Perlman, p 39.) 
It is worthwhile having students do observations of trees. They provide a way of developing an understanding of plant life and the intricacies of how plants survive.  Taking a similar approach as with pond organisms trees can be observed over the whole school year.  Some time is taken in the fall, a few sessions in the winter, then multiple sessions in the spring. If the school is fortunate enough to be next to a park or woods, then a richer experience can happen. There are usually trees planted on the school ground or they might be in the nearby neighborhood. In the spring experiments can be done with seeds collected from outside to see if they germinate.  An arrangement can be set up where the shoot and roots can be seen growing. 
The whole tree in its outline and its branching structure exhibit interesting aesthetic arrangements.  The changing leaves in the fall and the flowering in the spring present a wide range of colors and shapes.  
Drawing just the outline of a tree is readily done but trying to capture the branching pattern is particularly challenging. In this situation students can use their cell phones or a cheap digital camera provided by the school to capture changes of tree during the year. Some of these photos can be shared on the internet by way of special websites or the more general ones such as Pinterest. 
Art                                                                                   Science
	Practicing the drawing of a tree
Making Leaf rubbings
Making designs or drawings using leaves.
Drawing trees branching patterns.
Drawing imaginary trees with both branching patterns and root structures.
Drawing a single flower
Drawing designs involving flowers
Assisting students in their construction of a model tree. 

	Fall 
Students go on field trips to observe trees. This can be just outside the school building, nearby park, or if possible a forested area.
At this point they are encouraged to survey what kinds of trees are present and what their overall shape. Photos are taken of whole trees and parts.
A second trip is taken with the purpose of picking one tree they will adopt for the whole year. They can both make drawings and take photos. Back in class they can discuss what was special about the tree they adopted.
Collecting leaves of different colors. Extracting the pigment of leaves by soaking them in hot water or other solvents. Using chromatography to separate pigments
Winter
Several field trips are taken to observe the adopted trees and to draw the different branching patterns of trees.
Spring
An experiment is set up where a germinated seed is placed on a vertical surface such as cardboard which is protected by plastic. A sandwich arrangement is made so that wet towels are between plastic such as Saran wrap and a piece of cardboard. This allows the student to see the growth of both stems and roots.
Several field trips are made to observe the adopted trees and to observe the flowering of other trees. 
Several kinds of observations and exercises      can be done as a follow-up
Dissecting flowers
Observing the veins and cell structure of a leaf.
Design a branch that has a specified number of leaves that optimizes the light it receives.
Estimating the total number of branches and leaves on a tree.
Approximating the surface area of a leave and estimating the total surface area of the leaves on a tree.
Constructing a model tree using several thickness of wire. 


Design Engineering Projects
Windmills and Wind sculpture
Contemporary wind mills have a scale and shape that has an aesthetic appeal. Their large size and the slow movement can mesmerize. Even older wind mills such as those that populated places like Holland have a special attraction.  A design engineering project can be carried out with simple materials making a model windmill.  Students are challenged to work with a limited set of materials to meet a specific goal. In the project I will describe simple materials such as index cards, dowels, plastic cups, string and some simple tools is all that is needed. A fan is the wind source.
Having gained some understanding of how moving air acts on different kinds of windmill arms arrangement, they can apply their understandings to the construction of different kinds of wind sculptures. These would be indoor pieces activated by a fan. Different materials other than those used in the engineering project can be added. This project can be a model for an outdoor sculpture or a small sculpture that hangs from the ceiling or stands on the table activated by the moving air from a fan. 
Materials: Index cards, Dowels or skewers, plastic cups, a metal or plastic tube, tape, fan, nails as weights, string.
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	Given their findings and experience constructing models in the science class they can try their hand at making wind sculptures.
They can check the internet to see different examples and what might be possible.
The set of materials can be different from the one in the science class but should be limited.
	Students are shown the materials and challenged to construct a model windmill that turns easily by the moving air from a fan.
They are then challenged to add a cup on a string and  connect this to their model.
What is the best arrangement of the arms of their model that will lift a cup of nails from the floor to the model? What is the maximum number of nails that can be lifted?
Experimenting with variables
Students test different arrangements to see what is the maximum number of nails that can be lifted with each arrangement.
They can test:
Number of arms
Size  of the arms
Orientation of the arms.
Making a final prototype


DESIGN ENGINEERING PROJECTS
Flying Toys
Among the many concerted observations of nature DaVinci gave much attention to the flight of birds. Isaaacson mentions that DaVinci produced more than five hundred drawings and thirty-five thousand words scattered over a dozen notebooks on this topic.  (Isaacson, p 181.)Eventually, he did make some drawings for various kinds of flying machines. Following DaVinci's example students can observe the flight of birds and be involved in a design engineering project of making some kind of flying toy. 
Modern aircraft are sleek in form and could be thought of as sculptures. The shape of a spy plane is a sleek triangular design and various fighter jets with their swept back wings also give striking visual images. Making models of airplanes could be in some ways a way of making sculptures. 
Among common design engineering projects there are designing paper airplanes or similar kinds of flying toys. There are various commercial toys which are propeller driven and there are some that are gliders launched by hand.  In the outline below I will mention activities that are part of a curriculum project sponsored by the Society of Automotive Engineers. I was involved in the testing the activities with a team from the Educational Development Center.  The overall goal was to have middle school students develop an understanding of the design process by going through the process themselves. Students were introduced to the project by a letter from a fictional publishing firm who was requesting proposal for a book of designs of flying toys. After testing and experimenting with a preselected set of materials, the students
 put together drawings of their designs and do a formal presentation to the school about their findings. For a detailed description of the activities a curriculum guide can be ordered from the Society of Automotive Engineers. 
Art activities associated with this project could involve the students observing birds in flight, making drawings of flying birds, playing around with different designs of airplanes, making a hanging sculpture that incorporates shapes of birds or planes. Also, the art teacher can help the students in the final drawings for the presentation. 
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	Students observe flying birds either on the school grounds or as a homework assignment.
The drawings are of the flight paths of birds and of the observations of how the birds use their wings.
Abstract drawings of flight path of birds.
Drawings of imaginary planes.
The art teacher helps students paint and add decorative features to their final prototype.
Art teacher helps students in their preparation of their final report in the drawing of their final prototype. 
	Students review letter from fictional publisher
and develop a plan.
Students play around with a set of materials-Styrofoam sheets, modeling clay, balsa wood sticks, tape. In this stage there is an open exploration trying a variety of designs and methods of launching.  These efforts are discussed and the findings are consolidated into a common design which will is systematically tested.
Students work with the common model launching it with a rubber band attached to a meter stick measuring the distance traveled. They test different variables:
· Placement of the wing on the body of the glider.
· Vary the weight of clay on the nose of the plane.
· Test different arrangements of the tail.
· Test different types of main wings.
Students return to their original designs and modify it based on their findings from the experiments to arrive at a final prototype. 
They prepare a final report which includes scale drawings of their model.
They do a formal presentation of their findings showing the drawings and the report. 


Structures
We often pass over bridges and hardly observe their structures. Recent bridge designs which have tall columns and triangular cable arrangement attached to the roadway are particularly striking. The Golden Gate bridge of San Francisco and similar suspension bridges also have a great appeal. There are also railroad bridges built more than 100 years ago that have an exposed structure which is not as striking but are interesting to analyze. Also there are the tall towers for telecommunication that have a visible structure. All of these have structural designs based on similar physical concepts. Building models of these types of structures can be an engaging project for middle school students.
There are a variety of materials used in building models of structures such as bridges. Some use balsa wood and glue. This approach can be time consuming and not as instructive as using other kinds of materials.  Plastic drinking straws is a material that has some advantages.  When constructing a bridge or tower with straws, one can test the structure in the process of building it. Pressing down on one part will show some straws bending which indicates those straws are under compression. If a joint pulls apart it indicates there is tension at this point. Thus, one can get a sense of how forces are acting on a model as it is being built.  In the outline I am suggesting using plastic straws and paper clips as joiners. There is now a movement to discontinue drinking straws in restaurants and elsewhere. There are commercial construction kits that can be used instead.
A variety of art projects can also be done with drinking straws and connectors. Simple geometric shapes can be constructed and hung from string.  More elaborate sculptures could be made such as geometric domes as well as mobiles. A variation on this project is to use string or elastic string as part of the member of the sculpture. A particularly interesting sculptor who used a combination of metal tubes and cables is Kenneth Snelson. Students could view his sculptures and make an attempt at something similar.
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	Open Exploration
After showing students how straws can be joined together with paper clips, they can try out some simple quick designs to get a feeling for what can be done with these materials.
Planned Sculpture
Students plan ahead for either a group or individual project making a sculpture that incorporates triangular segments or triangular patterns. 
Making Sculptures with Straws and String
After viewing the sculptures of Kenneth Snelson, students can be challenged to make similar kinds of sculpture on a small scale. 
	Building a Model House
Students are challenged to build a model house of a certain height and width. After construction they test parts of the house by hanging a cup and adding nails until this section breaks or is about to break. 
They discover that triangular arrangements give stability and strength.
Building a Model Bridge
Students are challenged to build a model bridge spanning a certain distance using triangular arrangements incorporated into the overall structure. They test their bridge by placing a cardboard inside the model and add nails until the bridge fails.
The concepts of tension and compression are introduced as well as the concept of stable equilibrium. Also, they are introduced to the concept of truss systems.
Building a Model Tower
Students are challenged to see what is the tallest tower they can build using triangular arrangements within the structure.



Other kinds of projects for synchronizing art and science
The Human Body
DaVinci took a particular interest in understanding the human body participating in various dissections. Of course, this is not possible with students. There are available a variety of apps and visuals that do show the human body. Some are quite detailed. Middle school students can viewed these apps and discuss what they have observed in science class. 
In art class they can try their hand at drawings and paintings of people as well as clay sculptures.
Crystals 
As a long term project students in science class can mix solutions of some common materials such as salt, sugar and try growing crystals. There are other materials such as Epson salt and ones from kits that also can be used. This project can be used to help students understand the properties and structures of solid materials. In art students can make drawing of crystals or construct paper models of crystals               
Exploring Food colors


Students are given white paper towels or coffee filters and red, yellow and blue food color.  They are shown a few examples of how the colors can be added to the paper and that water can be dropped on top of these spots to spread them out. What kinds of designs can they make?








Exploring Water based markers


As they did with food colors they make marks on the towels or coffee filters and then add water to the marks.  What kind of designs can they make?





Mixing Food Colors


Using containers such as egg cartons or 


special mixing trays students can be challenged to mix the red, blue and yellow colors to match the colors of the pens. What combinations give a dark green, or purple, or orange color? What proportions of these three can be used to make various shaded of colors? Can they match the colors of the markers they have used previously?
































Exploring with other liquids


Alcohol, cooking oil, vinegar and few other household liquids can be introduced.


What happens when these liquids are placed on spots of food colors? Can they be used to make designs that are different from water?


e.g. If cooking oil is first dropped on the paper and allowed to spread out, the food color will not spread into the oil.  So, deigns can be made something like batik. 





























Erasing colors


Bleach can be introduced.  It can be carefully dropped on areas of food color with the result that the colors disappear. Designs can then be made by deciding where the bleach is placed.




















Giving all these explorations students can be challenged to do a final project. What kind of design or "painting" can they create that expresses their personal feelings.       



































Studying an artist's work


Some painters in the 50s and 60s experimented with placing paints on untreated canvas.  The paints spread out differently because the canvas was untreated.


Students can study the paintings of such artists as  Helen Frankenthaler and Morris Lewis �
�






Other kinds of Mobiles


An asymmetrical mobile is constructed using narrow rectangular pieces. Students can come up with variations of mobiles that look and move differently than the simple symmetrical mobile. 





Alexander Calder


Some of the mobiles of Alexander Calder can be presented from the internet or from books about him.  Students can compare and contrast different kinds of mobiles; They can try to articulate why a particular one appeals to them.  What are ways that Calder varies the arrangement of objects on the mobiles?. 








 























Experimenting with a More Complex Mobile


An asymmetrical mobile is systematically explored to discover what happens when the different parts are moved around.

















A simple balance


Students use a simple balance to systematically explore how hanging different number of weights on different places of the balance can result in the beam remaining horizontally balanced.


A follow up discussion moves students to formulate some rules about balancing weight on this type of beam. Depending on age of students they can formulate an algebraic formula. 

















Drawing








Curved Mirrors


Using   Mylar students explore what happens when light from a flashlight is reflected off curved surfaces.








An exhibit made from a thin mirror Plexiglas


Can be set up for students to make funny faces 








Creating a light show with Mylar and 



























































Experimenting with the way light is reflected from curved surfaces.





Drawing of a shadow box








Exploring PIn Hole Cameras


The shadow box can be converted into a pin-hole camera. Where the light bulb was previously a piece of metal can be placed. This metal can have holes of increasing diameter. Students make drawings of different scenes that are projected on the screen at the other end of the hole inside the box.








Making a simple regular camera


Magnifying lenses or other lenses if available are placed over a hole in the box and the resulting images observed. 









