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Abstract

Holism evolution states that although energy, matter, life, consciousness and the human personality are independent
and different substances/levels of evolution, they are holistically and intimately related.

This paper presents the findings from teaching chemistry to high school science students and post-graduate university
science-education students using poetry constructed from physical science ideas embedded in holism evolution. The
research findings are based on observations of student behaviour and their written feedback from being taught chemistry
using poems on the periodic table and acids and bases. Both poems demonstrate the holism intimacy between various
substances/levels of evolution, with the periodic table poem also presenting groups of chemical elements as representing
the characteristics of infant, teenager, adult and old age of matter, presenting a holistic relationship between matter and
life. The findings indicate that using holism evolution infused content led to a personally meaningful engagement with
chemistry even among students with limited previous interest in the subject. Many post-graduate students expressed
new levels of engagement with chemistry as well as new insights to enliven their teaching practice.
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1 Introduction

In nature, scientific facts always lie within richly textured contexts. Presenting scientific information in an artistic form
can engage student interest through a similar multi-stimulus experience. There is evidence that science and art work
well together at the highest level, with most Nobel Science Laureates prior to 2010 having been involved in the arts [1].
The STEAM education movement recognises and promotes the need to integrate the arts [A] into science, technology,
engineering and mathematics [STEM] classrooms in order to introduce a more humanistic approach to learning [2].

All physical objects are subject to gravity, but always have many more qualities and characteristics than just their mass.
Newton’s falling apple would have had a colour, shape and flavour, and he would possibly have been lying under the
tree for its shade and to enjoy the quiet and sanity of the natural environment [3]. It is the joy of the scientist to find and
distil generalisable scientific facts from their particular contexts, lifting them into the light of reasoned understanding.
Under the influence of positivism [4], science education tends to ignore these richly textured contexts as though they
are harmful to good science [5-8]. The removal of personally relatable contexts makes it challenging for many students
to gain a meaningful foothold into science. This could be a significant reason why, worldwide, research shows that it is a
challenge to attract learners to study physics and chemistry [9-13]. This paper reports on a study which demonstrated
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that by studying science content that is artistically embedded in a holism evolution context, students deepened their
understanding and intimacy with themselves, their world and the science content.

This research used poetry on the periodic table and acids and bases as examples of artistic and holistically enriched
science content. The periodic table is a list of the known chemical elements in order of increasing atomic number, where
the elements of similar reactivity are vertically arranged. It is a powerful tool for chemistry precisely because of its mean-
ingful groupings of elements. The periodic table poem was the main poem used in this research, and it embeds various
themes that are easily identifiable on the table into a logical and imagination-rich story. At the same time, it creates a
narrative where groups of chemical elements represent different physical ages, with the ‘younger’ elements at the top
of the table and the ‘older’ ones at the bottom.

Some commonly used STEAM ways to make the science content more accessible to students in science classrooms
are posters and videos [14], but poetry can offer us scientific content that is artistically contextualised and easily revis-
ited without becoming ‘dry" Further, once a poem has been learned, the lines can be easily brought back to memory
in a way similar to the recalling of song lyrics. In the science classroom, experiments are effective for attracting learner
interest and attention. Adding a good narrative or story can be useful in creating a framework for them to remember
and understand what they have learned [15, 16]. If we add to this idea the quantum mechanical understanding that
our method of observing phenomena changes reality on a foundational, quantum level [17], then the use of the arts
in science becomes a more pressing question, as a decontextualised presentation of the facts of nature will affect the
students’ sense of science, themselves, and of how they perceive reality.

Young teenagers move from a child’s relationship to the world filled with stories and imagination, to being able to look
at the world rationally and objectively [18]. When we plunge straight into abstract and theoretical ideas, as we often do
when we teach chemistry, we may lose the interest of many capable students. Poetry is easy to follow and use as a story
where each line is well contextualised and easily accessed, provided the language use and context are not too obscure
[19]. I began using story and metaphor to teach chemistry in the 1990's, where | encouraged students to imagine different
elements as human characters. Their positive responses to this approach stimulated this research. Student feedback to
this approach includes statements like, ‘| come away from this main lesson on the atomic theory with the most wonder-
ful feeling of having really put myself into something. Another says, ‘One of the main differences between humans and
chemical elements is that the elements are constant in their characteristics’.

2 Theoretical framework

Smuts [20] describes holistic evolution as beginning with energy and matter after the Big Bang. Matter passed through
its evolution in suns and stars to form the different chemical elements currently in existence. Once matter had achieved
a high degree of maturation, and the Earth conditions were right, life became manifest. Life needed matter and energy
to be relatively perfected, to manifest its presence into evolution. Once life had evolved/matured significantly, various
animal bodies enabled the consciousness of higher animals to manifest into life. Further evolution enabled human
consciousness, what Smuts calls the human personality, to manifest. Thus, at present, the human personality needs
consciousness, life, matter and energy to manifest itself in the world, where each of these are real and independent sub-
stances. The intimate relationship between all these substances in the human being shows how the more mature and
near-perfectly evolved substances of matter, life and consciousness, work to support the functioning of the youngest
substance which takes charge of the whole, thus enabling the human being to act in the world with substantial support
and relative freedom.

Smuts’s holism also looks at this evolutionary progression in reverse, concluding that the substances of life and con-
sciousness that manifest through matter, must already have been present in matter as future potential from the start
of evolution [20]. This idea stems from the thought that if life emerged from matter through natural evolution, then
the potential for life must have always been latent in matter [21]. If this were not the case, we would either need to
introduce some outside or extraneous influence into evolution for these substances to emerge, or claim that the other
substances are just expressions of matter itself and not separate at all. In the case of an extraneous influence such as a
Creator, reality shows that matter is none-the-less able to contain or enable life, and in so doing must therefore have
an intimate relationship with it from the start. New materialists, on the other hand, argue that life and consciousness
are not independent substances, but are just expressions of matter itself [22, 23]. This view is in agreement with holism
evolution in showing the profound intimacy between matter and all other manifestations in evolution, but differs in that
it does not recognise non-physical substances like energy, life and consciousness as being valid in their own right. The
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empirical basis of holism evolution responds to the idea of new materialism by simply declaring what evolution shows,
which is that new manifestations/substances did emerge through evolution over time, where each of these substances
follow their own laws and behaviours, and where the laws of matter studied in chemistry and physics work alongside the
cell-division, reproduction, adaptation to the environment and evolution laws of life, and so on. If matter is responsible
for all manifestation, we would probably not expect such different laws of operation for each new manifest substance.

Because of the intimacy between the different substances, the nature and behaviour of matter must in some way
influence the nature and behaviour of life and consciousness, and vice versa. The poems presented here use the idea of
matter, as studied in chemistry, having aspects and characteristics that resemble what is observed in life, consciousness
and the human personality. In these poems, the chemistry content is woven meaningfully together with aspects from
other holism evolution substances/levels to build a relatable relationship between them without losing any of the clarity
or rigor of scientific inquiry.

The potential of holism evolution to present patterns that exist between modern scientific concepts in chemistry or physics
with those that can be found in other academic disciplines is potentially endless. When presented using metaphor and story,
the content can bridge the current distance between different disciplines using our artistic imagination. If the assumptions of
holism evolution are correct, then many students would have a natural feeling for the relationships between energy, matter
and life, and would find them to be intuitively sensible. The results of this research suggests this to be the case.

Quantum mechanics adds another dimension to holism by showing how matter and energy are interchangeable and that
the way they manifest is dependent on human consciousness [24]. The wave function and particle nature of energy/matter
and its ability to collapse into one or the other upon examination, adds an element of experimental justification to the holistic
notion of different levels of evolution being connected. The holism evolution framework opens up the possibility for our
creative imagination to find new connections between substances/levels of reality [25], justifying its use in the classroom.

3 Literature review

There have been many attempts to gain and retain student interest and intimacy of engagement when studying science.
Erasmus Darwin, Charles Darwin’s grandfather, writing poetry incorporating the findings of science [26], and Goethe's
theory of colour presenting colour as the ‘deeds and suffering’ of light [27], are two examples of this from relatively early
in the Western scientific age. More recently, quantum physicists have written books showing the relationship between
religion/spirituality and the findings of science, including a link to Eastern mysticism in The Tao of Physics by Fritjof Capra
[28], Western religion in Genesis and the Big Bang by Gerald Schroeder [29], and in a more general religious sense in God
and the New Physics by Paul Davies [30]. Many founders of quantum mechanics are also quoted with sayings that show a
relationship to philosophical and religious ideas such as Albert Einstein’s “He [God] does not throw dice”[31] and Werner
Heisenberg's “The first gulp from the glass of natural sciences will turn you into an atheist, but at the bottom of the glass
God is waiting” [32]. Other contributors to modern science have looked for a broader understanding of their scientific
findings in religion, psychology and the arts [33]. Richard Feynman [34], recognising that science had not reached matu-
rity, said, “this is not yet a scientific age,” because his audience was hearing a speech on science instead of experiencing
it as a song or poem. That physical science seems still unable to inspire human cultural and artistic impulses as religion
did in the past and continues to do today, was an indication for Feynman of how far our modern scientific endeavours
are from uniting with human intimacy and spiritual inspiration.

Recognised as one of the greatest scientists of the last century, Feynman gave several lectures as well as television
interviews. In these lectures and interviews he tried to show how science works and how it changes the way we see the
world. One of the greatest changes he points out is that in science we no longer need to look for support from any outer
kind of authority; the experimental testing of ideas and theory prove whether they are correct or not [35]. Because of
this, he says that science is not particularly interested in how a thing is found out. The history or background of an idea
or its creator are far less important than the idea itself, since it is not our thinking alone that needs to be convinced, we
must also have an objective way of testing it. Another great quantum physicist, Jean Paul Dirac, described the experi-
ence of being interviewed about the historical details of his discoveries as requiring him to think in ways that a scientist
would prefer to avoid; to remember all the failed attempts and wrong paths of inquiry as opposed to only remembering
the moments of luck or inspiration that lead to the fruitful results [36]. This attitude among scientists is a tendency that
encouraged the removal of a broader context given to scientific knowledge in the science classroom.

In one interview, Feynman hints at holism when he says that even simple questions can be answered at different levels,
that each answer to a science question can be examined on increasingly deep levels [37]. The difficulty in this for most
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people is that we take our existing level of answers for granted and hence, lose our curiosity. We may then think that we
know the full explanation and yet the riddle of reality has not yet been addressed. Here is where Feynman recognises
that putting science into an artistic and holistic form could keep our interest from dying [38].

In a different interview 10 years earlier on Yorkshire Television, Feynman [39] says how much he enjoys talking to
experts in different disciplines or fields. This is because they think differently about things; they use different ideas and
approaches, and that in science, the ideas and ways of thinking that are common have already been used to discover
most of what they can. Science needs new ideas and new ways of thinking in order to solve the problems that we still
have. This may seem obvious, but within each discipline there exists a culture of thinking and ideas that is often reluctant
to embrace approaches from different fields. Thomas Kuhn pointed out that this applies also to scientific work, which
does not progress purely on new discoveries, but as a series of cultural revolutions that determine how scientists think
[40]. The use of the arts infused with the ideas of holism evolution in education can contribute to students linking their
understanding of different holism evolution substances, and thus address Feynman'’s two main concerns of expressing
science artistically and using different ways of thinking to engage with scientific problems.

The arts seem intimately linked to the cutting edge of science, as research into Nobel Laureates in the sciences prior
to 2010 reveals that almost all of them were engaged in the arts in some form [1]. Many claim that their art helped them
in their scientific work. Artistic imaginations in the form of dreams can also give new scientific insights, as in the case of
Mendeleev developing the periodic Table [41] and Kekule understanding that benzine was a circular and not linear, as
molecules were imagined to be at that time [42]. This indicates that the current impulse to introduce the arts into STEM
education as STEAM, although difficult to do in a way that enriches both disciplines, could not only help to increase the
number of students who do science, but also increase the development of scientific literacy in society and the number
of citizens who could become innovative leaders in STEM fields.

3.1 Method used to present the poems in this research

None of the scientific concepts used in the poems are new to chemistry, only the interpretation of this knowledge in the
creation of their narrative. Previous research using the acids and bases poem used in this research resulted in a statisti-
cally significant increase in grade 9 learner interest [43]. The poem was used in this research to introduce the students
to the characterisation of acids and bases from observed experimental behaviour, and challenging them to create their
own descriptions of the nature of acids and bases.

3.2 The periodic table poem

A key idea in the periodic table poem is the depiction of matter as a substance with a birth, maturation and death.
The Big Bang is used in the poem as the starting point of the formation or ‘birth’ of matter from the condensation of
energy shortly after the singularity. The poem ends with the radioactive elements, representing matter disintegrating
and releasing energy. The poem thus resembles a ‘matter sandwich’ where the ‘filling’ of matter can be seen as having
its life between two states of energy; the ‘bread’ of energy of the Big Bang or birth, which is also represented by nuclear
fusion in our Sun giving rise to life on Earth, and the bread/energy of radioactivity or‘death’ released by nuclear fission.

The poem is a compilation of multiple sections, beginning with the Big Bang as a precursor or introduction. It then
has the five sections of ‘Period one; ‘Periods two and three] ‘Carbon; ‘The transition elements; and finally, ‘The radioac-
tive elements’ The full poem is presented in sections to demonstrate how the ideas of holism evolution are embedded
together with the findings of science.

Each section was presented and analysed separately with the students. A Power Point presentation with background
or accompanying graphics was used to reinforce the content; for example, a background picture of a colourful nebula
for‘The birth of matter’section, and various pictures showing where on the periodic table the particular section is found.

The Birth of Matter: [Precursor to the periodic table].

Our Mother’s cry was never heard

As the birth of our universe unfurled.
Sweet agony in making way

The Material world with which to play.

Passing through the birth canal,
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The pressure-bear made Energy change.
New substance and new world formed,
An internal to external life exchange.

The child did grow, transform and multiply
Till elements varied in nature did vie

For their part in material identity

Now arranged in place for all to see.

The Periodic Table tells the story
Of the life of matter in all its glory.

The metaphor of birth is portrayed in the use of ‘Mother’s cry’ and ‘birth canal’ That her cry was not heard alludes to
the absence of matter in the universe to carry the sound of the Big Bang, and the birth canal refers to the singularity, the
birth point of the material universe according to the Big Bang theory. The'sweet agony’is a play on the massive power of
the Big Bang, where the ‘pressure-bear’ creates the transformation of whatever preceded the Big Bang into energy and
matter. The ‘internal to external’ line refers to the hidden state of reality prior to the Big Bang and the observable world
of energy and matter as the ‘external’.

The ‘child’ that grew and multiplied refers to the development of the different elements in the primal and modern
stars, and‘arranged in place’refers to the act of Mendeleev and other scientists in ordering them onto the periodic table
in order for us to make sense of them.

Period 1: [The primary polarity of action and perfection].

I'm on top of the table and what do | see?

The vast expanses of space, the primary polarity.
Hydrogen and Helium, being born at the start,
Both light and tiny but with natures apart.

Great suns and stars are the mighty engine
Driven by the smallest element Hydrogen.
This first born is a tireless campaigner,

Even giving his body to form the remainder.

Helium the perfect would do no work at all

Were Hydrogen not driving the great fiery ball.
Sh-He takes no companion, not on Earth or at home,
Yet the elements see her up high on her throne.

“Oh, to be like a noble gas”is the call,
And the elements hear it one and all!

Period 1 of the table contains the elements formed shortly after the Big Bang. Trace amounts of Lithium are also said
to have formed at the same time as Hydrogen and Helium, but this is ignored here. The poem highlights the similar
properties of both hydrogen and helium being light and tiny. Most hydrogen and helium are still to be found in suns
and stars, and in this way represent something cosmic and not quite earthly, much like the infant who has to learn much
before being suited for life. The opposite properties of hydrogen’s reactivity and helium’s inert nature emphasises their
polarity of activity and stable-perfection respectively. The fundamental activity of the reactive elements comes from
them striving’to become ‘perfect’in their electron structure like that of the noble gasses. This ‘striving’| place in an almost
religious context in order to evoke in the learners an impression that the elements contain a reflection of our sense of
awe, striving and devotion towards that which we value.

Helium'’s chemical symbol is He, but its perfection made me think of a balance between masculine and feminine quali-
ties, hence | created the pronoun of Sh-He. Because | referred to hydrogen as‘he; | liked the idea of helium being‘she] to
give an extra level of balance to this primary polarity.

Periods 2 and 3: [The first 20 elements].
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These children of Hydrogen, most varied in type,
Line up in sevens; Helium’s children apart.
Continuing their ancestors opposite statement
Of action and drive versus perfect containment.

To the left, the metals numbering seven in all,
Were hidden till electricity’s power them stole
From their lover’s side, show their introvert face;
Alkali, base’s slow binding embrace.

Seven non-metals all different and bright,
Quick acting and ready, stand on the right.
Their sharp acid-making attracts metal mate
To a balancing marriage, a salt crystalline state.

This taking and giving, the blind meeting of needs,
Makes the rocks of our Earth, the soils for our seeds.

Periods 2 and 3 look at the first 20 elements. These make up the main elements of the Earth’s atmosphere, water,
life and crust. They also introduce a secondary polarity, that of metals and non-metals [with a small group of met-
alloids in-between not included in the poem] which form bases and acids respectively. This secondary polarity is
likened to the awakening of sexuality that comes to physical manifestation in puberty.

Here, the general formation of acids from non-metals and bases from metals, and ionic bonding between met-
als and non-metals to form salts, is emphasised as representing aspects of the experiences of teenager and young
adult life. The satisfaction of the reactive needs of acids and bases when they neutralise each other to form salts and
water, is treated as a ‘balancing marriage’ whose children, the salts, make the nutrients and fertilisers in ‘the soils
for our seeds’. Within a class discussion, this can also open up conversation about various sexual orientations, and
how the elements demonstrate reactivity that could be looked at from this perspective. Beside the ‘heterosexual’
metal and non-metal reactions to form salts, metals also form amalgams with each other, and non-metals react with
each other to form certain compounds. The existence of metalloids adds to this debate from a non-binary-body
perspective. The acids and bases poem, generally used prior to the periodic table poem in this research, broadened
potential student insights into these ideas.

The following section on carbon is another example of an element being able to react with both metal and non-
metal, enriching any conversation on sexuality further, especially because carbon is the foundational element of
all lifeforms on Earth.

The centre of period 2: Carbon.

Quietly seated at top, centre table,

Sits Carbon, like Hydrogen, who's happily able

To form a metal or non-metal embrace.

And make ten times more compounds than everyone else.

While the elements tussle in giving and taking,
Carbon insists on a way that makes them
Commit to share, stay in family living,

As the stable basis of all life creating.

Energy and matter are bound here as one

In organic compounds that get light from the Sun.
The black carbon-base of these life-giving foods
Can be seen in the winter fire that soothes.

Matt-black dark powder in its service to life,
And bright shining diamond giving lovers delight.
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A section on carbon is included in this poem because carbon gives an alternate, stable, low-energy state or‘ideal’ for
the elements; the forming of covalent bonds. The giving and taking of electrons in ionic bonds as seen in periods two
and three elements, is contrasted with the sharing of electrons in covalent bonds as a more diverse and committed ideal
for the elements. This has its evidence in the fact that carbon compounds are around ten times more numerous than
all other compounds that exist, and that they form the basis of compounds needed for life. It also deepens the idea of
the relationships between the elements with the aspect of forming molecules which represent ‘families’ of elements,
something that does not happen with ionic bonding.

The storage of energy from the Sun in the bonds of carbon compounds, through photosynthesis in particular, is an
important aspect of organic chemistry. This process that makes the energy accessible to all life-forms results in the life-
giving foods’and the ‘winter fire that soothes’

The relationship between the earthly carbon and Sun energy is then repeated in a different form as the earthly ‘matt-
black’ powder in its service to life, and shining ‘diamond’ with its relationship to light.

The transition elements: [Adult life].

Now life slows down as the elements mature,

And the passion of youth not as marked as before.
These heavy metals, subtle in difference,

Are mostly found in trace amounts.

Like adults they're not so easy to classify,

But add qualities needed for life to survive.
From structure to colour to unusual trait,

We may take for granted, so don't underrate!

At the top is iron and all of his mates

Giving tools for our industry and machines for the mine.
At the bottom is gold in her fine royal state;

The jewellery for our love that won't lose its shine.

Middle aged life, so dull to the young,
Is enduring and useful with a more inward fun.

The transition elements are chemically less reactive, and other than iron and a few others, are much less abundant
in the universe and on Earth than the first 20 elements. Although all of these elements are classified as metals, their
reactivity is more subtle and varied than that of the metals on the left of the table, and they still play a vital role in the
chemistry and life on Earth. These properties are portrayed in the poem as being reflective of adult life in that adults are
not generally as impulsive and reactive as youth, but demonstrate a variety of more subtle and stabilising properties.

The radioactive elements: [Old age and death].

Just beyond Lead, himself almost dead,

Lie the elements too heavy to hold their own thread
Of life together and just fall apart;

Releasing an energy to stop your heart.

Their radiant glow as they start to decay

Was a startling find that made great minds play,
That matter and energy clearly were paired

In the famous E equals m times ¢ squared.

What was seen at the birth with the sun shining bright,
Giving life to the plants and Earth chemistry,

Now changes to death in the dim glowing light,

Or explosion of accelerated radioactivity.
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Ashes to ashes, dust to dust, right?
No. Energy to Matter, Matter to Life!

The final section is on the radioactive elements who show behaviour similar to some diseases of old age such as the
decaying of body and mind which may precede death through cancer, organ failure, dementia, Alzheimer’s disease, etc.
For the radioactive elements the process of decay is their ‘death’ as they become different elements in the process. The
release of energy in radioactivity mirrors the energy of the Big Bang, except that the Big Bang is like a birth in contrast
to this as a death due to the harmful radiation that these elements emit.

The final line of the poem makes explicit the holism evolution notion that energy gave birth to matter, and then mat-
ter gave birth to life in evolution. It also plays on the holism evolution narrative of the poem that inherent in matter are
the stages of life from birth to death.

4 Methodology

This research was focused on exploring the experiences of science students when taught using holism evolution
infused poetry. This focus meant that individual comments featured prominently, and although a high percentage
of students found this approach enhanced their learning of chemistry, a purely qualitative approach was adopted in
this study [44]. Each student was encouraged to reflect on their experiences during the intervention in their science
lessons and these responses were coded. Interpretivism was the paradigm used, where it is understood that each
person will independently make sense of their experiences [45].

The research was done without any preconceived idea of what student responses may be. A grounded theory
approach was thus adopted, where initial themes were identified from the student feedback. These themes were
then grouped into codes, as suggested in grounded theory literature [46]. All findings from this research are thus
generalised qualitative findings based on inductive thematic analysis of the written comments made by the students
[46]. Observations were made during the research intervention, but no interviews were conducted. For this initial
research into the use of holism evolution infused poetry, the key data comes from researcher observations and from
the students presenting their experiences in their own words with the prompt to reflect on their experiences during
the research intervention sessions.

5 Data gathering

This research was conducted with three separate groups of students. These groups were purposely selected due them
being taught by the principal researcher, and because they represent a fairly wide range of age and interest in science
and education. A 10 h intervention was conducted with 17-year-old students at a private school in a well-established
urban suburb in a large South African city. The intervention was part of a compulsory module for all students, only some
of whom had selected science for their further studies. After their final assessment, which included other aspects of
chemistry, they were requested to reflect on their experience of the intervention. Of a class of 23, 16 students submitted
a personal reflection. This reflection was hand written and submitted to the researcher, who was also the teacher of the
module. The teacher was well known and respected by the students, so the students would have had a positive mindset
from the start, but they had not experienced the use of poetry and holism evolution in their education before. The 12
university post-graduate science education students were from two separate groups, both of whom were being intro-
duced to holism evolution and the researcher for the first time. Practical constraints led to very different circumstances
for each group. One group of four students who were in-service teachers, experienced two sessions making up a total
of 2 h. The other group of eight students who were pre-service teachers, experienced three sessions making up a total
of 7 h. All post-graduate students submitted their reflections on their experiences of the intervention. In some cases,
students included personal experiences in their final assessment and these responses were included in the research.
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6 Analysis and findings
6.1 Observations

The researcher as well as some students observed a distinct change in student behavior in class as soon as they
needed to find ways of describing the nature of acids and bases in ways that made sense for them. Initially, some
students needed to be asked directly for their responses to the poetry or experiments. Once the ideas of their class-
mates started to flow more freely, most students forgot their more formal relationship to learning and spoke in a way
that seemed more natural and comfortable for them. This encouraged spontaneous as well as deeply considered
responses from most students. They drew on their own intuitions and associations, and became less concerned
about‘having the right answer’, giving themselves the freedom to engage more personally with their observations.

They became more open to the characterisations of their fellow students, being able to openly agree or disagree, or
ask for more details. This led to a lot of student-to-student engagement and an immediate increase in classroom stu-
dent participation. One post-graduate student commented on this, saying, “With these lectures | was able to observe
a change in the students.” Previously, “I was mainly the person contributing to the class discussions. The different
approach to teaching enchanted them in ways that they haven't experienced before, definitely not in a science class.
This is something I'll take forward while trying to find the best ways to teach and inspire my classes going forward.”

The acid and base poem contained associations between chemistry and human, plant or animal characteristics.
All students were required to form their own associations with acids and bases, and they developed wide ranging
ideas, like predator and prey, hot and cold, solid and gas, conservative and liberal, young and old, male and female,
and so on. That the students’immediate associations drew on manifestations from different holism evolution sub-
stances/levels that showed similar behaviour, felt reassuring to the researcher that the ideas of holism evolution live
intuitively in science students.

6.2 Themes

The students’ written personal reflections were coded into themes based directly on what they wrote. Thirteen basic
themes were created, which, upon a second analysis, were reduced into four codes. These four codes are as follows:

1. Appreciation for learning science holistically: 22 of the 28 reflections directly expressed appreciation for learning science
in this way, with six of these mentioning that they had not previously enjoyed studying science. An example of this
was, “l found this lesson absolutely brilliant. | couldn’t believe how interesting it was. In the past | found chemistry
dull, hard to understand and hard to get into, but this, Wow! It had meaning for me and it wasn't dull facts. | enjoyed
it thoroughly. Thank you for bringing chemistry to life for me.” Only one student expressed a dislike and frustration
for learning science in this way as they felt that this approach prevented learning as much science content as they
would have liked.

2. Using human characteristics to enrich the learning of chemistry: 15 students mentioned directly how they appreci-
ated the poetic use of the metaphor giving human characterisations to the chemical elements, which reflected the
holism evolution conceptual framework of the poems. One student shared how she appreciated the opportunity to
learn more about silver, a metal for which she had always held a fascination. Another student shared his associations
with the characteristics of 16 elements, all of which he was inspired to do independently from what we did in class.
One student said, “The metaphor which we created during our lesson where we compared the human being to one
single atom. | found a really interesting concept to think about.” A postgraduate student said that they, “realised this
made me engage more with the lesson but still taught me the scientific principles.” A student who had previously
not enjoyed studying chemistry said, “You helped me turn boring, blurring black and white boxes into vivid living,
breathing beings... It appealed to my imagination. In another way the table is a simple reflection of the twisted
path of our lives”. Another student said, “At first chemistry was a separate world to me, but now | can relate to it in all
different ways. | can see the elements as different types of people and the different deeds they do.”

3. Using chemistry to enrich learning about ourselves: 11 students expressed that the learning was personally meaningful,
and that science taught them about their own lives. Two of these students made reference to their personal religious
life, with one student mentioning how the work encouraged her to become religious, saying, “l have turned religious
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in the last couple of days ... | would not have seen what is happening around us if it was not for it (the module).” A
different student mentioned that the work stimulated her to address personal questions long forgotten, and found
the confidence and context to say, “l enjoyed every part of it (the module), because it made me think what life is all
about. ... Things that | experienced, though | pushed it to the back of my mind, came back and | for the first time
could share the same feeling or experience with others".

4. Stimulation to add holism evolution elements to my teaching practice: From among the postgraduate students who
were practicing teachers, several expressed a newly awakened engagement with chemistry that they said would
lead to them including certain holism evolution elements in their teaching. One student said, “I will begin by saying
wow, wow, wow! This lesson really helped me in understanding a new idea in me to make science more enjoyable
to my future students so that they will forever remember what | have taught them. Thank you for sparking the fire
in me.” Another said, “During the prior lesson | was exhausted after a difficult week. | did feel more energized after
the (Friday afternoon) session because it was a way in which | could get my creativity in the classroom to flow again.”

6.3 Viewing the findings from a distance

The intervention stimulated most students to awaken their personal creativity and engagement with the science content
as well as with the researcher and their fellow students. From some of the feedback it would seem that this is unusual
in the science classrooms where the interventions took place. This seems to be as a result of the emphasis of learning
focus being free from needing to have right or wrong'answers, and in providing opportunities for students to form their
own insights and opinions with the presented content. Through this, students seemed to lose their formal ‘teacher as
authority’relationship to learning. In its place, the spirit of inquiry and problem-solving, so valued in science education
[47], seemed to naturally emerge, which also stimulated students’ personal enjoyment and involvement with the content.

The awakened interest of many students seemed to be not only for the science, but also for their personal understand-
ing of themselves and others. The science became a source of stimulation for re-examining ideas about human life and
vice versa. In this way, the idea of the intimacy between the various holism evolution substances that were presented
in the poetry of the intervention were clearly helpful in stimulating a broad-based interest and engagement among the
students. Their natural relationship to these ideas flowed freely once the initial stimulus and encouragement had set the
right environmental conditions; this points to the potential use of holism evolution ideas in science education.

7 Application

Each teacher and each class will need different stimuli to apply holism evolution to their teaching subject and context. |
am sure that in some circumstances the use of poetry would be inappropriate, particularly if students are easily distracted
and are mentally ill-disciplined [48]. In these cases, the use of poetry may make it harder for some learners to distil out the
scientific facts from the development of holistic relationships. The relationship that the teacher has with their students
also plays an important role, as it does in all educational situations. In this research, where the students were encouraged
to experience and express their personal responses to the science, the trust and respect that the students had for the
researcher was of greatimportance, as it gave the students the confidence to speak freely, trusting that their intuitions,
thoughts and feelings would be taken seriously and treated with respect.

When using the periodic table poem, | kept the students visual focus on an image of the periodic table, and directed
their attention to the relevant part of the table that the poem was addressing. | always began by reading the entire poem
through, showing how each section of the poem moves sequentially down the table so that they understood that the
ageing of the elements moves from top to bottom. Where relevant, a brief discussion on where their attention would be
directed preceded the reading of the poem. | would then end the lesson with a general discussion on the key themes that
the poem draws out of the table, and tell students that in our study of the table we will draw out further themes to help
us understand how the elements behave. From here, the usual patterns that are visible on the table — those of ionisation
energy, atomic radii, valency and electronegativity — could easily be added. By applying this type of approach, a teacher
could bring holism evolution ideas into any subject and keep their students’ focus on the relevant aspects needed for
their particular subject while enriching the content and student experience.

| also suggest that the teacher take an artistic approach when designing holism evolution infused content. | chose
poetry because it brings an imaginative, rhythmical and artistic experience to learning, which will inevitably add to the

@ Discover



Discover Education (2024) 313 | https://doi.org/10.1007/544217-024-00095-w Research

richness of the experience in a way similar to how music is used to create emotion in films [49], or how the beauty of art
can deepen our relationship to life and work. | can see no reason why the ideas of holism evolution cannot be applied
in every subject. There is a current drive to implement interdisciplinary and transdisciplinary approaches to science
education [50], and holism evolution could serve as a framework for developing such an approach. This research has
just shown it to be successful in the science classroom.

8 Conclusion

This research demonstrated that holism evolution enriched science poetry, linking energy and matter to life, animal
and human characteristics, had a powerful effect on many students’ personal engagement and relationship to the sci-
ence content. With the number of world-leading scientists who engage with the arts [1], the potential cross-pollination
of different types of thinking that holism evolution and poetry evokes [39], and the possible retention and increase of
learner interest through the use of story and poetry [15, 51-53], it is clear that science educators should artistically use
the logic of holism evolution in the presentation of science content in their classrooms. Further, the potential for students
to develop their intuitive understanding of scientific facts, and to align this learning with insights into their emerging
identities, should also be considered in the use of holism evolution in the science classroom.

The grounding of the poetry in Smuts’s holism evolution, gives a solid theoretical foundation to the artistic approach
used. Because Smuts'’s holism evolution is so empirically based, intuitively conceived and rationally explored [20], it is
a flexible framework for engaging a transdisciplinary logic, content and creativity within an educational context. The
holistic combination of multiple human faculties greatly increased student engagement from the purely rational and
objective approach that had been used when teaching these students chemistry in the past. This research found that
holism evolution infused content helped to stimulate student conceptualising of both familiar and new content, while
simultaneously enabling them to meaningfully engage with their relationship to science, their peers, themselves and
their understanding of reality. In science, this could help to retain many more capable minds in scientific studies who
may otherwise find science irrelevant to them [9, 11], thus increasing the number of scientifically literate citizens. With
this success in the science classroom, there is no reason why the use of holism evolutionary ideas, which bridge the
knowledge of separate disciplines with their different substances, phenomena, ways of thinking and expression, should
not be equally powerful in enriching all subject content.
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