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Abstract 

This dissertation explores the possible benefits of Goethe’s holistic approach to 

nature in science education and in science educator programs, especially in regard to 

how Goethe’s approach may influence worldview. It seeks to demonstrate how 

Goethe’s holistic approach can help balance one-sided reductionism in science by 

emphasizing context and relationality. The dissertation begins by comparing and 

contrasting Goethe’s science with conventional science and raises the question of what 

constitutes appropriate and inappropriate indoctrination in education.  The ethical 

implications of a scientific worldview that favors reductionism are explored in regard to 

the health of the biosphere. The Neo-Darwinian theory of natural selection is 

highlighted as a manifestation of the mechanistic worldview and is contrasted with 

Goethe’s approach to the topic of evolution as a creative process. Goethean 

phenomenological inquiry, which emphasizes first-hand sensory encounter, has 

applications for the science classroom and science teacher education programs. 

Goethe’s practice of exact sensorial imagination overcomes a dualistic worldview and 

creates possibilities for experiencing the spiritual realm as an objective reality. The 

dissertation thus positions Goethe’s science as a bridge and even a keystone between 

the scientific worldview and a religious worldview. It suggests ways in which Goethe’s 

science can support an ethical relationship with nature and a healthy regard for the 

reality of spirit.  

 

 

Keywords:  Goethean science; science education; environmental ethics; worldviews; 

teacher education; science and religion 
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Glossary 

Correspondence Emanuel Swedenborg’s term for the living, spiritual 
essence that manifests in natural forms and for the 
mutually dependent relationship between what exists 
simultaneously on the natural and spiritual plane. 

Determinism The view that events and organisms are caused only by 
prior events and external forces, precluding the 
possibility of inherent agency or free will. 

Dualism A metaphysical position that defines mind and matter as 
ontologically different realities. 

Holism  A worldview that sees phenomena as existing in a 
context of interrelationships. The whole is more than the 
sum of its parts. 

Intensification An impulse of ascent that Goethe identified as a principle 
immanent within nature. 

Mechanistic materialism The metaphysical position that only non-sentient matter 
exists and interactions are determined solely on the basis 
of external forces, which operate like a machine. 

Methodological 
naturalism 

Scientific study of the natural world that excludes any 
reference to supernatural influence. 

Panentheism A theological position that attributes immanence and 
transcendence to the relationship of God and the 
universe. God is present within but not identical to 
nature. 

Pantheism The belief that nature and God are one and the same. 

Phenomenological Based on what is observed or experienced rather than on 
theoretical conjectures. 

Place-based education Education that connects students to the place where 
they live. It emphasizes project-based authentic learning 
in real-world contexts and fosters ecological thinking. 

Polarity A principle that Goethe identified as immanent within 
nature that juxtaposes pairs of universal qualities in 
dynamic and creative tension. 
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Process philosophy Alfred North Whitehead’s system of monistic ontology 
that proposes mind and matter are aspects of the same 
reality of experience-in-process.  

Reductionism A worldview that sees phenomena primarily as isolated 
entities made of parts and emphasizes a process of 
quantitative analysis. The whole is a sum of parts.  

Scientific materialism A term that encompasses methodological naturalism and 
the underlying philosophical assumptions of mechanistic 
materialism. 

Sensationism The epistemological assertion that perception through 
the physical sense organs is the only mode of perception 
possible. 

Teleology The recognition of an inherent purposefulness within 
organisms, which are understood in terms of final cause 
rather than just efficient or extrinsic cause. 

Theistic science An approach to science that assumes the laws of nature 
are also divine but does not include supernatural 
intervention as a means of explaining phenomena. 

Worldview The lens through which events are seen that contains 
philosophical and socio-cultural assumptions about the 
nature of reality and the way we come to know that 
reality. 
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Preamble 

I am a professor in the education department at Bryn Athyn College, an 

institution founded in 1877 to provide an education informed by the theological work of 

Emanuel Swedenborg (1688-1772). Swedenborg was a scientist and inventor who took 

up the work of a revelator in the latter part of his life. He studied every branch of 

scientific knowledge available to him in the eighteenth century. Prior to his calling to 

write about a new Christianity, Swedenborg studied anatomy in hopes of discovering 

where the soul resides in the human body. He was especially interested in how the 

spiritual enters the physical realm. His doctrine of “correspondence” addresses the 

nature of the bridge between the spiritual and natural domains.  

My father was a minister in a church that was founded on the conviction that 

Swedenborg’s descriptions of the life after death were valid, firsthand accounts, and so I 

grew up with a worldview that included the reality of a spiritual world co-existent with 

the natural, physical world. For someone raised with a Swedenborgian outlook, the 

clichéd “war” between science and religion is not especially relevant. (Swedenborg’s 

work includes expositions of the symbolic meaning of Genesis and Exodus; his 

interpretation of the Biblical account of creation does not contradict the theory of 

evolution.) My father subscribed to two scientific publications, Scientific American and 

Science News, and he would sometimes share content from their pages. I grew up with 

the idea that there wasn’t any conflict between science and religion. Science was 

interesting, but I was more interested in philosophy. From an early age I was especially 

interested in the subject-object dichotomy, so a deeper look into the epistemology 

underlying science and how it relates to the reality of a spiritual realm has intrigued me 

for a long time.  

I also grew up spending a lot of time exploring the woods of Frick Park at the 

edge of my parents’ property in Pittsburgh, Pennsylvania. I still love to walk in the 

woods, especially along water, in any and every season of the year. Contemplating the 
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sources of rejuvenation that I find in nature has also informed my research interests. 

But it was a single event that brought my research interests to a head. 

Digital Tomato Plants 

In October of 2017 I found the latest issue of the National Science Teachers 

Association’s periodical, Science & Children in my pile of mail. Since I am a professor 

who teaches a course on how to teach science in early childhood, Pre-K to grade four, I 

was pleased to see that the theme of this particular issue was, “Early Childhood Life 

Science.” I was even happier to see that one of the featured articles was “Growing 

Plants and Minds” because garden-based learning is a signature element of Bryn Athyn 

College’s education program, which emphasizes the importance of hands-on learning 

and rich sensory experiences in the formative years of early childhood. I turned the 

pages of the journal until I came to the article that I thought might provide interesting 

corroborating evidence for the importance of garden-based learning and rich sensory 

experience for young children. My hopes were dashed. The full title of the article was, 

“Growing Plants and Minds: Using Digital Tools to Support Preschool Learning.”  

If I could watch a video replay of the changes in my facial expression as I read the 

first page of the article, I think it would show expressions ranging from disbelief to mild 

horror, and probably a hint of desperation. The article asked the reader to imagine a 

group of preschool children gathered around the screen of a tablet on which a digital 

tomato plant was displayed. The children’s task was to help the tomato plant grow as 

tall as possible by clicking on icons representing sunlight and water and sliding them 

over to the plant. They “learn” what happens when the plant doesn’t get enough water 

or too much water. It still boggles my mind that this article, co-authored by six research 

scientists, was recommending that preschool children grow digital tomato plants instead 

of real, live tomato plants. (It is some consolation that the authors were research 

scientists and not actual preschool teachers, who presumably would have enough 

experience with 3- and 4-year-old children to know better.)  
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I sought out my colleague after regaining my composure, but lost it again as I 

vented about the stupidity of giving children a digital device instead of tomato seedlings 

to plant in a garden. We decided then and there to offer a workshop for teachers that 

summer on garden-based learning. And that’s just what we did in June 2018. But I 

wanted to do more. I wanted to have a voice that might stand a chance of being heard 

in the field of science education and in science teacher education. I already had a 

master’s degree in Educating for Sustainability, but I reasoned that perhaps a PhD would 

give me more credibility.  

So, I started looking for a doctoral program that would support my research. I 

didn’t find one right away. First, during a google search, I found out that The Nature 

Institute in Ghent, New York was starting a new program in July 2018 called, 

“Encountering Nature and The Nature of Things: A Foundation Course in Goethean 

Science.” The program consisted of a year-long independent study, book-ended by two-

week intensives at The Nature Institute. I signed up. Having taught in a Waldorf School 

for six years, I was already familiar with Goethe’s phenomenological approach to 

science, but the course at The Nature Institute gave me a whole new appreciation for 

teaching science from a holistic perspective that valued the qualitative aspects of 

phenomena as much as the quantifiable. Goethe’s approach to science offered a 

methodology and an epistemology that supported my convictions about the importance 

of rich sensory experience not just for young children, but for older students and 

scientists as well. 

At the Nature Institute 

On our first day at the Nature Institute in July 2018, we gathered outside and 

were invited to walk around the immediate environs of fields and woods with an eye for 

a place we would like to return every morning. I chose a place in the woods in a small 

stand of young birches amongst pine trees with a large oak nearby and a farmer’s field 

just beyond a roughly assembled rock wall. Every morning for two weeks I returned to 

this place for fifteen to twenty minutes to attend to the presences there. The Nature 
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Institute faculty would sometimes suggest a phenomenon for that morning’s focus. For 

example, on different occasions we were invited to attend to the circle of ground at our 

feet; to the winds, breezes and currents of air; or to all the sounds we could hear with 

closed eyes. The rest of the day was spent practicing Goethean observation with plants, 

color phenomena, and bones (animal morphology); discussing texts; and watercolor 

painting or modeling clay. We often went outside for nature observation. We spent 

many hours, for example, with the chicory plants in bloom and got to know their daily 

flowering cycle and their favorite places to grow. 

Meanwhile, my search for a doctoral program continued. I had come across an 

educational theory and practice program at a university in British Columbia that seemed 

promising, and while I was at the Nature Institute, I downloaded some articles by Dr. 

Heesoon Bai, a professor at Simon Fraser University. Her articles were intriguing. One 

article, “Peace With the Earth” (Bai, 2013) talked about her experience of being raised in 

a Korean family and culture with strong roots in an animistic worldview.  She argued 

that a worldview that separates “animate” from “non-animate” has ethical implications 

that have been devastating to the biosphere. The question of what is alive and what 

isn’t alive has always been a provocative one for college students in the science 

education course I teach. It is also a topic addressed in the Pennsylvania state standards, 

which assert that by the end of kindergarten, children should be able to “identify the 

similarities and differences of living and non-living things” and by the end of first grade 

should be able to “categorize living and nonliving things by external characteristics.” 

After reading Dr. Bai’s articles, I thought I had perhaps found a professor and a program 

where I could pursue my plea for an early childhood science education that does not 

reduce the sensory world to digital tomato plants on a screen.  

A Guest on Unceded Ancestral Lands 

I arrived in Vancouver on August 20, 2019 to begin a doctoral program in 

educational theory and practice at Simon Fraser University. The speaker at the first 

orientation session I attended began her presentation by acknowledging that the 
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building we were in and the surrounding campus were situated on the unceded 

ancestral territory of the Musqueam (xʷməθkʷəy̓əm), Squamish (Sḵwx̱wú7mesh 

Úxwumixw) and Tsleil-Waututh (səlilwətaɁɬ) Nations. This was the beginning of my 

education regarding the displacement of the Indigenous peoples of Canada.  

Two of my classmates were Indigenous. One of them had an English name, but 

she went by her ceremonial Indigenous name, and when she introduced herself, she 

gave the family lineage of her mother and father, which included the Toquaht Nation of 

Nuu-chah-nulth Lands and the Saik'uz Nation of Carrier Sekani Lands. In every class we 

had together, the first time she spoke, she gave a Land acknowledgment. But not just an 

acknowledgment that she was a visitor in someone else’s home. Her Land 

acknowledgement was always an expression of gratitude. Gratitude for being here. 

Gratitude to the ancestors and the families of the Musqueam (xʷməθkʷəy̓əm), 

Squamish (Sḵwx̱wú7mesh Úxwumixw) and Tsleil-Waututh (səlilwətaɁɬ) peoples who 

cared for the Lands where she was now a guest. 

Eventually I learned of the devastation my classmate’s family had endured 

throughout the colonization of Canada. Both her parents had been taken from their 

families when they were children and placed in residential schools, where they were 

forbidden to speak their native language. The legacy of the residential schools as a 

deliberate method of cultural genocide and the realities of past and present racial 

discrimination continue to be a factor in the biographies of thousands of Indigenous 

people and in the life of my friend. But the words she spoke at the beginning of every 

class were words of gratitude. She offered consistent and powerful reminders, without 

bitterness, that we were gathered on Land that had been stolen from the First Peoples 

who lived there.  

Another classmate was of the Tsilhqot’in Nation. Both classmates have been 

actively engaged in the ongoing work of carrying out the directives of the Truth and 

Reconciliation Commission of Canada’s Calls to Action. Released in 2015, these Calls to 

Action are 94 measures to help repair the damage done by residential schools. Some of 
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these calls to action explicitly state changes that must be made in the education 

system—in its funding and in its curricula. One classmate worked on a committee tasked 

with integrating Indigenous knowledge and methods of teaching into British Columbia’s 

K-12 curricula. She sent me a link to the British Columbia Ministry of Education 

standards for science education. I was blown away to see what she and the committee 

had achieved. They had instituted Land acknowledgments not just as an opening 

statement to a policy document, but as an informing practice to touch every aspect of 

the science curriculum. They had integrated place-based education into the science 

standards and brought Indigenous ways of knowing into the classroom. 

By integrating a place-based approach to science education policy, my classmate 

and the committee she served on had significantly impacted one of the goals that had 

inspired me to enroll in a PhD program—bringing place-based education into 

classrooms. As indicated above in the description of my experiences of connecting to 

the environs of the Nature Institute, place-based education and Goethean science go 

hand-in-hand.  

One classmate invited me to attend a meeting with a local science teacher and a 

textbook publisher who had asked her to serve as a consultant on the project of 

integrating Indigenous ways of knowing into high school chemistry curricula. In 

preparation for the meeting, she gave me an article to read by Glen Aikenhead and 

Masakata Ogawa (2007), “Indigenous Knowledge and Science Revisited.” I was intrigued 

to see that Indigenous ways of knowing differ from Eurocentric sciences in some of the 

same ways in which Goethe’s, holistic approach to science differs from Eurocentric 

sciences. Of course, Goethe’s way of doing science is not the same as Indigenous 

science, and I am not a scholar of Indigenous studies, but being aware of parallels 

between Goethe’s science and Indigenous ways of knowing lends credence to the 

wisdom I perceive in Goethe’s approach.  

My dissertation will focus on how Goethean science differs from and can 

complement the Eurocentric sciences as well as challenge their epistemological 
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foundations in such a way as to engender a more relational way of thinking. In so doing I 

hope to contribute to the future health of a planet that has been suffering in ways 

unknown when the care of the earth was firmly in the hands of Indigenous peoples the 

world over. 

Due to the Covid-19 global pandemic, the last few classes of my graduate 

program did not take place in person. We met online instead. What an amazing 

juxtaposition of connection and disconnection. In some sense the whole worldwide 

community was connected in facing a global pandemic, yet cooperative efforts were 

largely agreements to practice disconnection and separation via physical distancing. We 

had the opportunity to experience an exaggerated condition of a reductionist worldview 

founded on control and dis-integration and had the opportunity to experience what it is 

like to replace firsthand human encounters with virtual encounters in the world of zoom 

sessions. I also had the opportunity to begin writing this dissertation, with gratitude for 

being a guest on the unceded ancestral territory of the Musqueam (xʷməθkʷəy̓əm), 

Squamish (Sḵwx̱wú7mesh Úxwumixw) and Tsleil-Waututh (səlilwətaɁɬ) Nations. 
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Introduction and Overview 

Goethe’s science as keystone 

Johann Wolfgang von Goethe made his mark as a scientist in the late 1700s and 

early 1800s. Better known for his literary accomplishments, Goethe, Germany’s most 

famous author, was also an avid naturalist who made significant contributions to the 

fields of botany, zoology, and chromatics. In his investigations, which ranged from 

mineralogy to meteorology, he developed an approach to science that was dedicated to 

in-depth study of the natural world through a holistic rather than reductionist lens. My 

thesis suggests that modern science’s reductionism—the attempt to explain natural 

phenomena through a process of breaking down systems or organisms or objects into 

smaller and smaller parts—could benefit from the counterbalance of holism—the 

attempt to understand nature through considering context and conditions and the 

interrelationships with and among organisms and phenomena. Because Goethe’s 

approach emphasizes the qualitative aspects of phenomena in their wholeness, it can 

complement the conventional scientific emphasis on the measurable and quantifiable.  

My dissertation explores bridges from Goethe’s approach to science in two 

directions—one towards conventional science education in its secular context and the 

other towards science education in a religious context. Goethe’s science can be thought 

of as a keystone in an arching spectrum ranging between materialistic science and 

theistic science. Goethean science is not theistic, neither is it materialistic; it is uniquely 

situated as a middle ground that satisfies the empirical demands of materialist science 

while opening up possibilities for understanding causality in non-reductionist ways.  Its 

value lies in a practice that cultivates a relational and holistic view of the natural world. 

My dissertation explores the role of worldviews in modern science as well as the role of 

worldviews in science education. If science educators influence the ways in which their 

students think about the world, including Goethean science in teacher preparation 

programs may play a beneficial role in shaping worldviews of future generations, or at 
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least help in raising awareness of the impact of socio-cultural and philosophical 

assumptions that constitute those worldviews.  

Methodology 

My dissertation reviews relevant literature in science education and related 

fields and draws on my own experience as a student of Goethe’s approach to nature 

and as a teacher of pre-service teachers. It examines the explicit and implicit messages 

contained in the recommendations of the American Association for the Advancement of 

Science (AAAS) for science education in the United States.   

Position, significant sources, and framework 

With its focus on worldviews, my thesis could be positioned within the holistic 

education movement, which emerged in the 1980s as a response to the growing effects 

of reductionism within mainstream education and its predominantly mechanistic 

worldview (Mahmoudi, Jafari, Nasrbadi, & Liaghatdar, 2012). I draw on philosophy of 

education literature and science education literature while focusing on the particulars of 

Goethe’s approach to science and how it contrasts with the picture of science presented 

by the AAAS. Overgeneralization is of course a danger in discussing education, science, 

and cultural worldviews (Miller, 2000). While overgeneralization is in many ways 

unavoidable, I have tried to mitigate its effects by sticking as much as possible to two 

particular documents, Science for All American (SFAA) and Science Matters, as the 

representatives of conventional science and science education.  

The publication of Science for All Americans (SFAA) by F. James Rutherford and 

Andrew Ahlgren was at the forefront of AAAS’s Project 2061, an initiative intended to 

help all Americans achieve science literacy by the year 2061. I will refer to SFAA 

frequently, using it as the source of what is currently accepted as content knowledge in 

science education in the United States. As stated in the preface to SFAA: “Science for All 
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Americans represents the informed thinking of the scientific community as nearly as 

such a thing can be ascertained” (Rutherford and Ahlgren, 1990, p. xv).1 

The other text I draw on as representing sanctioned science content knowledge 

is Science Matters: Achieving Scientific Literacy, a trade book for adults by Robert Hazen 

and James Trefil (2009), who are fellows of the AAAS. This book, the cover of which 

features clips of enthusiastic reviews from The New York Times and The Washington 

Post, is recommended source material for teachers who engage in Curriculum Topic 

Study (CTS), which is designed to help bridge the gap between science standards and 

classroom instruction. Page Keely (2005), author of multiple books published by the 

National Science Teachers Association (NSTA) on teaching for conceptual understanding 

using formative assessment probes, recommends SFFA and Science Matters as the two 

resources that science teachers should use to educate themselves in key science 

content knowledge. The foreword to Keely’s (2005) book, Science Curriculum Topic 

Study, is by Harold Pratt, who is a former president of the NSTA and was a member of 

the working group that identified content for the National Science Education Standards.  

In summary, scientists and science education leaders have encouraged science 

teachers across the United States to rely on these two sources, Science for All Americans 

and Science Matters, for an accurate understanding of the ideas and concepts used to 

define the scientific literacy that teachers are expected to help their students achieve. I 

think these two documents provide ample evidence of the mechanistic, materialistic 

worldview promoted in science education today. While using the language of scientific 

materialism, these two texts do not explicitly acknowledge the ontological and 

epistemological commitments of the mechanistic worldview or its ethical implications. 

My first chapter endeavors to make the ontological and epistemological commitments 

 
1 Science for All Americans exists in two formats, hard copy (1990) and online (1994). The online version 
contains additional material and headings. Since the 1994 online version lacks page numbers, I will cite 
quotations from the 1990 version wherever possible. 
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of conventional science and science education apparent. The second chapter addresses 

their ethical implications. 

Michael Matthews’ contributions to the field of the history and philosophy of 

science, as a writer and editor, have been useful as resources that represent and 

comment on the conventional scientific worldview. In spite of significant differences in 

some of the conclusions we come to, we agree that science educator programs would 

do well to incorporate study of the worldview of science, its origin and its evolution. 

While Matthews (2009) is clearly convinced of the superiority of the science of the 

Enlightenment compared to other modes of investigation and ways of explaining 

phenomena, he is equally convinced that students should not be instructed to draw the 

same conclusion. Rather, Matthews recommends (and I agree) that the worldview of 

science should be made explicit and students provided with the opportunity to draw 

their own conclusions. Matthews is rightfully impressed by the progress that Western 

science has made possible, but he does not, in my opinion, adequately address concerns 

over the unintended ecological consequences of that progress. 

For critique of the mechanistic reductionism of the conventional scientific 

worldview, I called on Carolyn Merchant, David Bohm, David Abram, Glen Aikenhead 

(see preamble), David Blades, Heesoon Bai, Allan MacKinnon, Christian de Quincey, (and 

others) in addition to many Goethean researchers and authors (see below). Heesoon 

Bai, Claudia Eppert, Charles Scott, Saskia Tait, & Tram Nguyen (2014) assert that: 

All those involved in education need to participate in examining 
worldviews and values, and their enactment, assessing how they do or do 
not serve mutual flourishing and sustainability, and making suggestions 
and showing examples of different possibilities of imagining and handling 
reality.  

This dissertation is an attempt to join with their efforts. Bai et al. (2014) identify one of 

the epistemic problems of “Western” philosophy as a split between the secular and the 

sacred, which I attempt to address in a discussion of the relationship between science 

and religion. 
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The scientific worldview is often contrasted with a religious worldview. I use Ian 

Barbour’s framework to explore Goethe’s science as a possible keystone between 

science and religion, although “spirituality” rather than “religion” might be a more apt 

word at this point. Barbour (2000) presents four categories of possible relationships 

between science and religion: conflict, independence, dialogue, and integration. My 

thesis suggests that Goethe’s approach to science can support the latter relationships of 

dialogue and integration. 

Ian Barbour was a student of Alfred North Whitehead’s process philosophy, and 

the use of Barbour’s framework naturally led to referencing the authors he was 

influenced by and the authors he in turn influenced. The work of David Ray Griffin, John 

Cobb, Christian de Quincey, Phillip Clayton and others helped elucidate the process 

philosophy of Alfred North Whitehead, and I relied heavily on their commentary. 

References to phenomenologist philosophers Husserl and Heidegger kept surfacing 

throughout my research, as did references to Merleau-Ponty, who was influenced by 

Whitehead. All of these philosophers were significant guideposts in regard to 

phenomenological investigation in science education and in regard to the 

epistemological evidentiary claims of science and religion.  

Since Goethe’s approach identifies transformation of the scientist as part of the 

process of scientific inquiry, relevant literature includes work from the field of 

contemplative inquiry. Indeed, it was the work of my supervisor, Heesoon Bai, regarding 

worldview, sustainability, spirituality, and contemplative inquiry that brought me to 

Simon Fraser University to pursue my thesis.  

My thesis also benefitted from the work on place-based education by David 

Sobel, who was a professor in my master’s program, which focused on educating for 

sustainability. Place-based education could be thought of as a modern-day Goethean 

endeavor. Place-based education is featured in the final section of my dissertation, 

which describes the use of “mystery spots” in teacher educator preparation. (See Lee 

Beavington’s 2021 doctoral dissertation, Ecocentric Science Education: More-than-
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human ethics, Goethean science, and Poetic Pedagogy, for further treatment of 

Goethean connections to place-based and aesthetically rich science education.) 

Coinciding with connections to place-based education, my thesis also relates to 

the field of eco-psychology and its study of the benefits of spending time in nature. 

Regarding the value of firsthand sensory experience, I drew on Albert Borgmann’s work 

as well as David Abram’s work, who in turn drew on the work of Merleau-Ponty. Rachel 

Carson bears special mention for her influential books on environmental protection and 

environmental education. 

Among the many sources I have depended on regarding Goethe’s approach to 

science, especially significant ones include the work of Craig Holdrege, Stephen Talbott, 

Fred Amrine, Jeremy Naydler, Henri Bortoft, and Ron Brady. Studying at the Nature 

Institute with Craig and Henrique Holdrege was particularly helpful in deepening my 

understanding of Goethe’s approach. 

 

Significance and relevance 

Since SFAA has been published, most states have adopted the NGSS (Next 

Generation Science Standards) to define the science content taught in public schools. 

That does not mean my thesis, which uses SFAA as a reference point, is out of date. The 

trifecta of science, math, and technology is still upheld as the defining framework of 

science and all scientific inquiry subsumed within it. Neo-Darwinism, a mechanistic and 

deterministic theory of how evolution works, is as thoroughly ensconced in NGSS as it 

was in the previous national science education standards (NSES).  

Along with a greater emphasis on engineering, environmental science is also 

featured more prominently in NGSS. Global climate change and other human impacts on 

earth systems are identified as core content for scientific literacy. But while 

environmental crises are more explicitly identified in the new standards, there is no 
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acknowledgement of the role that the reductionistic worldview has played in those 

crises.  

While there have been science educators who have expressed concern over the 

reductionism of conventional science and science education (Blades, 2006; Capra, 2006; 

MacKinnon, 1995; Mead, 1906), for the most part, as Gunstone (2000) notes: 

Science education researchers seek to generate better-quality learning 
and teaching of the concepts accepted by science, not to explore 
alternative concepts for students to learn. (p. 276) 

In other words, the preponderance of the research in science education is dedicated to 

finding better ways of teaching the concepts and methods of conventional, reductionist 

science.   

Similar blinders show up in teacher education programs. According to Matthews 

(2009), even though many contemporary science curriculum statements call for more 

emphasis on the nature of science (NOS) and the inclusion of the history and philosophy 

of science, these topics are “poorly covered in teacher education programmes” (p. 722). 

My thesis suggests that until we wake up to the way we think about the world, 

alienation from nature and the attending devastating consequences for nature and for 

human beings will persist.  

In his book Returning to the Teachings: Exploring Aboriginal Justice, Rupert Ross 

(2006) shares his memory of the first time he encountered suicide. He says that what 

was striking about this instance of suicide was the apparent lack of precipitating events. 

Jeremy’s life, to all appearances, was on a positive trajectory. No evidence of crisis, no 

history of psychological difficulties or trauma. Ross (2006) tries to understand what 

could have led Jeremy to take his own life: 

Jeremy seemed to have come to the conclusion that he was somehow not 
connected to anything anymore, that nothing was touching him and he 
was touching nothing. In that frame of mind, making a physical 
disconnection through suicide would seem like a logical next step. (p. 139) 
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As Ross is suggesting, perhaps Jeremy was simply playing out to its ultimate conclusion a 

worldview of disconnection and meaninglessness. If there is any merit to such 

speculation or to Barbour’s (2000) suggestion that viewing life as a result as the 

“accidental result of chance” can lead to “a sense of futility and cosmic alienation” (p. 

63), then perhaps we need to seriously consider the role of worldview in the human 

experience and what role the conceptual underpinnings of modern, materialistic science 

might play in forming a worldview.  

Disconnection from nature is a recurring theme in our increasingly technological 

world. As Richard Louv (2005), who coined the term nature-deficit disorder, has 

documented in his book Last Child in the Woods, children today spend far less time in 

nature than previous generations. He links alienation from nature to the rates of 

depression on the rise in children and shares the growing research on the benefits of 

spending time in nature on the physical and emotional health of children and adults. 

Louv (2005) suggests that disconnection from nature leads to a disconnection from 

meaning and that a sense of meaning can be restored through spending time in nature.  

In contemplating the effects of growing up in a world of electronic media and 

virtual reality, Craig Holdrege (2015) addresses the importance of firsthand experience 

in nature for children by calling on Albert Borgmann’s concept of commanding presence. 

For Borgmann (1995), a commanding presence is one that we encounter in the real (not 

virtual) world that is connected with and reveals something of a larger context. An 

experience of commanding presence could be watching a cloud metamorphose across 

the sky; listening to a creek rushing over rocks; feeling the warmth of a campfire; or 

having a conversation with a close friend. Holdrege (2015) highlights their significance in 

childhood: 

[C]ommanding presences give us roots in the world and help form the way 
we think about the world. They are in the best sense of the word formative 
and can inform our being. If there is to be a future in which human beings 
form ideas that are rooted in reality, it will be in part because they’ve been 
allowed to participate in commanding presences as children. And they will 
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have experienced that reality is relational, that as a person you are active 
and you are being acted upon by commanding presences. 

Goethe is unequaled in his insistence on the importance of firsthand sensory encounter 

with the natural world. His phenomenological approach to nature is not just a technique 

for science education, it provides occasions for encounters with commanding presences 

and speaks to deeper issues of how we relate to reality and think about the world. 

It may seem odd to suggest that a German poet from the turn of the 19th century 

might have a significant contribution to make to science education for the 21st century. 

For the last four hundred years, the scientific worldview of Cartesian-Newtonian 

reductionism has provided the dominant paradigm in science2 (Burtt, 1924; Merchant, 

1980; Capra, 1996; Wessels, 2006) and science education (MacKinnon, 1995; Mead, 

1906). Why would that change? Perhaps the floods, fires, and other climate change 

events will awaken us into recognizing what the reductionist lens has done to the health 

of the biosphere. As Bai (2001) notes, “if we are not aware that we are living by a 

picture of reality, the question of choosing a more morally viable picture does not arise 

in the first place” (p. 1). Perhaps, once we recognize our worldview in the mirror of its 

consequences, change becomes possible in a reorganization of how we see and interact 

with the world.  

SFAA states: “What the future holds for life on earth, barring some immense 

natural catastrophe, will be determined largely by the human species” (Rutherford & 

Ahlgren, 1994). It might be more accurate to include immense natural catastrophes in 

what the human species will largely determine. Ron Miller (2000) goes further than 

SFAA, suggesting that: 

Whether we recognize it or not, we are intrinsically connected to the 
evolution and destiny of the planet. If this realization which “premodern” 
cultures knew intuitively, does not call forth in us a spiritual worldview, 

 
2 Certainly, the field of physics has undergone significant changes with the development of chaos theory 
and quantum physics, but the reductionist view is more firmly entrenched than ever in the biological 
sciences. As Chapter 1, will demonstrate, reductionism is thoroughly promoted in science education. 
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then we are inevitably doomed. We cannot afford reductionism any 
longer. (p. 391) 

Miller (2000) identifies reductionism as “precisely the attempt to dismiss the spiritual 

facet of human existence” (p. 390). Reductionism is usually juxtaposed with holism, but, 

as Miller suggests, the reductionist view is often wedded to a materialistic view that 

disallows any knowledge claims beyond what can be sensed with the physical sense 

organs.  

The suggestion of the need for a spiritual worldview raises the topic of the 

relationship between science and religion, a relationship that is changing in the 

American context. Over the past 100 years, there has been a steady decline in the 

United States in the number of “elite scientists” who profess belief in God, with “elite 

biologists” representing the smallest percentage of believers (Richards & Ruse, 2016). 

Among American adults in the wider population, the percentage of believers is 

considerably higher. However, as Richards and Ruse (2016) note, “The shelves of 

bookstores and nudging suggestions of online providers are now replete with books 

arguing the stark opposition of Darwinian science to any religious belief” (p. 226). In 

other words, the conversation about the relationship between science and religion is 

perhaps surprisingly current and relevant. Mathematician and philosopher Alfred North 

Whitehead (1967) suggests that the conversation is crucial: 

When we consider what religion is for mankind, and what science is, it is 
no exaggeration to say that the future course of history depends upon the 
decision of this generation as to the relation between them. (p. 181) 

My dissertation discusses Goethe’s relationship to religion as well as his 

approach to science. Goethe’s science is not a version of intelligent design, but it does 

take spiritual reality seriously. For that reason, scientists and science educators who are 

interested in religion may find a Goethean approach to the topic of evolution a welcome 

alternative to the mechanistic materialism and determinism on offer in conventional 

science education. 
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The word “religion” conjures up unfortunate connotations for many people, so I 

hasten to offer a definition given by Whitehead (1967), whose process philosophy is 

discussed in the last chapter: 

Religion is the vision of something which stands beyond, behind, and 
within, the passing flux of immediate things; something which is real, and 
yet waiting to be realized; something which is a remote possibility, and yet 
the greatest of present facts; something that gives meaning to all that 
passes, and yet eludes all apprehension; something whose possession is 
the final good, and yet is beyond all reach; something which is the ultimate 
ideal, and the hopeless quest. (p. 191–192) 

“Hopeless quest” may seem like a discouraging note to end on! Whitehead was of 

course indicating that the human being can never fully fathom the divine, but he was 

not disparaging of the need to search for meaning. Goethe sometimes felt despair on his 

quest but declared: 

It is my opinion that humanity must indeed assume an unknowable 
element, but that we should set no limits to our quest. For even though 
Nature has the better of us, seeming to keep many of her secrets from us, 
we have an advantage of our own in that our thoughts may soar beyond 
Nature while not yet fully comprehending her. We go far enough when we 
come to the archetypal phenomena, seeing them face to face in their 
unknowable glory and then turning back to the world of other phenomena. 
(Quoted in Naydler, p. 128) 

Here, I think, is a statement of how Goethe’s approach to nature can offer a way to 

integrate science and religion.  

Even though the goal of which Goethe speaks here, encountering archetypal 

phenomena, is perhaps too lofty for many of us, myself included, it is not hard to find 

opportunities for encountering commanding presence. Late one afternoon in the 

driveway of a condominium complex, I saw a steady stream of crows following an 

invisible sky trail above me. I watched for over seven minutes waiting for the last crow 

to pass overhead. I don’t know how long the crows had been there before I started to 

time their passage on my wristwatch. The unity of direction and the sheer number of 

the dark silhouettes stirred more than one question. But the crows seemed far above 
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any need of explanation or quantification. And watching them was its own answer. 

Somehow, the world makes more sense in the presence of wisdom that transcends 

explanation.  

Overview of chapters 

The shift away from the mechanistic reductionism of scientific naturalism toward 

a holistic, spiritual worldview that my dissertation explores is reflected in the 

progression of the chapters. The middle chapter, Chapter 3, functions as a keystone 

holding the tension between two poles: the pole of conventional science, which avoids 

any discussion of what is non-material, and the pole of a religious worldview that 

embraces spiritual reality. The first two chapters discuss Goethe’s science as it relates to 

the scientific pole of conventional science and science education. The last two chapters 

discuss ways in which Goethe’s science can be a bridge to a worldview where religion 

and science are integrated. The main focus of my dissertation is the role that Goethe’s 

science can play in science education and in the preparation of science educators, but 

the chapters also gradually build toward an exploration of how Goethe’s science can 

help resolve the tensions of the science-religion polarity. There are of course many 

scientists and science educators who don’t see any tension or conflict between science 

and religion because they see science and religion as independent domains. But, as Ian 

Barbour (2000) suggests, there are possibilities of relationship between science and 

religion beyond independence, such as a relationship of dialogue or integration. My 

thesis explores ways in which Goethe’s science supports the possibility of science 

educators integrating science and religion within their own worldview. 

The first four chapters primarily focus on what Goethean science is and how it 

compares and contrasts with conventional science. “Science” will take on various 

meanings depending on the context, but my intention is to use the term in a way that 

parallels the criteria advanced by the authors of Science for All Americans, the text 

published by the AAAS that serves as a guide for developing science standards and 
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curricula in the United States. The last chapter takes up the topic of how Goethe’s 

science relates to religion, which I define as a worldview that acknowledges a spiritual 

dimension to nature and human beings. 

Chapter 1 begins with a comparison of conventional science and Goethean 

science and concludes with a consideration of science as a worldview and implications 

for science education and teacher preparation. Science as a worldview raises both 

epistemological and metaphysical considerations that are elaborated in subsequent 

chapters. The chapter points out the implicit philosophical assumptions of mechanistic 

reductionism in standard science curricula and suggests that a subtle indoctrination 

takes place when those assumptions are not made explicit.  

 Chapter 2 addresses the ethical implications of the epistemology underlying 

conventional science and Goethean science and asks how science teachers can be 

prepared to teach in ways that engender healthy relationships with the natural world. 

The chapter demonstrates parallels between Goethe’s approach to science and David 

Blades’ Levinasian approach to environmental ethics. It concludes with contributions 

from the field of contemplative inquiry that foster a readiness to learn from 

phenomenological encounters with nature. 

Chapter 3 focuses on a Goethean approach to the topic of evolution and 

positions Goethean science as a keystone between the worldview of conventional 

science and a religious worldview. In other words, Chapter 3 raises the question of the 

relationship between science and religion, which is explored further in Chapter 5. As 

Loren Eiseley (1979) points out, in writing On the Origin of Species, Darwin had to “seek 

a way through the mind block [emphasis added] of a particular world view; namely, 

Providence and special creation” (p. 57). Just over 150 years later, the situation is 

reversed. The mechanistic world view of Newton’s clockwork universe has replaced a 

theistic worldview and penetrated biology so thoroughly, it has become a block to other 

ways of thinking about life and evolution.  
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As professor of cell biology and research scientist Stephen Rothman (2015) 

notes, “it is fair to say that Darwin’s theory has become settled science, a central 

paradigm of biology” (p. 14). However, he goes on to say that: 

Though commonly thought of as an established fact of nature proven by 
incontrovertible evidence, no longer a suspect theory, some scientists, 
philosophers, and laypersons not only think it unproven but see it as little 
more than an unsubstantiated, even an unjustified hypothesis. (p. 14) 

Chapter 3 presents some of the thinking of well-regarded scientists who question the 

validity of designating the theory of natural selection as the best way to explain 

evolution. The chapter discusses how Goethe’s concept of form offers new pathways to 

the understanding of evolution, pathways that may especially be of interest to science 

educators who have a religious worldview. 

Chapter 4 explores signature features of Goethean investigation—the principles 

of polarity and intensification. Both principles support a non-mechanistic worldview, 

one that includes a reality beyond (and immanently within) the physical realm. The 

chapter revisits the suggestion made in Chapter 2 that promoting phenomenological 

investigation in science teacher preparation can have a transformative effect on how 

science educator candidates see the world. The influence of a science teacher’s 

worldview on their students is further explored and the chapter concludes with a 

reminder of the need for non-dualistic ways of relating to the natural world.  

The fifth chapter picks up on Chapter 4’s investigation of the ways in which 

Goethe’s science bridges sensory experience and the ideal realm and expands into a 

conversation of the relationship between science and religion. Religion is defined in a 

non-denominational sense but is considered primarily in the context of Western world 

religions. Restricting the terminology primarily to that of Western world religions 

mirrors Chapter 1’s focus on science as it has been defined in modern Western history.  

Chapter 5 uses Barbour’s categories of four possible relationships between 

science and religion to frame the discussion and takes up his suggestion that the ground 
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upon which science and religion can meet is in a discussion rooted in metaphysics. The 

suggestion is no doubt a non-starter for some. Nicholas Burbules (2000) perhaps said it 

best: 

On the issue of metaphysics, we come to the timeless philosophical 
question about the independent existence of an external world. I have 
given long and careful thought to this problem, and I would like to propose 
a seriously considered response: Who cares? (p. 315) 

Perhaps many would say that philosophical postulates are not demonstrable, so why 

bother talking about them? Burbules (2000) has an answer: “[A]s with other articles of 

faith it is not interesting to ask whether it is true or not, but only why believe it and 

what effects their belief has” (2000). The reason to care has been outlined above—

worldviews, religious and non-religious, carry ethical implications for the relationship we 

have with the world around us and the relation we have to our own selves. 

Chapter 5 begins with the story of Michael Faraday’s rise to fame in the history 

of science and suggests that Faraday is an example of a scientist whose worldview 

represents an integration of science and religion. The religious worldview that Faraday 

subscribed to can perhaps best be described as panentheism, and the rest of the 

chapter explores ways in which Goethe’s science provides touchpoints for conversation 

with panentheistic religion. The chapter references David Bohm’s implicate order and 

uses the process philosophy of Alfred North Whitehead and elements of the cosmology 

of Emanuel Swedenborg, Goethe’s contemporary, to represent a panentheistic point of 

view. The chapter concludes with a consideration of phenomenological religious 

experience and returns to the theme of how an integration of science and spirituality 

can support environmental ethics. 

In summary, my thesis explores ways in which Goethe’s approach to science can 

foster a spiritual worldview that offers hope for restoring a healthy connection to nature 

and to ourselves, selves which, upon reflection, are not separate from nature after all. 
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Chapter 1.  
 
Goethean Science and the Scientific Worldview 

1.1. Introduction and overview 

This chapter begins with a comparison of conventional science and Goethean 

science with a view to the role that the latter might play in science education. I suggest 

that Goethe’s holistic approach can provide a balance to the reductionism that 

dominates the conventional approach to science. As Allan MacKinnon (1995) notes, “the 

habit of mind for dividing things up” is particularly characteristic of modern science and 

has “remained central to the metaphysical system underlying science that has been with 

us ever since it replaced Aristotelian thought” (p. 3). Science education of course takes 

its cues from science, and members of the science education community have voiced 

concern over the one-sided, reductionistic nature of conventional science and science 

education as far back as the early 1900s (Mead, 1906; MacKinnon, 1995; Capra, 1996). 

The concern is one I share because of the ways in which science education may play a 

role in forming a student’s worldview. Using examples from the science content 

prescribed in SFAA, this chapter establishes how the scientific worldview is promoted in 

science education. The chapter concludes with a consideration of appropriate and 

inappropriate forms of indoctrination, which is discussed further in Chapter 3.  

1.2. Is Goethe’s science really science? 

There are drawbacks and benefits to using the term “science” rather than 

“sciences” or “Eurocentric sciences.”  One drawback is the risk of perpetuating the 

notion that there is one way of doing science, which may contribute to the closely-

related fallacy that there is one “scientific method” that all scientists follow.  My 

dissertation is based on the premise that there is more than one way of doing science. 

By demonstrating the legitimacy of Goethe’s approach as science, I don’t want to 
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suggest that there are only two ways of doing science, nor do I want to suggest that 

there are no limits to what counts as “science.” There is plenty of debate to be had 

about what deserves to be recognized as legitimate science and whether the term 

should be limited to the body of thought that arose at the beginning of the European 

modern era.3 For the purposes of this dissertation, I am specifically comparing and 

contrasting Goethean science with what is identified as science according to the AAAS. 

For the sake of clarity when the context warrants, I will also refer to the latter as 

“conventional science.” 

In the first three chapters of SFAA—The Nature of Science, The Nature of 

Mathematics, and the Nature of Technology—science is presented as part of a trifecta. I 

will begin by discussing the relationship that Goethean science has with technology, 

followed by a discussion of how it is related to mathematics. Next, I will discuss the ways 

in which observation and theory play a central role in both Goethean and conventional 

science. Having established Goethe’s approach to natural phenomena as legitimate 

science, I will contrast the worldviews that Goethean science and conventional science 

engender.  

1.2.1. The relationship between science and technology 

SFAA asserts unequivocally that, “It is the union of science, mathematics, and 

technology that forms the scientific endeavor and that makes it so successful” 

(Rutherford and Ahlgren, 1994). As Yuval Harari (2014) points out in Sapiens: A Brief 

 
3 See Aikenhead and Ogawa, 2007, “Indigenous Knowledge and Science Revisited” for an in-depth 
comparison of Eurocentric science and Indigenous ways of knowing that legitimizes the validity of both as 
“science.” See Sven Hansson’s (2018), “How to reconcile the multiculturalist and universalist approaches 
to science education” for an attempt to show the continuities between modern science and its 
forerunners in traditional societies. Both these articles appeared in Cultural Studies in Science Education 
(CSSE). See Christine McCarthy (2018) “Cultural Studies of Science Education: An Appraisal” for a scathing 
review of the editorial mission of CSSE. McCarthy (2018) and Matthews (2018) suggest that any approach 
that de-legitimizes the superiority of the Western sciences born from the legacy of the Enlightenment 
does a disservice to all students no matter what their cultural background is. So, yes, there is plenty of 
debate as to what counts as legitimate science. 
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History of Humankind, “The connection forged between science and technology is so 

strong that today people tend to confuse the two” (p. 334). The familiar acronym, STEM, 

shows the close association of science with technology in science education and its 

conglomeration with engineering and mathematics.  

Harari (2014) goes on to say: 

In fact the relationship between science and technology is a very recent 
phenomenon. Prior to 1500, science and technology were totally separate 
fields. When Bacon connected the two in the early 17th century, it was a 
revolutionary idea. (p. 334) 

In his seminal work of 1620, Novum Organic, Francis Bacon foreshadowed the 

prominence of the link between science and technology when he said, “This is the 

foundation of all; we are not to imagine or suppose, but to discover, what nature does 

or may be made to do” [emphasis added] (as cited in Jardine, 2009, p. 88).  

This attitude toward nature of control and manipulation is echoed in SFAA’s 

(1990) description of the nature of technology: 

In the broadest sense, technology extends our abilities to change the 
world: to cut, shape, or put together materials; to move things from one 
place to another; to reach farther with our hands, voices, and senses. We 
use technology to try to change the world to suit us better [emphasis 
added]. The changes may relate to survival needs such as food, shelter, or 
defense, or they may relate to human aspirations such as knowledge, art, 
or control. (p. 23) 

While the technology of the industrial revolution, as well as the anthropocentrism of the 

above italicized phrases, has resulted in many benefits for humankind, they have come 

at a cost of extreme environmental destruction. The last chapter in Science Matters is 

devoted to the topic of ecosystems and identifies ozone depletion, acid rain, urban 

pollution, and climate change as areas of concern that scientifically literate citizens 

should be educated about. Chapter 2 of my dissertation will explore the implications of 

the failing health of the biosphere for science education more fully, but for now I will 

just note that science’s connection with technology has ecological and ethical 
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implications. As SFAA (1994) also notes, for example, in Chapter 3’s section on the side 

effects of technology: “our vast mining and manufacturing efforts produce our goods, 

but they also dangerously pollute our rivers and oceans, soil, and atmosphere.” 

Goethean science also has links to technology, but the links are not based on a 

premise of control. Technologies resulting from a Goethean approach represent an 

attunement to the processes of nature. For example, Goethean researchers have 

developed a water purification system that restores the life-giving properties of water 

by allowing water to flow through a series of sculpted basins. The series of basins allows 

the swirling water to move in ways that occur naturally in streams and rivers, only more 

intensively. Studies show that the purity and health of the water are improved and that 

the rejuvenated water can confer benefits on plants and crops (Riegner & Wilkes, 1998). 

These “flowforms” demonstrate that Goethe’s science yields the kind of insight needed 

to more fully understand the means by which nature maintains and perpetuates itself. It 

could be said that the sculpted basins “control” the water, but the underlying intention 

is to work with the qualitative movements that are inherently within water. Compare 

this approach of working with water to harnessing the power of falling water in a 

hydroelectric dam. The Goethean technology taps the qualitative aspects of flowing 

water; the conventional technology taps quantifiable force that isn’t inherently 

connected to the intrinsic qualities of water.  

While Goethean science may not boast an abundance of artifacts of technology 

compared to conventional science, its practice can engender an understanding of nature 

that can enhance technological design and, more importantly, inform the ethics of how 

technological innovations are wielded. For example, Goethe’s holistic approach to the 

study of organisms is highly relevant to the growing field of biotechnology, an area 

replete with ethical issues. Since the Goethean approach is based on a fundamental 

appreciation for the interrelatedness of life as it manifests at all levels, from biomes to 

organisms, to cellular levels, and on down to DNA, it provides an important perspective 
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on a field dedicated to manipulating isolated genes. As Goethean researcher Craig 

Holdrege (2008) notes in regard to genetic engineering:  

The manipulated organism does not exist in a vacuum. It is critically 
influenced by its environment and influences it in turn. In this dynamic, 
changing relation between organism and environment, unintended effects 
have further opportunity to make themselves known. So while the genetic 
engineer wants control, stability, regularity, and constancy, life plays itself 
out in dynamism, unpredictability, and change. 

A Goethean approach which appreciates the dynamic nature of nature may become 

ever more important as it becomes increasingly urgent to develop technologies of 

cooperation that enable living on the planet in less harmful ways. 

Although Goethean science does have links to technology, it is more in keeping 

with the “tradition [emphasis added] of modern science” as described by Hugh Lacey 

(1999): 

In common idiom the phrase “science and technology” designates a unity 
and, among the general public, science tends to be valued for its 
contributions to technology. In contrast, the tradition of modern science 
generally regards technology as a mere spinoff, and values science 
primarily for the understanding of the world that it produces. It interprets 
science as being for the sake of grasping the causal structure of the world 
and encapsulating its possibilities, not for the sake of its technological 
byproducts. (p. 13) 

In his scientific work, Goethe made significant contributions to grasping the causal 

structure of the world, which will be more fully discussed in subsequent chapters. This 

allegiance with the tradition of modern science may make Goethe’s science seem less 

relevant to those interested primarily in statistics and results. But, again, it is precisely 

because of its different emphasis that Goethe’s approach stands to enrich and balance a 

science that is wedded to technological advances. 
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1.2.2. Mathematics as the language of science 

In SFAA (1990), mathematics is dubbed the “chief language of science” (p. 17). In 

conventional science, mathematics is used to represent and analyze data and to express 

quantitative relationships between variables. Goethean science also has connections 

with mathematics, but, as a science about the qualitative relationships of phenomena, it 

requires a mathematics that can express relationships in a non-quantitative language. 

This is not to say that Goethean scientists do not make use of quantitative data when 

studying organisms. They do. However, what could be thought of as the chief 

mathematical language of Goethean science, projective geometry, is a non-quantitative 

branch of mathematics capable of expressing the polarities of relationship that Goethe 

discovered in natural phenomena.  

Projective geometry is a particular kind of synthetic geometry—in other words, a 

geometry that does not rely on coordinates or formulas.4 In much the same way that 

algebraic equations provide the language for expressing physical or chemical 

relationships, projective geometry provides a language for expressing principles of 

organic growth. The link between Goethean science and a mathematical language 

provides additional support for recognizing Goethean science as “legitimate” science. 

The authors of SFAA (1990) identify several features that science shares with 

mathematics including “a belief in understandable order” and “an interplay of 

imagination and rigorous logic” (p. 17). When I engage with projective geometry 

exercises, these two features come together in striking fashion. Projective geometry 

relies heavily on an interplay of imagination and logic and reveals an elegance in the 

lawfulness of space that supports and enhances a belief in understandable order. What 

 
4 Techniques of projective geometry construction were discovered and employed by Renaissance artists 
to accurately depict the appearance of 3-dimensional landscapes on their 2-dimensional canvases. 
Projective geometry’s fidelity to the sensory appearance of, for example, parallel lines converging at a 
vanishing point on the horizon fits in with Goethean science’s fidelity to empirical observation. Instead of 
representing abstracted quantitative aspects of phenomena, projective geometry descriptively represents 
what is given to the senses. 
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is quite stunning about the experience of doing projective geometry constructions is 

that the realm of the unmeasurable becomes “concrete”; logic and imagination come 

together in the recognition of the necessity of concepts such as the point, line, and 

plane “at infinity.” (See Chapter 5 for fuller description.)  

1.2.3. The centrality of observation and theory 

SFFA (1990) notes that, “Sooner or later, the validity of scientific claims is settled 

by referring to observations of phenomena” (p. 5). Observation is central to Goethean 

science. The difference between conventional sciences and Goethean science lies in the 

manner of observation. The mode of Goethean observation will be touched on below 

and more fully described in subsequent chapters. 

As Holdrege (2006) notes, doing Goethean science involves overcoming certain 

habits of interpreting the world. In conventional sciences, objects of study are typically 

analyzed in terms of their constituent parts in an effort to explain them in terms of 

underlying mechanisms. Goethean science works toward seeing interrelationships both 

within and between organisms and takes a more holistic view. Nonetheless, single 

organisms are observed one at time. Plant observations, for example, are undertaken 

from many different perspectives but in two general directions. Firstly, a plant may be 

observed in minute detail at various stages of growth so that the style of organic 

development unique to that plant can reveal itself. Special attention is paid to the 

transformations of the leaf across the life cycle of the plant. Secondly, the plant is 

observed in the context of its environs, in order to understand the conditions under 

which it thrives and how it grows in relationship to soil, light, moisture, and other plants. 

The analytic mode of attention to the details of a plant’s constituent parts is balanced by 

synthetic observations of the whole plant in its natural environs. Although not opposed 

to chemical or microscopic analysis of plants, Goethean science studies the plant in its 

whole form as it appears to the naked eye or under a hand magnifying lens. 
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In its opening chapter, SFAA (1990) states, “Science is a process for producing 

knowledge. The process depends both on making careful observations of phenomena 

and on inventing theories for making sense out of those observations” (p. 4). Goethe’s 

science also depends on careful observations—albeit in a different mode of observing—

but theory is defined differently. In fact, the way Goethe defines theory reveals the 

different way of observing that is sine qua non for Goethean science.  

Goethe’s way of observing nature enters a mode of participation with, rather 

than one of separation from. Conventional science’s stance of separation aligns with the 

impulse of control associated with technology. Goethe’s stance toward participation has 

the character of a conversation in that the researcher metaphorically listens to what and 

how the phenomena presents. This activity of listening/observing leads to intuitive 

accompaniment of the organism or phenomena in its unfolding. The resulting “theory” 

is more like a witnessing than an attempt to explain.  

As Holdrege (2014) points out, rather than an abstract, universal generalization, 

“theory” for Goethe is “a concrete and intensive perception of the relations among 

phenomena.” For Goethe, seeing the organism constituted theory. Goethe’s definition 

of theory hearkens back to the original meaning of the Greek word, “theoria.” As 

theologian, Andrew Louth (2004) explains, “The word theoria is derived from a verb 

meaning to look, or to see: for the Greeks, knowing was a kind of seeing, a sort of 

intellectual seeing.” Thus, Goethe was not “inventing theories” in the way that 

conventional science does. In his words: “Let us not seek for something behind the 

phenomena—they themselves are the theory” (Goethe, 1995, p. 307). 

Goethe’s use of the word theory as a way of seeing brings us to a topic of central 

importance to my dissertation, science as a worldview. 
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1.3. Science as a worldview 

The first chapter of SFAA (1994), The Nature of Science, begins with a section 

entitled, “The Scientific World View.” The online version of Chapter 1 lists attributes 

that are characteristic of the scientific world view as a series of subheadings and 

dedicates a paragraph to explicate each one: the world is understandable; scientific 

ideas are subject to change; scientific knowledge is durable; and science cannot provide 

complete answers to all questions.5 Interestingly, the list of subheadings and their 

subsequent text fails to address the nature of science as a worldview. The attributes 

listed do address the nature of scientific knowledge (NOS) in a general way, but there is 

no explicit discussion of how the lens of science affects the view of the world, i.e., 

science as a worldview.  

Glen Aikenhead (1996) succinctly states, “Worldviews are culturally validated 

presuppositions about the natural world” (p. 4). William Cobern (1996) points out that, 

“worldview is about metaphysical levels antecedent to specific views that a person holds 

about natural phenomena” (p. 585). The question arises as to what the presuppositions 

regarding the natural world and its phenomena are that support the scientific endeavor.  

SFFA makes no mention of these presuppositions, but they can be inferred from 

a close reading of the conceptual content of SFAA in Chapters 4 through 10. A couple of 

examples will suffice. In both examples the important thing to note is that the theory or 

concept is presented as factual on the grounds that it has been established by broad 

consensus of the scientific community. In both cases the acceptance of the theory or 

concept is based on evidence, but not on evidence that is directly observable. SFAA 

(1990) states that, “the essence of science is validation by observation” (Rutherford & 

Ahlgren, p. 7), but two of the theories presented as essential components of scientific 

literacy do not fully meet this criterion of observability in the strictest sense of the word. 

 
5 The list provided is an example of using “General Attributes” (GA) as a way to define the nature of 
science (NOS). 
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Instead, broad consensus of the scientific community has served to legitimize the 

theories. Using broad consensus to establish theory is standard practice and beyond 

reproach; however, problems arise when those same theories are presented as facts 

and the lack of observable evidence is obscured.  

1.3.1. Atomic theory of matter 

In the section on the structure of matter, SFAA (1990) states, “The basic premise 

of the modern theory of matter is that the elements consist of a few different kinds of 

atoms—particles far too tiny to see with a microscope—that join together in different 

configurations to form substances” (Rutherford & Ahlgren, p. 42). A strength of this 

statement is the acknowledgement that what is being presented is a theory, that is, a 

widely accepted explanation regarding the structure of matter. As the text continues, 

the language of premise is put aside, and the ensuing remarks are presented as factual:  

When matter gets cold enough, atoms or molecules lock in place in a more 
or less orderly fashion as solids. Increasing the temperature means 
increasing the average energy of motion of the atoms. So if the 
temperature is increased, atoms and molecules become more agitated 
and usually move slightly farther apart; that is, the material expands. At 
higher temperatures, the atoms and molecules are more agitated still and 
can slide past one another while remaining loosely bound, as in a liquid. At 
still higher temperatures, the agitation of the atoms and molecules 
overcomes the attractions between them and they can move around 
freely, interacting only when they happen to come very close—usually 
bouncing off one another, as in a gas. (Rutherford & Ahlgren, p. 42-43) 

This simplified summary of the modern scientific conception of the structure of 

matter represents broad consensus, but it is not based on directly observable evidence. 

Expansion of heated substances can be observed, so the explanation fits the 

phenomena, but the kinetic action of atoms described above is not observable. The 

explanation of heat given in Science Matters is even more inappropriate: 

If you had a very powerful microscope that allowed you to see inside the 
spoon, you would see its atoms near the soup moving very fast because 
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they had suffered collisions with fast-moving water molecules in the soup. 
(Hazen & Trefil, 2009, p. 33-34) 

This statement is misleading because it suggests that atoms have been seen through a 

microscope, which they haven’t been, and that you could too if you had one. 

In Scientific Matters, Hazen and Trefil (2009) state, “Atoms are the building 

blocks of matter” (p. 67-68). These authors spend a few paragraphs dismissing the idea 

that there is any room left for debate as to whether “atoms are physically real or merely 

a useful idea” (p. 69), and the chapter concludes with what is presented as photographic 

evidence of the atomic structure of matter. They then make the following misleading 

statement: “Today, using devices called scanning tunneling microscopes, we can actually 

take “photographs” of individual atoms” (p. 69) and claim, “so this old question has 

been firmly laid to rest” (p. 69). The use of quotation marks around the word 

photographs is noteworthy. As the authors state, scanning tunneling microscopes work 

by measuring electrical currents, not by taking photographs in the sense that is 

universally understood. Their statements are misleading in that the authors claim that 

the physicality of atoms has been proven.  

In a subsequent chapter, The Fundamental Structure of Matter, Hazen and Trefil 

(2009) revise their earlier statement, “All matter is made of atoms” (p. 67) to say, “All 

matter is really made up of quarks and leptons” (p. 154). In this chapter on the structure 

of matter, the authors refer to subatomic particles as “basic building blocks of the atom” 

(p. 155). In Chapter 5, I will address the nature of scientific materialism that these 

statements support. For now, I will simply note that particles at the quantum level, by 

definition, do not have extension in space; their existence is understood in terms of 

functions of mathematical probabilities rather than as physical entities and that atomic 

theory as a model of matter is broadly accepted but is not based on direct observation. 

As SFAA (1990) notes, atoms cannot be seen even with the strongest microscope (p. 42), 

but the theoretical nature of their existence is obscured by statements that equate 

them with physical particles or “building blocks.”  
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I am not claiming that the atomic model is wrong, just that it is a model and, by 

virtue of being a model, is not identical with what it represents. In other words, there is 

more to the nature of matter than what is represented in the atomic model. Certainly, it 

is a model that has had widespread application. The chemical industry manufactures 

tens of thousands of products using the atomic model, and the power of atomic theory 

has been impressively displayed with over 2000 detonations of nuclear bombs. 

Nonetheless, a model is a model. Talking about a model as if it is identical with reality 

has implications for worldviews in science education. 

1.3.2. Natural selection as the mechanism of evolution 

Another example of theory presented as fact is from Chapter 18 of Science 

Matters, which states, “All forms of life evolved by natural selection” (Hazen &Trefil, 

2009, p. 306). The theory of natural selection has become ingrained in science education 

as the explanation for the diversity of life forms on earth. But many leading experts in 

the fields of microbiology and genetics reject the notion that natural selection is the 

best explanation for evolution. Some of these experts have formed an initiative called 

“The Third Way” to collect and make available the research of dozens of highly regarded 

scientists who study the mechanisms underlying evolutionary process and offer 

alternative explanations for the diversity of life forms. None of them, by the way, are 

proponents of Intelligent Design, and the group explicitly disavows any allegiance to 

intelligent design theory. Their collected work points out the unsatisfactory nature of 

the theory of natural selection and the problem of its privileged status in science 

curricula. As stated on the home page of the website, Thethirdwayofevolution.com: 

Even today, the general public, and many scientists, are not aware of 
decades of research in evolutionary science, molecular biology and 
genome sequencing which provide alternative answers to how novel 
organisms have originated in the long history of life on earth…. The DNA 
record does not support the assertion that small random mutations are 
the main source of new and useful variations. 



31 

The categorical statement that evolution happens only through natural selection 

is an example of scientific dogma that is tantamount to a religious dogma that claims 

the world was physically created in seven days. (See Chapter 3 for more discussion of 

the problematic nature of conflating the theory of natural selection with the theory of 

evolution.) 

These two examples, the atomic structure of matter and natural selection as the 

mechanism of evolution, are examples of theories that are presented as facts in SFAA 

and Science Matters. They are also examples of how concepts influence worldview. The 

concept that everything we see is made of discrete particles encourages the viewer to 

see the world in ways that are conducive to analysis—to separating the whole into 

smaller and smaller bits. The concept that evolution happens through natural selection 

encourages the viewer to see life in terms of a competition to survive that is subject to 

random mutations in a context devoid of purpose.  

Of the 19 concepts identified in Science Matters as defining scientific literacy, 6 

of them are about atomic theory. All three concepts relating to biology come from the 

reductionist world view that analyzes matter into smaller and smaller particles: “all 

living things are made of cells, the chemical factories of life”; “all life is based on the 

same genetic code”; and the slightly redundant, “all life is based on the same chemistry 

and genetic code.” Of the remaining 10 concepts, 7 rely on atomistic explanations.6 All 

told, 16 out of the 19 concepts identified in Science Matters are either content about 

the atomic structure of matter or informed by similar reductionist concepts. 

A one-sided view of the world is promoted in SFAA and Science Matters 

predicated on reducing the structure of all matter—inorganic and organic—to atoms 

and reducing the evolution of life to random and deterministic factors, as suggested in 

the theory of natural selection. Again, it is important to note that these two favored 

 
6 The topics untouched by reductionist models are plate tectonics, earth cycles, and the theory of 
relativity. 
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theories of the atomic structure of matter and natural selection are accepted by the 

scientific community on the basis of broad consensus, not on directly observable 

evidence. And since a thorough discussion of worldview is decidedly lacking in the 

section, “The Scientific Worldview,” the reader is left with the impression that the 

theories presented are unbiased statements of facts that represent not just a model of 

the way the world works, but the way the world really is. Without a proper 

acknowledgement of the nature of the underlying worldview, readers miss out on the 

larger implications of a particular way of viewing the world. As Michael Matthews (2008) 

points out, Darwin’s magnum opus, The Origin of Species had a dramatic impact on the 

scientific world view:  

The Origin provided not just a novel account of the origin of species by 
natural selection, but it initiated a transformation of modern worldviews 
and a new understanding of the place of human beings in the natural 
world.  

(See Chapter 3 for further discussion of Neo-Darwinism in science education.) 

I am not suggesting that all of today’s science is reductionist; just that, for the 

most part, SFAA and Science Matters present it as such. As Lacey (1999) points out, “Not 

all science is ‘physicalistic,’ containing theories open to reduction to physics, or 

deploying categories derived from physical or chemical theory. Reductionist tendencies, 

however, are widespread” (p. 33). The concept of ecological interdependence, which, in 

contrast to reductionism, emphasizes relationality, receives passing mention in SFAA’s 

chapter, The Living Environment. In the preface to the chapter, after re-establishing a 

reductionist premise, the authors acknowledge the need to go beyond reductionist 

concepts in the life sciences: 

Living organisms are made of the same components as all other matter, 
involve the same kind of transformations of energy, and move using the 
same basic kinds of forces. Thus, all of the physical principles discussed in 
Chapter 4, The Physical Setting, apply to life as well as to stars, raindrops, 
and television sets. But living organisms also have characteristics that can 
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be understood best through the application of other principles. 
(Rutherford & Ahlgren, 1990, p. 53) 

Nonetheless, the topic of interdependence is just one of six subsections, each of them 

written in terms that, to borrow Lacey’s phrase, deploy categories derived from physical 

or chemical theory (Lacey, 1999, p. 33). 

The topic of ecological interdependence receives more prominence in Science 

Matters by virtue of being the subject of the last chapter of the book. The nineteenth 

and final concept of scientific literacy identified in Science Matters is, “All life is 

connected” (p. 327). After dedicating most of the preceding chapters to atomism, the 

authors tack on the idea that all the separate bits and pieces are connected. 

Some science educators point out that the fields of ecology and biophysics are 

permeated with a problematic incommensurability (Aikenhead & Ogawa, 2007), an 

incommensurability that Goethean science might help resolve. One might suggest that 

systems theory, which is featured in Science Matters, Chapter 19, Ecosystems, could 

address the mismatch between ecology and biophysics, and, in part, it has. But systems 

theory falls short of moving beyond the reductionist view that marginalized the primacy 

of relationships in the first place. As Henri Bortoft (1996) points out, in systems theory 

the relationships between parts effectively become yet another kind of part in an overall 

schema. The following statement from the same chapter on ecosystems in Science 

Matters demonstrates this very point, “Within an ecosystem, each organism fits like a 

gear in a complex machine” (p. 328). Here is an example of extreme 

incommensurability. Life and all its living relationships have been reduced to lifeless 

mechanism. If one of the goals of science is to “account for the world and how it works” 

(Rutherford & Ahlgren, 1990, p. 4), perhaps it is worth exploring other ways of 

approaching nature. Goethe’s approach to science avoids mechanistic reductionism by 

starting with a conception of wholeness different from a wholeness that is a 

conglomeration of parts.  
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1.4. Wholeness in Goethe’s worldview 

In an introduction to his approach to plant study, Goethe (1952) acknowledges 

the advances in knowledge made possible by a reductionist approach and then 

comments on its limitations: 

If we become attentive to natural objects, particularly living ones, in such 
a manner as to desire to achieve an insight into the correlation of their 
nature and activity, we believe ourselves best able to come to such a 
comprehension through a division of the parts, and this method is suitable 
to take us very far. With but a word one may remind the friends of science 
of what chemistry and anatomy have contributed to an intensive and 
extensive view of Nature.  

But these analytic efforts, continued indefinitely, produce many 
disadvantages. The living may indeed be separated into its elements, but 
one cannot put these back together and revive them. This is true even of 
inorganic bodies, not to mention organic ones.  

For this reason, the urge to cognize living forms as such, to grasp their 
outwardly visible and tangible parts contextually, to take them as 
intimations of that which is inward, and so master, to some degree, the 
whole in an intuition, has always arisen in men of science. (pp. 22-23) 

In Goethe’s science, wholeness is not understood as being made up of parts or as 

something that can be adequately understood by dis-integrating analysis. Rather, 

Goethe’s wholeness is wholeness through and through, such that any of its single 

elements is itself expressive of the same inherent wholeness. Bortoft (1996) uses the 

image of a hologram to convey this idea. A photograph can be cut into separate pieces 

and then the parts can be reassembled to create a whole. But a hologram cannot be cut 

into separate pieces in the same way. Each piece of a cut-apart hologram is again, with 

varying degrees of fidelity, an image of the whole. When Bortoft (1996) refers to this 

phenomenon as expressing “multiplicity in unity,” he means that wholeness in Goethe’s 

approach to science is a unity that cannot be disassembled into smaller units. Unity is 

primary, not the parts. The parts do not “make up” the whole. Rather, wholeness is 

expressed throughout its parts.  
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As Cobern (1996) points out, and as I think its authors would agree, SFAA, as part 

of the AAAS Project 2061, is a “call for education to foster a scientific worldview, or in 

other words, to bring about change so that students see the world scientifically” (p. 

585). What does it mean to see the world scientifically? Bortoft (1996) holds that to see 

the world scientifically means to see it primarily through a lens of analysis: 

The distinguishing characteristic of modern science is that it is analytical. 
The movement of thinking is one which separates into mutually external 
elements—the unit is the ideal expression, or embodiment, of this way of 
thinking. (p. 328) 

The problem with over-emphasizing the analytical view is that it makes separateness 

fundamental (Holdrege, 2014). Goethe’s approach, on the other hand, emphasizes 

relationality and context. “It leads to an ecological view of the world in which everything 

is interconnected” (Holdrege, 2014, p. 20). 

Bortoft, a theoretical physicist who did his post-doctoral work under David Bohm 

(1917-1992), is especially qualified to address the atomistic nature of the scientific 

worldview. It was thanks to Bohm’s grasp of a different way of understanding wholeness 

in quantum theory that Bortoft was able to recognize in Goethe’s science a way of 

seeing that complements reductionism (Bortoft, 1996, p. ix). And if Bortoft is right, then 

we are very nearly at the end of the usefulness of comparing Goethe’s science with 

conventional science in the form of an introductory explanatory chapter. Bortoft makes 

the point that Goethe’s way of seeing can really only be understood from the inside out, 

that is by seeing in Goethe’s way. Although lots of things can be said about Goethe’s 

way of seeing, the real import of Goethe’s worldview cannot be adequately accounted 

for in a discourse grounded in comparison because such a discourse remains stuck in a 

way of seeing analytically that fails to see the kind of wholeness that Goethe and Bohm 

saw.  

Nigel Hoffman (1998) agrees that Goethe’s conception of wholeness cannot be 

understood discursively:  
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This perception of wholeness is difficult to grasp with our usual discursive 
way of thinking, which tends to confuse unity with the unification of parts 
into a totality. Such thinking leads us to speak of unity in the same sense 
as we speak, for example, of the “whole plant” or the “whole painting.” 
The essential unity, however, is not the “whole thing” but the formative 
power or “breath of one life” that is reflected in all the parts. As I have 
already suggested, to think this unity we cannot remain discursive and 
abstract—our thinking needs to assume the character of a doing.  It must 
become creative or intuitive…. It needs to participate in the creative 
emergence of the whole in the parts. (p. 168) 

Hoffman makes it clear that understanding a Goethean conception of wholeness 

requires an active, participatory approach to nature, which will be discussed further in 

Chapter 2. 

1.5. The hidden nature of worldview in science education 

Making the scientific worldview explicit that is inherent within the conceptual 

content of both SFAA and Science Matters would help teachers be more aware of the 

worldview they may be unknowingly imparting. Bortoft (1996) makes the interesting 

point that in the case of communicating the content of conventional science without 

caveat, a reversal of content and container takes place. The content itself becomes the 

container for the unseen worldview it represents: 

The specific content is not important; what matters is the way of seeing 
which is carried by it. …. The message that we get is that everything is made 
up of parts which are independent and outside of each other, and which 
therefore can be connected by external relationships. But we are not 
aware of this because our attention is focused on whatever happens to be 
the specific content, and not upon the way of seeing which it embodies. 
(Bortoft, 1996, p. 329) 

Cobern (1996) makes a similar assertion when he says: 

Although science educators more often speak of scientific literacy as the 
primary goal for science education rather than a worldview, the concept 
of literacy advocated entails the concept of worldview. One cannot be had 
without the other. (p. 586) 
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Both Bortoft (1996) and Cobern (1996) point out that the scientific worldview is 

embedded within the concepts that are the currency of scientific literacy. As Cobern 

(1996) states: “a simplistic discussion of scientific literacy in terms of concept acquisition 

and application obscures the perceptual change that accompanies literacy in science” 

(p. 586). He goes on to say, “The choice of the concept ‘literacy’ actually contributes to 

the difficulty of understanding the significant connection between what is called 

scientific literacy and a scientific worldview” (p. 586-587). Cobern (1996) has put his 

finger on a significant epistemological question. Are concepts bits of information to be 

acquired and applied or are they ideas that form the lens through which we see the 

world? If the latter is the case, then the matter of teaching theories as facts becomes all 

the more serious. 

Gerard Fourez (1988) recounts an old joke that makes the same point as Bortoft 

and Cobern do. It illustrates how ideologies can go undetected in science education: 

In a border area, a person well known to be a smuggler, was passing 
through customs almost every day, riding a bike. The customs officials 
were looking at the bike and at the person very carefully. But, as they never 
found anything, they always let the smuggler go on. The reason was very 
simple: the person was smuggling bikes! Something similar happens with 
science teaching. Critical analysis is focused on scientific arguments, and 
ideologies go unnoticed. (p. 271) 

Fourez (1988) further points out that, “Contrary to the smuggler in the joke, science 

teachers generally are not aware that they carry ideologies.” Since science teachers are 

in the business of teaching students about the nature of science and the nature of the 

world they live in, becoming aware of the ideologies or worldviews they may be 

unwittingly smuggling into students’ minds seems important. As Roger Cross (1997) puts 

it: 

Both the explicit curriculum and the pedagogy, and the implicit socializing 
effects of the teacher's beliefs, combine to provide a reference framework 
for the next generation of citizens to acquire 'acceptable' notions about 
science, and its role in society. (p. 608) 
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My thesis suggests that introducing pre-service and in-service educators to 

Goethe’s approach to science may help them become aware of the worldview implicit in 

science and provide a counter-balance to a science curriculum that is heavily weighted 

in favor of atomistic, reductionist ways of thinking. As Cross (1997) says, “As agents of 

society, science teachers, like all educators, are a part of the process of induction into a 

culture” (p. 608). I would add that in this role of inducting, science teachers may also be 

creators of culture. For as Cross (1997) points out, “Through the schooling medium, 

future citizens are… inducted, as early as the first years of education, into a particular 

vision of science” (p. 608). And if that particular vision of science is only the vision 

presented through the content of SFAA and Science Matters, it perpetuates a stance of 

control in regard to the biosphere and reduces it to a mechanical system that humans 

can alter at will, sometimes with disastrous consequences. Perhaps Goethean science 

can help ameliorate this situation. 

By featuring the title “The Scientific World View” as the first heading of its 

opening chapter and then omitting any discussion of worldview in that section, the 

unspoken message of SFAA is that the nature of science is such that it is empirically and 

objectively true independent of any socio-cultural assumptions. Furthermore, the 

attributes that the authors list under the heading “The Scientific World View” are, 

except for the first one, not attributes of a worldview: the world is understandable; 

scientific ideas are subject to change; scientific knowledge is durable; and science 

cannot provide complete answers to all questions. These statements are about the 

attributes of science and amount to little more than statements of common sense. By 

grouping them under the heading, “the scientific world view,” is the conclusion we are 

encouraged to draw that, well, science makes sense? Nothing wrong with that! But the 

actual nature of the scientific worldview, the underlying socio-cultural assumptions that 

inform the way the world is viewed and represented in science is simultaneously swept 

under the rug. Perhaps, the failure of SFAA to identify the essential features of a 

Eurocentric scientific worldview as such is due to a perennial positivism that conflates 

one way of knowing the world with the correct way to understand all of nature.  
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It should be noted that the heading “The Scientific World View” may have a very 

different intended meaning than “the scientific worldview.” Interestingly, the topic of 

worldview is addressed in SFAA, but it is not labeled as such. To their credit, the authors 

of SFAA acknowledge the value of teaching students about the role of socio-cultural 

assumptions in science: “It is important, for example, that students become aware 

that… scientists bring to their work the values and prejudices of the cultures in which 

they live.” (Rutherford & Ahlgren, 1990, p. 189). But the authors fail to make their 

cultural, epistemological prejudices explicit. Science, mathematics, and technology are 

all identified not just as bodies of knowledge but as “ways of thinking and doing” 

(Rutherford & Ahlgren, 1990, p. 188). But the authors fail to make their epistemological 

bias clear. 

According to Bortoft (1996), the science that arose during the Enlightenment 

was both born of and perpetuates the dominant socio-cultural assumptions of Western 

civilization. He holds out hope in equal measure for the potential balancing effects of a 

Goethean approach: “The aim is not to replace one science with another, but to 

overcome a one-sided development that is historically founded and not intrinsic to 

nature” (Bortoft, 1996, p. 330).7 The fact that Eurocentric science was historically 

founded is not one to pass over lightly. Although the section, “The Scientific 

Worldview,” in Chapter 1 of SFAA does not discuss the scientific worldview in terms of 

“culturally validated presuppositions about the natural world,” (Aikenhead, 1996), in 

Chapter 10, Historical Perspectives, the authors do acknowledge the historical, cultural 

context of modern Western science: 

All human cultures have included study of nature—the movement of 
heavenly bodies, the behavior of animals, the properties of materials, the 

 
7 It could be argued that Goethe’s science was also historically founded. Goethe was of course 

influenced by the socio-cultural context of his time; however, as subsequent chapters will 

discuss, Goethe’s way of investigation both included and transcended the role of the observer. 

His method of exact sensorial imagination was a means to overcome subject-object duality and 

allow the intrinsic reality of natural phenomena to make itself known within the human being. 
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medicinal properties of plants. The recommendations in this chapter focus 
on the development of science, mathematics, and technology in Western 
culture, but not on how that development drew on ideas from earlier 
Egyptian, Chinese, Greek, and Arabic cultures. The sciences accounted for 
in this report are largely part of a tradition of thought that happened to 
develop in Europe during the last 500 years [emphasis added]. (Rutherford 
& Ahlgren, 1990, p. 136) 

This acknowledgment of historical context, however, doesn’t lead to any further 

discussion of worldview or the nature of the tradition of thought that these sciences are 

said to (largely) belong to. The suggestion seems to be that in the past(!) other cultures 

had different ways of knowing the world, but this report is about the development of 

modern science, mathematics and technology, so there is no need to discuss the nature 

of the socio-cultural lens that created the “tradition of thought that happened to 

develop in Europe during the last 500 years.” My dissertation challenges the assumption 

that the nature of the conventional scientific worldview can be legitimately ignored; the 

ethical implications of the epistemology of Eurocentric sciences, which will be discussed 

in Chapter 2, are too weighty to be side-lined in a document meant to educate the next 

generation about science. 

For all its seeming avoidance of the topic of worldview, in discussing the 

historical origins of science SFAA does articulate a “belief” that succinctly states the 

scientific worldview: 

The science of Newton was so successful that its influence spread far 
beyond physics and astronomy. Physical principles and Newton's 
mathematical way of deriving consequences from them together became 
the model for all other sciences. The belief [emphasis added] grew that 
eventually all of nature could be explained in terms of physics and 
mathematics…. (Rutherford & Ahlgren, p. 139). 

Here, I believe, is a statement that summarizes “the scientific worldview.” The idea that 

all of nature can be explained in terms of physics and mathematics reduces the rich, 

sensory appearance of the world into locatable objects subject to laws of motion and 

outer forces. It results in a picture of the world in which separate objects impact each 
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other in external, measurable ways, that is, in the way that a machine operates. The 

above statement bespeaks Newton’s famous “clockwork universe,” in which the ties 

between science, mathematics, and technology would become increasingly galvanized. 

Again, while not acknowledging the import and implications of its own statement, SFAA 

refers to Newton’s masterwork, Mathematical Principles of Natural Philosophy, as a 

“seamless mathematical view of the world [emphasis added]” (Rutherford & Ahlgren, p. 

139). As stated above in SFAA, the principles and quantitative methods of Newtonian 

physics “became the model for all other sciences.”8 And therein lies the important point 

to note. A model informs our way of looking, our view of the world.  

Of all the activities of science and science education listed in SFAA Chapter 13, 

Effective Learning and Teaching, the authors emphasize that “none is more important 

than measurement” (p. 188). Notice that this statement is in keeping with Newton’s 

mathematical view of the world. The tyranny of testing in today’s schools is testament 

to how successfully the primacy of quantitative measurement has been transferred to 

other branches of science and domains of society. Difficulties arise when the 

 
8 Celebrated (and controversial) biologist Lynn Margulis recounts the following exchange she had with 
population geneticist Richard Lewontin that illustrates how physics has set the quantitative bar to which 
biologists seem beholden to clear: 

Lewontin visited an economics class at the University of Massachusetts a few years ago 
to talk to the students. In a kind of neo-Darwinian jockeying, he said that evolutionary 
changes are due to the Fisher-Haldane mechanisms: mutation, emigration, immigration, 
and the like. At the end of the hour, he said that none of the consequences of the details 
of his analysis had been shown empirically. His elaborate cost-benefit mathematical 
treatment was devoid of chemistry and biology. I asked him why, if none of it could be 
shown experimentally or in the field, he was so wedded to presenting a cost-benefit 
explanation derived from phony human social-economic "theory." Why, when he himself 
was pointing to serious flaws related to the fundamental assumptions, did he want to 
teach this nonsense? His response was that there were two reasons: the first was "P.E." 
"P.E.?" I asked. "What is P.E.? Population explosion? Punctuated equilibrium? Physical 
education?" "No," he replied, "P.E. is 'physics envy,'" which is a syndrome in which 
scientists in other disciplines yearn for the mathematically explicit models of physics. His 
second reason was even more insidious: if he didn't couch his studies in the Neo-Darwinist 
thought style (archaic and totally inappropriate language, in my opinion), he wouldn't be 
able to obtain grant money that was set up to support this kind of work. (Brockman, 1995, 
p.132) 
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quantitative methods of physics combine with the atomistic model and are applied carte 

blanche to the life sciences, social sciences and education. Mechanical models begin to 

take hold of the way we view the world. Mechanistic explanations of interactions may 

make sense when dealing with colliding billiard balls, but the interactions and 

interrelationships of human beings and other living creatures with each other and their 

environment are of an entirely different nature. Subsequent chapters will explore how 

Goethean science attempts to view life on its own terms rather than via the application 

of a mechanistic model. 

1.6. Indoctrination vs. dogmatism in science education 

Paul Wagner (2018) points out, after carefully defining the term, that a certain 

amount of indoctrination is desirable and necessary in science education. There are 

knowledges and skills that novices need to acquire in order to learn from experts in any 

given discipline. Wagner (2018) refers to context-dependent fundamentals as legitimate 

material for purposes of indoctrinating students, when “indoctrinating” is understood to 

mean “instilling a useful conceptual foundation” (p. 310). Wagner makes clear that the 

long-term goal is not to limit students to currently accepted theories but rather to equip 

them so that, one day, after a certain level of expertise has been achieved, they have 

the possibility of moving beyond current stages of knowledge and making their own 

contributions to “the Great Conversation of Humankind” (p. 309).  

This is precisely the conversation that Goethean science stands to enrich if 

students can avail themselves of an opportunity to learn from it. And that opportunity 

becomes more accessible if the epistemic assumptions of conventional science are laid 

bare in science education. Ironically, Wagner’s (2017) own indoctrination in the 

Baconian approach of conventional science is evident in the following statement: 

As these context-driven fundamentals are acquired, students should then 
be invited to doubt, criticize, hypothesize and consider systematic trial and 
error approaches to extort further information from nature [emphasis 
added]. (p. 311) 
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Goethe claimed that more can be learned from nature when nature is approached with 

an attitude of receptive wonder rather than one of extortion:  

Our full attention must be focused on the task of listening to Nature to 
overhear the secret of her process, so that we neither frighten her off with 
coercive imperatives, nor allow her whims to divert us from our goal. 
(Goethe, 1995, p. 44) 

Perhaps teaching students about the historical Baconian bias of modern science could 

help mitigate the propensity to see nature as an object to extort and control. 

Notwithstanding Wagner’s (2018) helpful reminder about the original definition of 

indoctrination and its legitimate role in science education, a failure to address the 

nature of the conventional scientific world view as a socio-cultural phenomenon 

remains a concern. Without providing adequate context for “context-dependent 

fundamentals,” science teachers run the risk of teaching dogma instead of theory.  

SFAA (1994) notes science’s own “distaste for dogmatism.” Under a section titled 

“Avoid Dogmatism” the authors make the following recommendations: 

Students should experience science as a process for extending 
understanding, not as unalterable truth. This means that teachers must 
take care not to convey the impression that they themselves or the 
textbooks are absolute authorities whose conclusions are always correct. 
By dealing with the credibility of scientific claims, the overturn of accepted 
scientific beliefs, and what to make out of disagreements among scientists, 
science teachers can help students to balance the necessity for accepting 
a great deal of science on faith against the importance of keeping an open 
mind. (Chapter 13) 

And under the heading “Encourage a Spirit of Healthy Questioning,” SFAA lauds the 

value of skepticism: 

Science, mathematics, and engineering prosper because of the 
institutionalized skepticism of their practitioners…. In science classrooms, 
it should be the normal practice for teachers to raise such questions as: 
How do we know? What is the evidence? What is the argument that 
interprets the evidence? Are there alternative explanations or other ways 
of solving the problem that could be better? 
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Taking a critical stance toward the theory of natural selection would be one way 

that science teachers could avoid dogmatism and encourage a spirit of healthy 

questioning. The same could be said for the way in which atomic theory is presented. 

While “accepting a great deal of science on faith” is necessary, students should be made 

aware of the difference between a theory that is based on broad consensus and what 

counts as observable evidence. In the case of both natural selection and atomic theory 

as discussed above, photographs have been presented as evidence in misleading ways. 

Showing students “photographs” of atoms (or photographs of peppered moths)9 and 

leading them in a discussion of the photographs’ validity as evidence for the theories 

under discussion would be an excellent opportunity to employ the above list of four 

questions.  

Indoctrinating students, in Wagner’s constructive sense of the word, is necessary 

and important when it comes to equipping them with the practical skills and concepts 

necessary for investigation. Following SFAA’s recommendation to encourage a spirit of 

healthy questioning also seems necessary and important in order to avoid dogmatism 

and indoctrination into a hidden worldview. To counteract inappropriate indoctrination, 

science educators could join Goethe in his plea that “no one, whoever he may be, be 

allowed to pass off an explanation, theory, or hypothesis as a fact”10 (quoted in Sepper, 

2003, p. 102). 

1.7. Closing thoughts 

In the first part of this chapter, I attempted to show that Goethe’s science is 

indeed science, in ways that parallel the criteria set forward in SFAA. I compared and 

contrasted Goethe’s science with conventional science and noted a key difference in the 

central term, “theory.” In the second part of the chapter, I discussed the role of 

 
9 See Craig Holdrege’s article, “Science as Process or Dogma? The Case of the Peppered Moth” for a 
revealing history of the photograph that is often used in science textbooks as proof of natural selection. 

10 Goethe was referencing Newton, who, according to Goethe, had blurred the distinction between 
empirical evidence and theory. 
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worldview in scientific literacy. Throughout the chapter, I demonstrated the differences 

between the underlying worldviews of Goethean science and conventional science and 

suggested that exposing future teachers to Goethean science could help balance the 

one-sided reductionist and mechanist worldview that permeates conventional science. 

The scientific worldview, or way of seeing, as taught in the content of SFAA and Science 

Matters lies at the crux of the reason for writing this dissertation. The chapter 

attempted to expose the way in which SFAA fails to address the topic of science as a 

worldview and gave two examples of theoretical models that are presented as factual 

content in SFAA and Science Matters, content that is identified as constituting scientific 

literacy. These two theories, the atomic structure of matter and natural selection, have 

a significant effect on the view of the world given through the lens of conventional 

science.  

While providing an alternative worldview to that of conventional science, 

Goethean science also supports the scientific values identified in SFAA. As stated in the 

opening words of SFAA’s Chapter 13, Effective Teaching and Learning, “Although Science 

For All Americans emphasizes what students should learn, it also recognizes that how 

science is taught is equally important” (Rutherford & Ahlgren, 1990, p. 185). The chapter 

suggests that “science teaching should reflect scientific values,” and recommends the 

following values: welcome curiosity, reward creativity, encourage a spirit of healthy 

questioning, avoid dogmatism, and promote aesthetic responses. All these 

recommendations resonate with Goethe’s way of science. Since he was an 

accomplished artist and poet, the last recommendation of promoting aesthetic response 

is especially resonant with the science of Goethe, who called art, nature’s “worthiest 

interpreter” (Goethe, 2017, #483). 

Since Goethean research is about attending to nature qualitatively, a training in 

the conventional sciences may make it difficult to see Goethe’s science as science. Or as 

a chemistry professor colleague of mine opined, “If it is ‘science,’ it is science of a very 

strange kind.” Be that as it may, the prevailing disconnection in Westernized societies 
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between human beings and nature, which has resulted in the environmental crises and 

existential angst many people face today, calls for a radical shift in the way science 

views the world. “In short,” as MacKinnon (1995) states, “we must learn to 

reconceptualize the world holistically” (p. 4). 

The epilogue of Science Matters, which has the title, “The Role of Science,” 

opens with the sentence, “Science is a way of learning about the cosmos and our place 

in it” (Hazen & Trefil, 2009, p. 344). The epilogue then recounts the ways in which 

humans have impacted the Earth’s ecosystem and closes with the words, “Science also 

gives us the means to predict the consequences of our actions and perhaps, with 

wisdom, to save us from ourselves” (Hazen & Trefil, 2009, p. 345). In identifying science 

as a way of viewing the world and identifying the responsibilities incumbent upon us a 

species, the epilogue leaves an opening for conversation about ways in which Goethe’s 

science can further the cause of science and science education.  

If Bortoft (1996) is right, Goethean science could be “instrumental in the 

cultivation of a holistic mode of consciousness” (p. 330), which seems urgently 

necessary in order to come to terms with current ecological crises and the depressive 

psychological conditions of disconnection and isolation. As Holdrege (2018) states, “The 

Goethean approach is not about opposition to traditional science; it is concerned with 

evolving the discipline of science further so that we can begin to understand life in a 

way that is modeled after life.” The final words of Science Matters may be said with 

greater conviction if the definition of science is not limited to the analytic mode of 

conventional science but embraces the holistic mode of knowing that Goethean science 

engenders. Then we may, after all, be able to “save us from ourselves.”  
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Chapter 2.  
 
The Ethical Implications of Goethe’s Approach to Nature11  

2.1. Introduction and overview 

Philosopher Frederick Amrine (2015) states, “The ecological crisis is first and 

foremost an epistemological one” (p. 45). If Amrine is right, and I think he is, then how 

science educators think about and present the world to their students has 

consequences beyond the walls of the classroom. As Carolyn Merchant (1980) notes, 

“The mechanical view of nature now taught in most Western schools is accepted 

without question as our everyday, common sense reality” (p. 193). Merchant (1980) 

traces the origin of this mechanical view back to Newton, Bacon, Mersenne, Gassendi, 

and Descartes. For four hundred years Western science has yielded tremendous 

technological achievements, which have benefited millions of people. Some unintended 

consequences of those achievements are now threatening the health of the biosphere. 

While immediate and evasive action seems more than necessary, it is also important to 

assess and understand the way of thinking that led to the ecological crisis in the first 

place. As discussed in Chapter 1, the stance of modern science toward nature is one of 

control, and as Merchant (1980) says, “Rational control over nature, society, and the self 

was achieved by redefining reality itself [emphasis added] through the new machine 

metaphor” (p. 193).  

David Bohm (1980) comments on how a redefinition of reality becomes 

reinforced in a reductionist worldview, which underlies the machine metaphor: 

In essence the process of division is a way of thinking about things that is 
convenient and useful mainly in the domain of practical, technical, and 
functional activities (e.g., to divide up an area of land into different fields 

 
11 A version of this chapter appeared as an article titled “The Ethical Implications of Goethe’s Approach to 
Nature and its Potential Role in Teacher Education” (Rose, 2021) in a special edition of Cultural Studies of 
Science Education and is included here with permission. 
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where various crops are to be grown). However, when this mode of 
thought is applied more broadly to man’s notion of himself and the whole 
world in which he lives (i.e. to his self-world view), then man ceases to 
regard the divisions as merely useful or convenient and begins to see and 
experience himself and his world as actually constituted of separately 
existing fragments. (p. 2) 

A view of the world as composed of fragments, says Bohm (1980), then guides our 

actions. Those actions provide feedback that the world is indeed made of parts, and 

“man thus obtains an apparent proof of the correctness of his fragmentary self-world 

view” (p. 3). Bohm (1980), Amrine (2015), and Bai (2001) suggest that we all too easily 

overlook the fact that we act in accord with the mode of our thinking.  

The fallout from DDT and the creation of the Dust Bowl are just two examples of 

environmental catastrophes resulting from a mechanistic mindset of control (Carson, 

1970; Worster, 2004). The long-term effects of DDT, the synthetic insecticide that was 

released into the environment in the 1940s to control disease, still pose health hazards 

today. In the case of the Dust Bowl, the stance of control was coupled with blatant 

exploitation. As Donald Worster (2004) notes: 

Some environmental catastrophes are nature’s work, others are the slowly 
accumulating effects of ignorance or poverty. The Dust Bowl, in contrast, 
was the inevitable outcome of a culture that deliberately, self-consciously, 
set itself that task of dominating and exploiting the land for all it was 
worth. (p. 4) 

Control and exploitation are by-products of a subject-object epistemology that 

sees the natural world as separate from the human being. A mechanistic view, born of 

this separation, supposes that natural systems operate in a lockstep fashion of linear 

causality; the multiple ripple effects throughout a web of interrelationships are not 

foreseen because the web is not noticed in the first place. Making and using a synthetic 

chemical such as DDT is a product of a mechanistic way of thinking. This is not to say 

that a reductionist, mechanistic approach is inherently wrong, just that it can be 

inappropriately applied, and those inappropriate applications can have devastating 

consequences. As David Bohm (1980) puts it, the separation of self from the natural 
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world led to a “wide range of negative and destructive results” because “man lost 

awareness of what he was doing and thus extended the process of division beyond the 

limits within which it properly works” (p. 3). 

The list of “the most serious problems that humans now face” given in SFAA’s 

preface includes “acid rain, the shrinking of tropical rainforests and other great sources 

of species diversity, the pollution of the environment, …and the ominous shadow of 

nuclear war” (Rutherford & Ahlgren, 1990, p. vi). The solutions that the authors propose 

to these problems include fostering respect for nature and inculcating scientific habits of 

mind, such as reasoning from evidence, through science education. The authors further 

point out that: 

Although many pressing global and local problems have technological 
origins, technology provides the tools for dealing with such problems, and 
the instruments for generating, through science, crucial new knowledge; 
without the continuous development and creative use of technologies, 
society will limit its capacity for survival and for working toward a world in 
which the human species is at peace with itself and its environment. (p. vii) 

New technologies will no doubt be a part of solving the problems wrought by old 

technologies. I do not for a moment think that the way forward for humanity is to try to 

turn back the clock to the pre-industrial era, but I do suggest that wielding new 

technologies out of the same mechanistic mindset that produced the problems in the 

first place is a flawed approach. My thesis is an attempt to enhance and perhaps raise to 

a higher level of awareness SFAA’s statement that: 

By emphasizing and explaining the dependency of living things on each 
other and on the physical environment, science fosters the kind of 
intelligent respect for nature that should inform decisions on the uses of 
technology; without that respect, we are in danger of recklessly destroying 
our life-support system. (Rutherford & Ahlgren, 1990, p. vi) 

In this chapter I will attempt to show that Goethe’s way of science stands to 

loosen the grip of the machine metaphor on the minds of science teachers and their 

students. Its non-reductionist worldview provides the underpinnings for a caring, 
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responsible relationship with the natural world, similar to a Levinasian philosophy of 

environmental ethics proposed by David Blades. I suggest that the epistemology of 

Goethe’s approach to nature can help balance the worldview of conventional science in 

three ways: embracing qualitative, sensory experience; emphasizing relationality; and 

cultivating an attitude of reverence and wonder.  

2.2. Embracing qualitative sensory experience 

The categorical approach of Eurocentric sciences is perhaps best epitomized by 

the classification system developed by renowned botanist, Carl Linnaeus (1707-1778). 

His contemporary, the much younger Johann Wolfgang von Goethe (1749-1832), 

although he had great respect for Linnaeus, was dissatisfied with the limitations of 

categorization and classification. Goethe was also thoroughly disenchanted with the 

Newtonian conception of a clockwork universe which reduced all manner of phenomena 

to separate objects interacting in mechanistic fashion.  

Instead of learning about plants and classifying them according to external 

features, Goethe wanted to learn from plants. He realized that such an endeavor would 

require a mode of observation entirely different from Linnaeus’s and a kind of 

experimentation different from Newton’s. A Linnaean approach to botany sees only the 

static forms and arrested stages of a plant’s growth. A Goethean approach enters into 

the dynamic movement of growth itself. Goethe found a new mode of consciousness 

capable of a kind of conscious participation with the unfolding, burgeoning life of a plant 

in its constant process of coming into being (Bortoft, 1996).  

Goethe discovered an ability to perceive the dynamic movement of plant 

development by first devoting his attention to the sensory appearance of phenomena in 

all its qualitative manifestations. In the early 1800s, only measurable attributes of 

phenomena were admitted into the arena of scientific investigation in keeping with the 

epistemological lens established by Galileo, Descartes, and Locke, who had determined 

that qualities of taste, smell, color, texture, and sound were subjective sensations and 
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therefore unreliable. Only the so-called “primary qualities” of position, size, motion, 

mass, and shape—the qualities that most readily lend themselves to measurement—

were deemed to be acceptable evidence in the scientific view. As Jeremy Naydler (1996) 

puts it: 

Goethe was deeply concerned with science. But his concern was with a 
side of science which, already in his time, was being pushed to the 
periphery of what was generally regarded as having research value: 
namely, the intensification of our actual experience of the living world of 
qualities and forms. (p.16-17) 

The “intensification” of what Goethe took in through careful observation was a process 

he called “exact sensorial imagination,” which will be discussed in Chapter 4. Before 

Goethe’s method of intensifying phenomenological experience can be meaningfully 

attempted, the student of nature must devote attention to qualitative (and 

quantitative) impressions. 

In the opening decades of the 21st Century, we find that “actual experience of 

the living world of qualities and forms” (Naydler, 1996, p. 16-17) is being pushed to the 

periphery, not just in science, but in science education. The marginalization of sensory 

experience even for the very young is starkly portrayed in a 2018 article (Presser et al.) 

in NSTA’s Science and Children, which recommends that preschoolers “grow” digital 

tomato plants on a tablet in order to learn about what plants need to survive. The 

research scientists who wrote the article seem to have lost touch with the importance 

for children of firsthand sensory experience in nature.  

College education has also suffered losses. Over the past twenty years, 

educators at the university level have been lamenting the decline of natural history 

instruction that includes actual field experience (Noss, 1996; Pyle, 2001; Tewksbury et 

al. 2014). In the words of Reed Noss (1996): 

Nothing will destroy the science and mission of conservation biology faster 
than a generation or two of biologists raised on dead facts and technology 
and lacking direct, personal experience with Nature. In private 
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conversation virtually every biologist I speak with is seriously concerned 
about the death of natural history. (p. 2) 

In 2009, Kolan and Poleman ventured to say that “perhaps it is fairly obvious that 

nurturing sensory awareness is at the heart of natural history education” (p. 33). 

Unfortunately, as evidenced by the digital tomato article in the journal of the NSTA, the 

essential importance of sensory experience even for the very young is no longer 

obvious. It is now considered normal to graduate with a degree in the study of life 

(biology) without ever leaving the classroom to see life in context. “Today, the majority 

of universities and colleges in the United States have no natural history requirements 

for a degree in biology” (Tewksbury et al., 2001, p. 305). Holdrege (2014), puts it in 

starker terms: “One unsettling symptom of biology education today is that you can get a 

B.S. in biology without having once observed a living creature in its natural 

environment!” (p. 22). This is troubling because, as David Abram warns, “If we ignore or 

devalue sensory experience, we lose our primary source of alignment with the larger 

ecology, imperiling both ourselves and the earth in the process” (quoted in Kolan & 

Poleman, 2009, p. 34). It’s hard to care about nature if it’s just something you see in the 

background of commercials for cars and soft drinks.   

Goethe was concerned with science itself, not how it is taught, but his approach 

may have a great deal to offer science education. Goethe’s approach to the study of 

organic and inorganic forms finds more immediate application at the middle school, 

secondary and post-secondary level than in early childhood education, but it may have 

particular value for college students preparing to be teachers. As Pyle (2001) points out, 

“Uninformed teachers cannot teach nature with passion or results; few teachers today 

know any natural history at all, because they had none in high school or college” (p. 22). 

Accompanying the importance of knowing the flora and fauna of one’s own locale, is the 

connection to place and the relational worldview that such knowledge can engender 

(Sobel, 2013). Firsthand experience with nature is the doorway to felt-connection with 

the natural world; Goethe’s approach to science deepens that connection and 

destabilizes the notion of treating it as separate-object. 
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An introduction to Goethean science may pose an opportunity to influence the 

worldview and values of future elementary school teachers, who may in turn, for 

example, recognize the importance of taking preschool children outside. Instead of 

having children click on icons of water or sunshine on a digital device, they can let 

children plant real tomato seeds or seedlings in real soil and tend them with real water 

on a warm day under the real sun. By interacting with the sensory realities of water, 

earth, and seeds in the real-life context of fresh air and sunshine, children and their 

teachers are in the right place to learn from, as well as about, the mystery and wonders 

of life itself. 

Embracing holistic, sensory experience with phenomena is not just a good idea 

for early childhood science education and college programs. It can also inform scientific 

research (Kimmerer, 2013). A Goethean approach to botany has been used, for 

example, in integrative medicine to deepen the understanding of the healing properties 

of plants (Landman-Reiner, 2020). Whereas the close ties between science and 

technology are often predicated on attempts to control or harness nature (Aikenhead & 

Ogawa, 2007), a Goethean approach to science works toward a cooperation with 

nature. Attending to holistic, sense-able expressions of phenomena can yield insights 

that lead to practical applications that reflect the wholeness and integrity of nature. 

Scientists who practice Goethe’s approach to natural phenomena work on 

developing a mode of perception that has a different epistemological basis than that of 

mainstream science, but they also value the knowledge gleaned from the analytic 

approach of chemistry and the experimental methods of research. The two modes can 

complement each other. A synthetic, qualitative approach can complement the analytic, 

quantitative approach and lead to a fuller, intimate knowing of a plant and its 

therapeutic possibilities. Alicia Landman-Reiner (2020), a medical doctor who practices 

Goethean observation states, “qualitative whole-plant studies do not in any way 

substitute for conventional research into plants’ chemistry, nor for clinical research into 

efficacy and safety” (p. 4, emphasis in the original).  
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Landman-Reiner (2020) offers the following snapshot: 

If we watch a Goethean-style-scientist at work, we find them using their 
senses broadly. The Goethean scientist gathers data from sight, hearing, 
smell, taste, and touch…. Wilhelm Pelikan, pharmacist and medicinal plant 
expert, captures rosemary’s scent and its effect on the human observer: 
The aroma it produces is fiery but severe, strong, consciousness-
strengthening and arousing. The scent might be called fiery and salty. The 
scent of lavender, in contrast, is clean and soothing. (p. 2) 

Here we see the researcher embracing qualitative sensory impressions. As Landman-

Reiner emphasizes, embracing the qualitative does not mean dismissing the 

quantitative. Both approaches contribute to a fuller picture of a given plant. 

Something similar could be said for introducing a Goethean approach to science 

education. At the very least, if taught alongside the methods usually found in lab 

classes, Goethean science could provide a balancing effect to an otherwise one-sided 

approach. The qualitative and the quantitative can coexist and complement. But more 

crucially, as will be discussed below, Goethe’s approach could provide practice in a 

relational way of thinking about organic and inorganic phenomena—a way of thinking 

that is permeated with ethical implications.  

2.3. Relationality in Goethe’s approach to science 

Wonyong Park and Jinwoong Song (2018) have outlined how Goethe’s approach 

to the study of color can be used in the middle or high school science classroom. Their 

insights into the use of Goethe’s approach in the science classroom highlight its ethical 

implications. 

One benefit of Goethe’s approach to the study of color is that students can 

investigate phenomena and make their own discoveries rather than conducting an 

experiment that demonstrates a foregone conclusion. As stated by Park and Song 

(2018):   
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Given that school practical work is often accused of delivering a too naïve 
and limited picture of scientific methods to students, the exploratory 
character of Goethe’s methodology offers an opportunity to expand the 
narrow conception of scientific experiments in school science. (p. 53) 

Craig Holdrege (2010), a Goethean biologist who divides his time between research and 

teaching, agrees: 

In science education students often learn theories and models as if they 
were phenomena, and experiments are largely carried out to substantiate 
an idea. A kind of indoctrination occurs. Thankfully, there is now a 
movement towards… ‘inquiry-based’ learning whereby students 
experience science as a process of exploration. It is precisely undogmatic 
and self-critical exploration, carried out in dialogue with the phenomena 
at every step, that Goethe urges. (p. 21) 

Exploring phenomena without preconceptions about what they are meant to 

discover is much more in keeping with the scientific endeavor (Blades, 2001). Goethe’s 

experimental method does not begin with a hypothesis to test; it begins with 

phenomenological investigation. Students (and/or scientists) observe a given 

phenomenon and then carefully vary the conditions to better understand how the 

phenomenon arises. For example, in working with prisms, students note the conditions 

under which colors appear and attempt to establish the lawfulness that is consistently 

manifested. Varying the conditions allows the interrelationships among the results to 

reveal themselves.  

Goethe was in search of an archetypal principle that could be discovered through 

intimate familiarity with contextual relationships. Chapter 4 will explore Goethe’s 

concept of the archetype. For now, the important thing to note is that Goethean science 

is always looking at the conditions under which phenomena arise. Whether the 

phenomenon is a color and how it arises under the varying conditions of light, darkness, 

and proximity to other colors; or a plant and how it grows differently under the varying 

conditions of soil type, exposure, moisture, air quality, and the neighboring plants, 

insects and other animals, Goethe’s approach sees phenomena in the context of 

relationships. 
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Goethe’s attention to the interrelationships between phenomena and their 

varying contexts supports a world view that recognizes and values the interrelationships 

that are the natural world. All of nature exists as complexities of contextual relationship 

that science attempts to map, but can never fully capture, especially when qualitative 

dimensions are ignored. A science education that includes practice with a Goethean 

approach can help balance an otherwise overriding focus on fragmentation, 

categorization, and measurement. Perhaps seeing relationships and working with 

relationships in Goethe’s way within the science classroom has potential for promoting 

an ethical relationship with the natural world, one that, like the Goethean study of 

plants described above, seeks to work with and within a paradigm of cooperation rather 

than one of control. 

Another benefit of including a Goethean approach in science education that 

speaks to relationality is expressed in the title of Goethe’s essay, “Experiment as 

Mediator of Object and Subject.” In the Goethean approach, the relationship between 

the observer and the observed is mediated by the experiment in such a way as to allow 

for the possibility of transformation in the observer’s mode of observing. By starting 

with the assumption that the scientist’s subjectivity can evolve in the encounter with 

phenomena, Goethe proposed a radically new conception of the experimental process. 

The scientist is to leave aside, as far as possible, preconceived hypotheses and attend 

entirely to the sensory appearance of the phenomenon, allowing a heightened 

realization of the object’s impact on the subject. That is, the encounter, or experiment, 

is an opportunity for the scientist to be informed by the phenomenon. The experiment 

mediates a meeting between object and subject in which a participatory mode of 

consciousness may overcome the seeming separation of the two. As Goethe described 

it, “…my thinking is not separate from the objects; …the elements of the object, the 

perceptions of the object, flow into my thinking and are fully permeated by it” (Goethe, 

1995, p. 39).  
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Our usual mode of cognition, that of onlooker consciousness, assumes that we 

are self-conscious subjects “confronting an equally separate, independent object” 

(Bortoft, 1996, p. 124). Goethe was able to find a way into a process of cognition that 

supersedes the assumption of a separate self. He said that in this mode, higher 

principles and laws are revealed “not to our reason through words and hypotheses, but 

to our intuitive perception through phenomena” (Goethe, 1995, p. 194-195).  

The state of mind that Goethe worked to engender is both familiar and foreign. 

Familiar because we are routinely “formed” by the things we give our attention to, and 

foreign because we often don’t recognize the formative process itself as it is happening. 

Usually, we are so occupied with whatever our attention is focused on that we are not 

sufficiently aware of the role of our own attention. The following situation can be tried 

out for oneself: if we focus our attention on a situation attended with thoughts of 

resentment or self-pity, we find ourselves contracting into resentment and self-pity. If 

we focus on a situation (it might even be the same one) attended with thoughts of 

gratitude and appreciation, we find ourselves feeling grateful and appreciative. We 

become what we focus our attention on.  

Goethe attempted to put preconceptions aside and, in a state of open reception, 

allow his attention to be formed by the phenomena. Invoking Dewey and Merleau-

Ponty, Bo Dahlin (2001) advocates for a similar participatory approach to natural 

phenomena and advocates for a phenomenological-aesthetic approach to science 

education, the goal of which is to “alleviate students’ alienation from both nature and 

science” (p. 468). He, like Goethe before him, is concerned that the Newtonian 

mathematization of phenomena that is prevalent in science and science education 

undermines and devalues firsthand, sensory experience with nature. 

Dahlin (2001), drawing on Merleau-Ponty, calls for “the intentional cultivation of 

aesthetic perception,” which “involves attentive listening to all the qualities inherent in 

sense experience” (p. 464). He suggests that “if we possessed this quality of awareness 

more often, we would probably not feel alienated from the world and from nature to 
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the extent that we generally do” (p. 464). I’m suggesting, along with Dahlin, that 

alienation from nature is reinforced by the stance of conventional science education. 

(See Chapter 4 for fuller discussion of science teacher education programs that Dahlin 

and others have developed to cultivate aesthetic perception, a perception that depends 

on direct sensory experience.)  

The whole endeavor of Goethe’s approach is to seek out the interrelationships 

among phenomena and to be informed by the phenomena in all of their sensory 

manifestation. As Park and Song (2018) note, for Goethe, “the essence of scientific 

experimentation consists in finding the interrelated nature of natural phenomena and 

human beings” (p. 53). This key feature of Goethe’s approach suggests that alienation 

can be overcome and a new kind of ethical relationship with nature can emerge from 

Goethean engagement.  

2.4. Blades’ proposal for a Levinasian philosophy of environmental 
ethics in science education 

Approaching natural phenomena with attentive listening and viewing the 

experiment as an opportunity to be informed, even transformed, align beautifully with a 

Levinasian philosophy of environmental ethics as proposed by David Blades (2006).  

The role of ethics in science education is often conceived as a topic to be 

addressed via contemporary issues that arise at the intersection of science, technology, 

and society. Including ethics in science education in the STS model, and more recently in 

the STS-E (Science, Technology, Society-Environment) model, is based on the conviction 

that ethics is of growing relevance to the goal of becoming a scientifically literate citizen 

given both the acceleration of environmental destruction and the rapid increase of 

biotechnologies that are rife with ethical issues. Addressing ethics in the context of the 

pressing concerns of society today makes sense, but perhaps there is a way to approach 

ethics at a more fundamental level. As Amrine (2015) states, “The ecological crisis is first 

and foremost an epistemological one” (p. 45). 



62 

In Ethics and Science Education: How Subjectivity Matters (2016), Jesse Bazzul, in 

laying the groundwork for his focus on institutionalized power structures, surveys the 

variety of approaches to the topic of ethics in science education. He notes the efforts of 

many who have worked to bring social and environmental activism front and center in 

science curricula. Within the array of contributions to the field, Bazzul (2016) singles out 

the work of David Blades (2006). He credits Blades with a radical reconceptualization of 

ethics in science education and a new approach to engaging with ethical issues. As will 

become clear, Blades (2006) elevates the work of a science educator to one of personal 

transformation as seen through the lens of Levinas’s concepts of the Other. In doing so, 

he describes an approach to science education and science itself that is strikingly similar 

to Goethean science.12 

Blades (2006) does not propose a prescriptive curriculum that outlines steps to 

be taken that will ensure an ethical relationship with nature as the Other. Far from it. He 

recognizes that such an approach would be just another instrumental methodology 

operating on a premise that reduces students to an extension of the teacher’s own 

agenda. Blades recommends a far more challenging approach. He proposes a pedagogy 

that requires teachers to go beyond the transmission model of education and enter a 

transformative model wherein teachers become responsible to students as Others in a 

context of the recognition that the environment is Other too. There is no script for such 

a pedagogy, but Blades describes the conditions that make a new take on science 

education possible. In Blades’ (2006) own words: 

In its present construction, school science education is an organization of 
procedures aimed at transmitting to children a particular set of knowledge, 
the ‘said’ of science. STS(E) continues this tradition, but includes additional 
procedures for acting on societal issues. In either curriculum, the 
education is infused with an agenda of control, of mastery of the world. An 

 
12 It could be argued that Martin Buber’s concept of the Other is more closely aligned with a Goethean 
approach; however, both Levinas and Buber emphasize the qualities and activities of listening and 
beholding that are so important to Goethe’s way of science. One especially appealing parallel between 
Buber and Goethe is the capacity that Buber (1965, p. 62) referred to as a “synthesizing apperception,” or 
the ability to see wholeness. 
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E-STS science education, centred on the Other, is an education of letting 
go, a pedagogy of peace that begins in understanding that the world is a 
mysterious, infinitely unknowable Other beyond mastery. The said of 
science is not, in an E-STS approach, knowledge to enable the continuing 
conquest of the environment, but knowledge that is an invitation to listen 
to what the environment is saying and, finally hearing, to respond as a 
servant to the needs of the Other. 

The parallels with Goethe’s approach to science as a participatory conversation with 

nature are unmistakable. 

By calling on Levinas’s conception of the Other, Blades challenges the 

epistemological foundations of Eurocentric sciences, which assume, support, and 

perpetuate the notion of a self that is separate from an observable world that cannot be 

known with any degree of certainty except to the extent that it can be measured and 

quantified. Knowing the natural world as “Other” in a Levinasian sense elevates the 

qualitative, immeasurable aspects of phenomena. Much has been written on Levinas’s 

own delimitations to his concept of the Other, and Blades takes a conscious step beyond 

Levinas’s original idea. It is instructive to briefly consider the boundaries Levinas 

maintained around his concept of the Other and how Goethean science can help justify 

expanding those boundaries. 

Levinas made several statements clarifying that his concept of the face of the 

Other did not extend to other species, let alone nature as a whole. Levinas defined face 

as that which, in a human-to-human encounter, reaches across the subject-object divide 

and inaugurates a new capacity for cognizing the other that is free from preconceived 

categorical assumptions. (Sounds positively Goethean.) When asked if snakes have 

faces, Levinas replied that he didn’t know and that answering that question would 

require more analysis (Diehm, 2006). An admission of ignorance regarding the 

ontological status of snakes makes sense in light of Goethe’s statement that, “Every new 

object, clearly seen, opens up a new organ of perception in us” (Goethe, 1995, p.39). In 

other words, we cannot clearly see or know another person, plant, or animal without 

devoting our attention to them, without devoting our attention to the mystery of the 
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Other. That is to say, only devoted attention, not analysis, will reveal whether a snake 

has a face, in Levinas’s sense of the word.  

Analysis is not a suitable mode for discovering the being-ness that manifests as 

Snake. This is not a minor technicality. The analytic mode pervades the life sciences, and 

the mode of analytic dissection, quite literally in the case of frogs and sea urchins in a 

high school or college biology lab, results in the death of its subject, or rather its object 

(Blades, 2006; Beavington, Bai, & Romanycia, 2017). And this is where recognizing the 

role of epistemology can help to reconfigure the topic of ethics in science education. As 

Beavington, Bai, & Romanycia (2017) point out,  

Science as epistemology assumes, as a matter of course, that this animal 
is merely an object, and its internal organs are mechanisms to be poked, 
prodded and studied without an ethical regard. (p. 88) 

The methods of modern scientific investigation reinforce the assumptions of 

onlooker consciousness and make natural phenomena into objects to study, often out 

of context, in contrived experiments. When we stand apart from nature in this way, 

nature all too easily becomes an object to exploit. Ethics is inextricably bound up in our 

epistemological assumptions. It could be argued that regarding nature as an object 

apart from human beings can also inspire values and practices of stewardship, and that 

may be all to the good. But stewardship still carries connotations of control. Perhaps 

there is a more radical approach to environmental ethics that can be founded on a 

relational response to the independent integrity of the Other. When we encounter the 

“otherness” of nature, what conditions will call forth a felt responsibility born of respect 

rather than paternalism? 

Goethean science departs from the analytic mode of conventional science and 

offers a different possibility for encountering nature. Its synthetic, holistic approach 

views an organism in its wholeness and in its context, engendering the ability to 

perceive the intentional realities of other species. Holdrege (2003, 2005, 2017) offers 

several examples of organism portrayals born from such an approach. They all convey a 
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sense for an organism’s intentionality, which is akin to the “realisation of the sheer 

alterity of another” (Blades, 2006, p. 651) vis-a-vis Levinas’s concept of the face. 

Holdrege’s colleague, Stephen Talbott (2020) has also written extensively on the 

intentionality of organisms that is present throughout their life cycles: 

[E]very embryo seems, in its holistic manner, to be reliably guided toward 
a future state. It is as if that future state were somehow present and 
influential along the entire path of its own material realization — as if the 
developing embryo were expressing from the very beginning its own telos, 
or the essential idea of its ultimate maturity and wholeness, as a very real 
and present power. 

I’m not aware of any studies Holdrege has done on snakes, but one has only to 

read his portrayals of frogs, bison, giraffes, or elephants to answer the question posed 

to Levinas as to whether a snake has a face, with a legitimate claim to confidence. 

However, as Holdrege would urge, speculative conclusions are not a substitute for 

firsthand, sensory encounters with other beings. Instead of just reading someone else’s 

study of snakes, he would encourage spending time with snakes. He would suggest 

setting aside one’s own agenda and being open to the possibility of learning from a 

snake.  

2.5. Relational thinking and ethical care 

In the following excerpt Holdrege (2005a) highlights how a Goethean study of 

the interrelationships of organisms, in this case of the giraffe and the acacia tree, brings 

about an awareness that transcends our usual onlooker modality of regarding the world 

as composed of separate objects. 

In conceiving abstractly of discrete organisms, we think of giraffe and 
acacia as separate entities, which of course they are physically when the 
giraffe is not feeding. But the fed-on acacia is not the same after giraffe 
browsing; it takes more minerals out of the soil and forms nutrient-rich 
substances in its leaves, while suppressing leaf-aging as indicated in less 
tannin formation. In this way the giraffe has become part of the acacia. 
Then, when it feeds again, the giraffe feeds on something that is connected 
to its own activity. The apparently clear boundary between organisms 
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dissolves and we are led to picture organisms as interpenetrating each 
other rather than being next to each other. (p. 68-69) 

Blades (2006) points out the same permeability of boundaries in his description 

of a pond. When one considers the evaporation of water from the pond’s surface into 

the atmosphere, and the blurred, muddy edge of a bank, which is partly earth and partly 

water, and how the runoff from surrounding fields has impacted the organisms that live 

in the pond, it is not at all clear where the pond starts and ends. The capacity to see 

interrelationships is enhanced through the Goethean approach, as Park and Song (2016) 

demonstrate in the example of color study in the science classroom and as Holdrege 

demonstrates in his examples of whole-organism portrayals. Holdrege (2000) advises 

starting with one species of animal or plant to cultivate relational thinking: 

It is easier to develop organismic, relational thinking when one chooses a 
particular animal or plant as focal point from which to radiate out. Through 
such work one can develop the necessary mobility of thought to begin 
approaching, say, a forest habitat or a wetland in a similar fashion. (p. 15) 

Notice that Holdrege refrains from speaking about nature in the abstract here. 

He speaks specifically about a forest one could be walking through. Beholding the face 

of another in Levinas’s terms is also not about beholding an abstraction. Beholding the 

face of nature is an encounter of the moment in full attention to the sense-able 

organism or phenomenon. Holdrege (2000) continues, “As difficult as it may be, we 

need more and more to see the organism in the habitat and in the landscape; otherwise, 

we wander blindly through a world of unseen relationships” (p. 15).  

Through a Goethean approach or a Levinasian approach to Nature as the Other, 

a true ethical care for and with the environment becomes possible. However, in the 

moment of a Goethean/Levinasian encounter, the ‘I’ does not regard the environment 

as an object to be cared for. A stance of stewardship presupposes the subject-object 

dichotomy, which is transcended in a face-to face encounter. Subjectivity is transcended 

in this moment of opening oneself to the infinite reality of the Other. 
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A face-to-face encounter touches the infinite, but we of course must deal in our 

work-a-day world with totalities, to use Levinas’s term. And in science education this 

may take the form of social and environmental action projects of many kinds, for which 

Blades (2006) provides many examples. Importantly, all of the examples of student 

projects that he mentions come from students’ own encounters with manifestations of 

the Other. Blades (2006), following Levinas’s philosophical concerns, is wary of group 

projects that could easily slip into a normative, positional response untethered from the 

unique demands of a given context. Instead, Blades recommends that science 

classrooms provide a community of support in which each student designs their own 

project in response to the calling they each perceive from their individual encounters. 

(Sample projects from Blades’ students include addressing local deforestation and 

dealing with the downstream effects of industrial agriculture.) Classmates serve as a 

sounding board, provide feedback, and share insights from their own experiences with 

shouldering responsibility for injustices they wish to address. In this way, says Blades 

(2006), students are able to: 

finally realize the goals of STS(E) for an education that enables responsible 
citizenship because, with hands open, they are present to the Other, 
saying, ‘Here am I’. Choosing to listen to the saying of the world and to 
respond to this saying, they will find that their science education, when 
approached from the perspective of E-STS, has provided the opportunity 
for an ethical life. (p. 662) 

Blades does not suggest that the conventional approach to science be 

completely abandoned—and neither do Goethean scientists. Rather, he suggests that it 

be “critically employed” in service to listening to and acting in peace with “what the 

world is saying.” Too often, as Dahlin (2001) warns, science education can become part 

of the problem insofar as its epistemology rests on and leads to an “alienated view of 

nature” (p. 455). Blades agrees and echoes Goethe’s concerns over the Newtonian 

paradigm when he quotes Aikenhead (1994) as saying, “science still ‘strives for power 

and domination over nature’” (p. 656). Unfortunately, the work of balancing the analytic 

and synthetic approaches is not as straightforward as one might hope. Explicit 
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investigation of the underlying epistemologies of each approach is a good place to start, 

so that, as Blades recommends, the research of conventional science can be employed 

in service to responding to the needs of the Other.  

The radical nature of Blades’ stance on ethics in science education becomes 

evident in light of Kathryn Saunders’ and Leonie Rennie’s (2013) comprehensive review 

of how socioscientific issues (SSI), especially controversial ones, are currently being 

addressed in the classroom. Saunders and Rennie acknowledge a wide array of 

approaches, models, and strategies, but identify a common shared assumption. 

“Although there is no single way to teach SSI there is a commonality through the 

literature emphasizing that issues cannot be addressed effectively from a didactic, 

teacher centred approach, and that the process of ethical reasoning [emphasis added] is 

more about a respectful exploration of all viewpoints, rather than about the final 

decision” (p. 259). Blades (2006) goes deeper by challenging the epistemological 

foundations of Eurocentric sciences that assume a goal of controlling nature. In doing 

so, he also challenges the assumption that reasoning is the arbiter of ethical inquiry. 

In the science classroom, the possibility for students to engage with Blades’ 

recommendations or with a Goethean approach to experiments will depend to a large 

degree on the science teacher. The question then becomes about the education of 

science teachers. Is there a place for introducing future science teachers to the practice 

of Goethean observation, and what are the preconditions for that introduction to be a 

fruitful and meaningful experience? In other words, how do we prepare future teachers 

to be able to enter into dialogue with nature as the Other with attentive listening in an 

effort to foster ethical relationship? 

2.6. Preconditions for fostering ethical relationships 

Research shows that having firsthand experiences in nature as a child correlates 

with choosing careers related to protecting the environment (Chawla, 1988). When 

asked what factors contributed to their career choice, most environmentalists cite two 
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factors. The first is time spent in nature as a child, and the second is a relationship with 

an adult who shared with them a love of the outdoors and a respect for nature (Chawla, 

1988; Sobel, 1999). In order for future teachers to be that adult for their students, they 

need to have spent time in nature themselves. Firsthand, sensory experience in nature 

is indispensable for cultivating ethical relationships. That much should be obvious with 

or without corroborating research studies. Given that firsthand experiences in and with 

nature are essential, what are the conditions that help to cultivate a healthy relationship 

with nature and the lives of all creatures? 

2.6.1. An openness to learning from 

Blades (2006) references John Llewellyn’s (1991) exploration of the ‘ecological 

conscience’ to help establish what could be called the preconditions for hearing the call 

of the Other. Llewellyn, like Blades, carries Levinas’s conception of the face of the Other 

beyond the confines of human-to-human relationships. For Llewellyn, all beings bear 

faces of the Other. Thus, one of the preconditions for hearing the call of the Other from 

a non-human being is an openness to the idea that a non-human can be an Other. 

As Blades, following Levinas, points out, our discovery of the Other comes from 

an experience of rupture. The alterity of the Other announces itself in a way that 

disrupts our usual sense of egocentricity. Goethe expresses a similar sensation in the 

following description: 

When in the exercise of his powers of observation man undertakes to 
confront the world of nature, he will at first experience a tremendous 
compulsion to bring what he finds there under his control. Before long, 
however, these objects will thrust themselves upon him with such force 
that he, in turn must feel the obligation to acknowledge their power and 
pay homage to their effects. (Goethe, 1995, p. 61) 

After describing the initial rupture of encounter, Goethe goes on to describe the 

experience of coming to terms with the limitless mystery of the Other and its effect on 



70 

the investigator’s own way of thinking, a thinking that is no longer predicated on a 

separate subjectivity: 

When this mutual interaction becomes evident he will make a discovery 
which, in a double sense, is limitless; among the objects he will find many 
different forms of existence and modes of change, a variety of 
relationships livingly interwoven; in himself, on the other hand, a potential 
for infinite growth through constant adaptation of his sensibilities and 
judgment to new ways of acquiring knowledge and responding with action. 
(Goethe, 1995, p. 61) 

Here Goethe is describing the kind of relational thinking that is integral to a new ethical 

relationship with nature. He is describing what it is like to learn from an organism or 

phenomenon. And he finishes with the idea that this encounter calls up a response. In 

quoting Levinas, Ann Chinnery (2003) highlights the essential feature of this response: 

The salient point here is that the ‘I’ does not become aware of the 
necessity to respond as if it were a decision to be made; rather “the ‘I’ is, 
by its very position, responsibility through and through” (Levinas, 1996, p. 
17). 

In other words, the ‘I’ only fully realizes itself in relation to the Other. We become 

ourselves through responsibility (response-ability).  

Here we have the radically new conception of environmental ethics as a 

transformation of the self that Blades recommends as a guiding philosophy for science 

education. Perhaps it sounds too high-minded or utopian to be of practical value for the 

science classroom. Goethe admitted as much when he said that the practice of delicate 

empiricism “belongs to a highly evolved age” (Goethe, 1995, p. 307) and judging from 

the ecological crises we are facing, we haven’t evolved much since he penned those 

words in the early stages of the industrial revolution. But if, as I have argued, today’s 

ecological crises arose from the Western notion of a self that is separate from a 

surrounding world of objects, it stands to reason that a shift in consciousness will be 

needed to change our direction.  
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Goethe acknowledges that breaking free from the onlooker consciousness of the 

Western worldview is a constant challenge: “When in the exercise of his powers of 

observation man undertakes to confront the world of nature, he will at first experience 

a tremendous compulsion to bring what he finds there under his control.” (Goethe, 

1995, p. 61) It is worth considering further, then, what sorts of support can help prepare 

us, science educators and students alike, for moving beyond the compulsion to control 

and explain in favor of a readiness to listen to and learn from the natural world. 

2.6.2. Reverence 

An attitude of respect, born of the conviction that nature does indeed have 

something to teach us, is a precondition that Holdrege (2005b) identifies as especially 

important for fruitful research. Llewellyn (1991) goes further and calls for an attitude of 

reverence—but not an attitude of reverence limited to a specific object of attention. As 

Blades (2006) notes, Llewellyn is talking about reverence in terms of a fundamental 

regard for everything whether it is deemed animate or inanimate. Such an attitude 

moves our way of thinking beyond the utilitarian or instrumental. Blades (2006) gives 

Llewellyn’s example of a hammer to drive the point home: 

The hammer too should be treated also as an end in itself, and treated so 
not only on the grounds that its haft is elegantly shaped or out of respect 
for the craftsman who shaped it or even for the tree which was killed to 
provide the raw material. All these considerations are relevant to the 
question of the value we put upon it, but this question of value is separate 
from and secondary to the proto-ethical question of my responsibility not 
to treat things merely as means. (p. 259) 

To not treat the inhabitants of the world as merely a means to meet my own needs and 

agenda—that is ever the call of the Other.  

Llewellyn’s example is especially poignant for early childhood science educators. 

While Parker Palmer’s oft-quoted phrase “we teach who we are” is true for educators of 

all ages, young children take in our attitudes and ways of being more deeply than older 

students. Students of all ages are susceptible to the socio-cultural assumptions that 
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teachers pass on to them, but older students can at least engage in an analysis of the 

ways in which they have been enculturated and begin to re-evaluate their regard for the 

world around them. Young children are developmentally disposed to absorb the 

attitudes and culture they are immersed in without recourse to reflection and analysis. 

The way we regard and treat the world around us—frogs, geraniums, spiders, water, 

hammers—will influence the epistemological and therefore ethical outlook of our 

students. 

Reverence is not only good for the objects revered. Feelings of reverence uplift 

us; they open us to what Rachel Carson (1965/2017) referred to as everlasting sources 

of renewal and strength. Similar benefits come from a condition that is a companion to 

reverence—a sense of wonder. 

2.6.3. A sense of wonder 

There are few things in life more rewarding than witnessing the wonder and joy 

that little children embody in their encounters with the natural world. They come by it 

honestly since they are often encountering phenomena for the first time in their short 

lives: a puddle after it rains, a fly buzzing at the window, a field or front lawn of freshly 

fallen snow. I have witnessed the same kind of childlike wonder on the faces of college 

students who are seeing something in nature for the first time. One student, when 

gazing up into the drooping head of a giant sunflower in the education department’s 

garden, was remarking on the spiraling pattern bordered by the petals. Suddenly she 

gasped, exclaiming “They’re seeds!” On the face of another student, who had originally 

expressed a reluctance to visit the garden to observe pollinators, I saw intense focus and 

surprise: “The bee is going all the way into the flower.” Rekindling a sense of wonder 

delivers us from the quotidian and returns us to the awe of mystery.  

The anticipation of encountering mystery with a sense of wonder is a different 

stance than is often taken in conventional science, which prioritizes mastery rather than 

mystery. Glen Aikenhead and Masakata Ogawa (2007) go as far as to say that 
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“eradication of mystery is a key intellectual goal in Eurocentric sciences” (p. 547). A 

more benign interpretation of the goals of science appears in many science textbooks in 

the form of a metaphor for the scientific endeavor as being that of a detective solving a 

mystery. This “problem-solving” approach to science often leads to more opportunities 

for students to engage with hands-on investigations—surely a welcome relief from a 

diet of didactic instruction. However, there is a difference between seeking the 

phenomenal world with a sense of wonder and setting out to solve a problem.  

The solving of a problem implies a sense of mastery and completion, i.e., control; 

a sense of wonder leaves us open to surprise and possibility. Even Holdrege (2005b) 

uses the metaphor of a riddle to represent the Goethean approach to nature 

observation. Holdrege, however, uses the metaphor to show how something curious in 

nature calls to him; he answers the call by coming with a questioning and a readiness to 

learn. He is not suggesting that the riddle nature poses is like a puzzle or problem he is 

going to solve conclusively upon finding the key. Rather, he finds a key that opens a 

door to an understanding that can continue to grow and deepen and lead to more 

questions. The mystery is never completely fathomable. 

I know many scientists who have a sense of wonder. A concern I have is that 

students seem prone to lose theirs in the science classroom. What can be done to help 

future science educators be models who, as Rachel Carson (1965/2017) enjoined, can 

help children keep their sense of wonder alive? Here we can turn to the field of 

contemplative inquiry as a support for cultivating both an attitude of reverence and a 

sense of wonder that anticipates an encounter with unfathomable mystery. 

Heesoon Bai, a leader in the field of contemplative inquiry has developed a set of 

practices to cultivate reverence and wonder. Reverence is a sine qua non of 

contemplative practice; it is, for example, the first virtue to be learned in the Soto Zen 

tea ceremony. The practices Bai (2020) has developed lend themselves to the college 

classroom. She calls one such practice, “soaking up”: 
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Try to soak up beauty, endearment, awe, wonder, admiration while gazing 
around and upon what you see. It may help to have a ‘soft eye’: not hard 
staring or penetrating and probing. Receive and soak up what emanates 
from the seen and the unseen world. Now and then close your eyes and 
further sink into restfulness. Let the soaking up continue, uninterrupted. 
You may not notice the effects right away, but it is good to check in 
inwardly now and then to see if you feel differently. Do you feel a little 
more replenished and animated? When you look around, do you feel a 
little more aliveness coming through? Do your surroundings have the look 
of shimmering? How you look at the world greatly influences how the 
world appears to you, which in turn influences how you respond to the 
world in terms of acting. (p. 923) 

As Bai (2020) states, “How you look at the world greatly influences how the 

world appears to you.” Goethe proposed a way of looking at the world, like the 

phenomenologists Husserl and Merleau-Ponty decades later, in which the phenomena 

themselves could inform the observer’s way of looking. Goethe referred to his way of 

looking as a kind of “delicate empiricism which makes itself utterly identical with the 

object” (Goethe, 1995, p. 307).  

We can taste this experience of delicate empiricism in everyday encounters with 

natural phenomena if we take the time to dedicate our attention to them. We can allow 

our attention to be formed, for example, by watching clouds metamorphose across the 

sky. As I sit and watch the slow, unfolding flow of cirrus clouds dispersing and reforming, 

I find my own state of mind easing into a gentle peace. An open receptivity is now 

accompanying and being formed by the cloud’s own flow of form. 

Goethe’s ability to dedicate his observation to natural phenomena appears to 

have been exceptional. His method of exact sensorial imagination, which will be 

discussed in Chapter 4, played a key role in his discoveries, but they were only possible 

because of his dedication to careful observation of sensory phenomena. He attested to 

the transformative possibilities of engaging in phenomenological investigation when he 

said, “Every new object, clearly seen, opens up a new organ of perception in us” 

(Goethe, 1995, p. 39). New organs of perception allowing for new ways of regarding and 

relating to the natural world may, as Bai (2020) suggests, result in new ways of acting.  
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2.7. Closing thoughts 

As Merchant (1980) notes, before the mechanistic view of nature took hold, 

nature was regarded as an organic whole suffused with order in which each and every 

being played their part “as determined by its nature” (p. 192). In a machine, the parts 

don’t have lives of intrinsic worth and intention; they are replaceable cogs with no 

inherent value. Such is the worldview that pervades a science education that, stripped 

of natural history instruction, talks about adaptations and niches, instead of goldfinches 

and beech trees (Pyle, 2001, p. 22). I suggest that in the classroom, science teachers 

would do well to consider the worldview they are promoting in the way they talk about 

and think about the natural world. 

Chapter 3 will look more closely at Neo-Darwinism in science education and 

suggest ways in which a Goethean approach can restore recognition of intrinsic 

purposefulness in the lives of organisms. Merchant (1980) notes that before the onset 

of the secularizing effects of the mechanistic worldview, the dominant (“organic”) 

worldview was one in which “power was diffused from the top downward through the 

social or cosmic hierarchies” (p. 193). Top-downward power is often associated with the 

edicts of a religious leader (at the top of a social hierarchy) or of God (at the top of a 

cosmic hierarchy), but another way of thinking about the movement from above to 

below is the relationship of the ideal and the material. Chapter 3 will look at how 

Goethe’s science can serve as a bridge to a religious worldview that recognizes the 

influence of higher realities. 

I’ll conclude this chapter with a quote from David Seamon (1998), a researcher in 

the field of environmental and architectural phenomenology. His words beautifully 

express the potential that Goethe’s participatory approach might hold in a science 

classroom. A participatory approach that explores interrelationships and context in a 

mood of respect and even reverence can engender a new epistemological basis for an 

ethical relationship with nature:  



76 

I believe strongly that Goethean Science provides a rich, intuitive approach 
to meeting nature and discovering patterns and relationships that are not 
only stimulating intellectually but also satisfying emotionally and 
spiritually. Goethe’s method teaches a mode of interaction between 
people and environment that involves reciprocity, wonderment, and 
gratitude. He wished us to encounter nature respectfully, and to discover 
how all its parts, including ourselves, belong. In this way, perhaps we come 
to feel more care for the natural world, which answers back with meaning. 
(p. 10) 
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Chapter 3.  
 
Goethe’s Approach as a Keystone Between Science and 
Religion 

3.1. Introduction and overview 

In Chapter 2, I looked at the role of epistemology in the ecological crisis. I 

concurred with Merchant (1980) that when nature is viewed “as a system of dead, inert 

particles moved by external, rather than inherent forces, the mechanical framework 

itself [can] legitimate the manipulation of nature” (p. 193). In this chapter, I again look 

at the mechanical view of nature that became further entrenched after the publication 

of Darwin’s On the Origin of Species13 and suggest that Goethe’s way of approaching 

nature provides an antidote to mechanistic thinking. I discuss Goethe’s concept of form 

and his contributions to understanding evolution as creative process. I also examine 

AAAS’s designation of the theory of natural selection as the explanation for evolution 

and suggest that designating one theory as correct, especially in light of recent genetic 

research, is a disservice to science educators and their students. I further suggest that, 

by virtue of combining a teleological worldview and empirical methods of investigation, 

Goethe’s approach to nature offers a meeting ground for the materialistic outlook of 

science and the spiritual outlook of religion.  

The concluding sentences of Darwin’s On the Origin of Species expresses a 

religious orientation that, according to his autobiography, he later abandoned:  

There is a grandeur in this view of life, with its several powers, having been 
originally breathed by the Creator into a few forms or into one; and that, 

 
13 Robert Richards (2016) points out that while “the mechanism of natural selection” is common parlance 
today, On the Origin of Species is mostly free from the language of mechanism. He makes the case that 
Darwin’s thinking was informed by the teleological concepts of his day. However, as will be discussed in 
this chapter, Darwin’s view of organisms as a set of adapted traits determined by external factors 
engenders a mechanistic view. Richards also points out that it was the mathematization of Darwin’s work 
in the Neo-Darwinian synthesis that has further entrenched the mechanistic view. 
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whilst this planet has gone cycling on according to a fixed law of gravity, 
from so simple a beginning endless forms most beautiful and wonderful 
have been and are being evolved. (p. 374) 

The field of biology is now devoid of a religious orientation and is firmly 

committed to a reductionist account of life and of evolution. Ironically, biology tends to 

be even more committed to reductionism than physics, the field where reductionism 

has its roots (Talbott, 2020). After Einstein’s theory of relativity and the development of 

quantum physics, reductionism lost its footing as a plausible framework for the laws of 

physics. Theoretical physicist, Paul Davies (quoted in Brockman, 1995) said: 

I look forward to a time when the biologists stop berating the physicists for 
abandoning reductionism. At the moment, the biologists are strongly and 
evangelically reductionistic, and any suggestion by physicists that one can 
deviate from the path of strict reductionism tends to evoke a rap over the 
knuckles from the biologists. My personal belief is that biologists tend to 
be uncompromising and reductionistic because they’re still feeling 
somewhat insecure with their basic dogma, whereas physicists have three 
hundred years of secure foundation for their subject, so they can afford to 
be a bit freewheeling in their speculation about these complex systems. 
(p.309) 

I am quoting Davies at length here because the current chapter calls into question the 

prevailing reductionist dogmas in evolutionary biology. The chapter could easily be 

dismissed by some because it suggests a different way of thinking about evolution. But, 

as professor of cell biology and researcher Stephen Rothman (2015) states: 

A scientist’s most elevated obligation is skepticism, not merely toward the 
new and the out of the ordinary, but toward the common view, that held 
with the most certainty and the most dearly embraced. In the absence of 
skepticism, there is no science, only dogma. (p. 15) 

Darwin scholar Robert Richards (2016) makes the case that a mechanical 

worldview is not the driving force in Origin of Species; rather, he says, it is permeated 

with the Romanticism of German idealism. Richards (2016) remarks that Darwin pored 

over the work of Alexander Humboldt, who was heavily influenced by his friend and 

fellow scientist, Goethe. But in spite of how Darwin may have sympathized with 
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Humboldt’s holistic view of nature in a given period, mechanism is the driving force of 

his theory. A particularly interesting passage to consider appears in the concluding 

pages of Origin of Species: 

When we no longer look at an organic being as a savage looks at a ship, as 
something wholly beyond his comprehension; when we regard every 
production of nature as one which has had a long history; when we 
contemplate every complex structure and instinct as the summing up of 
many contrivances, each useful to the possessor, in the same way as any 
great mechanical invention is the summing up of the labour, the 
experience, the reason, and even the blunders of numerous workmen; 
when we thus view each organic being, how far more interesting—I speak 
from experience—does the study of natural history become! (p. 371) 

The above quote indicates Darwin’s commitments to a mechanistic view of organisms. 

He suggests that organisms are an assemblage of parts or contrivances much like any 

mechanical invention. In other words, everything about an organism can be understood 

in terms of determinism, that is, in the same way as a machine can be understood.  

Goethean scientists do not deny that natural selection plays a role at the level of 

changes in a population of, for example, finches in the Galapagos. But they hold that its 

role on grander scales is not determinative. As Jos Verhulst (2003) puts it, Goethe 

believed that: 

the evolution of organisms is evidence of an intrinsic drive that is 
influenced but not explained by the phenomenon of natural selection, just 
as a detour influences a driver’s route without fully accounting for it. (p. 
45-46) 

The “intrinsic drive” Verhulst (2003) refers to is tied up in Goethe’s concept of form, 

which was discussed in Chapter 2 and will be further discussed below. 

3.2. A Goethean approach to evolutionary biology 

Of the ten concepts chosen to represent the history of science in SFAA’s Chapter 

10, Historical Perspectives, three of them are directly related to the concept of 
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evolution and the geological evidence (plate tectonics and the age of the earth) that 

refute the Biblical account of creation. Science Matters describes the debate between 

Creationism and the theory of evolution and the debate between Intelligent Design and 

the theory of evolution. The conclusion drawn in both SFAA and Science Matters is that 

scientific explanations are based on evidence, whereas religious explanations are based 

on beliefs that cannot be empirically substantiated. This distinction is fair enough when 

religion is equated with Creationism, which asserts that the Biblical account of creation 

is literally, rather than allegorically, true. But religion is not identical to Christian 

fundamentalism. 

A religious worldview, apart from the constraints of any given denominational 

doctrine, sees the evolution of life as one of meaning and purpose. Perhaps Goethean 

science can provide a bridge between the empiricism of science and the teleological 

worldview of religion. Perhaps Goethean science would be of particular interest to those 

science educators who are interested in an alternative to the conventional approach to 

evolutionary biology that says all life is due to a process that at its most basic level lacks 

direction and purpose. Perhaps Goethean science can function as a keystone that holds 

a creative tension between the poles of conventional science and theistic science. In 

other words, perhaps Goethe’s science can be a bridge to understanding phenomena in 

a spiritual context.  

SFAA states, “While it is still far from clear how evolution works in every detail, 

the concept is so well established that it provides a framework for organizing most of 

biological knowledge into a coherent picture [emphasis added]” (Rutherford & Ahlgren, 

1990, p. 63). To be clear, the concept of evolution itself is unobjectionable. Conflating 

the concept of evolution with the theory of natural selection is the problem. In other 

words, the problem is conflating the successful application of the theory of natural 

selection at the level of changes to a population over a short period of time with 

applying the theory on a grander scale of one species morphing into another (Carroll, 

1997).  
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The salient question here is, what exactly is the “coherent picture” that SFAA is 

referring to? What is the coherent picture that has been established via the Neo-

Darwinian conception of evolution and what worldview does it promote and/or 

undermine? The picture is of a process that lacks direction and purpose in a meaningless 

struggle for survival. Talbott (2017) quotes William Provine, who was a fellow of the 

AAAS, on this point: 

According to the late William Provine, a distinguished historian of biology 
and contributor to theoretical population genetics, “Naturalistic evolution 
has clear consequences that Charles Darwin understood perfectly.” In 
particular: “No gods worth having exist; no life after death exists; no 
ultimate foundation for ethics exists; no ultimate meaning in life exists.” 
These conclusions, Provine claimed, “are so obvious to modern naturalistic 
evolutionists” that they require little defense.  

This picture of evolution and its underlying worldview is consistent with the treatment 

of the life sciences, as well as the physical sciences, throughout SFFA. That is, the 

coherent picture endorsed in SFAA and Science Matters has the philosophical 

underpinnings of materialism.  

As Hugh Lacey (2009) asserts: 

Although the worldview—often called materialism—has de facto been 
widely associated with the development of modern science and even 
considered “the scientific view of the world,” the scope of scientific inquiry 
is improperly limited when constraints derived from materialism are 
generally placed upon admissible scientific theories. (p. 839–840) 

Chapter 4 will examine in more detail the contribution that Goethe’s approach to 

science can make to the education of science teachers when the scope of scientific 

inquiry is not limited to the constraints derived from materialism. For now, it is enough 

to note that because of its teleological conception of evolution, Goethean science may 

be of special interest to science educators who do not subscribe to materialism as a 

worldview.  

https://bwo.life/mqual/glossary.htm#pop_genetics
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In his book, When Science Meets Religion, Ian Barbour (2007) proposes four 

categories that characterize possible relationships between science and religion: 

conflict, independence, dialogue, and integration. SFAA favors the second category and, 

like Gould (2007), posits that science and religion are two different domains that ask 

different questions. I suspect that many Goethean scientists would agree with Gould’s 

designations of non-overlapping magisteria; nonetheless, it seems that Goethe’s 

approach to science offers an interesting opportunity for new understandings of 

causality in the physical realm. Goethean science is not allied with Creationism or 

Intelligent Design, but its approach to whole organism studies is grounded in empirical 

experiences of a teleological nature, so it offers religiously inclined educators an 

opportunity to teach about empirical investigation in a context beyond mere 

materialism. As Lenoir (1987) states:  

The works of Goethe and Darwin present us with two radically different 
conceptions of biological science, both capable in their own right of 
organizing the phenomena of life and serving as a basis for progressive 
empirical research. (p. 17) 

Regarding evolution, the “radically different conceptions of biological science” 

could be characterized as follows. First, a summary of the Neo-Darwinian explanation 

for the origins of life, as set forth in SFFA. SFAA’s explanation starts with the supposition 

that elementary particles combined into greater and greater levels of chemical 

complexity until life emerged. Gradually, over eons of time, life grew more complex. As 

new levels of complexity continued to arise, properties, including mental properties, 

emerged that had not existed at previous levels. In a bottom-up, reductionist model, 

these “emergent properties” appear without further explanation. They just happen to 

happen. The scientific explanation presented in SFAA is really no explanation at all. It is 

the same position put forward in Richard Dawkins’ book, The Blind Watchmaker. 

Eldredge (quoted in Brockman, 1995) states: 

If you read Dawkins’ The Blind Watchmaker, it presents a seemingly 
adequate theory of why organisms appear to fit their environment so 
well—in other words, how natural selection shapes organismic adaptation. 
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But on closer scrutiny, you find that there’s absolutely nothing in there 
about why adaptive change occurs in evolution. There’s really nothing 
about the context of adaptive change. It’s just not addressed; it’s not even 
an issue. It’s just an in-principle argument. The algorithm is described in 
loving detail, and the supposition is that you just let the motor run and all 
the stuff we see—all that three-and-a-half-million-year history, those ten-
million-odd species we have on Earth right now—simply falls out of that. 
The rest of it is mere detail. The important thing is to get the mechanism. 
(p. 123-14) 

I have quoted Eldrege at length to highlight the mechanistic materialism of the 

account of evolution promoted in SFAA view, and also to show that the model does not 

allow room for another way of thinking. Natural selection is “just an in-principle 

argument.” This is the kind of indoctrination that is concerning in science education. 

Eldrege and Gould agree, for the most part, with the theory of natural selection that 

Darwin established, but these two eminent paleontologists, whose work on punctuated 

equilibrium is highly regarded, are not satisfied with the treatment of evolution 

provided by Dawkins/SFAA. This is not to say that they would embrace a Goethean 

model, but they accept that there are better ways of thinking than ultra-Darwinian 

reductionistic mechanism (Eldrege, 1995). 

Carroll (1997) also questions the bottom-up reductionist approach: 

The patterns and processes at the population and species level are very 
much as hypothesized by Darwin, but larger scale phenomena differ 
significantly in both rates and patterns, The question then arises: Do 
vertebrates provide a good model for other organisms, or are there 
important differences in the patterns and processes of evolution in 
prokaryotes, protists, vascular plants, and nonvertebrate metazoans? (p. 
394) 

Carroll makes room for other interpretations of the evidence and points out the tenuous 

nature of Darwin’s reliance on the vast stretches of time that his theory demands. 

Furthermore, he points out that the evidence currently known regarding changes on the 

grand scale of macroevolution does not support the theory of natural selection: 
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Change at a very rapid rate has been reported in many late Cenozoic 
species and can be readily explained by natural selection. What needs a 
different type of explanation is the much slower change within many, or 
perhaps most, well-established groups. 

The writings of Darwin give the impression that evolutionary change has 
almost no limits: given sufficient time, nearly anything is possible. If we 
look at what evolution has produced in the modern fauna, this seems 
logical; but if we look at the pattern of evolution over tens and hundreds 
of millions of years, it is evident that directional change is always limited. 
(Carroll, 1997, p. 169) 

One last quote from Carroll (1997) suggests that the search for a definitive, one-

size-fits-all explanatory model may itself be flawed. He suggests that each species, like 

each organism, has its own biography and if science is to truly understand that life 

history, each species should be studied on its own terms:  

Macroevolution, in common with human history, is a historical 
phenomenon, exciting not because it can be fitted into a particular mold, 
but because each major event is unique and worthy of study in its own 
right. Every major transition is an intriguing problem to be solved, and each 
origin and radiation a mystery of its own. (p. 392) 

In Goethe’s holistic model, the immanent intentionality of an organism within its 

context is of primary importance. Goethe perceived archetypal forms organizing 

structures into greater levels of complexity. If the reductionist approach is bottom-up, 

the holistic model is top-down (Heusser, 2016). Another difference lies in how the 

models are conceived. The reductionist approach is an explanation based on judgments 

made by an external observer, from the “outside-in.” The holistic model arises from the 

“inside-out;” that is, the observer becomes intuitively attuned to the formative 

lawfulness actively organizing a given level of development according to environmental 

conditions. Again, Goethe’s conception of form as activity is key.  

A Goethean, holistic approach to science acknowledges purposefulness in the 

organic realm without attributing that purposefulness to a Divine Creator. For scientists 

who view science as a strictly secular discipline, Goethe’s science is comfortably 

independent from religion. But in its exploration of non-physical causality, Goethe’s 



88 

science also opens a door to a relationship between science and spirituality that can be 

characterized, to use Barbour’s categories, as one of dialogue. For practicing Goethean 

scientists, the relationship may even approach integration because using Goethe’s 

methods builds capacities for perceiving form as lawful, dynamic activity. (See Chapter 4 

for a fuller discussion of Goethe’s method of exact sensorial imagination.) 

Goethe’s approach to evolutionary biology is a far cry from some of the claims 

made by proponents of intelligent design, but a conversation on teleology can take 

place. By virtue of its teleological empiricism Goethe’s approach occupies a middle 

ground between explanations that are compatible with the worldview of theistic 

scientists and Neo-Darwinistic explanations of evolution. By conceiving of causality as 

activity arising in organic concert with surrounding conditions as a singular expression of 

archetypal essence, Goethe’s science avoids both the interventionist-theism of 

Intelligent Design and the mechanistic determinism of Darwin. In the words of Lenoir 

(1987): 

The major difference between the conception of biological science 
envisioned by Goethe …and that developed by Darwin is that Goethe’s 
biology is fundamentally and radically teleological in character. But 
Goethe’s teleology is not that of a designing creator. (p. 18) 

Goethe was interested in reading the expression of an organism’s way of being 

and studying its development as a key to unlocking insights into that organism’s 

essential nature. He was interested in the organism in the here and now. Using 

empirical methods, Goethe sought to behold archetypes in their living reality. In 

Dorothea Kuhn’s (1987) words, Goethe’s morphology was “the mode of observation 

which teaches one to see the congruent whole of animated nature ‘with the eyes of the 

mind,’ and which, in turn, enables the natural scientist to recognize the hidden blueprint 

with its laws of form” (p. 13). His method bridges the empiricism of science with vision 

of the ideal and leads to inner convictions—not rigid conclusions—based on experience, 

not belief. Inconclusive convictions may seem oxymoronic, unscientific, and 

unsatisfactory, but Goethe reminds his readers again and again, that Nature is both 
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constant and ever-changing and that in order to “approach a living perception 

(Anschauung) of nature,” the inquiring scientist must be as “mobile and flexible” in her 

thinking as Nature itself, (Goethe, 1995, translation by Craig Holdrege, p. 64). 

This work of approaching a living perception of nature is where Goethean 

science may serve as a keystone between scientific inquiry that investigates the material 

world and spiritual inquiry that accesses non-physical causality. As Holdrege (2014) 

states: 

Goethe articulated biological understanding as the direct beholding 
(Anshauung) of what constitutes the living wholeness of the organism. It’s 
a form of knowing that allowed—or compelled—him to speak of … [an] 
‘archetype’ that informs the life of the organism. (p. 22) 

What Goethe conceives of as archetype is experiential, not theoretical or hypothetical 

and can only be accessed through dedicated, intensified attention. (Chapter 4 will 

explore this aspect of Goethe’s approach more closely.) 

McCarthy (2018) identifies a basic objection to seeking a bridge between 

scientific inquiry and religion: 

The mixing together of the immutable beliefs of religious belief systems 
with the fallible results of modern scientific inquiry held subject to 
continuous critical examination and testing, creates a serious problem of 
intellectual coherence, because the two worldviews, the scientific and the 
religious, are incompatible in fundamental respects. (p. 112) 

Perhaps Goethean scientists would agree with the incompatibility of religious belief 

systems and scientific inquiry. They disavow any connections to Intelligent Design 

theory or models of vitalism. In fact, they are critical of any approach to science that 

begins with theory or a model and secondarily with phenomenal observation. McCarthy 

(2018) would favor the first of Ian Barbour’s categories of relationship between science 

and religion: conflict. Perhaps some Goethean scientists would follow suit. But the 

conversation need not end with a conclusion of incompatibility if the definition of 

religion is returned to its root meaning. “Religion” comes from the Latin word, ligare, 
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which means to connect. (The term “ligament,” the tissue that connects bones, comes 

from the same root.) Re-ligion, then, is a means to re-connect with the spiritual world. A 

religious worldview acknowledges a non-physical realm and an inherent purposefulness 

in life. The doing of Goethean science establishes both as empirical reality.  

3.3. Goethe’s concept of form 

In the introduction to his journal on morphology, Goethe describes the initial 

encounter with the natural world: 

When in the exercise of his powers of observation man undertakes to 
confront the world of nature, he will at first experience a tremendous 
compulsion to bring what he finds there under his control. Before long, 
however, these objects will thrust themselves upon him with such force 
that he, in turn must feel the obligation to acknowledge their power and 
pay homage to their effects. (Goethe, 1995, p. 61) 

How interesting that Goethe acknowledges the Baconian predilection for controlling 

nature, suggesting that it is an inherently human compulsion. He then describes the 

possibility of moving past the initial reaction to nature, allowing an entirely different 

mode of relating. Recognizing the “force” of creative process, Goethe opened himself to 

a relationship of reverence or “homage” in which his perception could become shaped 

by the observed phenomenon.  

In our normal mode of observation, we cannot directly witness how the 

phenomenal world comes into being; instead, we study the after-effects that are left 

behind. Here, at the interface of causal forces and sensory phenomena, Goethe found a 

way through intensified intuitive perception (discussed in more detail in Chapter 4) to 

an understanding of organic form as causal (Brady, 1987). Instead of regarding form as 

the external, fixed shape of an object, Goethe recognized form as activity, the coming-

into-being of a phenomenon.  

Since our everyday manner of thinking deals with categories and distinctions, it 

is an inadequate tool for apprehending form as vital activity. The living, generative 
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nature of form simply can’t be captured in static terms. “Magnolia” and “moth,” for 

example, are static, categorical labels for a vast number of different species. A quick 

Google search reveals that there are over 200 different kinds of magnolia and over 

160,000 different species of moth. The incredible diversity of life was deeply intriguing 

to Goethe, and he searched for a way to understand the generative messaging of nature 

that resulted in such staggering variety. Goethe was eventually able to apply his 

morphological approach to the mineral and animal kingdoms, but it was in his botanical 

studies that a breakthrough occurred. He found a way of apprehending phenomena that 

entered into the process of causality itself. Instead of having thoughts about the growth 

process, he learned to think the metamorphic growth process (Holdrege, 2013). 

In his early writings, Goethe spoke of his search for the Urpflanze, or “primal 

plant.” As Brady (1987) demonstrates with a careful exposition of the evolution of the 

concept of Urpflanze in Goethe’s own notes, at first it appears that Goethe may have 

been looking for an ancestral plant from which all other plants could be traced. But it 

becomes evident upon closer inspection that Goethe was looking for an archetypal plan, 

not a plant: “Goethe begins by speaking of his Urpflanze as if it were an ancestral form. 

His later references to it make clear, however, that it is something abstracted from the 

empirical particulars” (Brady, 1987, p.268-269). Goethe’s breakthrough came when he 

stopped regarding this archetypal “plan” as a fixed abstraction or some sort of template 

that all plants have in common and entered into a conception of form as causal activity 

(Brady, 1987, p.268-269). This breakthrough wasn’t an intellectual move of abstraction; 

it was direct insight. Eventually, Goethe brought this fluid way of thinking to bear on 

morphology as manifested in the phyla and species of the animal kingdom. His concept 

of form holds special significance in regard to the concept of evolution. 

In what follows, a Goethean approach to the topic of evolution will be compared 

and contrasted with how the topic is presented in SFAA (Rutherford & Ahlgren, 1990), 

the text that outlines the concepts of scientific literacy as prescribed by the AAAS, and in 

Science Matters (Hazen &Trefil, 2009), the text endorsed by leaders within NSTA as 
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recommended reading for science educators. As Craig Holdrege (2014) notes, a 

Goethean approach has much to offer an otherwise one-sided approach to the concept 

of evolution: 

In his studies [Goethe] developed a growing understanding of the dynamic 
and holistic nature of organisms. With a sense of the organism as a 
dynamic whole and with a Goethean methodological awareness, you can 
gain a foundation to think about topics such as genetics and evolution in 
fresh ways. (p. 21) 

 

3.4. Prescribed content for K-12 science education regarding the 
diversity of life and evolution 

SFAA (1990) Chapter 10 states: 

In the general public, there are some people who altogether reject the 
concept of evolution—not on scientific grounds [emphasis added] but on 
the basis of what they take to be its unacceptable implications: that human 
beings and other species have common ancestors and are therefore 
related; that humans and other organisms might have resulted from a 
process that lacks direction and purpose; and that human beings, like the 
lower animals, are engaged in a struggle for survival and reproduction. And 
for some people, the concept of evolution violates the biblical account of 
the special (and separate) creation of humans and all other species. (p. 
148-149) 

The following sections will examine the above statement in light of a Goethean way of 

approaching the concept of evolution. I’ll point out that along with some people “in the 

general public,” there are prominent scientists who accept the concept of evolution but 

reject the notion that natural selection is the best explanation for how it works. Their 

rejection of the theory of natural selection as a comprehensive explanation is made on 

scientific grounds, not religious ones.  

Paleontologist Robert Carroll (1997), who specialized in Paleozoic and Mesozoic 

amphibians and reptiles, would debate the legitimacy of the party-line approach taken 
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in SFAA and Science Matters. While these two texts give the impression that the theory 

of natural selection is settled science, Carroll (1997) notes that, “in fact, there is 

currently more controversy regarding the mechanisms of evolution than at any time 

since the early years of the twentieth century” (p. 2). 

Scholars who think there are other worthwhile and more compelling theories 

than Neo-Darwinism are sharing their views and research on a website called 

thethirdwayofevolution.com. The home page of the website provides the following 

rationale for the forum: 

The vast majority of people believe that there are only two alternative 
ways to explain the origins of biological diversity. One way is Creationism 
that depends upon intervention by a divine Creator. That is clearly 
unscientific because it brings an arbitrary supernatural force into the 
evolution process. The commonly accepted alternative is Neo-Darwinism, 
which is clearly naturalistic science but ignores much contemporary 
molecular evidence and invokes a set of unsupported assumptions about 
the accidental nature of hereditary variation…. Moreover, some Neo-
Darwinists have elevated Natural Selection into a unique creative force 
that solves all the difficult evolutionary problems without a real empirical 
basis. Many scientists today see the need for a deeper and more complete 
exploration of all aspects of the evolutionary process. 

The contributing scholars are not second-rate scientists. Didier Raoult, for example, is 

the director of one of the largest microbiology research groups in Europe. His profile on 

the thirdwayofevolution website states: 

Didier is the most cited microbiologist in Europe according to ISI and was 
cited more the 5000 times in 2012…. He is the more [sic] prolific French 
scientist, anytime, in any field. 

The basic research Didier Raoult carries out is devoted to evolution and it 
goes mostly against neo-Darwinian theory. 

Having established that Goethean scientists are not alone in their critique of the 

theory of natural selection, let’s return to the SFAA text quoted above. The three 

“unacceptable implications” identified in SFAA, Chapter 10—"that human beings and 

other species have common ancestors;” “that humans and other organisms might have 



94 

resulted from a process lacking direction and purpose;” and “that human beings, like the 

lower animals, are engaged in a struggle for survival,” will be examined in order. (The 

allegorical biblical account of creation, although full of rich meaning for deep reflection, 

is not relevant to the present discussion about understanding evolution from a 

Goethean perspective.) 

3.4.1. Common ancestors 

According to Goethean scientist Craig Holdrege (2017), one problem with the 

concept of common ancestors is that the fossil evidence does not adequately support 

their supposed existence. As Holdrege (2017) points out, “Nowhere in the research 

reported in the primary literature do you find the explicit claim: we have found fossil 

species x that is the ancestor of fossil species y and z” (p. 67). Inasmuch as species 

change and evolve over time to adapt to their environs, evolution as a process is 

consistent with the fossil evidence. But the projection into the past of a hypothetical 

predecessor that evolved into two or more related species is just that, hypothetical 

projection. Using the example of a frog fossil, Holdrege (2017) further illuminates the 

problematic nature of looking for a common ancestor: 

If a fossil has characteristics of frogs already, then it is not the ancestor of 
both frogs and salamanders, since it is already showing frogness. But if a 
fossil shows no frogness, then how should we determine whether it is a 
frog ancestor or the ancestor of some other creature? (p. 68) 

The notion of a common ancestor persists in science education despite the lack of 

evidence and the illogical enterprise of looking for one in the first place.14  

Holdrege (2017) points out that the popular image showing a gradual 

progression of apes becoming less hairy and more erect until one resembles a human 

being, is also not supported by the fossil evidence. He has made a kit available to 

 
14 The lack of evidence is usually dismissed on the grounds that, given the eons of time over which 
evolution has taken place, it is reasonable to expect the fossil record to be incomplete as Darwin 
(1859/1902) argued in On the Origin of Species. 
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science educators that consists of 30 drawings of hominid skulls, drawn from specimens 

that are representative of different eras (Holdrege, 2012). With drawings in hand, 

students are invited to see the evidence for themselves and, by comparing the 

morphology of the skulls, where they were found, and their ages, etc., draw their own 

conclusions. With the pictures in front of them, novices and experts may speculate 

differently, but none of them conclude that the evidence suggests a linear development 

of one kind of hominid metamorphosing into another. 

Holdrege (2017) notes that, typically, transitional forms found in the fossil record 

show hints of future traits, but then those forms become extinct. “Eventually new forms 

appear, sharing characteristics with various earlier forms but in a new configuration that 

could never have been predicted on the basis of what came before” (Holdrege, 2017, p. 

64). In other words, the evidence does not suggest that what is new is derived from past 

forms. In a creative process, surprises occur.  

Holdrege doesn’t claim to have all the answers. He points out the illogical nature 

of a search for a common ancestor and reads the fossil evidence on its own terms. He 

leaves the door open for the possibility of future discoveries of new evidence that may 

support a given theory, but until such time, he prefers to acknowledge that the 

appearance on the world stage of homo sapiens, or any new species, remains more 

mysterious than science textbooks often suggest.  

A Goethean approach to the study of evolution may seem disappointing at first. 

After all, an explanation of a species’ origin seems to be entirely lacking. But when fossil 

evidence is regarded as a record of the iterations of an organism’s development over 

time, instead of as a record of organisms that were the cause of future iterations, a shift 

in thinking takes place. A Goethean approach regards form as generative, active 

causality, not as a static end-product. When the mode of inquiry enters into the fluidity 

of active metamorphosis, new insights into the essential nature of organisms can arise. 

Such an approach can enrich the evolutionary biologist’s understanding of fossil 

evidence and guide studies of comparative anatomy. The work of Goethean biologist 
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Wolfgang Schad (2019), for example, on the diversity of species, offers insights into a 

rule-governed lawfulness of appearances within and between mammal taxa. Through 

studying his empirical portrayals of mammal families, the way of thinking about 

evolution as creative process becomes more tangible.  

On the one hand, Goethe’s concept of form can inform the scientific study of 

evolution; on the other, it can also awaken deeper questions as to our origins, beyond 

what can be sequenced in a genome. The ability to contribute to both conversations 

allows Goethean science to serve as a bridge between scientific inquiry and spiritual 

inquiry, the investigation of non-physical causality. Nowhere is this more true than in 

the teleological considerations of Goethe’s approach to studying organisms, discussed in 

the next section. 

3.4.2. Evolution as a process that lacks direction and purpose 

Random mutation and the constraints of a given environment are the 

determining factors in a Darwinian theory of natural selection. Natural selection itself is 

spoken of as a force that acts upon variations within a given species. According to the 

theory, individual organisms possessing characteristics that give them an advantage in a 

competition to survive are the ones who in fact do survive and are therefore able to 

pass on those advantages to their offspring. The inadequacy of the concept of a 

competitive struggle for survival will be touched on in the next section. The problem 

with “randomness” as an explanation for the diversity and evolution of species will be 

examined first.  

In his essay, “Evolution and the Illusion of Randomness,” Stephen Talbott (2012) 

demonstrates that the condition of the theory of natural selection that calls for variation 

due to random mutation is inconsistent with the latest genetic research. Talbott (2012) 

cites the work of University of Chicago geneticist, James Shapiro, who writes, “genetic 

change is almost always the result of cellular action on the genome” (Shapiro, 2009, as 

cited in Talbott, 2012). In other words, the cells are doing something, not just being 
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randomly shuffled. Back in 1969, radiologist B.A. Bridges pointed out that upwards of 

90% of genetic mutation in bacteria exposed to radiation is attributed to the cellular 

response to the radiation, not to direct chromosomal damage (Bridges, 1969, cited in 

Talbott 2012). In other words, on the cellular level in cases of radiation, mutation isn’t 

random after all. Talbott (2012) quotes neuroscientist, David King, on this point. King 

wrote in an article for Science, that the “dismissive dictum, ‘Mutations are accidents’, 

has grown obsolete,” adding that protocols for “the spontaneous, non-accidental 

production of genetic variation are deeply embedded in genomic architecture” (King, 

2011, as cited in Talbott, 2012). Talbott (2012) further underlines that the role of the 

gene is now recognized to be subsumed under larger processes that are constantly 

responding to changing conditions: 

regardless of the source of mutation, or genetic change, one cannot ignore 
the explosively growing literature on how genes actually function within 
gene regulation networks. A mutation is subject not only to elaborate 
processes that repair, modify, or ignore the mutation, but also to 
regulatory networks that respond to the mutated gene according to the 
logic of the larger need. 

Given the highly orchestrated response of an organism to changes in its 

environment, it is hard to understand why random chance gets top billing instead of the 

purposefulness of response and accommodation on even a cellular level. As Timothy 

Lenoir (1987) points out, Goethe would disagree with Darwin’s notion that “the 

principal source of change in organic nature is ultimately dependent on chance” 

because such a notion would deny the purposefulness in an organism’s ongoing process 

of existence (p. 27). 

Talbott (2020) addresses the notion of randomness, in nearly exhaustive detail, 

in his online publication Evolution As it was Meant to Be and the Living Narratives that 

Tell Its Story. In contrast to Darwinian determinism, he demonstrates from several 

angles the non-random, purposeful intentionality that we routinely meet in everyday 

encounters with organisms. He gives detailed descriptions of the non-random, highly 

orchestrated processes that occur to keep an organism alive on macro and molecular 



98 

levels in its unfolding development, and he proposes that the same purposefulness at 

play in an organism’s individual development can be seen on the evolutionary scale of 

populations: 

The evolutionary narrative, like the developmental one, arises from the 
agency and developmental powers of cells, organisms, and communities 
of organisms, as they express their own character and realize their 
potentials in the presence of the prevailing environmental conditions. 
(Talbott, 2020) 

Goethe’s holistic view of organisms thus offers a way of understanding the 

diversity of species that differs from Neo-Darwinian natural selection. Such a view 

requires a different conception of form than the static notion of form we are 

accustomed to in everyday thinking. To see form in Goethe’s way requires a view of 

organic form as activity. A living organism is constantly engaged in the process of 

actively becoming itself via an ongoing, dynamic dialogue with its immediate 

environment. This perpetual efforting bespeaks an intended goal, one of manifesting life 

in the fashion peculiar to that organism in its home context. Viewed holistically, the 

development of an individual organism within its own lifespan does not lack for 

direction and purpose. Or as Talbott (2020) puts it, “Time and again, amid all the 

inconstancies of life and environment, mouse zygotes develop into adult mice.” This 

fundamental acknowledgment of the inherent integrity of an organism as a purposeful 

being is key to understanding evolution as something more than the result of random 

mutations.  

Objections can be made as to drawing too strong of a parallel between the 

individual development of an organism and the process of macro-evolution. After all, 

isn’t an individual organism an entirely different matter than an entire species? Biologist 

and paleontologist Niles Eldredge (quoted in Brockman, 1995), who, along with Stephen 

Gould, is known for his work on punctuated equilibrium, says that of course there is a 

distinction between an organism and a species, but that they function in similar ways: 
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What we’re saying is that species are entities. They have histories, they 
have origins, they have terminations, and they may or may not give rise to 
descendant species. They are individuals in the sense that human beings 
are individuals, albeit a very different kind of individuals. They’re large-
scale systems that have an element of reality to them, and that’s a big 
departure in evolutionary biology. (p. 121) 

In support of his claim that agency familiar to us in the lives of individual 

organisms is found on grander scales, Talbott (2020) points to the evidence of 

purposeful coordination across individual members of a species in examples of animal 

migration. Monarch butterflies fly thousands of miles to particular destinations on 

another continent despite never having made the journey before. Agency is thus 

manifested across the species and across generations.  

While agency and intentionality in Danaus plexippus is fully on display in black 

(and orange) and white, we do not fully understand how these seemingly fragile 

butterflies accomplish their annual feats of stunning navigation and endurance. A knee-

jerk response might be to say that natural selection made it possible. Monarch 

butterflies that happened to fly long distances at a key moment in their life cycles 

outcompeted those who did not. The ones that didn’t fly to Mexico eventually died out 

and the remaining ones are genetically programmed to book their flights south. This 

default to the explanation of natural selection is precisely the sort of stubborn 

resistance to the idea of agency and intentionality that Talbott debates. Intentionality is 

constantly demonstrated in the “ordinary” act of any organism living its life and Talbott 

(2020) proposes that, “There is no reason not to try looking in an analogous way at 

evolving populations.” He spells out how consistently we encounter agency at multiple 

levels of organic systems: 

From flocks, herds, and schools, to bee and ant colonies, to parasitic and 
symbiotic pairs, to more or less closely aggregated communities of cells, to 
the highly differentiated and elaborately integrated cells of our own 
bodies—there are many contexts of agency. The one thing we can know 
directly is that we discover agency and intention wherever we find 
participants bound together in …activities that unfold along a continuous 
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and well-directed pathway according to their own distinctive meanings. 
(Talbott, 2020) 

What’s wrong with saying that monarchs fly south thanks to a random mutation 

acted upon by natural selection? Talbott (2020) says that to explain away intentionality 

by saying that it exists by virtue of a competitive advantage leveraged by natural 

selection is faulty reasoning on several accounts. Talbott (2020) first notes that 

explaining how a process (natural selection) perpetuates a given advantage over time 

does nothing to explain how the trait arose in the first place. In other words, survival of 

the fittest does nothing to explain arrival of the fittest.15 That is to say, the 

purposefulness of any given trait is already thoroughly integrated into an organism’s 

way of being before it can be “worked upon” by natural selection.  

Biologists routinely assume the intentionality of, for example, a cat being like a 

cat and not like a dog, and never get around to acknowledging the assumption. An 

organism’s purposeful way of being, whether it manifests as flying to distant lands, 

hunting in packs, or camouflaging against the background of a coral reef, is part and 

parcel of being a monarch butterfly, gray wolf, or octopus. “Rather than being just one 

more discrete trait that might have been neatly evolved at some particular point in 

evolution, the telos-realizing capacity of organisms reflects their fundamental nature” 

(Talbott, 2020). Talbott elaborates: 

We are always looking at a live performance—a future-directed 
performance, improvised in the moment in the light of present conditions 
and ongoing needs—not a mere “rolling forward” of some blind physical 
mechanism set in motion eons previously.  

As indicated here, the relationship between organisms and the environment 

takes on new meaning in a Goethean view. In Darwin’s model, the environment 

determines whether the organism has the necessary adaptations for survival. In a 

 
15 The oft-quoted phrase “arrival of the fittest” can be traced back to Jacob Schurman (1854-1942), who 
was a professor of Christian ethics and moral philosophy and president of Cornell University. (Branch, 
2015) 
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Goethean, holistic model, the organism is an expression of the conditions of its 

environment; the organism manifests its inherent nature in accordance with those real-

time conditions.  

Talbott (2020) allows that individual development and evolution are not 

analogous in every way. Unlike individual development that occurs over and over within 

a species, evolution has only happened once. Nonetheless, he asserts, evolution 

happens through and because of life-processes that are thoroughly permeated with 

purpose. Evolution does not happen apart from the living creatures that enter and exit 

the stage and Talbott (2020) states the following principle: “Whether we are focused on 

genes or traits, nothing can become a fact of evolution that was not first a fact of 

individual development.”   

Randomness and mechanical determinism fall away when plants and animals are 

viewed through a Goethean lens, and a sense of teleological integrity is restored in 

every instance of actually and holistically observing an organism in its living, sensory 

reality.  

3.4.3. Evolution as a struggle for survival 

SFAA offers the following summary of Darwin’s theory of natural selection, using 

the example of the giraffe’s long neck: 

[Darwin] theorized that inherited variations among individuals within a 
species made some of them more likely than others to survive and have 
offspring, and that their offspring would inherit those advantages. 
(Giraffes who had inherited longer necks, therefore, would be more likely 
to survive and have offspring.) Over successive generations, advantageous 
characteristics would crowd out others, under some circumstances, and 
thereby give rise to new species. (Rutherford & Ahlgren, 1990, p. 148) 

Although appealing in their simplicity, adaptive stories have shortcomings. Responding 

to the oft-cited example of a giraffe, Holdrege (2005a) identifies several problems with 

the way the theory of natural selection is used to explain neck length. According to the 
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theory of natural selection, during times of drought only the giraffes with the longest 

necks would be able to reach the uppermost leaves of a tree. With access to leaves only 

they could reach, giraffes with long necks would survive and reproduce, so that, over 

time, the species would evolve to have longer necks.  

First of all, if the theory suggests that giraffes with shorter necks died out, then 

why didn’t all the ungulates with short necks die off? In other words, giraffes would 

surely have been “competing” with all herbivores for food, not just other giraffes; yet, 

there are many more kinds of ungulates with short necks than with long.  Secondly, 

male giraffes are taller than female giraffes, not to mention juvenile giraffes. Applying 

the theory consistently would require the juvenile and female giraffes to die off, which 

would have obviously spelled the end of the species. And thirdly, wouldn’t the 

advantage of a longer neck be offset by the disadvantage of having to consume more 

food to support a greater body mass?  

Holdrege (2005a) goes on to cite studies of the browsing habits of giraffes, 

including the height of the leaves on which they feed during droughts. As it turns out, 

the studies show that during the dry season, giraffes tend to feed on leaves at shoulder 

height or below. The empirical research on the actual feeding habits of actual giraffes 

does not support Darwin’s adaptive story. As Holdrege (2005a) concludes, when a single 

trait, such as a long neck, is singled out and fit into a mechanistic model, then the theory 

of natural selection seems to make sense. But when organisms are considered in 

broader contexts and observed in their real-life habitats, the inadequacies of a simplistic 

determinism become apparent.  

In SFAA, Darwin’s theory of natural selection is featured as the mechanism that 

explains evolution and the diversity of life. Renowned paleontologist Stephen Jay Gould 

is one of the detractors of adaptive stories and indiscriminate adoption of the theory of 

natural selection. His unabashed admiration of Darwin as a scientist notwithstanding, 

Gould (1982) says, “I myself believe that Darwin went too far in attempting to reduce all 
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large-scale phenomena to the gradual accumulation of small changes under natural 

selection” (p. xiii). 

Perhaps Darwin also went too far in reducing all the myriad interactions on the 

biophysical plane to the terms of a competition. Timothy Lenoir (1987) points out the 

irony of Darwin’s use of the phrase “struggle for existence,” highlighting how Goethe’s 

morphological approach contrasts with the theory of natural selection: 

Goethe’s conception of life is fundamentally teleological. The morphotype 
is a set of means organized for the purpose of adapting to the conditions 
of life. Surprisingly, in spite of language like the ‘struggle for existence,’ for 
Darwin, organisms are far more passive and less tenacious in adapting 
populations of descendants to their changing circumstances. Not so for 
Goethe. (p. 27) 

That organisms do things every day that make their own survival possible is obvious 

enough, but it is questionable as to how well the concept of a struggle for survival 

expresses the whole, living dynamic of natural phenomena. For example, research in the 

last twenty years has explored the networks of underground support that trees—even 

trees of differing species—use to share nutrients (Wohlleben, 2015). Many more 

examples of cooperation at the genetic and cellular levels are offered in the book The 

Mermaid’s Tale: Four Billion Years of Cooperation in the Making of Living Things in which 

evolutionary biologists Kenneth Weiss and Anne Buchanan attempt to balance what 

they see as an overemphasis on competition: 

We show that Darwin’s and Wallace’s heavy dependence on natural 
selection and competition has been applied too widely and too often in a 
simplified way to adequately account for the characteristics of life on its 
other time scales. Instead, while competition may always be possible, 
intricate cooperation is always part of life, at all levels. (p. xi) 

The construct of competition is close kin with the stance of exploitation and 

control discussed in Chapter 2. In competition, players are positioned against one 

another—the subject-object separation that permeates the mechanistic worldview. The 

richly integrated, interdependent fabric of nature is far more than an arena for a 
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competition. If the world is seen as a container of separate objects, then it is easy to 

cast those objects or organisms in the roles of a competition. In a relational worldview, 

relationships are primary and the boundaries between objects and organisms become 

more permeable; context becomes as important as the organisms that we typically 

focus on as the objects of our attention. Presenting the interrelationships of life in terms 

of competition has implications for how we regard one another and the beings with 

whom we share the biosphere. Is life-as-a-competitive-struggle an appropriate doctrine 

to infuse into science education? 

3.5. Appropriate and inappropriate indoctrination in science 
education 

The previous three sections addressed the concerns identified in SFAA as ones 

that people “in the general public” have about the theory of natural selection. I have 

tried to demonstrate that the concerns are well-founded on both scientific and common 

sensical grounds. SFAA states, “Today the debate is no longer about whether evolution 

occurs but about the details of the mechanisms [emphasis added] by which it takes 

place” (Rutherford & Ahlgren, p. 148). SFAA thus tacitly acknowledges that natural 

selection is not the only way of explaining evolution, but simultaneously remains 

committed to mechanistic explanations.16 The only explanation condoned in SFAA as to 

how new species have originated is the theory of natural selection: “The continuing 

operation of natural selection on new characteristics and in changing environments, 

over and over again for millions of years, has produced a succession of diverse new 

species” (Rutherford & Ahlgren, 1990, p. 63). As noted above, the theory of natural 

selection does not really answer the question of where the original species came from 

 
16 Mechanistic explanations are the currency of biology education today. As Holdrege (2005b) notes, 
“Every biology student learns that the fundamental question of biologists confronting a phenomenon is: 
what is the underlying mechanism? It may be a Darwinian survival strategy or a hormonal or genetic 
mechanism. In the search for such mechanisms two essential things happen. First, you isolate the 
phenomenon out of its context within the organism as a whole and, second, you seek to explain it in 
terms of a set of quasi-mechanical processes. In the end what you come up with is a simplified picture of a 
phenomenon caused by an abstractly conceived underlying mechanism” (p. 28). 
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upon which natural selection is said to act, and it is not a matter of settled debate that 

natural selection produces new species. As famous cellular biologist Lynn Margulis 

stated, “I doubt new species form from just random mutation” (Brockman, 1995, p. 

134). 

The categorical assumption that evolution = natural selection is perhaps the 

most egregious example of bias in SFAA. Science Matters only makes matters worse 

with its declaration in large, italic font in the chapter on evolution: “All forms of life 

evolved by natural selection” (Trevil & Hasen, p. 306). This definitive statement is 

immediately followed by the statement, “One must distinguish between the fact of 

evolution and any particular theory of evolution” (Trevil & Hasen, p. 306). The authors 

go on to acknowledge that Darwin’s theory “may be wrong or incomplete” (Trevil & 

Hasen, p. 306). Nonetheless, the statement in bold italics stands; the theory of natural 

selection is designated as the explanation for evolution and the diversity of forms.  

Lena Hansson (2018) has examined the ways in which science teaching may 

devolve into inappropriate indoctrination. She makes a distinction between content and 

method in the science classroom, noting that content that is well-established by 

consensus of the scientific community is appropriate indoctrination. After all, as Paul 

Wagner (2018) argues, a certain amount of instruction/indoctrination is needed in order 

to properly prepare students for the expertise of a given discipline. Hansson (2018) 

points out, however, that the way this content is imparted can result in inappropriate 

indoctrination when, for example, models are presented as facts.17 She notes that, “the 

students’ rationality is bypassed and the students are left to the authority of the 

teacher” (Hansson, 2018, p. 287). As Hansson (2018) further points out, indoctrination 

can be unintentional on the part of science teachers. Unfortunately, for teachers who 

look to SFAA and Science Matters for curricular content and guidance, the likelihood of 

unintentional indoctrination in the science classroom is increased. 

 
17 See Chapter 1 for discussion of how SFAA presents the atomic model as fact. 
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As discussed in Chapter 1, widespread consensus in the scientific community 

establishes the acceptance of a given concept or model. SFAA offers reasons for why the 

theory of natural selection has risen to privileged status as the explanation for 

evolution. Among those reasons, SFAA notes that the theory provides a “unifying 

framework for guiding future research” (Rutherford & Ahlgren, 1990, p. 148). Talbott 

(2019) acknowledges the value of research carried out under the aegis of the theory of 

natural selection, but questions how big a role Darwin’s theory, or its modern iteration, 

Neo-Darwinism, has actually played: 

We have learned a great deal — for example, from paleontology and 
molecular studies — under the banner of “natural selection.” After all, the 
vagueness of the logical template allows the biologist to impose the 
required theoretical form upon just about any investigative work. 
Whatever it is that actually happens, we can always say that the resulting 
organisms were “selected.” The question is whether the theory adds very 
much, beyond a certain illusion of explanation, to the otherwise 
informative results of the ongoing work.18 (Chapter 17) 

As stated above, scholars have come together on the thirdwayofevolution 

website to present alternative theories or amendments to the theory of natural 

selection. The purpose of the website is succinctly stated:  

The website … intends to present a wide variety of novel views about 
evolution but does not necessarily endorse any of them. Our goal is simply 
to make new thinking about evolution available on one place on the web. 

This last statement provides an admirable model for science education. Present theories 

without endorsement and allow students the freedom and dignity to explore the 

evidence for themselves. It makes sense for educators to identify which theory (Neo-

Darwinism) is currently accepted by the AAAS as the explanation for evolution and will 

be identified as the correct one on standardized tests. But if science educators are to 

 
18 According to Lynn Margulis and Richard Lewontin, getting funding for research often requires that the 
proposal adheres to the framework of natural selection. See footnote 7 in Chapter 1. 
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avoid dogmatism, providing students with other theories that are substantiated by 

empirical research also makes sense.  

Goethe’s contribution to the conversation on evolution perhaps deserves special 

attention in science education because it provides a way for students to actively engage 

in empirical investigation and deduction, as described above in the exercise of 

comparing drawings of hominid skulls. Engaging students in the processes of observing, 

hypothesizing, and communicating is surely preferable to misinforming them that the 

theory of natural selection is the only legitimate theory that explains evolution or 

passing on the categorical statement that “all forms of life evolved by natural selection” 

(Trevil & Hasen, p. 306). 

As Paul Wagner (2018) argues, “indoctrination is good to the extent that it 

makes possible greater student engagement with those more expert in a discipline or 

field of study” (p. 310). He points out that students need instruction in the 

fundamentals of any given field of investigation before they can meaningfully explore its 

frontiers. Wagner (2018) also warns that indoctrination can go too far: 

When indoctrination continues unabated beyond the threshold required 
for novel speculation and criticism, new paths for student understanding 
are thwarted. Teacher respect for the moral agency of the student as an 
independent thinker and contributor to the science is threatened. In short, 
the student’s eventual residence in The Great Conversation of Humankind 
is at risk. Such consequences are grave moral misdeeds. (p. 313) 

Wagner (2018) is particularly critical of Creationism, but notes that excessive 

indoctrinative practices can be just as objectionable in the teaching of genetics and 

evolution: “any time instruction discourages apt questions, the curriculum becomes 

fossilized” (Wagner, 2018, p. 313). By equating evolution with the theory of natural 

selection, SFFA and Science Matters have fossilized the curriculum before it even 

reaches the classroom. Mike Smith (2018) confirms the sad state of affairs: 

As many have noted… we have too often presented evolution (and biology 
and science) as a “rhetoric of conclusions” and not as a set of questions 
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about the living world and how people have proposed and tested various 
answers to those questions. (p. 272)  

If the theory of natural selection was presented as a theory and set in its 

historical context as one explanation of evolution, there wouldn’t be a problem. 

Unfortunately, the way natural selection is presented in SFAA and Science Matters 

amounts to inappropriate indoctrination because it closes down the possibility of 

reaching any other conclusion.  

3.6. Closing thoughts 

If science and religion are construed as polar opposites, then an opportunity 

arises within the tension to find a meeting ground. Lacey (2009) argues that science 

education should not be exclusively bound to the “decontextualized approach” of 

modern scientific research and that worldviews other than mechanistic materialism can 

improve the scope of scientific inquiry. Goethe’s approach to scientific research is one 

such approach. Goethe’s way of science can provide the occasion for a productive 

meeting between science and a teleological conception of the world, which in turn may 

offer fruitful opportunities for science and religion to be reconciled. As Herman 

Weigand (1949) intimates, Goethe, in learning about nature from nature herself, felt life 

to be thoroughly permeated with purpose: “…Goethe, subscribing to no creed and no 

ideology, felt himself borne along by the current of life in its wholeness…. with an 

essential trust in life, a faith in what is hidden from the eye (p. 37)” (as cited in Cohen, 

1987, p. vii). 
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Chapter 4.  
 
Science Teacher Preparation as Transformative Education 

4.1. Introduction and overview 

In Chapter 3, I suggested that Goethe’s way of science can provide a meeting 

place for science and religion in regard to the topic of evolution because of its 

teleological view that is grounded in empirical investigation.  I defined religion, in 

keeping with its etymological roots, as a reconnection with spirit. In this chapter, I will 

pursue further possible pathways of dialogue that Goethe’s approach might open 

between science and spirituality, using Goethe’s theory of color as an example. As 

discussed in previous chapters, Goethe’s science fosters a non-mechanistic, holistic, 

contextual worldview that allows for the possibility of realities beyond the physical, 

material world.  

Goethe did not propose or advocate for belief in supernatural realms; rather, he 

practiced an empiricism that was raised to a new level through his practice of exact 

sensorial imagination. In this chapter I’ll discuss Goethe’s practice of exact sensorial 

imagination and the principles of polarity and intensification that he used to guide his 

investigations of color and of plants. I’ll explore some of the ways in which phenomenal 

investigation, as practiced in Goethean science, can contribute to the how of science 

education and discuss the implications for educating future science teachers. I’ll suggest 

that preparing future teachers can be thought of as facilitating opportunities for 

transforming the way the world is perceived. As I have done throughout my 

dissertation, I’ll continue to reference SFAA to show the ways in which Goethean 

science converges with and diverges from conventional science education as prescribed 

by the AAAS.  
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4.2. Promoting aesthetic response in science education 

Most of SFAA is dedicated to outlining conceptual content for science education 

(what should be taught), but one of the last chapters addresses how science should be 

taught. Recommendations include actively engaging students through the pursuit of 

authentic questions raised in the context of everyday phenomenal encounters, a 

recommendation strongly resonant with Goethean investigation. Another 

recommendation closely aligned with Goethe’s own relationship with nature is to 

“promote aesthetic responses” (Rutherford & Ahlgren, 1994). SFAA states: 

Many people regard science as cold and uninteresting. However, a 
scientific understanding of, say, the formation of stars, the blue of the sky, 
or the construction of the human heart need not displace the romantic and 
spiritual meanings of such phenomena. (Rutherford & Ahlgren, 1990, p. 
191) 

The above list of sample phenomena is rather convenient for my purposes! In this 

chapter, I’ll take up the topic of the blue of the sky, which was of central importance in 

Goethe’s theory of color, but first I’ll say a few words responding to the authors 

assurance that a scientific understanding “need not displace the romantic and spiritual 

meanings of such phenomena.”  

SFAA’s recommendation to promote aesthetic responses in science education 

seems like an easy enough goal to realize. The wonder over discovering the beauty, 

complexity, and order of the natural world calls, even begs, for artistic expression. 

Artistic expression can be a worthy endpoint, but cultivating artistic practices may also 

help ameliorate the mechanistic worldview.  

As Bai (2001) suggests, aesthetic practices such as drawing and poetry are 

“capable of delivering us to nondual experiences” (p. 10). She further suggests that 

cultivating a non-dual picture of the world—in contrast to the scientific worldview of a 

mechanical universe—is the remedy needed for relinquishing an instrumental, 

exploitive stance toward nature, and that cultivating a non-dual relationship is the “way 
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out of alienation” (p. 7). The way out of the alienation of the subject-object dichotomy, 

Bai (2001) suggests, is to cultivate attention. In other words, the reason to write poetry, 

in the context of science education, is not to produce the final product of a poem, but to 

cultivate one’s ability to attend. The point of drawing is not to make a picture, but to 

cultivate the capacity to see. As Nancy Vansieleghem (2021) says:  

the central stake is not to draw something but to notice things among the 
millions of other things that are present to our senses…. Hence, it is 
attention itself (as sensing) which is the aim of the conduct of drawing. (p. 
283) 

In short, while SFAA recommends promoting aesthetic responses, Bai (2001) goes 

further and recommends promoting aesthetic practices. 

This dissertation has focused on Goethe as a scientist, but he was more famously 

an artist, playwright, and poet. Recognized as a leading figure of the Romantic 

movement in literature, he was fully conversant in the Romantic view of nature, which 

permeates much of his poetry and prose. An essay by Christopher Tobler that he copied 

into his journal as a young man, opened with the following lines:  

Nature! We are surrounded and embraced by her—powerless to leave her 
and powerless to enter her more deeply. Unasked and without warning 
she sweeps us away in the round of her dance and dances on until we fall 
exhausted from her arms. (Goethe, 1995, p. 3) 

Goethe (1995) said that Tobler’s essay reflected his sensibilities at the time. Fifty years 

later, just a few years before his death, in a letter to a friend, Goethe commented on the 

same essay, reflecting on how much he had learned since copying down Tobler’s words. 

He talked about his studies of metamorphosis back in the 1780s and ‘90s and notes 

that, back then, he had not yet identified the two principles of polarity and 

intensification that he considered to be the “the two great driving forces in nature” 

(Goethe, 1995, p. 6). He also seems to suggest that, looking at Tobler’s essay on nature 

as a starting point, he can trace a metamorphosis in his own thinking as it ascended to 

new levels of understanding. Goethe’s rhapsodic aesthetic response to nature as a 
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youth became refined and transformed into science as a practice of aesthetic 

perception. 

Perhaps the evolution in Goethe’s thinking can be reproduced in educational 

efforts to promote aesthetic response and aesthetic practice. In the elementary school 

classroom, artistic response to nature can be regularly practiced in much the same vein 

as romantic expression. That is, children can find joy in expressing the beauty they find 

in nature. Students in middle school, high school, and post-secondary education can of 

course continue to pursue art as expression, but they can also develop aesthetic 

practices as a means to cultivate perception—a goal I will explore toward the end of the 

chapter as being especially valuable for a future teacher. 

 

4.3. Phenomenological investigation and perception 

SFAA states: 

Teachers of science, mathematics, and technology should establish a 
learning environment in which students are able to broaden and deepen 
their response to the beauty of ideas, methods, tools, structures, objects, 
and living organisms. (Rutherford & Ahlgren, 1990, p. 191) 

SFAA does not offer further recommendations about what constitutes a learning 

environment that would allow students to “broaden and deepen” their response to 

beauty. What sort of learning environment lends itself to cultivating aesthetic response 

in science education? 

Rich, sensory experiences in nature call up the need for expression. Echoing 

Goethe’s maxim that art is nature’s worthiest interpreter, Lee Beavington (2021) says in 

his dissertation on using a Goethean approach in science education, “How would the 

natural world want to be represented? I would argue that a poem would be a more 

authentic representation than statistics, or a painting over a lab report” (p. 14). 
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Unfortunately, firsthand sensory experience with nature is often not part of science 

lessons. As David Blades (2001) notes, “this odd removal of experience from science 

education is a constant feature of science education, intensifying the longer the child is 

in school” (p. 74). He notes that children are “typically not asked to look up, to touch, 

listen, or smell the natural world” (Blades, p. 74). Science teacher preparation programs 

that emphasize the importance of outdoor experience for children can play a role in 

changing that (Ostergaard, 2017).  

Ostergaard (2017) suggests that a learning environment that supports aesthetic 

response in science education is one that provides opportunities for phenomenological 

investigation, which is consistent with the hands-on, inquiry-based approach that SFAA 

recommends. However, in contrast to the inquiry-based approach recommended in 

SFAA, Ostergaard (2017) is advocating for the kind of phenomenal investigation that 

embraces the qualitative aspects of sensory experience that cannot be easily measured 

or calculated. 

There has been very little empirical investigation of the benefits of 

phenomenological inquiry in science education (Dahlin, Ostergaard, & Hugo, 2008; 

Ostergaard, 2017), but faculty at The Norwegian University of Life Sciences offer 

examples from their own experience with science educator candidates (and recommend 

further research). The goal of the science educator program at this university is not just 

to promote aesthetic response, nor is it to teach for conceptual understanding, which is 

typically the goal of science programs. The program deliberately features direct, sensory 

experience as intrinsically worthwhile in and of itself. In a conventional science program, 

students are often assigned to carry out an investigation in order to demonstrate a 

foregone conclusion that can be summarized in a science content standard (Blades, 

2001). Phenomenological investigation that is valued in its own right has a different 

goal. The experience of phenomenal investigation carries epistemological and 

ontological implications that can only be gleaned from the experience itself. 
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In one example of an exercise in phenomenological inquiry, the teacher 

candidates are given apples to investigate and invited to use all their senses: 

An aesthetical exploration of the apple is more than an introduction to 
concepts of chemistry, botany etc. – it yields more than not-yet-conceptual 
knowledge. Aesthetically exploring the apple means revealing its 
characteristic expressions in taste, smell, touch and sight. (Dahlin, 
Ostergaard, & Hugo, 2008, p. 193) 

In addition to promoting aesthetic response to a rich sensory experience, Dahlin et al. 

(2008) suggest that the exercise is an example of a useful attempt to destabilize the 

conventional epistemological basis of scientific investigation. 

Calling on the phenomenology of Husserl and Merleau-Ponty, Dahlin et al. (2008) 

propose that coming to an understanding of nature requires the kind of actively-

receptive listening I described in Chapter 2. They suggest that an epistemology born of 

phenomenological, attentive engagement should be prioritized over conceptual 

abstraction, which tends to distance the observer from the phenomenon. They suggest 

that the kind of relationship to natural phenomena that science education should 

promote has its roots in “an aesthetically rich mode of learning” (Dahlin et al., 2008, p. 

190). 

I am reminded once more of the research scientists who designed interactive 

educational software to teach what plants need in order to thrive and then studied what 

happened when preschoolers were given tablets to grow digital tomatoes. The research 

scientists’ goal was to get the children to learn a particular, de-contextualized concept 

about the needs of plants. The mode of learning they were promoting—dragging icons 

on a tablet screen to “grow” a tomato plant—stripped away much of the sensory-rich 

experience of planting real seeds. I suggest that electronic bleeps, cartoon icons and a 

flat plastic tablet screen present an aesthetically poor learning experience compared to 

the experience of planting real tomato plant seedlings. The seedlings have surprisingly 

hairy stalks, dark green leaves that hang at the ends of generously-spaced branching 

stems, and a pungent smell. To make a hole in the ground by pulling back the dark, 
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moist soil with the tips of fingers pressed together in imitation of a sturdy trowel; to 

take the tender plant out of the tray and see the dangling white threads hanging from 

the supple, tiny root ball before pressing it firmly into the ground and sprinkling with 

water—these are rich somatic, sensory experiences. 

This summer, my friend planted a vegetable garden with her four-year old 

grandson (in actual soil, not on a screen). Several weeks later, those seeds were 

unrecognizable in the tomato plants, bean plants, and corn stalks they had become! It 

was apparent that the four-year old, who hadn’t visited the garden when the seeds 

were first sprouting, did not necessarily make the connection between the seeds he had 

tucked in the soil and the towering plants that now stood before him. Why would he?!  

What a miraculous transformation. No wonder Goethe swooned over Nature as a young 

man.  

Perhaps in a few more weeks, when the lima beans have ripened, the four-year 

old and his grandmother will open up a pod and see the seeds of next year’s plants. Or 

he’ll bite into a juicy red tomato and find seeds inside! Perhaps next year, the five-year 

old grandson will know something about seeds and what happens when you put them in 

the ground and water them. I suggest that the conceptual abstraction of what seeds 

need in order to grow, although of utilitarian value, is not the priority. The qualitative, 

sensory-rich phenomenal experience allows the phenomenon itself to resound in the 

child’s consciousness. It leads to an existential grounded-ness that assures the self of its 

relationship with the natural world (Ostergaard, 2017). This is a kind of learning that 

digital media can never replicate.  

Martin (1974) vividly describes the nature of the participative experience that 

occurs in phenomenal encounters:  

In the participative experience, ideas vivify the thing because the thing 
initiates and controls every idea. When, for example, we have a 
participative experience with a flower, we are not making a botanical 
observation or thinking of it as an object. If we did, the flower would pale 
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into a mere instance of the appropriate scientific categories. The vivid 
impact of the flower would dim as the focus of our attention shifted in the 
direction of generality. In the participative experience, however, the 
concrete suchness of the object penetrates and permeates the 
participator's consciousness to the point that consciousness is no longer 
self-conscious. The subjective and objective aspects of experience melt 
into a unitary phenomenon. The participator ceases to be his ordinary self 
in his fascinated self-surrender to the unfolding of the thing unto its 
fullness. 

Throughout his endorsement of an aesthetic approach to science education, 

Martin (1974) draws on Heidegger for philosophical underpinnings. Goethe did not lay 

out his epistemology in didactic form, but he reflected on his way of working toward an 

understanding of nature, and the above passage aligns with what he said about his 

participative approach: “There is a delicate empiricism which makes itself utterly 

identical with the object, thereby becoming true theory” (Goethe, 1995, p. 307). The 

subjectivity of the observer merges into a unifying oneness with the object of attention. 

Goethe’s participatory approach brings science, art, and spirituality together in ways 

that are empirically grounded. 

 

4.4. Exact sensorial imagination and intensification 

Goethe took the participative approach a step further in what he called exact 

sensorial imagination. The way in which Goethe engaged his faculty of imagination led 

to a perception of what he called spiritual archetypes. An experience of spiritual 

archetype is not likely to be within reach of most of us, and I am not suggesting that 

attaining the level of insight that Goethe achieved is a goal for science educator 

candidates. Nonetheless, it is worth noting the trajectory of Goethe’s approach and how 

it leads to a spiritual conception of the material world that stands in sharp contrast to 

the mechanistic materialism of conventional science.  
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According to Goethe, windows onto the reality of spiritual archetypes were 

opened to him through his practice of exact sensorial imagination. After intense 

observation of, for example, the progression of the shape of leaves on a stem, Goethe 

would reproduce the stages of leaf formations in his mind’s eye, bringing the overall 

progression into movement. He was thus able to inwardly experience the 

metamorphosis that occurs as the plant grows; in other words, he transcended the 

everyday notion of form as something static and perceived the reality of form as the 

process-of-becoming.  

We typically think of process as something that unfolds in time in the concrete, 

spatial world of objects, where we can only witness its stages. Goethe found a way to 

meet the process in its happening within his mind’s eye, freed from the context of space 

and time. He describes exact sensorial imagination as follows: 

If I look at the created object, inquire into its creation, and follow this 
process back as far as I can, I will find a series of steps. Since these are not 
actually seen together before me, I must visualize them in my memory so 
that they form a certain ideal whole [emphasis added]. 

At first I will tend to think in terms of steps, but nature leaves no gaps, and 
thus, in the end, I will have to see this progression of uninterrupted activity 
as a whole. I can do this by dissolving the particular without destroying the 
impression itself. (Goethe, 1995, p. 75) 

Notice that Goethe is describing a shift from seeing the process as a sequence unfolding 

in time to seeing the process in its ideal wholeness. Seeing the ideal whole is a vision of 

form that is outside the constraints of time and space. The move from seeing plant 

growth as a process unfolding in time to seeing the ideal whole involves a leap to a new 

way of seeing. Goethe used the term intensification to indicate a shift to new levels. Just 

like a butterfly is unrecognizable as the caterpillar it once was, Goethe’s way of 

beholding the essence of a plant is quite unrecognizable to our usual time-and-space-

bound way of thinking. 
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Using exact sensorial imagination, Goethe turned from his observations of a 

“real” plant to the ideal reality forming it. He recreated in his mind’s eye the unfolding 

of a plant’s growth so that the whole life of the plant appeared to him as one dynamic, 

simultaneous movement. Because the movement was intrinsic to the plant itself, the 

resulting concept was “ideal without being abstract” (Amrine, 2021, p. 117). Thus, 

Goethe could say: 

…my thinking is not separate from objects; …the elements of the object, 
the perceptions of the object, flow into my thinking and are fully 
permeated by it; …my perception itself is a thinking, and my thinking a 
perception. (Goethe, 1995, p. 39) 

For Goethe, the idea of the plant, was unified with the sensory experience of the 

plant. The experience of this unification allowed Goethe to disagree with Kant, who had 

asserted in the Critique of Judgement that we can never know things in themselves 

(Amrine, 2019). Goethe had found a way to allow the plant itself to resound within his 

perception; he found he could know the plants in themselves when he recognized their 

becoming-ness appearing in his consciousness.  To the dualistic thinking of the intellect, 

this sounds contradictory because the plant in Goethe’s mind is surely no longer the 

plant in the external world. But to non-dualistic intuitive perception, the plant in the 

external world and the plant-in-the-activity-of becoming within Goethe’s imagination, 

are one and the same. But, even for Goethe, a non-dualistic experience of spiritual 

reality was not a common occurrence.  

In his essay, “Doubt and Resignation,” Goethe wrote about the agony of standing 

at the edge of the apparent gap between idea and sensory experience, the Cartesian 

divide of mind and matter: “…between idea and experience there inevitably yawns a 

chasm which we struggle to cross with all our might, but in vain” (Goethe, 1995, p. 33). 

He despairs of crossing over with his intellect and appears to resign himself to Kant’s 

conclusion:  

Our intellect cannot think of something as united when the senses present 
it as separate, and thus the conflict between what is grasped as experience 
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and what is formed as idea remains forever unresolved. (Goethe, 1995, p. 
33.) 

Later, Goethe found he was able to overcome the limitations of the intellect, 

bridging the chasm between sense experience and idea through intuitive perception. In 

his words: “…everything gradually falls into place under higher principles and laws 

revealed not to our reason through words and hypotheses, but to our intuitive 

perception through phenomena. We call these phenomena archetypal phenomena” 

(Goethe, 1995, p. 194-195). But in the meantime, before he experiences the beholding 

of spiritual archetypes, Goethe finds “solace in the sphere of poetry” (Goethe, 1995, p. 

33) and concludes his essay, “Doubt and Resignation,” with a poem that affirms a 

discernible pattern and purpose woven into the fabric of life:  

 No patchwork, this, of rag and tatter, 

 Since time began She plots the matter (Goethe, 1995, p. 34) 

Poetry, an aesthetic response, was Goethe’s refuge, but poetry was also, 

perhaps, the preliminary calyx of what would become a corolla of spiritual insight. 

Perhaps, in a similar vein, imbuing classroom instruction with the artistic touch of an 

educator who is awake to the vitality in natural phenomena, which a Goethean 

approach fosters, may convey a worldview that acknowledges spiritual reality. As Blades 

(2001) notes, when teachers take children out into nature, science education can 

recover “its ontological dimension by allowing spirituality to become a normal part of 

science education.” 

Elke Weik (2017) describes what could be called a Goethean-informed ontology 

as follows: 

…nature creates and operates in a way analogous to a creative human 
spirit. Therefore, ideas exist in nature, not just in the human mind. The true 
nature of an object is thus spiritual, and as such the human spirit can grasp 
it and, ideally, reconstruct the act of its creation. Through this 
reconstruction the human spirit participates in the object. (p. 344) 
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Weik’s brief summary starts out in dualistic assumptions (nature is analogous to, but 

separate from, human spirit), but quickly transitions to a description of non-dual 

coherence.  A Goethean approach goes beyond “not displacing spiritual meaning” (see 

SFAA p. 191); its methodology results in acknowledging spiritual reality. Although talk of 

spiritual reality may sound “unscientific,” Goethe’s approach is grounded in empirical 

observation. His intensification of sensory observation through a refined process of 

attention called exact sensorial imagination provides a bridge between object and 

subject, matter and spirit.  

Importantly, intensification is not just a perceptual phenomenon. It is an 

objective feature of the natural world on ready display throughout the organic realm in 

the phenomena of metamorphosis. A water-dwelling tadpole becomes an air-breathing 

frog, a discretely different kind of organism. The earthbound, multi-legged caterpillar is 

transformed into a winged butterfly that bears almost no resemblance to its earlier 

form. Intensification is a stage of development that seems entirely unprecedented and 

unpredictable. Similarly, our everyday, Cartesian dualistic experience of “the outer” 

world is far-removed from a living experience of spiritual realities. Goethe’s science 

intensifies the caterpillar of sense experience into the butterfly of spiritual perception. 

 

 

4.5. The blue sky and Goethe’s concept of polarity 

It is rather convenient, for the purposes of my dissertation, that SFAA lists the 

blue of the sky as one of the topics associated with spiritual meaning that science “need 

not displace” because Goethe’s theory of color, which he considered to be his foremost 

contribution to science, views the blue of the sky as having special significance. The blue 

of the sky, in Goethe’s view, is an archetypal phenomenon that presents a polarity to 

the yellow of the sun. For Goethe, the scientific endeavor was about investigating the 

very many instances of a given phenomenon under varying conditions so that one could 
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ultimately divine an archetypal principle, or lawfulness, at work. So, far from being just 

one topic among many within the branch of physics, the study of color is especially 

significant because it means investigating the lawful and archetypal relationship of the 

primal realities of light and darkness.  

Before delving into Goethe’s theory of color, here is the explanation for the color 

of the blue sky, as well as the reddening of the sun, as set forth in SFAA: 

…different wavelengths of visible light interact with our eyes differently, 
giving us the sensation of different colors. Things appear to have different 
colors because they reflect or scatter visible light of some wavelengths 
more than others, as in the case of plants that absorb blue and red 
wavelengths and reflect only green and yellow. When the atmosphere 
scatters sunlight—which is a mixture of all wavelengths—short-
wavelength light (which gives us the sensation of blue) is scattered much 
more by air molecules than long-wavelength (red) light is. The atmosphere, 
therefore, appears blue and the sun seen through it by unscattered light 
appears reddened. (Rutherford & Ahlgren, 1990, p. 49-50) 

Notice that the conventional explanation for the color of the sky is not stated in terms of 

a theory but as a statement of fact: “Things appear to have different colors because 

they reflect or scatter visible light of some wavelengths more than others.” It is a theory 

that is hard to contest because it has been accepted by broad consensus as the right 

explanation, but it is, nonetheless, a theory. Also note that the theory is quite far 

removed from a sensory experience that could confirm or refute the theory. We don’t 

have direct sensory experience of wavelengths being scattered or absorbed. 

Furthermore, there is nothing about blueness that would indicate a short wavelength is 

called for over a longer wavelength. The quality of blue as experienced by a perceiver is 

entirely lost in the conventional scientific explanation. 

Goethe had a quite different theory regarding the blue color of the sky—a theory 

that is grounded in what can be experienced through the senses. His theory recognizes 

the principal of polarity in the relationship between the blue of the sky and the yellow of 

the sun. 
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In the preface to the Farbenlehre, Goethe states that his main goals are to apply 

the principal of polarity to the theory of color and, conversely, to expand and enrich the 

understanding of polarity through an exploration of color phenomena. It is important to 

note that Goethe was not merely applying an abstract principle; rather, he was finding 

more evidence of the fundamental wholeness of nature. Goethe had already derived 

and developed the idea of polarity in his botanical investigations, investigations which 

lie within the organic realm. Discovering the same principle of polarity at work in color 

phenomena, which are typically associated with the inorganic realm, showed that 

nature is intrinsically whole, even if investigators divide it into organic and inorganic 

categories.  

Goethe associated yellow and blue with the fundamental polarity of light and 

darkness. He held yellow as the color most closely akin to light and blue as the closest 

kin to darkness. He found this kinship readily apparent in observing the interplay of light 

and darkness in the daytime and nighttime appearances of the sky.  

During the daytime, the sky is characteristically blue. Goethe recognized that 

during the day we see the dome of the sky through an illumined atmosphere. He 

referred to this configuration as light in front of darkness. When we see a blue sky, we 

perhaps forget all about the darkness of deep space that lies beyond it. But the darkness 

is there, revealed every night after the sun has set and our atmosphere is no longer 

illumined. Goethe reproduced the situation of light in front of darkness in a variety of 

ways, including a box with a hinged lid inset with milky glass. When the lid is closed and 

the glass is lit only from the outside and seen against the darkness of the interior of the 

box, the glass appears to be blue.  

By lifting the lid, polar opposite conditions are created that call for the 

appearance of yellow. The glass is now lit from behind and appears orange or amber or 

yellow depending on the opacity of the glass. When “darkness” is in front of light, yellow 

appears. The yellowness of the sun which darkens to an orangey-red as it sets is the 

grandest illustration of this phenomenon. Goethe conceived of the transparent but 
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nonetheless substantive atmosphere as a condition of materiality, or “darkness”; the 

atmosphere is thus a darkness in front of the light of the sun. At its noon-day height, the 

sun may be seen through an atmosphere containing relatively few particulates. As the 

sun descends to the horizon, it is seen through the layers of atmosphere closest to the 

earth, which are more subject to the particulates of smoke, pollution and water 

droplets; so, as it sets, the sun becomes increasingly red in appearance. Thus, Goethe 

uses the principle of polarity to establish the lawfulness of the appearance of the yellow 

of the sun and the blue of the sky. 

Let’s now, as Goethe suggested, use color phenomena to further our 

understanding of the nature of polarities. What are the characteristic qualities of 

yellow? Like the sun itself, yellow has a radiant quality that shines from the center out. 

It rays out from the intensity of its center and seems to speed to the periphery as it 

fades in strength. When painting with watercolor on wet paper, a medium and method 

that allows color its natural mobility, yellow has a childlike levity that springs off the 

white page. Blue is more sedate. Of course, there are many, many shades of blue and 

each has its own characteristics, but a blue that bears the polar qualities of the 

archetypal gesture of yellow represents the element of darkness that has a 

characteristic gesture of inward containment rather than an activity of raying out. When 

painting with blue it is easier to find form than when painting with a light, clean, radiant 

yellow. 

Of course, better than reading the above description would be to actually paint 

with blue and paint with yellow and experience the difference. As in the case of the 

four-year old learning about seeds, the goal is not necessarily to reduce experience to 

abstract definition; rather, the goal is to experience the qualitative differences of blue 

and yellow and, in this case, to experience polarity. For it is in the experience of the 

qualities of polarities that our thinking and perceiving can be influenced and vitalized. As 

Goethe (1995) said, “He who beholds a phenomenon will often extend his thinking 
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beyond it; he who merely hears about the phenomenon will not be moved to think at 

all” (p. 307). 

Goethe said that color is “the deeds and sufferings of light.” His characterization 

may sound needlessly romantic or melodramatic, but for Goethe, color demanded a 

lively means of expression. Colors were not static properties of a surface to him. He saw 

how they changed depending on the conditions of light, the observer’s relationship to 

the color, and the color’s proximity to other colors. Quite apart from being a romantic 

turn of phrase, “deeds and sufferings,” communicates Goethe’s recognition of the 

principle of polarity at work in the appearances of color. Deeds are active; sufferings are 

passive. The active/passive polarity corresponds to the polar relationship of light and 

darkness. Goethe realized that color arises from interplay between the two. 

 

4.6. Goethe’s color theory and worldviews 

While I was working on this section of Chapter 4, I took a break and went for a 

walk in the hazy, humid morning of a Pennsylvania summer day. The sun was still low 

enough in the sky that it lit up the pavement ahead of me with a golden-yellow light. I 

paused to enjoy the image of my shadow stretching out before me on the dark gray, 

asphalt surface of the road that the golden light shone upon. I was delighted to see that 

the content of my first draft on Goethe’s theory of color was playing out before me on 

the pavement: the color of my shadow was discernibly blue. Since no one was around, I 

took the opportunity to move my arms through a series of gestures, watching my bluish 

shadow do the same. In his Farbenlehre, Goethe describes the phenomenon of shadows 

appearing in the complementary, or polar, color of the illumined surface upon which the 

shadow is cast. I stared at my blue shadow on the golden-lit road in quiet happiness. But 

the delight of serendipity was not over yet! 
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Apparently, I had stared at my shadow long enough that when I happened to 

shift my gaze, the after-image of my shadow appeared before my eyes against the 

backdrop of the pavement. The after-image glowed with yellow-gold. There they were, 

side by side—my blue shadow and its golden after-image—representing the polar 

relationship that Goethe identifies at the beginning of his Farbenlehre. 

Investigation of color phenomena seems like such a very particular, perhaps 

even trivial topic. Why did Goethe consider it his most important contribution to 

science? Why would following in Goethe’s footsteps and investigating color be of value 

to future teachers? The answers to these two questions are intimately related.  

Goethe saw that, in his lifetime, science was tending toward a materialist-

reductionist view of nature (Amrine & Zucker, 1987). Science education in its current 

form is firmly rooted in the very same philosophical assumptions that Goethe found 

distasteful. As discussed in previous chapters, those assumptions can result in a subtle, 

and not-so subtle, indoctrination in reductionism and materialism. Working with 

Goethe’s approach to color allows for empirical investigation rooted in different 

philosophical assumptions. In his studies of color, as he did in all his scientific work, 

Goethe endeavored to attend to phenomena so closely that they could make known 

their own patterns of presence within his consciousness. His way of studying color is an 

especially fine exemplar of discovering wholeness and the principle of polarities within 

the phenomena themselves.  

Goethe attributed the appearance of complementary colors in both after-images 

and colored shadows to the activity of the observer’s eye. After exposure to an 

individual color, the eye calls up its polar, complementary color, and wholeness is 

restored. In the case of colored shadows, the color of the shadow depends on the color 

of the illumined surface upon which it falls. For example, the shadow cast by an object 

bathed in golden light will appear to cast a bluish shadow (when that shadow is seen in 

the presence of a secondary light source). Yet, if you zero in on the cast shadow by 

looking through a tube so that the surrounding golden-colored context is not seen, the 
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shadow loses its blue tint and appears gray. The integral role of the observer’s own eye 

and the role of her broader visual experience is made apparent! 

In Goethe’s (1995) words:  

Upon perceiving a color the eye immediately becomes active; by nature it 
unconsciously and necessarily produces another color on the spot, and the 
two colors together will contain the whole circle of colors. The specific 
sensation aroused by one color will stimulate the eye to seek a totality. (p. 
283)  

Goethe depicted color’s conatus to wholeness in a drawing of the color wheel in 

which the colors flowed one into the other around the circle. The resulting circle shows 

complementary colors diametrically opposite from each other. Goethe (1995) identified 

the polarities around the circle and the way they complete the whole as follows:  

In the violet demanded by yellow as its complement we find red and blue, 
in orange lie yellow and red, to which blue responds; green unites blue 
with yellow and requires red; and so on through each shading of the most 
varied combinations. (p. 178)  

The arrangement of colors around the circle was not imposed by Goethe; it depicts the 

prismatic order of colors and their interrelationships. 

How might Goethe’s approach to color inform our way of thinking about the 

world and how might that be relevant to the work of a science teacher? In his botanical 

studies, Goethe developed a capacity for enlivened perception. Through consistently 

dedicating his attention to the processes of growth, his thinking became as mobile and 

organic as the plant life he was perceiving. Similarly, he found liveliness in color, which 

in turn enhanced his perception of color phenomena.  

As Pugh and Girod (2007) note, “Students first come to experience subject 

matter concepts through the eyes of their teacher.” A teacher’s eyes, that is their way of 

looking, is therefore of paramount importance. Goethe (1995) proposed that we can 

transform our inner selves and our way of looking through consciously cultivating 

relationships with the natural world: “The human being knows himself only insofar as he 
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knows the world…. Every new object, clearly seen, opens up a new organ of perception 

in us” (p. 39). According to Goethe, every phenomenon—be it a plant, insect, rock, or 

color—has its own story of process, its own way of forming our perception.  

If we accept that the way we think about the world influences the kinds of things 

we tell children about the world and the way we tell them, then perhaps paying 

attention to worldview in teacher education could be a fruitful field for future research. 

Practicing a Goethean approach could help teachers be more engaged in the world and 

be more engaging in the way they present the world to their students. I’m not talking 

about teaching techniques. I’m talking about the teacher’s own relationship with the 

world, their world view.  

The way of looking at colors, or any natural phenomenon, makes a difference to 

what we see, and what we see influences the way we look. For example, looking closely 

at prismatic phenomena reveals that, while we have an overall impression of distinct 

colors, the borders between colors are not clear. In the shimmering of a rainbow or in 

the spectra that appear when looking through a prism, the colors have a mobile 

vibrancy such that it is not possible to determine precisely where one color stops and 

another begins. Perhaps witnessing the lack of clear boundaries in natural phenomena 

can help mitigate the bias of the western worldview to sort the world into hard and fast 

categories.19 Perhaps witnessing the vitality in color can impart a liveliness to our way of 

looking. 

One evening my friend and I sat together at the top of a hill, marveling over the 

colors of the sunset sky. Magenta and gold cirrus clouds were forming and reforming in 

a chromatic drama that stretched from the horizon to the peak of the sky’s dome above 

our heads and beyond. Each passing moment seemed to feature new shades of 

magenta, orange, and gold as the clouds metamorphosed into new configurations. A 

 
19 See Chapter 2 regarding lack of boundaries between giraffe and acacia tree and regarding the 
permeable boundaries of a pond. 
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passer-by stopped and, removing the headphones from his ears, asked us what we were 

looking at. We were somewhat stunned by the question. Did he not see the staggering 

beauty on the living canvas before us? Apparently not. We told him we were watching 

the sunset. He glanced at the sky and, indicating no surprise or reaction, continued on 

his way. This encounter suggests that beauty really is—in part—in the eye of the 

beholder.20 It seems that the way we look at the world affects our ability to appreciate 

its beauty. 

An interesting case in point comes from the autobiography of Charles Darwin. In 

the passage below he laments the “loss of the higher aesthetic tastes” (Darwin, 1887, p. 

101) and the pleasure he once took in beautiful scenery, music, and poetry:  

I have said that in one respect my mind has changed during the last twenty 
or thirty years… Up to the age of thirty, or beyond it, poetry of many kinds 
…gave me great pleasure…. Formerly pictures gave me considerable, and 
music very great delight. But now for many years I cannot endure to read 
a line of poetry…. I have also almost lost my taste for pictures or music…. I 
retain some taste for fine scenery, but it does not cause me the exquisite 
delight which it formerly did. (Darwin, 1887, p. 100-101) 

Darwin then sets about to offer some sort of explanation for his “lamentable 

loss”: 

My mind seems to have become a kind of machine for grinding general 
laws out of large collections of facts, but why this should have caused the 
atrophy of that part of the brain alone, on which the higher tastes depend, 
I cannot conceive. (Darwin, 1887, p. 101) 

Darwin says he cannot account for the atrophy he experienced, but he goes on to 

suggest a remedy that reveals his intuitive grasp of the phenomenologist claim that our 

perception is shaped by what we devote our attention to: 

 
20 Goethe’s mode of investigation resulted in direct experience of the spiritual archetypes of the 
phenomenal world, suggesting that beauty is not merely in the eye of the beholder, i.e., we can indeed 
perceive the actual world. 
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….if I had to live my life again, I would have made a rule to read some 
poetry and listen to some music at least once every week; for perhaps the 
parts of my brain now atrophied would thus have been kept active through 
use. The loss of these tastes is a loss of happiness, and may possibly be 
injurious to the intellect, and more probably to the moral character, by 
enfeebling the emotional part of our nature. (Darwin, 1887, p. 101-102) 

Darwin had dedicated decades of his life to “grinding general laws out of large 

collections of facts” and finds himself stuck in a machine-like thinking that cannot 

appreciate the beauty he once enjoyed in nature and the arts. The repetition that 

becomes habit, as Darwin surmises, has long-term implications: “instead of our 

dominating a thing, it dominates us” (Martin, 1974, p. 92). In Darwin’s case, the 

phenomenon that dominated him was his own thinking and its overriding tendency of 

seeing the world in terms of mechanism.  

In contrast to Darwin’s machine-like thinking, Goethe’s mode of studying plants 

mirrored the dynamics of the life process itself. “Plants are pure movement and growth, 

pure metamorphosis” (Amrine, 2019, p. 19). Spending so much time dedicating his 

attention to plant life, Goethe developed a capacity for enlivened perception. His 

thinking became as mobile and organic as the plant life he perceived. When he studied 

color phenomena, Goethe found a similar liveliness.21 This liveliness of thinking and 

perception seems highly desirable for an educator. 

4.7. Transforming the way we see 

Martin’s (1974), description of the participative experience that a dedication of 

attention engenders contains a key contrast between Darwin’s approach to nature and 

Goethe’s: 

 

21 Michael Wilson (1901-1985), who lectured on Goethe’s theory of color and developed a form of color 
therapy for special needs children, spent decades observing and investigating color. Wilson (2018) states 
that the most important thing that can be gained from am exploration of the phenomenon of colored 
shadows is “the consciousness of the mobility of our color-sense” (p. 55). 
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Instead of our dominating a thing, it dominates us. Instead of placing, 
classifying, and using a thing as one among many, the "concrete suchness" 
of the thing captures and controls our experience so that the many are 
subordinated or forgotten. Rather than being set over against the thing, 
we are in sympathetic relation with the thing. Our consciousness is run 
through and saturated with the singularity of the thing. Thus our self-
consciousness, that barrier that keeps us aloof from things and makes 
abstractive thought possible, is pushed to the background. Our 
consciousness is so immersed in the thing that there is no conscious energy 
left for distinguishing ourselves as subjects from the thing as an object. (p. 
92) 

Darwin studied objects as an outsider, reducing them to “facts,” an antipathetic process 

of “placing, classifying, and using a thing as one among many” (Martin, 1974, p. 92). As 

quoted above in the passage from his autobiography, Darwin described his own process 

as “grinding out general laws from large collections of facts” (Darwin, 1887, p. 101). 

Goethe’s approach was polar to Darwin’s. Goethe cultivated a sympathetic relationship 

that allowed phenomena to speak within him. The lawfulness he divined was not the 

result of a process of intellectual abstraction but of intuitive seeing. What are the 

implications for science teacher education? 

Martin (1974) describes the benefits to the practitioner of phenomenological 

inquiry in a single sentence: “A participative experience is trans-objective, personal, 

dramatic, full of feeling and wonder deepening into gratitude” (p. 92). My suggestion is 

that the participative experience Martin describes influences one’s whole outlook on 

natural phenomena. To have experienced wonder in the phenomenal presence of a 

rainbow or a honeybee is to waken to the certainty that every being, rock, plant, and 

animal holds a secret, or as Goethe would say, an “open secret.” This kind of 

anticipation and interest prepares a future science teacher to share the phenomenal 

world with their students through their own living example of relationship to that world.  

To paraphrase one of Albert Schweitzer’s famous quotes, example is not the best 

way to teach, it is the only way. Schweitzer’s aphorism is relevant to science teacher 

programs depending on how the purpose of science education is defined. If the goal of 
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science education is to prepare students for the workplace and equip them with 

knowledge and basic skills for a job or career, “example” is one technique among many 

that can be used to transmit information. But if the purpose of education includes 

helping young human beings find their relationship to the natural and technological 

world, then the example set by the teacher for the students and the teacher’s 

worldview become more crucial.  

Parker Palmer’s oft-quoted line, “We teach who we are,” has been elaborated 

upon by Avraham Cohen (in Bai, Bowering, Cohen, Miyakawa, and Scott, 2020) to read, 

“We teach who we are, and that’s the problem” (p. 37). Part of the “who we are” that 

we inevitably teach is a result of the socio-cultural influences that have shaped the lens 

through which we see the world. For those of us who grew up in mainstream America, 

the Western scientific worldview is part of that lens. Science educator candidates who 

engage in phenomenological investigation may awaken to their own worldview and 

socio-cultural lens and come to recognize the validity of other ways of viewing the 

world.  

As Marion Brady (1989) points out, understanding the concept of culture helps 

students see how 

the sociocultural system of which they are a part has invented certain 
answers to questions about the nature of the self, of existence and 
freedom, and about one’s “proper” relationship to nature, time, and 
space. It tells them that they will tend to accept without question most of 
the premises of their native society, because these premises are so deeply 
imbedded in their cognitive system and so reinforced by language and 
patterns of action that they have difficulty even imagining alternatives. 
(p.97) 

Goethean science presents an alternative way of relating to nature that, as discussed in 

Chapter 2, may very well serve the future health of individuals, society, and the planet. 

Bai, Bowering, Miyakawa, Cohen, and Scott (2019) advocate for the urgent need to 

wake up to the dualistic astigmatisms in the socio-cultural lens of Western science that 

have severely degraded the health of the biosphere. If our students hold the future 
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health of the biosphere in their hands, they need teachers whose thought forms 

engender a non-dualistic paradigm of the relational world we live with and within. 

Those thought forms are readily available to anyone who takes time to dedicate their 

attention to natural phenomena in Goethe’s way.  

Pugh and Girod (2007) suggest that teachers can influence and motivate their 

students though modeling passion, “particularly in the form of modeling one’s own 

transformative, aesthetic experience with the content” (p. 23). In order to model 

passion, a teacher has to either be passionate or be good at acting. If Goethe is right, 

teachers won’t need to act as if they see the world in new ways: doing Goethean 

science entails transformation.  

 

4.8. Closing thoughts 

Regarding science teacher education as an opportunity for students to explore 

the possibility of self-transformation may be a step toward realizing a new scientific 

worldview that recognizes the primacy of relationality and vitality in the natural world. 

Goethe’s ability to perceive spiritual archetypes is not a realistic goal for most of us; 

however, Goethean phenomenological inquiry is well within reach of anyone who 

wishes to engage in a practice of attentive observation. We are surrounded by 

opportunities to deepen our own relationship to the natural world and to enhance our 

perception of what is seen. Beyond the benefit of promoting aesthetic response within 

science education, a teacher education program that incorporates Goethe’s approach is 

an opportunity to expose future teachers to what can become a lifelong path of self-

development. As Goethe (1995) said, the opportunities for growth and transforming our 

way of seeing are endless: 

[A]mong the objects he will find many different forms of existence and 
modes of change, a variety of relationships livingly interwoven; in himself, 
on the other hand, a potential for infinite growth through constant 
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adaptation of his sensibilities and judgment to new ways of acquiring 
knowledge and responding with action. (p. 61) 

Through dedicating attention in Goethe’s way to sensory phenomena, new 

capacities of perception can be cultivated, transforming the way we see the world. “If 

we wait upon a thing and let it think in us, then its Being, its thingliness overpowers and 

transforms us” [emphasis added] (Martin, 1974, p. 97). This possibility of transformation 

speaks to the true essence of what it means to teach rather than merely instruct. If 

students are influenced by the “existential signature of our being/becoming” (Bai, et al., 

2020, p. 3), transformation of the science teacher via Goethean observation may well 

offer hope of engendering a new scientific worldview in the next generation.  
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Chapter 5.  
 
Goethean Science and the Religious Worldview 

5.1. Introduction and overview 

In Chapter 1 I discussed the reductionist worldview implicit in conventional 

science and how it manifests in science education curricula. I established the ways in 

which Goethe’s approach to science aligns with and differs from conventional science. 

This chapter mirrors Chapter 1 in its focus on worldviews. Whereas Chapter 1 was about 

the worldview of Western science, this chapter is about the worldview of Western 

religion. There is of course a plurality of religious denominations; however, I am not 

using the word religion to connote religious denominations, church organizations, or 

doctrinal positions. I use the term religion to refer to the acknowledgement of spiritual 

reality and the attempt to reconnect with that reality. Barbour’s typology of the possible 

relationships between science and religion—conflict, independence, dialogue, and 

integration—frames my discussion. 

Goethe’s own worldview was clearly religious: 

My own pure, deep, innate and schooled view of things had taught me 
without fail to see God in Nature, Nature in God, and this view was the 
foundation of my very existence. (Quoted in Naydler, 1996, p. 110) 

So, it is not surprising that his approach to science offers touchpoints for conversation 

and even integration with a religious perspective. In its keystone position of middle 

chapter, Chapter 3 presented Goethean science as a meeting ground for science and 

religion in a conversation around teleology. Here in Chapter 5, I explore other 

touchpoints of potential dialogue between science and religion and revisit the possibility 

of integrating the two within a teleological view of biological evolution. A relationship of 

integration between science and religion is not typically sought within scientific circles, 

where references to God, the supernatural, or the paranormal are avoided, but it is 
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sought within religious circles. I suggest that, because an acknowledgment or awareness 

of spiritual reality can permeate a scientist’s way of looking at the world, science and 

religion can be integrated there. After defining a “religious worldview,” I begin this 

chapter with examples from the history of science in which a worldview that embraced 

an integration of science and religion played a significant role. 

The example of Michael Faraday (1791-1867) offered below hearkens back to 

Chapter 4, which focused on science teacher education and phenomenological 

investigation. Michael Faraday was a master of phenomenological investigation and a 

brilliant science educator. His lectures on “the chemical history of a candle,” which were 

delivered to audiences of young adults in the mid-1800s, are still an excellent 

introduction to the content and processes of science for middle, high school, and college 

students. Faraday was a very popular speaker—700 people attended the last lecture he 

gave (Hammack & DeCoste, 2016). But Michael Faraday’s religious worldview, not his 

success as a science educator, is the reason for including him in this chapter. 

Before beginning to explore Goethean science as it relates to a religious 

worldview, it is good to be reminded that, as emphasized throughout my dissertation, 

the worldview of a science teacher influences the way they teach. As Roger Cross (1997) 

puts it:  

Both the explicit curriculum and the pedagogy, and the implicit socializing 
effects of the teacher's beliefs [emphasis added], combine to provide a 
reference framework for the next generation of citizens to acquire 
'acceptable' notions about science, and its role in society. (p. 608) 

A 6th grade social studies lesson I recently observed on the shroud of Turin highlighted 

Cross’s statement. On the board the teacher had written in large letters, “Science vs. 

Religion” and immediately underneath in letters just as large, “Fact vs. Fiction.” Clearly, 

this teacher subscribed to Barbour’s first category of possible relationships between 

science and religion: conflict. In her view, religion and science contradict each other, and 

this is the message she passed on to her students—the implicit socializing effects of the 
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teacher’s beliefs became part of the explicit curriculum. This chapter explores how 

Goethe’s approach to science provides a pathway from science to religion that rises 

above notions of contradiction and conflict.  

David Ray Griffin (2000) suggests that: 

[T]he relation between science and religion could move from a relation of 
conflict to one of harmony if and only if two things were to occur: if the 
theistic communities were to give up all remnants of supernaturalism in 
favor of a theistic naturalism, and if the scientific community were to give 
up reductionistic naturalism, with its sensationism, atheism, and 
materialism, in favor of a naturalism restricted to the rejection of 
supernatural interruptions of the world’s basic causal processes. (p. 17) 

By offering a non-reductionist approach to science, Goethe’s science fills Griffin’s 

criteria of how to meet religion half-way. A Goethean approach to science speaks 

particularly well to Griffin’s criteria of rejecting sensationism, the epistemological 

assertion that perception through the physical sense organs is the only mode of 

perception possible. Goethe’s practice of exact sensorial imagination and his intuitive 

perception of archetypes demonstrate that other modes of perceiving are possible. The 

following quote illustrates that in regard to organic phenomena Goethe rejected both 

sensationism and the exclusive use of reductionist measurement: 

A living thing cannot be measured by something external to itself; if it must 
be measured, it must provide its own gauge. This gauge, however, is highly 
spiritual, and cannot be found through the senses. (Goethe, 1995, p. 8) 

Griffin (2000) further suggests that Alfred North Whitehead’s process philosophy 

provides a cosmology that fosters a harmonious meeting of science and religion. This 

chapter will introduce aspects of Whitehead’s process philosophy that dovetail with 

Goethean science and support a religious worldview. 

As I have established, Goethe’s approach to science is phenomenological. It does 

not begin with a hypothesis to test, but with an openness to learning from encounters 

with nature. This chapter therefore also visits the idea of phenomenological religious 
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experience and its validity as evidence of the existence of God, not as a hypothesis to 

test but as inner conviction, a conviction that Goethe carried at his core. 

The uniformity of the universe is a supposition held dearly by both science and 

religion. It makes scientific investigation possible. What is the origin of the uniform 

order in the universe? Science and religion dance around this question differently. Is 

order in the universe evidence of a Divine Creator? Is order itself God? This chapter 

raises Goethe’s approach to studying lawfulness alongside Bohm’s concept of implicate 

order, Whitehead’s process philosophy, and Emanuel Swedenborg’s theology to show 

possible touchpoints for conversation between science and religion.  

The chapter concludes by hearkening back to the focus of Chapter 2, ethical 

implications. I will suggest that meaningful dialogue between religion and science and 

the integration of religion and science in a teacher’s worldview has ethical implications 

that stand to benefit the health of the biosphere and restore a sense of meaning and 

purpose that the reductionism of Western scientific naturalism has, in some ways, 

stripped away.  

5.2. Defining a religious worldview 

As mentioned in previous chapters, Goethean science does not accord any role 

to a theistic conception of God, but it does align well with several elements of a religious 

worldview. A religious worldview assumes that there is purpose and meaning to life on 

earth and that there are spiritual realities that transcend the bounds of time and space. 

Rabbi Jonathan Sacks (2011) contrasts science and religion by saying that science is the 

search for explanation and religion is the search for meaning. In so doing he moves 

beyond unnecessary claims of conflict and opens the door to possibilities of dialogue 

and integration.22 He sees science and religion as existing in partnership: “Science takes 

 
22 While Rabbi Sacks (2011) and I agree on the potential of a relationship of compatibility between science 
and religion, we disagree on the compatibility of the neo-Darwinian theory of natural selection with a 
religious worldview. Rabbi Sacks is not bothered by the inherent mechanistic reductionism of Darwin’s 
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things apart to see how they work. Religion puts things together to see what they mean” 

[italics in original] (Sacks, 2011, p. 2). Goethe’s holistic approach to science with its 

emphasis on context is especially suited to supporting the latter. 

Professor of history of biology William Provine (1988), who obviously disagrees 

with Rabbi Sacks about the possibility of a partnership, contrasts the worldview implicit 

in modern scientific naturalism with a religious worldview as follows: 

Modern science directly implies that the world is organized strictly in 
accordance with deterministic principles or chance. There are no 
purposive principles in nature. There are no gods and no designing forces 
that are rationally detectable. The frequently made assertion that modern 
biology and the assumptions of the Judeo-Christian tradition are fully 
compatible is false. (p. 65) 

Goethe’s science offers an approach that is compatible with purposive principles in 

nature. Goethe does not include a concept of a theistic god or the presence of vitalist, 

designing forces, however. Those concepts are left to theology. It is around the concept 

of teleology and the perception of purposive principles that Goethe’s science can hold 

dialogue with a religious worldview.  

Provine (1988) provides another sharp contrast between scientific naturalism 

and religion. “Human beings,” Provine (1988) says, “are marvelously complex machines” 

(p. 65). While Goethean scientists would agree with “marvelously complex,” they do not 

view organisms—human or otherwise—as machines. Here again is a Goethean 

compatibility with a religious worldview.  

The next section suggests that religion is not only compatible with science, its 

integration with science in a religious worldview can contribute to scientific discoveries 

and progress. Michael Faraday’s religious worldview will be offered as a case in point, 

but he is not the only example to be found. James Clerk Maxwell (1831-79), who 

 
theory. He suggests that natural selection is simply one tool among many that can further God’s work of 
creation. 
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developed the theory of electromagnetic radiation and the mathematical equations that 

expressed it, was convinced that the unity of nature was evidence of divine design.23 His 

theory and equations positioned electricity, magnetism, and light as manifestations of 

the same fundamental energy. Stanley (2019) suggests that “[His] deep-seated faith in 

the divinely ordained unity of the natural world had a critical influence on Maxwell’s 

work in physics” (p. 101).  

The influence of religious worldviews on scientific developments is of course not 

limited to Christianity. Stanley (2019) and Kaiser (2012) point to the role that Buddhism, 

Hinduism, and Taoism played for the group known as the “Fundamental Fysiks Group,” 

which included Elizabeth Rauscher, George Weissmann, Fritjof Capra, Henry Stapp, and 

Fred Alan Wolf, who were developing new understandings in quantum physics: 

…the Fysics group used their readings of Buddhism, Hinduism, and Taoism 
to develop innovative approaches to quantum causality and 
entanglement. While non-Western religions have rather different 
understandings of what ‘supernatural’ might mean, it is clear that their 
religious and spiritual approaches deeply influenced this physics. This was 
not mere after-hours speculation: the group’s interests directly shaped the 
projects undertaken and experiments designed by these physicists, and 
eventually led to innovations such as quantum cryptography. (Stanley, 
2019, p. 105) 

Apparently, religious worldviews are not only compatible with science, they can also 

make significant contributions to advancing scientific understanding of the natural 

world.  

Another example is presented by osteopathic physician David Fuller (2012) who 

demonstrates the influence of the religious philosophy of Emanuel Swedenborg (1688-

1772) on the genesis and development of osteopathy, specifically on the thinking of 

 
23 Maxwell’s description of his own approach to scientific investigation, given in an address to the British 
Association for the Advancement of Science in 1870, is strongly resonant with Goethe’s approach: “What 
we set ourselves to do is unravel these conditions, and by viewing the phenomenon in a way which is 
itself partial and imperfect, to piece out its features one by one, beginning with that which strikes us first, 
and thus gradually learning how to look as the whole phenomenon so as to obtain a continually greater 
degree of clearness and distinctness (quoted in Stanley, 2016, p. 46).”  
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Andrew Taylor Still (1828-1917), who founded the American School of Osteopathy in 

1874, and William Garner Sutherland (1873-1954), who built on Still’s work and 

developed the cranial concept. Fuller (2012) notes that, over the years, editions of the 

classic textbooks on osteopathic medicine became secularized; their original worldview, 

which demonstrated a thorough integration of science and religion, is no longer evident. 

We turn now to the example of Michael Faraday, whose panentheistic views 

offer a pathway to understanding how science and religion can meet each other 

halfway. 

5.3. Panentheism and the worldview of Michael Faraday 

A polarity drawn upon daily to sustain modern lifestyles is that of electricity and 

magnetism. Every flip of a switch or press of a button sets up an instant electromagnetic 

field that provides the conditions necessary for a light bulb to shine, a toaster to toast, 

and a computer to compute. Such technological innovations would not have been 

possible without a key insight into the polar relationship of electricity and magnetism 

discovered by Michael Faraday. Faraday’s contributions to our modern way of life would 

be difficult to exaggerate, or as Michael Guillen (1995) puts it, “No one before had 

changed science and society in such profound and permanent ways, or has since” (p. 

164).  

As a young man with no prospect of attending university, Faraday was 

apprenticed to a London bookbinder. He became fascinated with electricity when he 

had the opportunity to read the newest edition of the Encyclopedia Britannica, which he 

had been tasked with binding into a book. Poring over the 127-page entry on electricity, 

Faraday determined to investigate electrical phenomena for himself, and he set up a 

make-shift lab in the back of the bookbindery (Guillen, 1995). Faraday was an astute 

observer—positively Goethean in his dedicated attention to sensory phenomena. He 

kept careful notes on his observations and bound them into a book along with notes he 

had taken at lectures on electricity given in a local professor’s home. By chance, or 
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Providence as Faraday would probably have said, a patron of the bookbindery happened 

to see Faraday’s worktable in the back of the shop. Intrigued, he asked to borrow 

Faraday’s ornately bound book of notes. When he returned the book a few weeks later, 

tucked inside the cover of the book were tickets to the Royal Institution’s next lecture 

series by its director, the famous chemist Humphry Davy.  

The rest, as they say, is history. Faraday eventually became Davy’s assistant and, 

building on Hans Christian Oersted’s discovery of the magnetic field induced by an 

electric current, discovered how to maintain a magnetic field continuously, thereby 

creating the world’s first electric motor. His discovery that a changing magnetic force 

produces electricity re-revolutionized the Industrial Revolution. Faraday eventually 

became the director of the Royal Institution, a position he held for 36 years, receiving no 

fewer than 100 titles and commendations from countries around the world for his 

innovative work (Guillen, 1995). Queen Victoria offered him a burial place in 

Westminster Abbey, an honor that had been accorded Sir Isaac Newton. The humble 

Faraday, who had already declined her offer of knighthood, thanked the queen but said 

he would prefer to be buried as an ordinary man in his family’s church plot (Guillen, 

1995).  

Biographers have speculated as to how it was that Faraday, who had received no 

university training, was able to make such significant contributions to the understanding 

of the polar relationship of magnetism and electricity. David Bodanis (2005) suggests 

that his lack of training in advanced mathematics gave Faraday an advantage over his 

contemporaries, an advantage that was further enhanced by his religious background. 

Faraday had been raised by his parents as a Sandemanian, a little-known sect of 

Christianity, and had grown up with a picture of the natural world as one filled with 

spiritual reality. So, unlike his contemporaries trained in a Newtonian conception of the 

universe in which planets move through a void, “Faraday was convinced that space was 

not empty, but that a divine presence was everywhere” (Bodanis, 2005, p. 64). Faraday 
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was thus predisposed to look for the link between electric current and magnets in the 

space between. 

Faraday said of himself, “In early life I was a very imaginative person, who could 

believe in the Arabian Nights as easily as in the Encyclopedia, but facts were important 

to me, and saved me. I could trust a fact, and always cross-examined an assertion” 

(quoted in Guillen, 1995). Guillen (1995) sums up Faraday’s integrated religious and 

scientific worldview: “To Faraday, facts were as sacred as scriptural verses, in that both 

were the only reliable ways of comprehending God’s creation.” For Faraday, the Book of 

Nature was, like the Bible, divine revelation. In his integrated worldview, science and 

religion were mutually informing ways of reading the same text. Science provided the 

observable facts and details; religion provided the holistic and cosmological context that 

made comprehension possible. My point is not that the orthodox teachings of the 

Sandemanian sect were relevant to Faraday’s scientific investigations, but rather that 

his worldview was permeated with an acknowledgement of non-sensory reality.24 In 

Faraday’s words, which quote Romans 1:20: 

Yet even in earthly matters I believe that “the invisible things of Him from 
the creation of the world are clearly seen, being understood by the things 
that are made, even His eternal power and Godhead.” (Quoted in Stanley, 
2016, p. 250-251) 

Faraday’s religious views—in regard to matter, space, and time—could perhaps 

best be identified as panentheism, the belief that God is immanently present in all of 

nature but also transcends its bounds. The distinction between pantheism and 

panentheism is an important one in proposing a meeting ground for science and 

religion. As Barbour (2000) notes, “Whereas pantheism identifies God with the world, 

 
24 Some of Faraday’s biographers make a strong case that Faraday did not wish to mix religion and science 
and that he kept his private, religious beliefs compartmentalized from his scientific work. Stanley (2016) 
demonstrates that distancing Faraday from his identity as a theistic scientist was a deliberate move on the 
part of scientific naturalist John Tyndall, who wrote a biography of Faraday that cast him in the role of a 
fellow scientific naturalist. Subsequent biographies followed suit. 
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and theism emphasizes God’s transcendence and separation from the world, 

panentheism holds that the world is in God, but God is more than the world” (p. 173).25  

Isaac Newton, like Michael Faraday, was a deeply religious man; he put just as 

much effort into theology and biblical studies as he put into mathematics and physics 

(Smith, 2008). Why didn’t Newton’s legacy and worldview serve to integrate religion 

and science? Interestingly, it was Newton’s theistic worldview that may bear some 

responsibility for driving a wedge between science and religion. A God deemed to be 

supernatural, perfect, and omnipotent was a divinity so far removed from the earthly 

plane as to eventually be rendered irrelevant. Newton’s clockwork universe could be set 

up and wound up by a Divine Creator; but after that, God was no longer needed except 

as an occasional stand-in when “gaps” arose in the scientific explanation for natural 

phenomena. As more gaps were closed, especially the ones sewn up by Darwin, God 

was no longer a necessary player. In the words of Dutch historian of science Eduard 

Dijksterhuis, “The mechanism of the world picture led with irresistible consistency to 

the conception of God as a retired engineer, and from this to His complete elimination 

was only a step” (p. 491). Relegating God to the role of Creator in a distant past, the 

theistic worldview ultimately served to detach God from the scientific conception of the 

universe.26 

A panentheistic view, on the other hand, supposes that God is actively present 

within creation.27 One way in which God can be conceived of as immanently present and 

yet also transcendent is by identifying God with the lawful order that science discovers 

in the natural world. Here lies fertile ground for dialogue between science and religion, 

 
25 Faraday’s Christian beliefs ensure that his view of God cannot be labelled as pantheism. 

26 Newton’s biographer Edward Dolnick (2011) says that Newton would have “wept with rage” to learn 
that the modern scientific community eventually came to the consensus that he “had built a universe that 
had no place within it for God (p. 316). 

27 Newton’s religious views were not necessarily completely devoid of panentheism, but his enduring 
legacy was that of the clockwork universe. 
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a dialogue that Goethean science can help to cultivate. The next section will explore the 

language of order and pattern: mathematics. 

5.4. Mathematics as the language of the spirit 

In Chapter 1, I noted that SFAA identifies mathematics as the chief language of 

science. This chapter explores the idea that mathematics can also be thought of as the 

language of the spirit. For theistic scientists of the 19th and early 20th century, 

mathematics was assumed to reveal evidence of divine design. For example, the 

mathematical physicist James Jeans (1877-1946) wrote, “from the intrinsic evidence of 

his creation, the Great Architect of the Universe now begins to appear as a pure 

mathematician” (Jeans, 1931, p. 122). Jeans was by no means an isolated example in his 

day, but over time his position became the exception instead of the norm. Stanley 

(2019) points out that: 

Jeans was a member of the last generation of physicists to be educated in 
the British tradition of theistic science that was the norm during the 
Victorian period. The direct reading of the laws of physics as creations of 
godly design, and the thinking of the practice of physics in reverent terms, 
was a standard part of science education until the waning years of the 
nineteenth century.28(p. 106) 

Theistic beliefs eventually became irrelevant to the interests of scientific progress, but 

the potential of conversation between science and religion still exists. 

The mathematics that ascended in the scientific revolution were the 

mathematics that expressed the measurable “primary” qualities of position, size, 

motion, mass, and shape, the qualities that were useful for mechanical calculations. 

Calculus, linear algebra, and statistical analysis became the trustworthy tools of 

 
28 Stanley (2019) goes on to point out that by the end of the 19th Century, Thomas Huxley, John Tyndall 
and their close circle of friends known as the X-Club had “found success in their manoeuvres to control 
the British educational system. Their winning strategy in the end was to place themselves in charge of the 
examinations system that qualified one to teach science in the new state schools created by the 1870 
Elementary Education Act. This allowed the introduction of a purely naturalistic physics as the norm, 
replacing theistic physics but maintaining the previous tradition’s stress on lawful order.” (p. 106) 
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methodological naturalism. The next two sections look at how other kinds of 

mathematics can support a dialogue and even an integration of science and religion. 

5.4.1. The presence of spirit in matter 

Goethean researcher and physician Peter Heusser makes a case for the presence 

of spirit in matter based on empirical experience and mathematics. In a lecture given on 

November 7, 2018,29 he invited the audience to consider a photo of the center, or floral 

disc, of a daisy with its surrounding petals. Within the center of the daisy, which 

consisted of hundreds of yellow flower heads, one could discern the patterns of several 

spirals. Heusser then wrote the following sequence of numbers on the board: 1, 1, 2, 3, 

5, 8, 13, 21, 34, etc. He asked the audience to supply the next several numbers of the 

Fibonacci sequence,30 and he wrote those on the board too. He pointed out that it was 

significant that the members of the audience all agreed on what numbers he should 

write. He showed that the lawfulness at work in the sequence of numbers was 

universally recognized. Because everyone agreed on what number would come next in 

the sequence, he concluded that the mathematical lawfulness perceived was 

objective—it was not subject to opinion or personal feeling. Heusser then drew a series 

of line segments issuing from a common point, each one slightly longer than the 

previous one, in keeping with the proportions dictated by the Fibonacci sequence and 

set at a slight angle to each other so that they appeared to rotate around the point. 

Finally, he drew a line connecting the endpoints of the line segments resulting in a 

graceful spiral curve. Similar spiral curves could be seen in the center of the daisy. The 

lawfulness of the Fibonacci sequence was evident within the very structure of the 

daisy’s floral disc.  

Heusser reviewed the steps the audience had traversed together. A lawfulness in 

the sequence of numbers had been discovered. The lawfulness was not projected or 

 
29 https://www.youtube.com/watch?v=NpRGyHRaxFs&t=36s 

30 In the Fibonacci sequence, the next number is the sum of the two previous numbers. 
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constructed; it was discovered through observation and was therefore deemed 

empirical.31 He said this lawfulness, because of its ideal nature, was a spiritual entity. He 

urged the audience to appreciate that in our own thinking we encounter “objective” 

realities in mathematics comparable to the experience we might have of encountering a 

massive boulder blocking a mountain trail. That is, in our thinking we discover certitudes 

that cannot be moved or refuted. For Heusser, seeing the mathematical lawfulness of 

the Fibonacci sequence in the structure of the daisy was testament to a spiritual 

lawfulness at work in the becoming-ness of the daisy.32 The audience, he said, had 

witnessed the presence of spirit within the natural, organic realm.  

The Fibonacci sequence is not about quantification and measurement; rather, it 

speaks to a mode of discerning pattern and order. It offers an example of where 

mathematics can be viewed as a language of the spirit. 

5.4.2. Projective geometry as a language of life and phenomenal space 

Chapter 1 discussed how projective geometry provides a language that can 

express the principles of polarity and intensification that Goethe identified as essential 

to his study of nature. Projective geometry can also represent the true-to-life 

appearance of three-dimensional objects.33 Unlike parallel lines in Euclidean geometry, 

parallel lines in projective geometry meet. They are said to meet “at infinity.” In our 

everyday experience of parallel lines encountered in the phenomenal world, such as the 

parallel rails of train tracks receding into the distance, we perceive the rails to be 

 
31 Heusser was not suggesting that the audience’s discovery of the lawfulness of the Fibonaccis sequence 
was empirical in the sense of a neutral outside observer detecting a pattern. He fully acknowledged that 
any observer is an active participant in the act of perception and has written lengthy clarifications on the 
epistemological foundations of the Goethean approach. (See Chapter 2 in Heusser’s book Anthroposophy 
and Science.) 

32 Heusser said it was also noteworthy that lawfulness exists whether it is noticed or not. Two people 
looking at the same daisy, do not see the same daisy—as N. R. Hanson (1958) established, seeing is active, 
not passive—but the lawfulness exists nonetheless. 

33 As discussed in Chapter 1, artists during and since the Renaissance used the principles of projective 
geometry to transfer the appearance of a three-dimensional scene onto a two-dimensional canvas. 
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growing closer and closer together. While it is not possible to picture parallel lines 

meeting at infinity, it is possible to experience the necessity and logic of that meeting 

through doing projective geometry exercises.34 In doing projective geometry, the ideal 

realm of the unmeasurable becomes “concrete” in our experience of discovering the 

necessity of parallel lines meeting at infinity. Again, we discover a boulder of certitude 

that cannot be moved or refuted. Infinity (and eternity) are of course concepts 

associated with a religious worldview. I think the practice of projective geometry 

provides phenomenological and mathematical support for a religious worldview that 

embraces the realm of the infinite and eternal.  

Goethe’s conception of the plant’s life cycle moving through rhythms of 

expansion and contraction has interesting resonance with principles of projective 

geometry, including the concept of infinity. Goethe (2009) writes:  

We first noted an expansion from the seed to the fullest development of 
the stem leaf; then we saw the calyx appear through a contraction, the 
flower leaves through an expansion, and the reproductive parts through a 
contraction. We will soon observe the greatest expansion in the fruit, and 
the greatest concentration in the seed. (p. 63-65) 

Pause now and reflect on what happens to the seed in the final stage above. A seed can 

remain viable for years. When the conditions of water and warmth are right, the seed 

case softens, germination occurs and “the plant” begins another life cycle. Goethe 

suggested that the plant we see is a manifestation of an actively creative archetype. The 

germinating plant is something we can see in the physical world; the archetype is an 

invisible, spiritual reality. Projective geometry provides a language that can express the 

 
34 An example of one exercise that prepares the way for understanding the necessity of parallel lines 
meeting at infinity is as follows: Picture a point above a line. The line (not a line segment) extends in both 
directions to infinity. Now picture a point above the line. In your mind’s eye, draw a line through that 
point that intersects the line below. Now picture that line through the point rotating clockwise. As it 
rotates, the point of intersection with the line below moves to the right. Eventually the rotating line 
reaches a position in which it is parallel to the original line. As it continues to rotate, the point of 
intersection pops up again on the line below on the left in the distant reaches of the line below. When the 
lines were parallel, their point of intersection was the point of infinity. The point of intersection travels to 
the right, vanishes at the point of infinity, and then reappears. 
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dynamics between the physical plant and the spiritual archetype. In projective 

geometry, the point, (the ultimate pole of contraction) exists in polar relationship to an 

infinite plane. When the conditions are ripe, the expanded spiritual archetype can 

contract again into the specificity of a germinating seed. Such is the rhythmic expansion 

and contraction between matter and spirit suggested in both Goethe’s science and in 

projective geometry.  

Goethe’s principle of polarity invites the same process-oriented thinking into the 

study of all phenomena. And perhaps the process-oriented thinking that Goethean 

science calls for is its greatest benefit. Both projective geometry and Goethean science 

demand that practitioners think as flexibly and fluidly as nature’s own organic creativity. 

Rather than thinking in terms of either-or and opposition, Goethe’s approach to polarity 

within organic and inorganic phenomena is an exploration of the lively play of dynamic 

relationship. For example, electricity is one pole in a relationship with magnetism. Since 

the relationship comes and goes in inverse fashion when change in one pole takes place, 

the concept demands a more fluid way of thinking, a process-oriented, relational 

thinking.  

The following section introduces Alfred North Whitehead’s process philosophy, 

which involves a similar demand for mobile thinking, especially in regard to the 

conception of time and space. Like projective geometry, Whitehead’s cosmology goes 

beyond the default dualistic mode of thinking about time and space in Cartesian terms. 

5.5. Metaphysical grounds for dialogue 

Ian Barbour (2000) a student of Alfred North Whitehead’s process philosophy, 

proposes that metaphysics is the ground on which science and religion can hold 

meaningful, mutually enriching dialogue. Phillip Clayton (2004) points out Barbour’s 

strategic approach to facilitating conversation: “Barbour does not place his own 

religious faith into unmediated contact with the science he summarizes, but rather 

seeks conceptual mediation between them” (p. 114). The big questions of the origin of 
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the universe, the evolution of life, and the nature of mind and matter are topics that 

science and religion both address and metaphysics provides the table where mediation 

can take place (Clayton, 2004). Barbour (2000) further suggests that “Process philosophy 

is a promising candidate for a mediating role today because it was formulated under the 

influence of both science and religion” (p. 34). Whitehead (1978) himself said that 

philosophy “attains its chief importance by fusing the two, namely, religion and science, 

into one rational scheme of thought” (p. 15).  

Abstract metaphysical discussions are exactly what many of the Goethean 

scientists that I know endeavor to avoid. After all, Goethe was a doer and devoted to 

empirical investigation. Yet, in his practice of exact sensorial imagination, Goethe 

accorded empirical status to his encounters with ideal phenomena. Goethe’s devotion 

to empirical observation in the sensory world, brought him into a heightened awareness 

of the archetype at work in the plant kingdom. This awareness can only be discovered 

through practice, not established through intellectual debate—hence, some of the 

resistance to discussing metaphysics.  

Furthermore, it should be noted that the experience of an archetype of 

causality—be it in the plant kingdom or animal kingdom—comes from dedicated 

observation of phenomena in their holistic context. As Naydler (1996) puts it: 

When there is so much emphasis within biology on molecular research, 
microbiology and biochemistry, the idea of ‘an immaterial power’ as the 
basis of the life of an organism must appear to many as an unnecessary 
metaphysical intrusion. For Goethe, however, if we are to perceive the 
living development of organisms as having an overall coherence, then we 
are directed toward an organizational principle that cannot be 
apprehended by the kind of minute analysis that characterizes modern 
research in biology. (p. 47) 

So, while Goethean scientists urge firsthand observation with what is empirically 

available to the senses, metaphysical implications regarding an immaterial power 

permeate that experience. 
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Goethe’s way of looking brought about an experiential conviction of the unity of 

the spiritual and natural. Goethe was seeing more than the materiality of the plant. He 

was seeing the idea of the plant fully manifested in the clothing of the natural world. For 

Goethe, the idea of the plant is not separable from its manifestation in the sense world; 

the archetype can only be discovered in seeing the continual work of an organism 

becoming itself. 

Alfred North Whitehead (1861-1947) took on the project of reconciling science 

and religion in developing a philosophical system that resonates in many ways with a 

Goethean approach, especially in its rejection of sensationism. Unlike Goethe, 

Whitehead’s framework explicitly provides a role for God, presenting a cosmology that 

is both scientific and religious. The resonance of Goethe’s approach with Whitehead’s 

process philosophy is partially explained by Whitehead’s background in theoretical 

physics with its non-Cartesian treatment of time. Goethe, too, transcended the obstacle 

of time in his approach to the metamorphic process of plant growth.  

Whitehead’s philosophical system is notoriously complex, and I have relied 

heavily on the commentary of secondary sources.35 Luckily, as Barbour (2004) notes, 

“Many of the insights of process thinking can be conveyed without the formal 

terminology of process philosophy” (p. 25), and I will only comment on the aspects of 

Whitehead’s work that offer grounds for integrating science and religion along the lines 

that Goethe’s approach also offers.  

Whitehead identifies God as the ultimate source of the lawfulness and pattern of 

order in the universe, a universe that is governed but not determined. As Whitehead 

 
35 Particularly helpful were online lecture presentations made available by the Californian Institute for 
Integral Studies and the Cobb Institute.  

Introduction to Process Philosophy, https://www.youtube.com/watch?v=oTogDiejEvk. Retrieved Nov 25, 
2021. 

Probing Process & Reality- “Why Whitehead?” 
https://www.youtube.com/watch?v=njPHcYJQDVk&t=224s. Retrieved Nov 25, 2021. 

 

https://www.youtube.com/watch?v=oTogDiejEvk
https://www.youtube.com/watch?v=njPHcYJQDVk&t=224s
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sees it, God’s government is one that allows for open-ended, creative possibility in a 

process of evolution. That is, the universe is not a clockwork mechanism that is finished; 

the universe is alive and capable of emerging into higher levels of complexity that 

cannot be predicted on the basis of past events. He rejects mind-matter dualism, which 

Goethe also overcame in his practice of exact sensorial imagination. Whitehead makes 

room for the meaning and purpose wrapped up in a teleological view of life; he accords 

freedom to the entities within the universe to respond to the conditions they find 

themselves in and to thereby co-create the world. He does this by re-locating the 

subjectivity separated out by dualism back into a synthesis with matter. 

In Whitehead’s process philosophy, every experience is viewed as occurring 

between two poles, a physical pole and a mental, or spiritual, pole. Here again, Goethe’s 

practice of exact sensorial imagination resonates. In the practice of exact sensorial 

imagination, the scientist moves between a single encounter in the physical world and 

the archetypal becoming-ness of the ideal realm. This view of experience as an 

unfolding process between two poles is especially important to a teleological view of life 

in which actions are not mechanically determined. Individual agency and freedom of all 

entities, not just human beings, is preserved in Whitehead’s world.  

Another point of resonance is the centrality of relationality in both Whiteheadian 

cosmology and Goethean science. Whitehead overcomes the reductionist bias of 

viewing entities as separate objects by presenting them as events that continually 

coalesce and reform as intersections of contextual relationships. As has been 

emphasized throughout my dissertation, Goethe’s approach to science endeavors to see 

phenomena in holistic contexts of interrelationships. With these brief notes of 

introduction to Whitehead’s process philosophy, I will offer some thoughts on the ways 

in which Goethean science can provide opportunities for integrating science and 

religion.  
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5.6. Goethean grounds for integration 

What higher goal can any man attain 

Than seeing God-in-Nature as it is revealed? 

How forms once fixed to Spirit she lets flow, 

How Spirit’s firmly held in forms below? 

   From “Schiller’s Relics” by J.W. von Goethe 

 

Goethe, I think it is safe to say, was a process thinker, as the final verse of 

Schiller’s Relics quoted above eloquently attests. His endeavor to re-present the 

unfolding of organic forms in his method of exact sensorial imagination meant that his 

thinking had to become as fluid and flexible as nature herself. In order for dialogue to be 

fruitful between science and religion, religion would need to be similarly based on a 

process-oriented metaphysic, such as Whitehead’s process philosophy.  

Goethe aligned his religious orientation with that of Spinoza:  

Forgive me for preferring to keep silent when you talk of a divine being. I 
discern such a one only in and by means of the res singulares. To the closer 
and deeper study of these no one has a happier faculty of leading than 
Spinoza himself, despite the fact that under his gaze all individual things 
seem to disappear. Here I am on and among the mountains, seeking the 
divine in herbis et lapidibus. (Quoted in Naydler, 1996, p. 110—111 from a 
letter to Friedrich Jacobi) 

“Seeking the divine” is an unmistakably religious intent. But note that Goethe is seeking 

the divine while out and about in the mountains looking at plants and rocks. Seeking the 

divine in plants and rocks suggests that Goethe could be called a pantheist, a term he 

applied to himself. But in the passage below he indicates that he thinks of God as more 

than nature in regard to his own needs as an ethical human being, which suggests that 

“panentheist” might also be a suitable term. But, and this point is important, true to his 
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nature and his science, Goethe usually defies convenient categorization, reminding his 

reader that his type of religion depends on context: 

I, for my part, drawn in many directions as I am, cannot content myself 
with one way of thinking. As poet and artist I am a polytheist; in my nature 
studies I am a pantheist—both in a very determined way. When I require 
one god for my personality, as an ethical being, this is provided for also. 
(Quoted in Steiner, 1985, from a letter to Friedrich Jacobi on January 6, 
1813.) 

The romantic poet William Blake said, “If the doors of perception were cleansed 

everything would appear to man as it is, infinite.”36  Goethe was perhaps more 

successful than most in the endeavor to cleanse the doors of perception. By putting 

aside sensationism, he laid the groundwork for ways of integrating science and religion. 

The next five sections indicate some of those ways.  

 

5.6.1. The conception of causality in Goethean science 

Causality is typically thought of in a Cartesian context and in Cartesian terms. 

That is, we usually associate causality with events that take place in linear time or 

between objects that affect in each other in a predictable, clockwork fashion. Goethean 

science raises a different conception of causality—one that particularly pertains to 

organic forms, i.e., life.  

Talbott (2014) characterizes the Goethean conception of causality as that of 

“ideal necessity” and shows its consistency with the Cartesian conception of causality: 

In general, we recognize causation when we see one event following 
another in what we think of as a lawful manner — that is, according to a 
discernible pattern that reflects one or another sort of ideal necessity. 

 
36 From Blake’s 1793 book, The Marriage of Heaven and Hell. 



158 

So far so good. Let’s investigate the kind of ideal necessity that Talbott is referring to 

and that underlies Goethe’s whole approach to investigating inorganic and organic 

phenomena.  

At the Nature Institute, where I took a course on Goethean science, our 

instructor, biologist Craig Holdrege, led us through observation exercises following 

Goethe’s approach. A botanist by training, Craig had a collection of pressed leaves from 

a buttercup plant arranged in sequence from its basal leaves, proceeding up through the 

stem leaves to the sepals of the calyx. (Sepals are recognized by all botanists as being 

modified leaves. But Goethe’s Metamorphosis of Plants shows that all the unfolding 

manifestations of a plant are, in a certain sense, modified leaf.) The difference in the 

shapes of the leaves from the base of the plant compared with the shapes of the leaves 

further up the stem was remarkable.  

At first, one would be surprised to find that the leaves came from the same 

plant. Yet when the whole sequence of leaves was laid out, one could see a consistent 

pattern in the unfolding manifestations. The changes were still notably dramatic, but 

one could follow a certain lawfulness in the sequence. To highlight this lawfulness, Craig 

held up a leaf and asked us where it should be placed in the given sequence. The 

response was unanimous—as unanimous as the response that the audience had to 

Heusser’s question about the next number in a Fibonacci sequence. We had 

experienced a “sort of ideal necessity.” 

Goethe’s attentive witnessing of unfolding metamorphosis brought him into an 

intuitive awareness of the archetypal reality of the plant before him. For him, the 

archetype was not an abstraction; it was something he perceived as a causality of a 

different level—one that Swedish theologian Emanuel Swedenborg (1688-1772) 

referred to as “correspondence.” In simplest terms, correspondence is the spiritual, 

internal cause of an external manifestation. For Swedenborg, everything in the natural 

world exists by means of correspondence. It is the essence within existence. Or as stated 

in Swedenborg’s Arcana Coelestia 5084:3, “Every single thing is kept in being, even as it 
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was brought into being, through an influx from the spiritual world, that is, from the 

Divine coming through the spiritual world.”  

Goethe was much younger than Swedenborg and while there is no record of a 

personal meeting between the two, there is plenty of evidence that Goethe met him 

through the Swedish scientist’s theological writings. It is important to note, however, 

that Goethe’s encounters with spiritual archetypes arose in phenomenal experience, 

not theological musings. Goethe did not look for someone else’s terminology to express 

what he experienced; his endeavor was to allow the phenomena to speak for 

themselves. The aspect of the concept of correspondence that would have resonated 

most with Goethe is that of influx, or flow. Goethe used the image of Proteus, a Greek 

god of the sea and rivers who could change shape at will, as a symbol of nature and 

more particularly as a symbol of the leaf as a dynamic archetype, a key insight that 

unlocked the mystery of plant metamorphosis. As Gordon Miller (2009) points out: 

[T]he crucial concept coursing and pulsing throughout Goethe’s botany is 
that of the dynamic inward archetype, which we can conceive as a vibrant 
field of formative forces and which he dubbed the “true Proteus.” (p. xix) 

Perhaps Swedenborg’s concept of correspondence as causality comes across as 

too dualistic to align with Goethe’s concept of archetype. Nonetheless, their concepts 

both speak to a non-sensationist reality, providing a meeting ground for conversation. 

Goethe’s approach would perhaps align more closely with a postmodern liberal 

theology based on Whiteheadian thought proposed by Griffin (2000) that favors 

“determining questions of truth on the basis of experience and reason” (p. 107), albeit 

that is the approach that Swedenborg himself undertook in his attempt to reconcile the 

growing split between religion and science in Sweden’s universities during the 18th 

century. Certainly, if the living, creative quality of Swedenborg’s concept of 
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correspondence is fully appreciated, the resonance with Goethe’s experience of 

causality is clear.37  

Dennis Sepper (2003) ably delineates Goethe’s resistance to the conventional 

way of thinking about causality, a resistance shared by Whitehead: 

Goethe’s disinclination to resort to the category of causation is… due… to 
a conviction that nature is essentially creative, that the event that arises 
from a given set of conditions, the phenomenon, is not simply the sum of 
its parts or the mere result of the operation of fixed and unchanging laws; 
a phenomenon is a novel entity in the sense that is not entirely 
precedented in what has come before it and what has gone into it. The 
urge to single-mindedly axiomatize and “casualize” events is tacitly to deny 
that the phenomenon itself is a genuine reality and that the 
unprecedented can occur. (p. 187-188) 

Whitehead’s process philosophy preserves the essential creativity of nature but also 

includes a concept of God. A Whiteheadian panentheistic theology rejects mechanistic 

materialism’s assertion that “the basic units of nature… can exercise only efficient 

causation, being wholly devoid of any capacity for spontaneity, self-determination, or 

final causation” (Griffin, 2000, p. 107). Thus it seems that a Whiteheadian process 

theologian could partner with a Goethean scientist for a fruitful conversation about 

causality. 

As a scientist, Goethe did not advocate for proving or even acknowledging the 

hand of the Divine, his personal beliefs notwithstanding. He insisted on grounding all his 

science in observation and what could be personally experienced, all the while 

acknowledging a grander context. In Goethe’s words, “The highest achievement of the 

human being as a thinking being is to have probed what is knowable and quietly revere 

 
37 A quote from Plato’s “Timaeus” that Swedenborg copied into his notebook strikes the same chord as 
Goethe’s Protean leaf: “in this universality of nature, there is something which is permanent and 
intelligible, and which is the exemplar of those things that are generated and are engaged in a perpetual 
flux of mutations” (Swedenborg, 2009, p. 244). 
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what is unknowable” (quoted in Naydler, 1996, p. 128). Nonetheless, Goethe’s science 

provides fertile ground for dialogue, and even integration, with a religious worldview. 

Goethe’s whole scientific endeavor was to carry out observations and 

experimentations in such a way as to discover the lawfulness at work in both organic 

and inorganic phenomena. For Heusser, the laws discovered in nature are of an ideal 

nature; therefore, “natural” laws are spiritual. For Heusser, lawfulness is the presence of 

spirit. This lawfulness is not an abstraction, it is an active force of causality as 

exemplified in the structure of the daisy described above.  

As Barbour (2000) notes: 

The idea of top-down causality has also been extended by theologians who 
suggest that God acts as a top-down cause from a higher level without 
violating the laws describing the events at lower levels. (p. 111) 

Whereas the Goethean scientist Heusser refers to “spirit” in the conversation about 

causality, the theologian Barbour advances the term “God,” presenting a pregnant 

opportunity for dialogue. Top-down causality will be discussed further in the section on 

emergent properties. 

5.6.2. Science as transformation 

The possibility of experiencing archetype as causality—be it in the plant kingdom 

or animal kingdom—comes, according to Goethe, from dedicated observation: “Every 

object well-contemplated creates an organ of perception in us” (Goethe, 1995, p.39). 

Discerning patterns of lawfulness demands similar attention. But even without arriving 

at a stage of readiness to articulate a pattern of lawfulness within a given phenomenon 

or series of phenomena, we can have an experience of how the act of dedicating 

attention increases capacities for perception, as Goethe suggested. When the rosy hue 

on the tips of twigs in spring catches our attention and we move in for a closer look at 

the emerging buds, we begin to sense something profound at work, something that 

could be called a “commanding presence” (Borgmann, 1995). Returning to the buds 
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over the coming days, we notice more details and patterns than we had noticed on first 

meeting. Although we may not reach a grand conclusion or insight, we touch moments 

of discovering a process of organizing activity. For a Goethean scientist, the work has 

only just begun.38  

Amrine (1998) addresses the transformative effects of dedicated attention:  

In Goethe’s version of scientific method, …one stays with the phenomena; 
thinks within them; accedes with one’s intentionality to their patterns, 
which gradually opens one’s thinking to an intuition of their structure. (p. 
37) 

The idea that the scientist’s own capacities for observation and intuition are changed by 

the activity of dedicated attention has implications for a new way of conceiving science 

as a path of spiritual development. As Amrine (1998) puts it: 

Goethe’s scientific ideal is to allow oneself to be transformed in following 
transformations of the phenomena. Thus, for Goethe, the ultimate aim of 
science is nothing other than the metamorphosis of the scientist. (p. 37) 

In the words of practitioner Craig Holdrege (2005): 

Doing Goethean science means treading a path of conscious development. 
The question accompanying every aspect of the work is, “How can I make 
myself into a better, more transparent instrument of knowing?” In 
traditional science, we are much more likely to ask, “How can I find ways 
of adapting the phenomena to my specific approach so that I can answer 
my question?” (p. 30-31) 

Holdrege describes the process of the Goethean approach as a back-and-forth 

conversation, one that entails an actively participatory relationship with nature. What 

are the implications for the role of perception in a participatory relationship with 

nature? Goethe reflects on this role and relationship by drawing a parallel with religious 

faith: 

 
38 See Craig Holdrege’s Thinking Like a Plant for a description of how to go about Goethean observation 
and for examples of morphological portrayals. 
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Yet, if we may raise ourselves within the moral sphere through faith in 
God…into a higher region and approach Primal Being, such may also be the 
case within the sphere of the intellectual—that through the observation of 
eternally creative nature we make ourselves worthy of spiritual 
participation in its productions. (Goethe, “Maxims and Reflections,” HA, 
XIII:30—31) 

“We make ourselves worthy of spiritual participation in its productions” is a 

tantalizing statement for stimulating a discussion regarding perception and the nature 

of reality, a discussion that David Abram (1996) addresses in suggestive ways when he 

elaborates on Merleau-Ponty’s notion of the Flesh:  

We can perceive things at all only because we ourselves are entirely a part 
of the sensible world that we perceive! We might as well say that we are 
organs of this world, flesh of its flesh, and that the world is perceiving itself 
through us. (p. 68) 

Abram (1996) seems to suggest that human beings fill a cognizing role in a grand 

scheme of continual creation. In Goethe’s way of science, as illustrated above in 

Heusser’s example of the daisy, a recognition may arise that spiritual and material 

realities are united in their continual coming-into-being in the consciousness of the 

observer. In a similar vein, Holdrege (2005) goes as far as to say, “Nature finds a new 

expression through the process of human knowing” (p. 32). 

As Amrine (1998) points out, for Goethe, scientific experimentation was like 

“practice directed towards the refinement of one’s perception over time” (p. 42). 

Conceptualizing science as a means of transformation, as Goethe does, can provide a 

touchpoint for a conversation with religion regarding spiritual development and 

stimulate discussion about the role of perception at the nexus of the spiritual and 

natural worlds.  

5.6.3. Emergent properties and intensification 

Goethe’s concept of intensification, a state of ever-striving ascent, aligns with 

conventional science’s concept of emergent properties. Emergent properties are ones 
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that are characteristic of organisms as they become more complex and part of larger 

systems. These properties are not present in previous, less complex stages of an 

organism’s development. For Goethe, the upward striving toward higher levels of 

complexity was a manifestation of the effort of a spiritual archetype “toward the fullest 

possible expression in physical, empirical phenomenon” (Miller, 2009, p. xix). In the 

metamorphosis of plant growth, for example, the archetype finds its most perfect 

expression in that crowning moment when the humbler green leaves are transformed 

into the magnificence of a flower—its color, geometry, and fragrance. 

Emergent properties also pertain in the inorganic realm. Water, which is—

chemically speaking—composed of the elements hydrogen and oxygen, has properties 

that are not present in either hydrogen or oxygen. Table salt, composed of sodium and 

chlorine, has properties unique to itself that are absent in its constituents. How can this 

be understood? Heusser (2011), following Goethe’s lead, offers an answer. Whereas in 

reductionist science emergent properties are typically explained from the bottom up, 

Heusser takes a different approach. As discussed in the section of causality, Heusser 

suggests that there is a hierarchy of levels at work in the manifestation of organic and 

inorganic forms and that the lawfulness of higher levels takes precedence over the 

lawfulness of previous, lower levels. Like the flower that has properties and qualities 

that are not present in the leaf, water has properties and qualities that do not appear in 

hydrogen or oxygen. Similarly, salt has a cubical form that is nowhere to be found in the 

elements of sodium and chlorine gas. Salt has an entirely new presentation in the world 

than that of its constituent parts.  

In reductionist science, salt would be described in terms of its atomic structure 

and the movements of electrons, and this description would be equated with a causal 

explanation. But a holistic approach (that does not deny the existence of chemical 

components) takes a different view and invites attentiveness to the sensory phenomena 

of salt itself. Heusser (2011) suggests that the characteristics of constituents remain 
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latent within higher forms. He says the lawfulness that enacts the coming into being of 

salt works from the top down and from within.  

To summarize, Goethean science presents a picture of a lawful, organizing 

principle that is actively engaged in the coming-into-being of organic and inorganic 

matter. Biologists typically refer to the process of self-organization as a bottom-up 

process in which cells or molecules “organize themselves” into more complex 

aggregations. Heusser (2011) says the process works the other way around. The higher 

principle organizes the constituent, lower substances from above and from within. The 

idea of a higher principle acting from above and from within resonates with the religious 

worldview of panentheism, which I will address below. Emergence and Goethe’s 

concept of intensification also dovetail with the concept of teleology. 

5.6.4. Teleology and process philosophy 

In Chapter 3 I discussed how a Goethean approach to the study of evolution 

contrasts with neo-Darwinism, especially in regard to the concept of teleology. 

Teleology, in Darwin’s time, was “associated with the study of ends or final causes, 

especially as related to the evidences of design or purpose in nature” (Lightman, 2019, 

p. 241). Since then, design or purpose in nature has come to be associated with a 

religious—not a scientific—view. In process philosophy, final causes and efficient causes 

are related in the fluid dynamics of the present moment in a way that resonates with 

Goethe’s insights into spiritual archetypes. Goethean science and process philosophy 

thus take up a renewed view of teleology, a view that includes the possibility of 

encountering purposeful, spiritual presence. Returning a teleological view of life to 

biology would perhaps be most welcome to scientists and science educators who value 

a religious worldview, albeit the teleological view that Goethe offers is not theistic.  

For Goethe, organisms are living expressions of inherent spiritual archetypal 

presence that manifests in conversation with the context of the environment. In the 

neo-Darwinian mechanistic view, organisms are assemblages of adaptations that have 
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resulted from external, deterministic forces. For neo-Darwinian biology, horses and 

lions, and even human beings, are merely complex machines. Although a machine may 

fulfill a function (“purpose”) in a larger system, it has no inherent sense of agency.  

The Goethean bridge that spans the distance to a religious worldview is the 

study of morphology, a term that Goethe coined. As Naydler (1996) points out, the 

study of morphology was “for Goethe the most universal and hence the most important 

of the sciences” (p. 48). Naydler’s (1996) commentary makes clear how morphology 

provides the possibility of integrating science and religion: 

As Goethe understood it, …morphology should aim less to study completed 
forms, than the inner formative forces which give rise to them. Through 
close observation of physical structures and processes, it should prove 
possible to arrive at a more interior perception of the form-making power 
of which they are a manifestation. In order to reach such an interior 
perception, it is necessary to shift one’s consciousness from the analytical 
mode (analysis and dissecting physical and physico-chemical features of an 
object) to a wholistic or synthesizing mode (grasping the living unity and 
coherence of an object as it develops in space and time). This shift in 
consciousness entails no longer seeing the object simply as an object but 
also as a spiritual subject. It is thus to glimpse the workings of the divine 
within nature. (p. 48) 

Thomas Huxley (1825-1895) was an aggressive advocate for the Darwinian view 

of evolution, which blatantly contradicted the teachings of the Anglican church 

regarding the Biblical account of creation. He sought to demonstrate that scientific 

naturalism was a worthy substitute for the theology on offer in 19th century England. 

Huxley, who coined the term agnosticism (and applied it to both Darwin and himself), 

did not see any conflict between science and religion. He said that scientific naturalism 

was in conflict with theology, not religion (Lightman, 2019, p. 239). In Huxley’s words, 

“The antagonism between science and religion about which we hear so much, appears 

to me to be purely factitious” (Huxley, 1893, p. 160). Huxley’s goal was to keep religion 

but get rid of its theistic account of God. That is, science could be the new religion. 

Science, in Huxley’s view, could satisfy all the feelings of reverence and awe that human 

beings associate with religion (Lightman, 2019). Huxley, therefore, did not want his 
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campaign of promoting scientific naturalism to suggest that science removed the sense 

of purpose in life or the universe. 

In the immediate aftermath of the publication of Origin of Species, the concept 

of teleology was still woven throughout the fabric of biological science. Huxley objected 

when Ernst Haeckel tried to dispense with it, and he addressed the topic of teleology 

specifically on several occasions throughout his career. “To Huxley, the unfolding of 

nature according to fixed law constituted a teleological system” (Lightman, 2019, p. 

243). In other words, “law to Huxley implied purpose” (Lightman, 2019, p. 244). Huxley, 

however, was not advancing a teleological agenda in support of a religious or spiritual 

worldview. Although he celebrated the awe-inspiring order of the universe, Huxley—

one of the first representatives of scientific naturalism—attributed that order to the 

laws of nature. For Huxley, those laws were deterministic, not descriptive. Whereas for 

theistic scientists the laws discoverable in nature are evidence of a divinely ordained 

order, for Huxley and others order was a result (not a cause) of deterministic laws 

(Lightman, 2019, p. 245). 

In recent times, Haeckel’s position that “the theory of evolution ruled out the 

existence of purpose in nature” (Lightman, 2019, p. 243) has dominated the discourse in 

biology. While Huxley may have believed in the late 1800s that teleology was in accord 

with scientific naturalism, in the intervening century and a half, teleology has been 

decidedly banished from biology. In the words of historian of biology William Provine 

(1998):  

[M]odern evolutionary biology…tells us… that nature has no detectable 
purposive forces of any kind…. Modern science directly implies that the 
world is organized strictly in accordance with deterministic principles or 
chance…. There are no purposive principles whatsoever in nature. 

[W]e must conclude that when we die, we die and that is the end of us…. 
There is no hope of life everlasting…. 
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The universe cares nothing for us…. Humans are as nothing even in the 
evolutionary process on earth…. There is no ultimate meaning for humans. 
(p. 64—66, 70) 

Provine’s position offers no opening for a conversation with religion. As Chapter 

3 noted, a Goethean approach to evolution, with its recognition of the teleological and 

agential intentionality on display in our everyday phenomenal encounters with 

creatures of every kind, is far more suited to a harmonious dialogue with religion than 

the current iteration of biological science is. Furthermore, Whitehead’s process 

philosophy provides the link to the religious concerns of human freedom that Provine’s 

scientific naturalism dismisses.  

Barbour (2004) sums up how Whitehead’s panentheistic view preserves freedom 

in a teleological universe: 

In process thought, God is present in the unfolding of all integrated events 
at all levels as one of the sources of both order and novelty, but God does 
not act unilaterally as the sole cause of any event. (p. 23) 

That is, God provides for novelty as well as order. Order, in Whitehead’s view, is not 

static or fixed. It is dynamic, flexible, and responsive. Barbour (2004) makes clear that in 

Whitehead’s view God does not intervene with natural affairs via supernatural 

interventions of miracles and the like—to do so would interfere with both order and 

freedom.  

David Ray Griffin’s (2001) comments on Whitehead’s preservation of freedom 

and agency highlight a connection with Goethe’s conception of organic phenomena. He 

says that, for Whitehead, every instance of experience has a physical pole and a mental 

pole:  

The physical pole …is constituted by efficient causation from the past, 
while the mental pole is the occasion’s final causation in the sense of self-
determination in terms of an ideal. (p. 109) 

Goethe’s perception of the ideal archetype via a practice of exact sensorial imagination 

also moves between physical and mental poles. Goethe’s “delicate empiricism” thus 
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provides an opportunity for integrating scientific methodology with a teleological 

worldview, the kind of worldview associated with a religious or spiritual outlook. 

5.6.5. Order and God 

Theistic scientists suggest that God’s presence within the universe manifests 

within the patterns of lawfulness that science discovers. Danish physicist Hans Christian 

Oersted (1777-1851) expressed this view as follows: 

The progress of discovery continually produces fresh evidence that Nature 
acts according to eternal laws, and that these laws are constituted as the 
mandates of an infinite perfect reason; so that the friend of Nature lives in 
a constant rational contemplation of the Omnipresent Divinity…. The laws 
of Nature are the thoughts of Nature; and these are the thoughts of God. 
(Quoted in Stanley, 2019, p. 98). 

This section explores how Goethe’s approach to science can dialogue with theistic 

interpretations of order. 

Goethean researcher Heusser (2011) does not use the name God, but he 

suggests that lawfulness is the same thing as the presence of spirit. He references David 

Bohm’s implicate order, an order that is immanently present within the universe and 

that transcends (and includes) the constraints of time and space (Bohm, 1980). 

Swedenborgian theologian and medical doctor Reuben Bell (2019) also references 

Bohm’s Implicate Order and identifies that order as evidence of Divine presence. This 

section will show some of the ways that Goethe’s approach to science converges with 

and diverges from a theistic interpretation of order in the universe. 

Bell (2016) refers to Bohm’s implicate order as “an internal order integrated into 

the fabric of the universe” and points out its close correlation with Swedenborg’s 

conception of order (p. 633). He notes that Bohm, constrained by the limits of scientific 

discourse, “was able to suggest an overarching consciousness binding all natural 

phenomena, without a spiritual reference to this consciousness” (Bell, 2016, p. 633). Bell 

draws parallels with Swedenborg’s use of the term “order” in a decidedly theistic 
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worldview and is unapologetic about Swedenborg’s knowledge claims regarding the 

Divine, e.g., “…the Divine flows in continually through the spiritual world into the 

natural.”39 The point he focuses on is that, according to Swedenborg, God and Order are 

one, or as stated in Swedenborg’s True Christianity 53, “God is order itself,” but the 

aspect of flow is also noteworthy. Order is a continually-creating activity. 

Bell uses the idea of order to set his version of theistic science apart from 

Intelligent Design. He says that the intelligence he is referring to is not that of a creator 

intervening with nature, a concept obviously anathema to modern science. Rather, “The 

intelligence in the design… [is] a creator whose very form flows into creation” (Bell, 

2017, p. 22). He says that Bohm’s Implicate Order is “nothing other than the Divine Itself 

at work in the natural world” (Bell, 2017, p. 25). 

Talbott (2014), who has written extensively on the Goethean approach to 

evolutionary biology, echoes Bell’s focus on an inherent order in organic forms but 

avoids the name God and rejects the usual trajectory of the intelligent design argument: 

If we do not willfully deceive ourselves, we cannot help recognizing 
intelligence at play in the organism. But what we don’t see is an 
intelligence working upon the organism from outside rather than from 
within its own essential being. 

Talbott (2014) takes a firm stand on the validity and integrity of Goethean science as 

science. He implies that Goethe would not appeal to divine beings as an explanation for 

either organic or inorganic phenomena any more than he would explain them using the 

abstractions of scientific naturalism’s atomic theory. And he gives a good reason for 

Goethe’s refusal to use God to fill a gap: 

He will not shirk the heavy burden of the scientific investigator: to 
penetrate the phenomena with full perceptual understanding. He wants 
observable phenomena alone—phenomena observed with such 

 
39 From Swedenborg’s Apocalypse Explained 575:5 
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compelling thoroughness and lucent clarity that the spirit of their truth 
shines through them unobscured. (Talbott, 2014) 

Goethe is consistently committed to the empirical evidence of phenomenological 

investigation. 

To be clear, Goethe was not opposed to the idea of the existence or influence of 

divine beings; he just didn’t invite them into his approach to science. Goethe was 

opposed to the tendency in the Newtonian science of his day, which has continued to 

modern times, to explain phenomena exclusively in mechanistic terms, and he was 

opposed to attributing causality to abstract entities, such as atoms, that are not 

observable.40 Moreover, Goethe’s phenomenological approach led him to an experience 

of causality in the form of immanent archetypes that resonate with Swedenborg’s and 

Whitehead’s panentheistic cosmologies.41 

When Goethean scientist Heusser (2009) references Bohm’s concept of Implicate 

Order, he aligns the concept of order with that of lawfulness. He does not use the term 

“Divine” in conjunction with lawfulness; he uses the word, “spirit.” He justifies the use 

of this word epistemologically, as shown in the example of discerning the lawfulness of 

the Fibonacci sequence in the daisy. Heusser, like Bell, sees order, or lawfulness, as 

inherently causal. 

As Shakespeare’s Juliet reminds us, a rose is a rose by any name and would smell 

as sweet. Does nomenclature matter? Does it matter if we say “lawfulness” instead of 

“spirit” or “spirit” instead of “God”? Regardless of the terms we use, there are 

consequences to the worldviews we subscribe to. It is the way we see, not what we call 

what we see that has implications for how we act. Those implications will be discussed 

 
40 Goethe’s studies of color are a frequently cited example of how his phenomenological approach 
differed so starkly from Newtonian science, which had reduced the experience of color to an abstract 
concept of invisible corpuscles and angles of refraction.  

41 Devin Zuber (2019) touches on some of the parallels between the cosmologies of Swedenborg and 
Whitehead, both of which emphasize a reciprocal flow between heaven and earth. 



172 

in the last section of this chapter. The main point for now is that Goethe’s approach can 

be integrated with a theistic interpretation of order in the universe.  

5.7. Phenomenology and religious experience 

Goethe offers several passages testifying to his phenomenological experience of 

the divine, for example: 

Assuredly, there is no more lovely worship of God than that for which no 
image is required, but which springs up in our breast spontaneously, when 
Nature speaks to the soul, and the soul speaks to Nature face to face. 
(Quoted in Naydler, 1996, p. 112) 

In this section, I will bring Goethe’s testimony into conversation with that of 

philosophers and theologians who advocate for the validity of phenomenological 

investigation regarding religious experience.  

As Naydler (1996) notes: 

As well as such special moments in which the Archetypal Phenomenon is 
revealed, nature constantly offers, to one who is receptive to it, 
intimations of the divine. For Goethe, the divine is present everywhere in 
nature. This was not simply a belief, nor an article of faith; it was an 
intrinsic part of his experience of nature. (p. 110) 

Goethe’s worldview is in keeping with that of religious philosophers who are similarly 

inclined to “count” qualitative experience.  

Philosopher Erazim Kohak, who lived for many years in a rustic cabin deep in the 

woods of rural New Hamphsire, offers his testimony of panentheistic convictions that he 

says are readily available to those who spend time living close to the rhythms of nature. 

Robert Sandeman, the founder42 of the church to which Faraday belonged, would have 

agreed with Kohak that intellectual arguments regarding religion and the existence of 

 
42 The original church movement was founded by Sandeman’s father-in-law, John Glas. Sandeman started 
the church to which Faraday belonged. 
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God, brilliant as they may be, are irrelevant in the face of lived experience. Guillen 

(1995) notes: 

“That God exists,’ [Sandeman] had insisted, “is evident from the intricate 
contrivances of Nature. Let him who doubts cast up his eyes at the heavens 
and all doubt must vanish.” To him, it had been as plain and simple as that. 
(p. 124) 

In his book The Embers and the Stars, Kohak (1984) also recommends the view of the 

starry, night sky as evidence of God’s existence, but the sky at any time of day will serve. 

“Humans can and do,” he asserts, “confront the awesome majesty of God’s evident 

presence—or, more accurately, they are able to recognize God’s presence when it 

confronts them in moments of openness” (p. 187). Kohak acknowledges that such a 

declaration has little power to convince because “self-evidence, in our present usage, 

has come to function as a logical, not an experiential category” (p. 186). But Kohak 

appeals to Husserl’s use of the term self-evidence: 

As Husserl uses it, the term recaptures some of the original experiential 
senses of the term “self-evidence,” as indicating something that carries its 
own warrant in its evident givenness…. Such is the experiential force of the 
proposition “The sky is blue,” uttered not as a low-order hypothesis but as 
the amazed, wondrous acknowledgment of the intensely blue presence on 
an August day, a presence that will not be denied. That too, is the 
experiential force of the proposition “God is” uttered again not as a 
hypothesis but as the recognition of the overwhelming presence of God. It 
is not that the proposition as such is self-evident: rather, the reality is 
undeniable. The truth to which it points is so overwhelmingly evident that 
the question of God’s “existence” pales into utter artificiality. In that sense, 
though in that sense only, we can say …that the existence of God is self-
evident. 

Husserl’s invocation of the blue sky reminds me of Goethe’s identification of the 

blue sky as one of the great archetypal polarities. Goethe’s phenomenological approach 

did not seek for an explanation behind the phenomenon, rather he urged the observer 

to see that the blue sky itself is its own explanation. And here is where the boundary 

between science as means of explanation and religion as a search for meaning (Sacks, 

2011) can begin to dissolve into integration through phenomenal investigation. The key, 
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as Kohak (1984) and Naydler (1996) point out, is an openness to the possibility of 

integration. 

Scientific naturalists are not unmoved by the wonders of the starry sky. “[W]hen 

I look upon the endless sky from an observatory on a mountaintop, I well up with 

admiration for its splendor,” says well-known astrophysicist Neil deGrasse Tyson (2003, 

p. 79) in an article asserting that “as they are currently practiced, there is no common 

ground between science and religion” (p. 74). Tyson does not indicate any interest in 

other ways of practicing science, but for those scientists who are interested in finding 

common ground with religion, a Goethean approach provides one. 

5.8. Ethical implications of a panentheistic worldview 

Barbour (2000) suggests that if the universe is believed to be governed by 

chance rather than Providence, the human response is one of uncertainty and/or 

courage in the face of meaninglessness. But, says Barbour (2000), if the universe is 

viewed as one of design and purpose, the human response can be one of gratitude, 

trust, and hope (p. 63). 43 Design and purpose in the universe can be experienced 

phenomenologically according to Kohak and Goethe, but like Spinoza, Goethe is more 

inclined to identify the design and purpose non-theistically. It is possible to soldier on 

and act in altruistic ways in spite of a sense of impending doom or meaninglessness, and 

for many an atheistic account of existence may not conjure up a sense of 

meaninglessness. For others a panentheistic view offers a more inspiring metaphor to 

live by, one that has ethical implications for our relationship with the natural world. 

More powerful than a metaphor, however, is the experience of the divine in nature or 

the experience of nature as animate, psychical presence. As Bai (2013) puts it: 

 
43 Barbour (2000) also argues that “the presence of chance is not incompatible with theism. We can see 
design in the whole process by which life came into being, with whatever combination of features the 
process had. Natural laws and chance may equally be instruments of God’s intentions. There can be 
purpose without an exact predetermined plan” (p. 63). 
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The fundamental understanding of animism is that the whole universe is 
alive, which includes rocks, air, water, and so on, and this aliveness is not 
just a belief statement, but a felt and lived reality. In this animistic reality, 
the tenet of ecology that the earth is one consanguineous unit of 
interdependent relationships (Metzner 1999) is an experience as palpable 
as touching a flower. (p. 138). 

As suggested in Chapter 2, if we retain the habits of dualistic thinking and view 

the natural world as a dead mechanism separate from us, it all too easily becomes an 

object to control and exploit. If that separation was already set in motion by separating 

God from the universe-conceptualized-as-machine, perhaps re-visiting the validity of a 

mechanistic materialism and reconceptualizing the role of God will suggest a more 

viable, healthier metaphor. Grace Jantzen (1984) suggests the idea that the relationship 

between God and the universe is analogous to the relationship of mind and body.44 This 

panentheistic analogy invites a resolution to the polarity of God’s immanence and 

transcendence. “[J]ust as human persons are embodied but yet transcendent, so also 

the universe can be the body of a transcendent God” (Jantzen, 1984, p. 127). This view, 

Charles Hartshorne (1984) reminds, is not a new one: “For Plato, the universe was the 

divine body, for Goethe it was the ‘living garment of deity’” (p. 133).  

Jantzen (1984) is suggesting that transcendence doesn’t have to be at odds with 

immanence; instead, she places transcendence in opposition to reductionism, which is 

firmly rooted in dualistic thinking. The advantages of emerging beyond a dualistic 

conception of God are outlined by Christian de Quincey (2002) below. Unlike Jantzen, de 

Quincey (2002) supports a pantheistic view of God. In a pantheistic view, God is 

identical to the universe. In panentheism God is both immanent and transcendent, but 

pantheism and panentheism carry similar ethical implications because they both suggest 

that the universe is sentient. 

 
44 Swedenborg’s cosmology carries the same picture of the universe as a body, which he refers to as the 
Maximus Homo. However, for Swedenborg, the picture is more than an analogy.  
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Like Bohm (1980), Bai (2001, 2013), and Amrine (2015), Christian de Quincey 

(2002) points out that the philosophical assumptions of our worldview steer the course 

of our relationship with the world: 

Our metaphysical assumptions shape the questions we ask, the 
methodologies we use, the kinds of data we acquire, as well as 
interpretations of the data on which we evaluate and decide how to act. 
They therefore shape how we relate to the world and have concrete 
practical effects. (p. 44) 

De Quincey (2002) goes on to point out the ways in which materialism, idealism, and 

dualism fail to account for our phenomenological experience of the world. As many 

have pointed out, the problem that materialism cannot solve is the origin of mind or 

consciousness (Nagel, 2012; Dawkins, 2012). How can consciousness arise from 

insentient matter? De Quincey (2002) also points out that the inverse problem is posed 

by idealism. How does matter arise from spirit? Both positions, says de Quincey (2002), 

require supernatural intervention, which of course is a role that some theologists are 

ready to fill with God. Supernatural intervention is disallowed as a scientific explanation, 

so the divide between science and religion remains. Dualism, says de Quincey (2002), is 

unsatisfactory because it fails to offer an explanation for how mind and matter meet.  

De Quincey (2002) follows in the footsteps of Whitehead when he goes beyond 

materialism, idealism, and dualism by suggesting a different assumption about the 

nature of matter. In his view the polarity of mind and matter is reconciled in the view 

that matter is sentient, a view which aligns with a panentheistic account of the universe. 

This is perhaps as close as science and religion, the secular and the sacred, can come: 

the object of scientific study, matter, is alive and sentient. De Quincey (2002) gestures in 

the direction of ethical implications: 

[A]n assumption of intrinsically sentient matter would restore a sense of 
sacredness to the human body, the body of Earth, and the cosmic body of 
the universe—by recognizing that consciousness, or spirit, is intimately 
and always the interior dynamic of matter throughout its long evolutionary 
journey. 
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As Freya Mathews (2003) puts it, “when the subjectival aspect of matter is realized, it is 

no longer acceptable to continue treating the world as mere object” (p. 86). 

Grace Jantzen (1984) also suggests that conceptualizing the world, or universe, 

as God’s body leads to a reverence for nature: 

The model of the universe as God’s body helps to do justice to the beauty 
and value of nature, the importance of conservation and ecological 
responsibility…. (p. 156) 

Yes, it helps, but is a model enough? While a metaphor can inspire, direct experience 

speaks to deeper levels of intuition—levels where inner knowing becomes deed. 

Sometimes, however, a metaphor can facilitate access to those deeper levels. In the 

same way that a machine metaphor can inhibit a healthy relationship with nature, an 

organismic metaphor can foster it. Such is the power of our epistemological outlook. We 

start to see the world differently and then act accordingly, and our subsequent firsthand 

experience reinforces our new worldview. As Jantzen (1984) puts it: 

Those who have once seen themselves, and the world about them, as the 
embodiment and self-manifestation of God are unlikely to continue to 
treat it in a cavalier way or feel it utterly alien or devoid of intrinsic 
significance and worth. (p. 157) 

Those who have once seen. Here, we can return one last time to the importance 

of the worldview of the science educator and the implications for teacher preparation 

programs. In the course I teach called “Science and the Young Child” we dedicate time 

every week for visiting the Pennypack creek that flows through a mixed hardwood 

forest of beech, oak, poplar, and maple not far from our campus. Each student finds 

their own place, their own “mystery spot” to visit each week where they spend ten to 

twenty minutes attending to what is given to their senses. What they see is what they 

see.  

Earth’s crammed with heaven 

And every common bush on fire with God; 
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But only those who see take off their shoes45 

Sometimes we gather after the mystery spot to hear what individuals noticed or were 

moved by: hearing the sound of the wind through the trees, watching a falling leaf hit 

the surface of the water and float away downstream, feeling the velvety moss on the 

stones and tree bark, smelling the green husk of a freshly fallen walnut; seeing the 

rippling reflections of light playing on the rocks along the riverbank. Whether a future 

science teacher sees these moments as evidence of spiritual presence within nature is 

left up to the individual’s own intuition. What the teacher candidates carry with them 

into their work as teachers is its own mystery.  

A teacher preparation program can only provide the opportunity for cultivating a 

relationship with nature that may or may not lead to a worldview that embraces a 

conception of nature as divine presence or perhaps to an experience of panpsychism, as 

suggested by David Abram (1996):  

Walking in a forest, we peer into its green and shadowed depths, listening 
to the silence of the leaves, tasting the cool and fragrant air. Yet such is the 
transivity of perception, the reversibility of the flesh, that we may suddenly 
feel that the trees are looking at us—we feel ourselves exposed, watched, 
observed from all sides. If we dwell in this forest for many months, or 
years, then our experiences may shift yet again—we may come to feel that 
we are a part of this forest, consanguineous with it, and that our 
experience of the forest is nothing other than the forest experiencing itself. 
(p. 68) 

Abram (1996) arrives in much the same place as Bai (2013) and Jantzen (1984) 

regarding ethical implications: “If the surroundings are experienced as sensate, 

attentive, and watchful, then I must take care that my actions are mindful and 

respectful…” (p. 69). He further suggests that: 

[a new environmental ethic] will come into existence not primarily through 
the logical elucidation of new philosophical principles and legislative 
strictures, but through a renewed attentiveness to this perceptual 

 
45 Elizabeth Barret Browning, Aurora Leigh 



179 

dimension…, through a rejuvenation of our…sensorial empathy with the 
living land that sustains us. (Abram, 1996, p. 69) 

Given the current environmental challenges, I think that legislative strictures are 

necessary while a new environmental ethic is taking shape. That new ethic will be born 

of new philosophic principles, developed from a deepening capacity to see the world in 

a new way. For Goethe, attentiveness and sensorial empathy were woven into a 

spiritual worldview that overcame reductionism and opened a window onto the natural 

world as the living garment of God.  

5.9. Closing thoughts 

Naydler (1996) says that the shift in consciousness that the Goethean approach 

to morphology requires enables the scientist to “glimpse the workings of the divine 

within nature” (p. 48). Not all Goethean scientists are as willing as Naydler to “go there” 

when it comes to naming the divine. Many are more interested in Goethean science 

being accepted as a legitimate and even, given the current environmental crises, an 

urgently necessary approach to science, and they avoid any explicit references to the 

divine. On the one hand, it is a strength of Goethean science that it can stand up to the 

demands of empiricism from the standpoint of conventional science without the 

baggage that mainstream scientists often associate with intelligent design theory. Using 

the term “lawfulness” or “implicate order” avoids the difficulties commonly associated 

with a religious perspective. But perhaps some representatives from the religious pole 

would say that, in avoiding the term “divine,” Goethean science is not “theistic enough” 

to bridge the gap between science and religion. Nonetheless, perhaps it can serve as a 

meeting place halfway between the two. 

What did Goethe say of his own religious beliefs? As noted above, he aligned 

himself most strongly with Spinoza, but he was also a reader and admirer of 

Swedenborg, who wrote extensively of his own firsthand experiences and travels in the 

spiritual world. In 1781, Goethe wrote the following to the Swiss clergyman and poet 
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Johann Lavater: “I am more inclined than ever to believe in a world outside of this 

visible one, and I have sufficient power of life and poetry to feel my own limited self 

broadened into a Swedenborgian spirit-universe” (quoted in Peebles, 1917). On another 

occasion, he wrote the following: 

I, for my part, drawn in many directions as I am, cannot content myself 
with one way of thinking. As poet and artist I am a polytheist; in my nature 
studies I am a pantheist—both in a very determined way. When I require 
one god for my personality, as an ethical being, this is provided for also. 
(Quoted in Steiner, 1985) 

Goethe was 64 when he wrote those words in a letter to philosopher Friedrich Jacobi 

(1743-1819). Perhaps the mention of pantheism would disturb a monotheist. But 

Goethe wasn’t preaching a doctrine of pantheism. He was expressing his own empirical 

experience of the divine order within all of nature that is shared by a panentheistic 

worldview.  

The above quote could be taken as an endorsement of Gould’s (1999) notion of 

non-overlapping magisteria (science and religion have different purviews that don’t 

overlap), but Goethe’s approach to science clearly includes a causality of divine origin, 

whether the divine is named or not. Perhaps the best way forward is to set nominalism 

aside and enter into firsthand dialogue with natural phenomena at hand and see for 

oneself if a causality of higher order speaks to us there. Perhaps there, under the blue or 

starry sky we may find a meeting ground for science and religion. 
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Epilogue 

What does one do after writing a doctoral dissertation that very few people will 

read? Put on a puppet show that very few people will see! 

Adapting this thesis for the puppet stage is currently a work-in-progress. In the 

puppet show adaptation that has the working title “String Theory: A Puppet Show that 

Explains Everything,” a bundle of 144 shoelaces tightly bound together, with several 

loose ends exposed, plays the part of the protagonist, String Theory, who is struggling to 

make sense of the universe. String Theory’s therapist, played by a large orangutan 

puppet named Carl, is hoping to disabuse his client of the extreme reductionism of his 

myopic worldview by sharing with him the progression of origin stories that humanity 

has passed down through the ages. The stories are played out on an adjacent stage, 

starting with a scene of primordial chaos. In between the stories, the counseling 

sessions continue. 

In one of the stories, creation is called forth by the flourishes of a feather—a 

quill pen in the hand of the Logos, played by a chimpanzee puppet. Dry land emerges 

from the watery depths and the Tree of Life appears.  

In the next origin story, the Logos (chimpanzee) has a typewriter, and as he 

types, human beings, played by tail-less monkey marionettes, enter the scene. 

Encouraged by a snake, they partake of the fruit from the Tree of Life. After tasting the 

fruit, the monkey marionettes become aware of their strings. Another deity, played by a 

gibbon puppet, cuts the marionette strings and the monkeys sink to the ground. The 

Logos grabs a pair of bellows and pumping frantically manages to resuscitate them. The 

monkeys stand up on their own now as tabletop puppets manipulated from below. They 

have grown tails, courtesy of the snake. 

Eventually, in the progression of stories, a deistic god played by a chimpanzee 

hand puppet winds up a giant mechanical clock to set the universe in motion, surveys 
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the scene, and exits. In the next origin story, the same chimpanzee hand puppet is 

hidden but instigates the Big Bang by striking a large gong that shatters a silent void. 

And so the stories roll on, and with each retelling, the Tree of Life loses some of 

its vitality. Meanwhile, the snake that appeared in one of the stories has escaped from 

his scene and starts to travel the world, gathering up the fragments of light that were, 

according to the Kabbalist story, scattered throughout the world in all events and all 

people on the first day of Creation.  

Eventually, one of the monkey puppets who has been puzzled by the sight of 

dangling strings that (he has forgotten) once supported him, erects a ladder to find out 

where they come from. He scales a ladder as high as he can go, just out of reach of the 

top of the proscenium, where the Logos chimpanzee is busy texting on a cell phone. The 

monkey stands on the top rung, leaps for the proscenium, kicking away the ladder as he 

leaps. The monkey stands up on the proscenium and walks toward the Logos, who 

slowly stops texting. As the Logos looks up, their eyes meet. The ding of a 

typewriter/text message sounds, morphing into a resonant tone, and the lights go out. 

In short, to borrow a line from Christian de Quincey (2002), “This is a [puppet 

show] about how we came to tell ourselves a story that the world has no meaning—and 

what we need to do to put the missing meaning back” (p. 19). The script for the show is 

still in process. 
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