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ABSTRACT

The purpose and focus of this research is to examine a chemistry ol education and to
build a metacogaitive bridge between the two disciplines, chemistry and education,
through autobiographical narrative development of & relational penodic table for
education. The elements of teaching are integrated using the actual model of the chemical
periodic table of elements as a working metaphor to re-understand teaching and
education. Through the narrative analysis of the inter- and intra-relationships (the
educational chemical reactions), this thesis posits a new understanding of the complex
matrical relationships of education and thus expands this relational knowledge toward
developing new and better methods for teachers, students and for all investors of

education to engage in and experience the chemistry of education.
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PROLOGUE

"The Call tc Teach

"Hello. Is this Michelle?" the voice belonging to the Chairperson of the
Department of Chemistry asked.

"Yes." I replied, my heart pounding, echoing in my ears so loudly I was having
trouble hearing what he was saying.

"Would vou be interested in coming back to teach for us on a full time basis this
semester. Your work last semester was exceptional and we need a full-time sessional
instructor this term.”

Given I had just handed in my resignation a mere few momenis before, quitting a
Job in agricultural research, specifically ruminant biochemistry, a job I detested and
could no longer make myself gei up for in the mornings, I jumped at the chance. After we
discussed the particulars of salary, start date, job description and set a meeting date for
the following week, I hung up the phone relieved and elated. At least I would be out of
one of the heli-holes I was currently in, although it would still be doing something
[teaching] [ had intentionally avoided over the vears. But anvthing [working for
minimum wage included] was a step up from my current job.

I began teaching five introductory chemistry courses that fall, a heavy load at the
best of times, and most particularly for someone new to teaching. Being the only female
in an all-male environment, there was little support and acceptance for a young, over-
enthusiastic female trying to make a mark and so mentoring from my colleagues was not
an option. I relied on my own learning experience, recalling past instructors in my field
who had presented and delivered the curriculum to me when I was a student. I taught like
I had been taught. After all, I had learned from such a style and it was obviously
effective because there I was. Somewhere in such thought processes though I forgot how
much I had loathed learning that way, how frustrated I had many times been with my
instructors. I forgot the stark contrast between my incredibly positive secondary

experience and my often, frusirating, university experience. As I continied to teach that

! Tropes and short stories | have wriiten will be presented in italics with one and one-half spacing
and a centered title to highlight and separate them from the body of the text.



way for the rest of the semester, I lulled myself into believing things were going smoothly,
and for the most part they were. The students learned and passed.

The end of every semester is marked by evaluations, performed on the instructor
by the students essentially ranking one's [the instructor's] teaching abilities at the hand
of the students' learning experience, the results of which [fair or unfair] are used by
department chairpersons and deans when it comes to evaluating performance for
meritous increase. My evaluations for that semester were above average with comments
such as; "Michelle is an excellent instructor, Michelle is. . . personable, easy to
approach, always listens, always has a smile, never makes anyone feel foolish, never
makes anyone feel inadequate or stupid, et cetera”. But none spoke to my teaching style,
to my ability to teach the curriculum, to my ability to stimulate curiosity, et cetera. I was
disappointed. In my enthusiasm I wanted to be that "all-engaging" interesting teacher
who stimulated conversation, thought processes, curiosity, much like my grade six
English teacher, Mrs. M. What was I doing wrong? And then I read the comments of one

student:

Michelle has the potential to be an excellent, even great, teacher but right now
she just delivers the curriculum. She teaches like she has been taught, I suspect,
and does not put any part of herself, her own ideas, her own passion into her
teaching. You see that passion when she engages one-on-one but it is lost when
she is teaching to the whole. Michelle should take an Education course or two to

really learn how to teach. (Student evaluation, 1991)

At first 1 was angry at such a judgment. What does this young whipper-snapper-
person know? How dare she? I looked at the back of the evaluation form for a clue as to
who the originator of such "rude" comments was. The student was an Education student,

"Figures," [ thought, and read, rve-read and re-read those comments as [
remembered the shy, young not so whipper-snapperish girl in the far left, back corner of
the classroom, my suspect originater. Was there some truth, some merit to her

comments? Quch!



I took that evaluation personally and was devastated to the point of quitting. "/
knew I wasn't meant to teach!" was my initial response, but it is not my nature to quit. So
I began to look at my teaching as if I were sitting in the student's spot. Would I be
engaged? If not, then how was I missing the mark? I came to the conclusion that [ was
doing what most university professors/instructors did and that was simply "delivering the
curriculum" rather than engaging the stu;ients into wanting more. I thought about Ms. E.,
Mrs. S. and Mrs. M. and other teachers who had taught me and who had a significant
impact on me. They certainly engaged and I did with them as well. What were the
differences? | thought about the periodic table of chemical elements and the inter- and
intra/relationships [the chemistry] that exists within and throughout the table and the
chemistry involved in those relationships. Reflectively, I looked at my own philosophy of
the chemistry of education and realized there is considerable difference between the
curriculum-as-planned and curriculum-as-lived-experience (Aoki, 1991). I recognized
that often my delivery of the curriculum might not be the best of "lived" (van Manen,
1994), for the student.

[ am a biochemist and I began to think of teaching as being much like a chemical
reaction. The path or reaction mechanism is much like the curriculum in education. Like
any reaction, there are specific steps [easy and difficult] and in order to produce the
endproduct, the reactants must engage in each of these steps. The reaction of teaching
[education] is a re/active process and it is rare to get from the start to the finish

[endproduct] without some difficulty.



CHAPTER I
INTRODUCTION
"Such a language would be...one that grows in the middle.”

(Ted Aoki, 1993, p. 9)

"A teacher has two jobs, one is to feed the minds with knowledge and the other

more important is to give their minds a compass so that the knowledge doesn’t go
to waste." (Mr. Holland's Opus, 1995).

Location of the Researcher

I was never going to teach. In fact, when it was repeatedly suggested by many of
my university professors who thought I had a natural ability to make the difficult
understandable in an interesting and engaging fashion, that teaching would be a good
career choice, I very adamantly disagreed, saying, "There is no way on this earth I will
ever teach!” Part of that came from my innate shyness but mostly the field of education
seemed not a place where my analytical, scientific mind could be stimulated such that 1
would find it sufficiently challenging and engaging. So during and following my
undergraduate education, I spent a number of years doing very interesting [to me]
scientific research in such areas as agricultural, soil, food, water and oil sands chemistry,
and finally applying my knowledge and research skills to the very rewarding area of
cancer research. Upon relocating to a new city with limited opportunities, the only job 1
could garner was that of teaching chemistry and biochemistry in a university
environment. Thus, I reluctantly began teaching and what was supposed to be a short,
interim, two-semester job has turned into a twelve-year career. With continued residence
in the teaching field, T have come to realize how difficult it 1s to teach and that not only is

it an art but it is also a science. Such a combination of art and science does, in fact, have



a chemistry that must exist sc that the educational experience is a good one for both the
teacher and the student.

The impetus for this work was born from not only my desire to understand my
own teaching and relational experience, but also to put into context the relationships of
teaching at both the theoretical and pedagogical levels as well as at the practical and
experiential levels. One of the major problems I have encountered over the years at the
tertiary level of education is in the teaching practice itself. There appears to be an
underlying assumption that any person with a doctorate is automatically able to teach
simply by virtue of holding that piece of paper and being an expert in his or her own
discipline. Often an individual is hired into a professorial position [generally one in
which research performance 1s more highly regarded, preferential and expected than
teaching performance] and is expected to start teaching the minute he or she begins his or
her position. Many new professors have taught very little, some not at all, during their
academic training and post-doctoral positions. To be fossed to the wolves without any sort
of training or coaching can lead to the rude awakening that "not anyone can teach," the
result of which is teaching difficulty.

The second underlying, prevalent, and somewhat arrogant assumption, seen most
often in the sciences, is that the professor is the expert [all-knower] and the student is the
[empty-headed] learner (Miller and Seller, 1991). This is a philosophy that can result in
polar and intimidating relationships of power between the teacher and the student. The
results of such dynamics often leave the student feeling overwhelmed by negative
feelings that interfere with the cognitive acquisition and development of knowledge,

skills, and attitudes resulting in a less-than-favourable learning experience.



There is also the indoctrinated personal phitosophy of payback (Grumet, 1988)
the adage of, "Because I had to do it that way so should everyone else following.

Afterall, look at me...I made it [somewhat scathed I think] but 7 am successful.” This is so
particularly true of the physical sciences at the tertiary level but as a parent | have also
experienced this philosophy at the elementary, intermediate, and secondary levels in my
own interacttons with my children’s teachers. There is. often little room for flexibility or
differing approaches to teaching, particularly when one [the teacher] is out of her comfort
zone. As a parent I find this frustrating and as a teaching instructor at the tertiary level,
infuriating because it thwarts the learning enterprises.

I see these issues as pivotal teaching and learning problems and have always felt
that there has to be more to teaching than just the “delivery” of curriculum, The
traditional content and framework are essential to education, but this traditional approach
should be looked at in light of new data about contemporary events and the feelings,
ideas, and conceptual learning needs of teachers and students who are living current,
institutional curricula. Not only should there be an acquisition of information
[knewledge], but there should also be some sort of transformation that makes it a
meaningful process so that it becomes part of the learner's constructed knowledge. As
well, there needs to be some evaluation of the education enterprise in terms of the breadth
and depth of content and relevancy to the learner (Bruner, 1960; Pinar, 1997) rather than,
again, the mere presentation of the curriculum.

My position as a university laboratory and course instructor has given me an
advantage in that [ see teaching, and the role of the teacher/instructor, as a carefully

planned intervention with the goal of facilitating a change in behaviour and



understanding (the leamning process). Alfred North Whitehead, according to Sherburne
(1966), theorized the mere presentation of information will not necessarily result in
assimilation [cbtaining the information]. Rather, there has to be some means of
engagement whereby that instruction gets metamorphosed to learning as the acquisition
of knowledge, skills, and attributes. Even at the tertiary level, and even in such
disciplines as the sciences that apparently, although not rightly, seem to be removed from
philosophies of grounded teaching practices, it is possible to pay holistic attention to the
curriculum, the program, the course, and the experience of the students. The
responsibility lies at the hands and minds of those designing, developing, and
implementing the curriculum and those facilitating the acquisition of the knowledge and
the integration of the curriculum to relevant, applicable experience. How that is done, 1s
the responsibility of the teacher/instructor/facilitator and is also a product of the
environment in which the learning takes place, all of which involve a particular
chemistry. Education at all levels, is a complex matrix of the inter- and infra-
relationships of the teaching of the curriculum and the experience of such teaching from
the point of view of both the student and the teacher.

My “ideals” about teaching, the integration of imparting and constructing
knowledge in a fashion that also provides meaningful experience, is not a philosophy
well-recognized or practised at the tertiary level, particularly within my own discipline. I
teach in an ali-male department, one that has never had a female colleague and one that is
very much inculcated within its traditional patriarchal philosophies and practices of

teaching. I often suffer criticisins that T am “too nice”, “too concerned”, “too sensitive

and caring” and my teaching style and way of engagement is just a woman’s way of



doing if”. These criticisms have been a source of personal conflict for me and have led to
such polar feelings ranging from extreme anger and outrage at the injustice of the
stereotype, to feelings of inadequacy at my more relational approach to teaching.

Devaluation of the student experience in favour of assumed efficiency 1n
delivering the curriculum at any cost, criticisms of my teaching style, as well as several
difficult incidents and unfair practices over my teaching career, particularly in the past
five years, have not only elevated my level of frustration as an instructor but have
resulted in a deepened concern for quality teaching and learning experiences. Thus,
distllusioned, I began reflecting on my own teaching practice and my philosophies, as
well as the whole paradigm of teaching: What is education? What is it we are doing in
education? What is the purpose of education? These were just some of the questions that
began to plague me.

Education Versus Training

"The first duty of an education is to stir up life, but leave it free to develop."

*(Maria Montessori-1870-1952).

I watched as he released his pup from the end of its leash, a dark chocolate brown
lab with huge bear-paw like feet and knees that seemed to bend in non-normal directions
so that his feet swung like pendulum weights hanging from the bottom of chocolate chains
and seemingly having no ability to provide a stable support for the enthusiastic body
atop. Those feet really didn't know where they should be, certainly not on the shoulders
of his owner where he placed them giving him the ability to stand human-like and kiss his
face in gratitude for the chance to run free. He was scolded sharply for that affectionate
action and made to sit properly until set free with a gesture known to both dog and

master, And off he took at breakneck speed, freedom from the restriction of the leash,

* Quotes from Maria Montessori {1870-1952) are taken from the website "Montessori Wise Words-Quotes
(bupiimembers.izipod.com - uncinae 2wards. himi) and thus will be only referenced by her name where

ever they are used throughout the paper.




bounding, leaping, racing back to his master, circling, nipping at his heels, and off again,
ears laying flat back against his head making him into an aerodynamic bullet slicing
through the cold, crisp, winter air, his tongue, scarf-like, flapping behind.

What is the penchant we have with training/educating our animals, our dogs in
particular, and our voung? I have often wondered why we make them conform to our way
of being. Is it that we want them to be more like us? Why do we insist on taking away that
bit of carefree zest for life, that enthusiasm, and constrain it into some ritualistic pattern
of sit, jump, stay, roll over, play dead. Why play dead? That point is reached soon
enough; is it really necessary to practice for it? Seme people go through life, passionless,
afraid to live, live a dying life. Maybe playing dead makes dying easier? The yvoung, dogs
and children alike, know how to live, have a natural born curiosity, zest, enthusiasm for
life, for learning. Why do we insist on squelching that? Most likely as adults we lose that,
and become lost in the ritual of daily living. Possibly in adults we should cultivate more
spirit than mechanical living as a scientist (Maria Montessori). As educators we need to

notice the leashes we use in teaching as well as the "liberations" (Freire, 1970).

Vast literatures explore the difference between education and training but I began
to consider my own assumptions about such differences. As one whose work it 1s to
educate others, a teacher in the finest sense of labels and a supposed specialist in the
theories, methodologies, and pedagogies of the process of education, 1 have difficulty
with the boundary between education, the process of training and developing the
knowledge, mind, and character by formal schooling or teaching (Webster's Dictionary,
1976, p. 444), and training, the action or method that leads to the process or experience
of having been trained (Webster's Dictionary, 1976, p.1508). To me training reduces
education: it makes robots, de-individualizes, makes persons who can sit, jump, roll over,
and play dead, but it does nothing for providing the tools for individuality, providing the

compass to navigate in the world, to "think outside the box." I feel my role as an
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educator, particularly lately and especially at the post-secondary level, is to do exactly
that: train students to perform some set of tasks [rituals] set by society or industry for
firancial remuneration only but never for the sheer curiosity of answering the question on
the lips of all five-year-olds: "Why?" I am often discouraged by the loss of the passion,
desire, and curiosity for learning [ new see in the eyes of my five-year-old, which 1s stil
present in my nine-year-old, but that is beginning to be lost in my nearly thirteen-year-old
and that is certainly lost by the time the eighteen-year-olds enter my courses. What
happens to that desire and passion, to know why? As educators, why do we lose our
curiosity, lose our desire to understand, why do we conform?

Herbert Spencer suggested, "before there can be a rational curriculum, we must
settle which things it most concerns us to know...we must determine the relative value of
knowledge." The question of questions for Spencer was "What knowledge is of most
worth?" (Spencer, 1909, p.11). In Spencer's naturalistic-evolutionary analysis of human
affairs, he concluded that science [the broader version of social and practical science as
well as the physical and life sciences] is the knowledge of most worth. Knowing what
knowledge is required can shape curriculum thinking and will help assess the relative
value of various curriculum items. The question What is the curriculum and how is that
curriculum taught! is a perpetual one that must be asked every day. Mark Van Doren
(1959) stated, “the college is meaningless without a curriculum, but it is more so when it
has one that 1s meaningless.” (p.108)

So then, what does it mean to educate? The word educate originates from the
Latin word educatus, of educare, meaning to bring up, rear or train, or develop the

knowledge, skill, mind, or character of, especially by formal schooling, study, teaching or
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instruction (Webster's Dictionary, 1976, p. 444). In order to educate, there must be a
curriculum. Authentic and viable curricula must be designed and developed, consistent
with our presuppositions about what is necessary. Different philosophical approaches will
produce different curricula. What is the chemistry that maintains that passion? In the
words of Maria Montessori, “the training of the teacher who is to help life is something
far more than the learning of ideas. It includes the training of character; it is a preparation
of the spirit.”

With these pefsistent questions about curricula, 1 began examining more broadly
the inter- and intrg-relationships of teaching, of my own teaching of chemistry, of
education. [ began to examine the idea of a chemistry of education. I began to think that
my knowledge of chemistry and of chemical relationships could extend to education at all
levels, to a complementarity between the structural foundation and the practice of how
that foundation is taught, received and perceived. What do we know? What do we need
to know? What knowledge is of most worth? What is the patternicity (Fowler, 1997) and
periodicity? I knew my own tertiary chemistry-teaching experiences were not unique but
were just one set of stories from one educator. What were the other stories, the counter-
narratives? If, we as researchers of education look at the stories and their patterns, how
can we reframe or develop a new set of patterns and relationships, a new paradigm, so
that we get the best and most effective results and experiences in both teaching and
learning? The obvious place to look for answers to such deep, difficult, and complicated
questions was to the discipline of education. Thus began my serious study of a chemistry
of education and the building of a bridge between the disciplines of chemistry and

education.
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Purpose and Focus of the Research

"What would happen if we looked at the world beyond the garden this way,

regarded our place in nature from the same upstde-down perspective?"

(Michael Pollan, 2001, The Botany of Desire, p. xvi).

The purpose of this research is to explore, develop, construct, and explicate a
periodic table of the elements of teaching using the actual model of the chemical periodic
table of elements as a working metaphor to focus our understanding and to help re-
understand teaching and “relational education” (Fowler, 1997).

Chemistry is the elemental science that deals with the composition and properties
of substances and with the reactions by which substances are produced from or converted
into other substances and includes the chemical properties, composition, reactions, and
uses of the substances (Brown, 2000). All aspects of the physical world are tied to
chemistry and chemistry, being an extremely practical science having a very influential
impact on our daily living, provides an important understanding of the workings of our
world. Such essential questions as: What is the nature and structure of matter? What is
the composition of the physical components? What are their properties and how do these
influence their action, interactions, and reactions? as well as, How and why do they
undergo change? are raised about the chemistry of our interactions with the physical or
material world. Chemistry by its universality of language and ideas allows us not only to
describe and understand matter, but the universality of its language and ideas ailows us to
understand the multitude of complex reactions that take place and exist in other systems.

Similar questions of education can also be asked: What is the composition of the
physical components of education? What are their properties? How do they undergo

change? Chemical principles apply to all aspects of our daily life and in general all
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chemistry can be explained by the behavior of the chemical elements that make up
matter.
Why the Periodic Tabie?

For me too, the periodic table was a passion. . . . As a boy, 1 stood in front of the

display for hours, thinking how wonderful it was that each of these metal foils and

jars of gas had its own distinct personality. (Freeman Dyson in Cliver Sacks,

2001, Uncle Tungsten, p. 203)

"Design in nature is but a concatenation of accidents, culled by natural selection

until the result is 5o beautiful or effective as to seem a miracle of purpose.”

(Michael Pollan, 2001, The Botany of Desire, p. xxi)

At the tertiary level in particular, knowledge is often fragmented as each
individual teaches in her area of expertise with little extension out of a habitual comfort
zone. This often leads to a piece-meal or smorgasbord effect of education rather than a
clear connected picture and it is often difficult to see how the individual realms fit the
schemata of the whole subject area. Scholars at all levels of education, for many reasons
stemming from professional jealousy to simpiy lack of time, have lost the ability to
communicate with one another and often operate in a singular disconnected practice
[particularly at the tertiary level]. This lack of communication and correlation resulis in
the inability to relate one's subject matter or area of expertise to other areas of knowledge.
I find this to be so true of the field of science as researchers and educators concentrate
their efforts only in the field, resulting in a relatively narrow view or perception and little
applicability. I believe there needs to be coherent patterns into which we can fit the

various subjects of the curriculum such that their inter- and intra-relationships become

more visible and aceessible for study and thought.
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The periodic table of elements, developed by the Russian chemist Mendeleev in
the years 1868-1870, is a graphical schematic means of understanding such a complex

subject as chemistry by fitting all the facts, the elements, into a simple logical pattern. It

Groups

Similar physical
and chemical
properies

Periods
Similar behavior

{patternicity) ::>

Increasing atomic weight (increasing atomic number) |:>

Figure 1. The basic structure of the Chemical Periodic Table of Elements.

systematizes the properties of the elements and such a systemization provides a logical,
accurate, descriptive, framework for explaining and predicting the periodicity and

patternicity of the elemental properties and their compounds as well as their interactions

and reactions.
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The elements of the periodic table are arranged in order of increasing atomic
weight with the groups being the vertical columns and the periods being the horizontal
rows. Those elements in the same periodic group or family possess similar chemical
properties while the relational behavior can be explained by the periods [trends across the
table]. The periodic table is full of repeating patterns and this patternicity enables us to
determine the relational behavior of the elements within the periodic table and also the
concrete world of matter. Each grouping and patternicity allows for the unique
opportunity to predict the behavior of an element or the outcome of a reaction relative to
the position of the given element within the table. Thus the physical principles of
chemistry are explained by the structure or framework of the periodic table, while the
actual chemistry is explained by the relational patternicity [reactions between the
elements] of the periodic table.

Just as Michael Pollan (2001, p. xiii) in The Botany of Desire wondered "what
existential difference is there between the human being's role in this (or any) garden and
the bumblebee's?" I too wonder what is the existential difference between chemistry and
education and what is the chemistry involved in education? Like the comparison of
human beings to bumbiebees in the garden, it is really not a stretch of the imagination,
nor laughable (Pollan, 2001, p.xiii) that chemistry has a profound effect on education.

Much like the garden or a *temenos, the construct of the ‘periodic table, and its

? A temenos is a sacred grove or garden created as a place for meditation. A literary temenos is a
structure created out of language and just as a garden has an overal! design, the literary temenos is a whole
that is greater than the language and images that form its building blocks thus holding the whole of the
language. A temenos is also a crucible to contain hot and dangerous elements in chemical reactions.

* The periodic table is a structure or an arrangement of its elements [basic components] into a
pattern and can therefore be considered the temenos of chemistry. A periodic table developed for education
would the hold the whole of education, the reactions of which can be deseribed through narrative, the
arrangement of experiences [the elements and their reactions] into patterns and stories.
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general application to the language and ideas of chemisiry, can offer an engaging
metaphor for thinking about the complex elements, patterns, reactions, and interactions of
teaching. Education is the process of developing the knowledge, mind, character et
cetera, especially by formal schooling, teaching, or traiming that, m its most

formal setting, takes place at an instination of learning. The systematic study of the
methods and theories of teaching and learning leads to, or should lead to, the attainment
of knowledge and ability. To educate 1s to teach and/or instruct, to train or develop
kmowledge, skill, mind or character (Webster's Dictionary, 1976, p. 444). Such a formal,
denotative definition of education is very simplistic in that it deseribes its functionality
but does nothing to describe its the breadth and depth, the dvnamics of education, the
actions, reactions and interactions — s chemiséry. [ purpose that the discipline of
education does have its own chemistry, its own patternicity and periodicity. It is
grounded in fundamental principles or pedagogies that provide its structure and
framework. The elemental basis or content of that framework is essentially the
curriculum (Pinar, 1993), which although it varies, does have an enduring and
fundamental, core position within the frame of education. How that curriculum is taught
by the teacher and experienced by the student involves a fundamental chemistry, the
relational experience of coming to know, understand, and apply that understanding in
life. What is the chermistry of education? How can the complex relational matrices of
education be represented in s schematic and symbolic form? What is the nature and
meaning of the chemistry of education? What are the intra- [within] and inter- [between]
relationships that lead to effective or non-effective teaching? To achieve a thorough

understanding of such a complex, dynamic and living discipline as education, it is
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tempting to find a metaphoric structure that fits all the elements of education into a
logical pattern much like the periodic table of chemistry. As educators, we look at the
construct of a periodic table as the “temenos” (Fowler, 1997, p. 2) that holds all the
philosophies, pedagogies, principles et cetera and how they are translated and
experienced through chemical reactions/engaged pedagogy (Hooks, 1998). If we beheve
there is a chemistry to education, both in terms of its content as well as in how it is taught
and experienced, then there is a definite inter-connection or bridge between chemistry
and education. It is possible to conceptualize education in terms of a periodic table and
then look at the periodicity, patternicity, and predictability of such a “chemistry of
education.”

The focus of this research is to examine the chemistry of education with the
purpose of building a bridge between the two disciplines through the development of
a periodic table for education in order to provide a new understanding of the complex
matrical relationships of education and thus expand this relational knowledge to
developing new and better methods of engaging in and experiencing the “chemistry of
education.”

I call this the chemistry of education because there is a particular chemistry, many
reactions and inter/actions, which occur in the teaching and learning of the curriculum of
education at all levels. Relationships of all sorts can be viewed from a structural,
elemental, or fundamental vantage point. I am interested in exploring the question: what
are the elemental components of the teaching and learning reactions? Related questions
ensue: How do those components of the educational reactions inter-relate? What affects

that inter-relationship? What are the subsequent educational outcomes? What causes such
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inter-relationships to fail? What happens when they do fail? How can we maximize such
inter- and intra-relationships to get the most and the best products without jeopardizing
the reactants (teachers, students, and curriculum) or the products (knowledge)? What are
the key relationships and reactions in the chemistry of education? These are all questions
to be considered when we are looking at the science of effective and non-effective
teaching.

I propose that the chemistry of the reactions in the fundamental framework of the
periodic table of elements could provide an analogous blueprint to education and could
foster understanding of not only the mechanics of the inter- and intra-relationships but
also the chemistry of those relationships. The mechanics are grounded in the
fundamentals of the graphic frame of chemistry, the periodic table, while the experience
is grounded in the chemical reactions. Experience can be shared narratively through the
lab notebook and experimental observations in chemistry, and through narrative knowing
(Polkinghorne, 1988) in the form of narratives in education.

In this research, I work inductively to construct a periodic table for education
using the conceptual frames and historical development of the chemical periodic table to
theorize and analyze the structure and relationships of education. The principles behind
the chemical reactions will be used to develop analogous “educational” reactions that can
then be used to theorize the relational matrix that leads to effective and/or non-effective
teaching. The fundamental frame for the educational periodic table will be constructed
from grounded theory, pedagogies, and philosophies of education. The specific chemistry
[the relational reactions] will be substantiated by personal narrative [literary] data, in the

form of narratives from the field of education. The resultant educational periodic table



may then be used to think about, explain, predict, and to possibly theorize and suggest

avenues for future educational practices.
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CHAPTER I
LITERATURE REVIEW

The periodic table 1s more than just the structure or framework for the chemical
elements of the physical world. It is also a creative, aesthetic artifact that shows the
historical development of the philosophy, epistemology, and original discoveries of
chemistry. Oliver Sacks said of the periodic table;

...] found myself looking at the table in almost geographic terms, as a realin, a

kingdom, with different territories and boundaries. Seeing the table as a

geographic realm allowed me to rise above the individual elements, and see

certain general gradients and trends. (Sacks, 2001, p. {91)

...I could mentally trace its paths in every direction, going up a group, then

turning right on a period, stopping, going down one, yet always knowing where [

was. It was like a garden, the garden of numbers I had loved as a child--but unlike
this, it was real, a key to the universe. T spent hours now, enchanted, totally
absorbed, wandering, making discoveries in the enchanted garden of Mendeleev.

(Sacks, 2001, p. 194).

How the elements relate to each other, their reactions, are based on fundamental
theoretical principles of chemistry, but the actual observable outcome of the reactions
provides the most significant information; the whar [the product]. It is one thing to say
reactants A plus B produce products C plus D, a basic reaction description that is

illustrated as such,

A+ B—>(C+D
{(reactants) (products)

How the reactants A plus B produce the products C pius D, the ~ow that is experienced

by the components of the reaction, by the surrounding environment, the system in which

5Throughc;}ut the document, A and B will be used in formulas to generically represent reactants
while C and D will be used to generically represent products, both in chemical and educational reactions.

20



21

the reaction takes place, and other elements within the system or environment 1s the what
that leads to the quality and experience of the reaction. The why is the story [the purpose
of the research] and embedded within it are the far-reaching effects and implications of
such a reaction. An analogous reaction can be used to describe teaching; the engagement
of the teacher and student [the reactants] at any or all levels,

Teacherpetorey = Student peforey = =——> Teacher (afeny + Student e

[A+B =—=—>C + D]

forming the what [the products of "changed" (after) teacher and student]. The how is the
experience of the teacher and student during and in that engagement [reaction] and how
and why that takes place and is experienced leads to the quality of the experience and
effective or ineffective teaching and/or learning. Robin Williams said in the film
Awakenings (1991), the periodic table is the "universe at its essence...every element has
its place in the order, secure, no matter what". The periodic table, and the chemistry
housed within it, can not only be used to explain relationships within the chemical world
but it can also be transposed to metaphorically explain teaching relationships and
experiences in the educational world. Such a metaphor can be used to bridge the
disciplings of chemistry and education.

William Doll in 4 post-modern perspective on curriculum (1993} used the
concept of frames to metaphorically represent education in terms of mini-paradigms from
both a personal {qualitative) and situational (quantitative or physical/countable) point.
His concept was based on the work of Donald Schon (1983) who suggested that frames
are ways in which we construct reality, as well as the work of Jacques Derrida (1978),

who claimed that frames provide a representation, a way of encapsulating what is and
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what is not. The {chemical) periodic table can serve as a frame for education, but |
suggest that it has broader and more far-reaching depth of purpose, it is a temenos (see
page 15), a container, which holds the whole of education. Even more so, it contains
within it a vision of education. As Immanuel Kant and his followers did, Doll not only
draws on the science of philosophy as "the frame for analysis" (Doll, 1993, p.12) but he
uses philesophy even one step further and as a means of "edifying" (Doll, 1993, p.12)
practical and situational problems.

In looking to chemistry as a means of understanding education, such analytical
and edifying principles are built directly into the reactions and inter/actions of the
elements {the chemistry] within the periodic table. The outcomes of the reactions
themselves, the products, provide that means of anaiysis and edification. The qualitative
experience, the actual chemistry of the reactions and interactions of the elements of the
periodic table, is further substantiated by hermeneutic and phenomenological narrative
methods of documenting experience, the data in the form of the lab notebook, the
observational results of the experimenter. Doll (1993) himself, uses continental thought,
"-hermeneutic and phenomenological-" (p. 12), as a means of establishing "a sense of
community, dialogue, historical interpretation, and exploration of paradox” (p. 12}. Such
thought is critical to understanding the educational experience from the vantage points of
both the teacher and the student [the reactants], the reaction of which leads to the
formation of the products [changed teacher and student].

Although, as Doll (1993) suggests, other fields or disciplines such as "att,
architecture, literary theory, literature, management, mathematics, music, philosophy,

political theory, the sciences and theology” (p. 12) should not be used as models for
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curricular development in education [an error commonly made by imitation
curricularists]. Looking to the assumptions and methods used within these disciplines is a
heuristic tool of analysis and explanation for curriculum theorists and designers. He
states, "there is a need to study other disciplines and to abstract metaphorically not
literally, those ideas and 1deals which have pedagogical potential" (Doll, 1993, p.13).
Such pedagogical potential can occur naturally with the use of the chemical periodic table
of elements as a metaphor for the understanding of the elements [the principles] and the
chemistry of the interactions and reactions of the elements [the pedagogies] of education.
Paradigms

The etymology of the word paradigm stems from the Greek word paradeigma,
meaning to show an example, and is defined, according to Webster's dictionary (1976, p.
1028), as an example, a pattern, or a model. In Thomas Kuhn's definition, "a paradigm
controls the 'methods, problems and standards' (Kuhn, 1970, p. 48) a community uses as
well as the broader ‘constellation of beliefs, values, techniques', (Kuhn, 1970, p. 175} it
cherishes" (Doll, 1993, p. 1). Such a definition serves to bridge both chemistry and
education.

Paradigms exist within all fields and some, like many of those found in chemstry,
are entrenched in their doctrines and difficult to change. Others undergo a metamorphosis
on a relatively regular basis and some are continually transforming and shape-shifting. If
one looks at science, probably the greatest and most easily understood paradigm is that of
natural selection and Darwin's theory of evolution (Darwin, 1964). Such a theory has
stood the test of time and is entrenched within the fabric of biological science. The

periodic table too, is a paradigm, a pattern, or model for chemical reactivity.
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In both science {chemistry] and education, the respective paradigms can be
divided into modernism and post-modernism. Modern science had its beginnings with
such pioneer scientists as Nicholaus Copernicus, Galileo Galilee, Albert Einstein, Neils
Bohr, and Werner Heisenberg whose work led to the paradigm of scientism, which in
essence was grounded in procedure-based dogmas. There was little room for a
philosophical view of the workings of science but rather it was a production type of
science with the end-result being a quantifiable product. Herbert Spencer
[Spencerianism|, Isaac Newton [Empericism] and Rene Descartes [Rationalism] brought
to science a "new" more philosophical view or paradigm that eventually served as a base
for the social sciences, education included (Doll, 1993; Smith, 1982).

Science in the modernist era moved quickly making great leaps and bounds.
Discoveries were continually taking place largely because the "wheel" was being
invented with each new discovery, not re-invented, so science was viewed as the
"knowledge of most worth” (Doll, 1993, Smith, 1982). Education though had been
around forever and so curriculum reform, changes in paradigms and philosophies, was a
matter of re-inventing the wheel, finding a way of reforming the curriculum such that
education was a positive, stimulating experience both for the teacher and the student,
something new.

Disenchantment with science and its lack of ability to save all occurred as
curriculum reform began to take place and the philosophies of Isaac Newton, Rene
Descartes, and Herbert Spencer were set aside as the the transition from modernism to
post-modernism began. It was the beginning of a "new" more philosophical, less

dogmatic, still practical science [physics, chemistry, biclogy, mathematics]. The impact
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of this "new" science in post-modernism lead to the Enlightenment rationality of the past
two centuries (Doll, 1993). The era of post-modernism, everything after modernism, is
far reaching and spans all disciplines from the sciences to the social sciences. Unlike
modern thought, indoctrinated in rigid, black and white, philosophies and principles of
doing rather than understanding the doing and the outcomes of doing, post-modern
thought relaxes the rigidness of the dichotomies that exist between the doing and the
experience. It is less rigid in practice and thought and allows for flexibility of the
experience, Where modern science was grounded in organized theory, structure, balance,
stature, and complexity, the new science based on these foundational principles is
governed by self-organization, having a flexible, changing, and even dissipative structure
and qualitative thought processes. Like the chemical reaction of above, this new post-
modern science allows us to experience the formation of the products from the interaction
and reactions of the reactants, It allows us to look at what happens when the reaction fails
rather than just the fact that the products were not produced because the reaction failed.
As Doll quotes Waters, "'it allows us to remove the Cartesian straightjacket we have
imposed™ (Waters, 1986, p. 113, in Doll, 1993, p. 5). Being a synthesis of the traditions
of modemnism, post-modernism is "eclectic” (Doll, 1983, p. 8) in nature and thus it allows
for choice and creation.

By the very nature of the above characteristics, post-modernism is multi-layered,
and if one looks at it, as Jencks (1987) does, as a matrix, much like the periodic table, one
can see it is a "paradoxical, dialectical, challenging: a play of ideas"...a "double-coded"
(Doll, 1983, p.8), mix of the past and present. In comparison to the closed, boundaried

system of modernism, post-modernism is an "open system," having no top or bottom or
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limiting boundaries and is more readily represented by chemical reactions. Because
chemical reactions are subject to the surrounding environment, the system in which they
take place, be it a biological system or a physical/chemical system, they are subject to
challenge and will adapt accordingly [and are capable of transformation]. The use of the
pericdic table as a rubric for education fits perfectly into post-modern philosophy and
possibly even better because it has dimensionality; the frame or structure {foundation and
basic principies, the curriculum], the reactions [interaction and reaction of the elements
within the structure] and the experience [narratives, qualitative observations] are all
embedded within its three dimensional structure not only giving flexibility but depth and
transformability. It is highly complex, more indeterminate and more interactive, much
like the "new" science and education of post-modernism.

The curriculum, the structure, should not be defined as the "course-to-be-run"
(Doll, 1993, p.13) or the course-to-be delivered but rather it should be defined as a
process much like the running of a race or a marathon. Like any race, the course is just
the frame, the path, the currere (Pinar, 1995, p. 414), the means to the end. The actual
race however, the process, establishing one's personal best, is the learning or the
transformation from the start to the finish. The periodic table therefore, could be viewed
as the course of chemistry, containing the content, and the reactions between the elements
is the process. Together, the content and process form the curriculum (what and how)
integrated with the experience. Hermeneutics [the interpretive analysis of text] and
phenomenology [the attentive and philosophical study of literal phenomena) are a useful
means of interpreting or analyzing the data of those qualitative, experiential narratives

necessary for understanding in the post-modemn disciplines.
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I do believe modem thought and expericnce are the foundation and backbone, the
principles and paradigms critical to posi-modernism, However, because the works of the
contributors 1o modernism, for both science and cducation, arc too voluminous to present
in this thesis, I will concentrate on those from the post modemn era whose work 1 fecl
most relevant to my research.

Cogmtive Constructivist Theories

In bridgmg the disciplines of chemistry and education, one must censider the
philosophies and pedagogies that exist within both disciplines and develop a strategy that
pays attention te both. The physical sciences have the image of being a "hands on" or a
"doing" way of learming where specific skills and techniques are developed that requirc
constderable cognitive skills that translate the theory into the practical. The teaching of
the physical sciences 1s most logically governed by philosophies of cogmtive
constructivism. Cognitive structures are the brain patterns of physical or mental action
that underhie specific acts of intelligence and correspond to stages of cognitive
development or understanding. Knowledge of the cognitive processes used in leaming,
on the part of the teacher/instructor, such as a) the processes or methods utilized by
competent learners b) the initial statc of the learners prior to instruction and ¢) how the
fearmer moves [rom the initial state to the end state during the learning process arc a
significant part of post modern thought and cognitive constructivist theory. Construchvist
approaches to teaching and lcarning have emerged from the works of early psychologists
and cducators such as Jean Piaget, John Dewey, Jerome Bruner, Alfred North Whitehead
and Lev Vygotsky. These thinkers, although not in the posi-modern cra in that they were

alive before the popularity of the movement in thel980s, were "ahead of their time" and
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their way of thinking and being has had a significant impact on post-modermn thought.
These researchers significantly contributed to the evolution of the understanding of
education and shape my own assumptions and underlying beliefs as I develop my
periodic table of education.
Theory of Jean Piaget
The pioneer of cognitive constructivism, Jean Piaget, theorized that children
evolve through specific chronological stages in which their cognitive structures become
more progressively complex. Piaget describes individuals as active participants, rather
than passive receivers of knowledge and the differences observed in the intellectual
function among individuals can be attributed to chronological age, content knowledge,
experience, interest, and their social milieu (Fiavell, 1963; von Glaserfeld, 1998).
Although his theories apply more directly to pre-school and early school-age children,
two key principles do emerge which are more broadly applicable and which can be
applied to all learning (Flavell, 1963).
1. Learning is an active process where direct experience such as allowing students to
make errors and to look for solutions is imperative to the assinmilation and

accommodation of information.

19

Leamning is a whole, authentic and real experience where understanding meaning
comes from allowing the leamner to interact in meaningful ways with the world

around him/her.

Jean Piaget [Piagetism)] based his theories on a biological model where humans
interact with their living systems such that the reaction is a compensatory one. The

equilibrium that exists between the reactants and the products [human or chemical] can
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be interrupted by an external force or a challenge to the system so that re-equilibrium is
established, this time at 2 new, higher level of more knowledge or experience. If one

looks at this in terms of a chemical reaction then,

A+B 4P»A + Bg4+—PA+B;, €« A;+B)....
challenge challenge challenge

Figure 2. A chemical reaction depicting Piagetism. The reactants, A and B,
establish an equilibrium with products A; and B, such that the forward reaction is
equivalent to the reverse reaction until the system is challenged. This causes a
shift in the equilibrium and a new equilibrium is eventually re-established at a
higher [depicted by the subscripts] level (2). Each time this happens a higher level
of knowledge [1-> 2> 3] or experience, a new understanding, way of being or a
higher standard is attained.

Such a philosophy can be directly applied to the hands-on learning environment
of the chemistry laboratory if the students are allowed leeway to make and correct
mistakes [failed experiments] as well as draw relevant and meaningful worth from their
work. It also applies to all levels of cognitive education in that learning is a step-wise
process and 1s often best learned and retained by the experience of our mistakes.
Theory of Jerome Bruner

Jerome Bruner (1960), considered to be more of a behavorist with cognitive
constructivist theories, suggested there exist two modes of cognitive functioning, or
ordering of experience in meaning making, both of which complement one another but
function differently. In his book, The process of education (1960) and his later book,
Actual minds, possible worlds (1986), Bruner theorized that learning is an active and
social process whereby the student selects information, originates her own hypothesis and

makes decisions that are based on her own experience, past and present, all of which are a
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part of the development of her existing mental constructs. Learning is facilitated by a
variety of teaching methods which allow students many choices and opportunities to
discover principles by themselves. The teacher/instructor is a facilitator whose purpose is
to translate information to the learner in a format appropriate to the learner's current state
of understanding. Bruner (1973) believed in going beyond what 1s given in the
information, extrapolating what we know to what we do not know. Thus, the curriculum
should be organized in such a fashion that students continually build upon what they have
already learned (Bruner, 1973; 1986).

Bruner's thecries are based on the importance of social interaction as a means of
both teaching and learning. We teach others by how we are in the social milieu and we
learn from others through social interaction. He calls this "social reciprocity" or "learning
from others" (Bruner, 1986, p. 138). In his social reciprocity philosophy, he suggests that
in our interactions with others we learn about ourselves and our community, important
concepts that are better learned through experience rather than sitting in a seatina
classroom in an isolated environment. Science labs are highly social requiring that one
interact with one's partner or partners in order to do the work and carry out the
experiment carefully. In other words, one learns from one's peers and one has to find
ways of working with others. He believes that humans are by nature active and searching
and such characteristics are broader in nature and enable one to learn through sheer
curiosity and looking for the answers. Such looking requires one to interact socially, and
such social learning is critical to one's development and way of being. He believed too,
that learners are constructors whose constructions improve through their own repeated

practice, learning from others [seeing how they do it] and reflecting on the how, what,
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and why of what they have done (Bruner, 1986). The extent of their constructicns are
directly dependent on how they reconfigure the information from such interactions and
incorporate the information as "learned" knowledge, transforming the learner from a
copier to a generator or a builder of the construction. Bruner recognized this did not apply
well to new or very young leamners but even they could take social learning and apply it
to the self.

Bruner, like Piaget, believed in pushing oneself beyond the limit of stasis,
disrupting the equilibrium so that newer and higher levels of learning could be achieved
and applied such a philosophy to the concept of challenging or pushing personal
structures such that in doing so a higher level of construction [organization] is attained.
Even in the younger grades, Bruner believed that children could learn that it is possible to
change their limits and they could incorporate other patterns into their thoughts (Bruner,
1986).

In contrast to Piaget who thought more developmentally, Bruner was more
concerned with individuals and thought more intra-speculatively with significantly more
emphasis on the self and self-reflection. Bruner further applied such a philosophy to the
curriculum in that the curriculum should be turned onto itself, be taught and reflected on,
changed and this process repeated. According to Doll (1993, p. 124), Bruner is famous
for his "spiral curriculum" where the curriculum is studied over a number of years at
increasing complexity such that the knowledge distils down to a perfection of the

material, a depth of understanding [added layers of purity, density, complexity, richness}.
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Figure 3. The increasing complexity [spiral curriculum] of a given subject or
course across the periodic table. The degree of complexity increases because the
ability of the individuals at the different levels increases and they have more
ability draw on other resources, such as social interaction and learning from
others. The diagram depicts one row of the periodic table [any row] as a subject or
area of study, the numbers at the top of the diagram represent the vertical columns
[groups or grade levels] and the numbers at the bottom of the diagram represent
the levels represented by the groups.

In looking at the periodic table as a metaphor for education, if one thinks of the
groups [vertical columns] of the periodic table as the different levels of complexity of
education (i.e. grades 1-3, 4-6, 7-9, 9-12) and one looks at a particular subject, say math
or English, as one proceeds horizontally across the table [through the grades] the degree
of complexity with each level increases.

Like other post-modern theorists, Bruner also believed that knowledge or learning
was not built solely of logic, but alse through hermeneutics and "other" forms of
knowing. Knowledge, according to Bruner, is developed through multiple perspectives
{looking at something from different viewpoints|, presuppositions [making hypotheses or
assumptions about what might take place based on prior knowledge or experience], and
subjectifications [subjecting or challenging the boundaries of one's knowledge to go
beyond subjecting one's learning to scrutiny] (Bruner, 1986; Doll, 1993).

If one thinks like Bruner, then hermeneutics, the interpretive analysis of texts and

returning to questions of original difficulty and subtext, applies to all disciplines,
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including the sciences. In science one tries to get an experiment to work from many
approaches, varying the parameters of the system little by little untii the reaction works
[muitiple perspectives]. These variations of parameters can be numerous and time
consuming and often we look to resources, including others' experience, for a hint as to
how to make the reaction {the experiment] work. We make presuppositions based on
previous self-experience and other's experience, presuppositions which in science are
generally called hypotheses. We continually challenge the boundaries of our knowledge.
For example, if we know this [something] now, what happens when we change some
parameter or provide a challenge? How does what we know apply somewhere else? If we
were to change this variable, what would happen? These are only a few of the
representative questions that fuel many scientific curiosities. Bruner's cognitive
constructivist philosophies fit well with science and education and the construction of a
bridging periodic tabie.
Theory of John Dewey

John Dewey, commaonly referred to as the “Father of Progressive Education,”
rejected rote learning in contrast to the more developmentally progressive "directed
living" whereby the students learn by working on large more relevant projects in a
workshop-type setting. Such a philosophy is conducive to a skills-type learning. His
ideas, which are at the heart of constructivist curriculum, imply that students need to be
engaged in meaningful and relevant activity in order to allow them to apply the concepts
they are endeavouring to learn (Dewey, 1938). Students who do not see relevance to what
they are leaming, or who do not get the opportunity to apply their learned concepts at an

appropriate time, are often very frustrated and become stilted in their leaming. He
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believed that simple, linear thinking and learning did not allow for the explanation of
complex human behavior (Doll, 1993).

Dewey himself did not believe in dichotomies per se, because dichotomous
entities are very polar or opposite, distinct in their separate characteristics. He believed
that there was a transformation that occurred between dichotomous entities such that a
short-lived intermediate was developed (Dewey, 1933/1971; Doll, 1993) that served as a
temporary stopping place, a partial conclusion or an "ends-in-view"” (Doll, p. 138) for the
process.

Most chemical reactions involve one or more short-lived intermediates that are
often unobserved simply because the reaction takes place so quickly. Such an
intermediate is important because it acts as a moment of rest, a means of gathering energy
or transforming energy for the rest of the reaction; "the means-to-the end.” Such
intermediates exist at all levels of education as well. It is rare that there is a complete
transformation from one way of being, one understanding or one form to another,
particularly if the other is very polar to the original, without some form of intermediate or
rest occurring [accomodation and assimilation (see Piaget's work) of the knowledge]. In
educational thought, this can be a place of reflection. Figure 4 summarizes Dewey's

philosophy.



Child  intermediate/partial conclusion Curriculum
B

[reflection]

Process Intermediate/partial conclusion  Product
P

[refiection]

Idealism  Intermediate/partial conclusio; Realism

[reflection]

Figure 4. Dewey believed that a short-lived intermediate [partial conclusion]
existed that was the transformative process in two, what appear-to-be,

dichotomous entities.
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This transformative intermediate, according to Dewey (1933;1971) occurs when

one uses a practice of reflective thinking (p. 75) [reflection]. In solving a problem, even

one that is apparently dichotomous in its transformation from beginning to end, Dewey

developed his "five phases of reflective thought" (Hickman, 1998) for the process of

thinking one's way through a problem;

1} One has to develop a feeling for the problem [where is there a problem?].

2) One has to define the problem [what is the problem?].

3) One has to develop a hypothesis for the solution to the problem [what does

one think the outcome of the problem i1s if it were fixed?}].

4) One has to develop a logical reasoning or a means [path] to the solution {how

can the outcome of the hypothesis be achieved?].

5) One has to put into action by testing one's means to the end, one's hypothesis

[the path or intermediate steps to the final product].

Dewey, in his philosophy on reflection as a means of process from the beginning

to end emphasized that such reflection is based on experience and that experience and the

analysis or explanation of that experience is interwoven with reflection, interaction and
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transaction and such an analysis allows for change. Experience, in both chemistry and
education involves the meshing of reflection, interaction and transaction in order to

understand the phenomenon that took place in its entirety.

Figure 5. Dewey's concept of the hermeneutic experience involves the
interconnection of reflection, interaction and transaction. Such a relationship can
be represented also by a chemical structure where the central atom is the
experience [E] and attached are the three elements reflection [N1], interaction
[IN2] and transaction [N3]. The general formula for the educational and chemical
relationships can be depicted as EN; with the overall structural shape being
pyramidal, the experience being the peak of the pyramid [the ultimate point].

According to Dewey, this leads to what he terms as a new experiential epistemology or
root of understanding. A hermeneutical representation for education is given in Figure 5
above and this can be extended to an analogous chemical structure. In both structures, the
experience is the ultimate goal or product with reflection (N;), interaction (N) and
transaction (N3}, as the path to achieving that goal.
Theory of Alfred North Whitehead

Alfred North Whitehead published The Aims of Education in 1929 {Whitehead,

1967a), a set of essays that were initially composed as lectures with the purpose of
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protesting against dead knowledge. Whitehead believed all things were best understood
as a "drop of experience”" (Whitehead, 1969, p. 23) in a period of time and that all drops
of experience converged to become larger and larger experiences to become, finally, the

whole [epoch] of the experience as illustrated in Figure 6.

Figure 6. Summary of Alfred North Whitehead's philosophy that every "drop of
experience" (Whitehead, 1969, p. 23) or every event is comprised of smaller
events and every event is the precursor or data for a larger event. All events lead
to the final culminating event.
Such a philosophy applies directly to chemistry in that many reactions are comprised of
many smaller reactions or intermediate reactions, often unseen by the rapidity of the

reaction such that the overall reaction appears to be only one reaction.

A+B=2AB+C > AC+B+E =2AE + BC

(reaction 1) (reaction 2) (reaction 3) {endproducts)
Overallreactionn A+ B+ C+ D + E 2 AE + BC
In scientific research the final product, is the result of much experimentation [many

experiments] that often takes place over several years. Each experiment contributes more
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informaticn [provides data] towards the final answer, but at the same time as contributing
one answer, it might be the source of further questions.

Alfred North Whitehead (1969) introduced the term prehension (p. 244), meaning
to grasp or take hold of an object, for example, a subject. The process of defining
prehension, according to Whitehead s that of concrescence [the coming or growing
together] and is the process by which a person emerges from her inheritances and
experiences; the real internal constitution of the actual "occasion” (p. 244) in question.
Prehension, therefore, cannot be experienced in the same manner by all and involves the
selection of data, either positively or negatively, and such selection is generally based on
subjective forms such as that of wisdom. Wisdom, he believed, is the way in which
knowledge is held and wisdom aids in selection from competing data.

Freedom and limitation, although generally considered antithetical concepts, are
involved in the process of selection in prehending in order to determine what 1s relevant
to add value to the experience or to create a new event (Whitehead, 1967a). Limitation
implies discipline for Whitchead and freedom and discipline are complementary, each
requiring the other for positive and negative prehensions and each being incomplete
without the other. Freedom is the openness to possibilities and the capability of the
selection of those possibilities but also it is the positive selection of data, The richness of
the experience is related to the breadth and depth of the data used to prehend that
experience. Limitation or discipline allows us to select data from the negative in that it
allows us to put limitations or set criteria such that we can add more finite value

(Whitehead, 1967b) to the data we are using in prehending.
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Concrescence, according to Whitehead {1969) occurs in three phases: the
responsive phase or the "phase of pure reception of the actual world in its guise of an
objective datum" (p. 245); the rransformation into unity and satisfaction, and the entity or
end-product, the ultimate product or goal. These phases are the blueprint of analysis in
which the actual entity is seen as a process.

In his theory of intellectual progress, Alfred North Whitehead {(1969) postulated
that freedom and discipline were part of a rhythm to a student’s intellectual journey
comprised of three stages: romance, precision, and generalization. It is imperative that
every educational event begins with romance, the stage where the student is introduced
through novelty to engagement or active involvement in a learning situation. Interest in
the curriculum is developed as one is excited by the possibility of pleasurable activity and
an emotional connection and curiosity takes place. The learner/student sees relevance and
judges or believes that she has something to contribute.

The romance stage occurs in science as well. General curiosity initiates many
experiments. What happens if we mix A with B? How do we make a desired product?
What happens when we change variables to a system? Such questions spark the initiation
of many experiments, both at the scientific as well as the social science level. Thus the
romance of the question, invites relationship. The general curiosity of why and how
preside in the romance stage of any educational event, be it in chemistry, in one's social
learning or in some other discipline.

Once the novelty of romance ebbs, it is replaced by desire for more precise
knowledge as the craving for more answers grows. At this stage discipline is critical as

one learns the right and wrong ways to do something, to find more precise results. In
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chemistry, as one learns how a chemical reaction works or the outcomes of a particular
experiment, one wants to refine it in such a manner as to get the maximum yield of
product, find the most economical way of carrying out the reaction, and have the reaction
proceed with the greatest efficiency. At this stage, freedom is critical as it gives rise to the
positive acceptance of truths for the learner.

The final stage, that of generalization, is a synthesis of the first two stages,
romance and precisicn, and it looks at ways to apply the learned knowledge to other more
far-reaching systems. Some of the questions asked at this stage are: How can we apply
this to the bigger picture? What other implications for other things do our results have?
The emphasis at this stage switches to the future as the educational events contribute data
to the future. How can we apply this knowledge to what we anticipate for the future
[make predictions]?

This is also applies to chemistry and to science in general and Menedeleev in fact
did this when he developed the periodic table of elements. Based on group characteristics
and prior knowledge of chemistry or chemical reactions and the patternicity of the table,
he was able to place elements into the table, based largely on their atomic weight, without
having knowledge of their reactivity and even before their actual discovery. This prior
knowledge allowed him to correctly generalize about new materials. Such learned
information becomes incorporated as wisdom. Alfred North Whitehead stated, "An
education which does not begin by evoking initiative and ends by encouraging it, must be
wrong" (1967a, p. 37).

As well as being specific in his writings on education, Alfred North Whitehead

extended his quality of generalization to nature. Education, he believed like Dewey,
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should be life-long and self-generated in learning and extend to every event in life and to
the final outcome of the culmination of events. Education is universal and his
philosophies apply to all ages, all situations and all institutional settings. Such learning
involves a balance of freedom and discipline; the freedom to choose positively to allow
one many choices and avenues, to keep one's mind open but also the discipline to select
data such that there are parameters or limits to one's choices. Freedom is critical to
keeping the mind open but discipline must also play a role. In his philosophy, freedom
without discipline 1s futile but freedom should not imply ignorance over what to select
and what is relevant to value. The criteria, according to Whitehead, in evaluating all
"drops" of educational experience or independent events should be the same criteria that
is applied to evaluating the whole of the event. Again each event is a composite of
smaller events and each event is the data for a larger event. Thus the outcome of each
cvent, that of intellectual satisfaction and a sense of closure contributes something of
value to subsequent events of prehension. Such intellectual satisfaction becomes the
foundation for further intellectual progress and when guided by wisdom might be a good
way of expressing the value that education is supposed to attain (Whitehead, 1967a,
1967b).
Theory of Lev Vygotsky

The Russian psychologist Lev Vygotsky, who might be considered to be more of
a social constructivist than a cognitive constructivist, believed that the development of
cognition occurs first through interaction with others which then gets integrated into the

learner's mental structure. His theoretical framework is built on the major theme that,
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Every function in the child's cultural development appears twice: first, on the
social level and later, on the individual level; first between people
(interpsychological) and then inside the child (intrapsychological). This applies
equally to voluntary attention, to logical memory, and to the formation of
concepts. All the higher functions originate as actual relationships between
individuals. (Vygotsky, 1978, p. 57}
A rich learning environment, therefore, is one in which the students have opportunities to
work with more experienced peers thus facilitating them to develop a higher level of
cognittve learning (Vygoisky, 1962; Vygotsky, 1978). The Zone of Proximal
Development (ZPD) (Vygotsky, 1978), key to his theories, suggests the area of
exploration for which the student is cognitively prepared is only fully developed through
the help and social interaction of others. In terms of development and learning, three
theoretical positions preside:

1. The processes of child development and learning are independent such that
the development cycle precedes the learning cycle and therefore maturation,
so instruction should lag behind mental growth.

2. Leaming is development, therefore learning and development occur
simultaneously and can even be superimposed.

3. Leaming and development are related processes and each influences the other.

Maturation depends on the development of the nervous system and learning is

in itself a developmental process.

Vygotsky rejected all three propositions of learning and development, saying the
problem was more complex than that. He claimed there were two separate issues at hand,
the first being the general relationship between learning and development, and the second

being the features of learning and development when children reach school age. Children
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do much learning before they reach school age. Any learning they do in school has a
previous history but schoo! learning introduces something fundamentally different; that
of social interaction and that of learning from others.

Empirically, the established philosophy was that learning should be matched in
some manner with the child's development level such that increased complexity in
learning [reading, writing, and arithmetic] is age-dependent. However, in looking at
developmental process in relation to learning capability as Vygotsky did, there exist two
developmental levels. The first, the actual physical and mental development, 1s simply
based on a child's development by a certain age. A child's mental age is determined by
specific developmental tests administered to the child and done unassisted by the child
herself. The results of such tests are indicative of the child's mental abilities. However if
the child is administered these tests and assisted by someone of higher learning [an older
child or a teacher] they rarely miss the independent solution to the problem and often
surpass their ability [actual development] when doing the problem unassisted. This is
much like a chemical reaction where the reaction may take considerable time to initiate
and proceed very slowly on its own with a low yield of product in the end. If a catalyst is
added to the reaction mixture, or a co-enzyme is used, then the reaction will be initiated
much quicker and will proceed at a much greater rate with a generally higher yield of
product. For example, a child's ability to do the problem unassisted might be that of an
eight-year old but her ability io do the problem when assisted by a peer or an adult might

be that of a twelve-year-old.
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The difference between what the child can do unassisted [actual development]
and what she can do when assisted [potential development] is termed the zone of

proximal development [ZPD] and this is a critical zone in all pedagogy.

True Development

{(determined by PounﬁalDeve]apmmJ,
independent (deteemined by . h

problem solving) | Zone of Proximel Development|  problem solving)

Interpsychological logical
Figure 7. Vygotsky's theories summarized. The Zone of Proximal Development
(ZPD)] exists between what the individual can actually do unassisted and the
potential of what the individual can do when assisted. This is the individual's true
capability. Such learning is enhanced by social interaction and once these
cognitive skills have been achieved they become internalized as part of the child's
permanent internal knowledge.
This suggests therefore that the developmental process lags behind the learning process
and that the two processes are united rather than independent. If one considers a chemical
reaction, there is often a considerable yield of product difference between reactions that
proceed in the presence of a catalyst or with the assistance of a coenzyme in comparison
to those reactions that proceed without. Not only does the reaction proceed faster, the
yield of product is generally significantly higher. In his ZPD theory, illustrated in Figure

7 above, Vygotsky believed that learning stimulated a variety of internal developmental

processes that are only able to operate when the child is interacting with people in her
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environment and her peers and thus learning in the ZPD is a critical window and should
be maximized by early social interactions. Many elements or compounds in chemistry are
quite innocuous and unreactive until they come into contact with other compounds or a
specific compound. Then all of a sudden they are highly reactive often with an
unexpected intensity and even yielding unexpected side reactions or products can result.

Once learned, these developmental processes become internalized and part of the
permanent fabric of one's knowledge base. Vygotsky believed that learning, although
related to the course of child development, was never accomplished equally or
simultancously with development. He believed there exists complex dynamic
relationships that lead to learning and development.

Vygotsky's theories, although based in early childhood education do also apply to
the science discipline in that laboratory skills are often learned by demonstration and then
imitation. The laboratory is a highly social and interactive environment and such
cognitive learning is often done by imitation of someone more highly skilled such as the
instructor or peers who have some experience. Thus even in adult learning there is a ZPD
whereby there is a gap between the actual and the potential learning capabilities and once
learned the knowledge becomes internalized as permanent knowledge that can be further
applied to more advanced skilis.

The cognitive constructivist theories of Piaget, Dewey, Bruner, Whitehead and
Vgotsky could, perhaps, be practically combined and applied in a cognitive
apprenticeship (Collins, 1991). Such an apprenticeship is a synthesis of formal schooling
(theory) and traditional apprenticeéhip (hands-on learning) facilitated by the "master”

teacher/instructor. In this environment, the invisibility of the thinking processes of a
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learning activity, such as laboratory techniques, can be made visible and applicable to the
both the teacher and the learner. The teacher initially coaches and scaffolds student
learning processes but gradually fades as the students become more proficient, allowing
them to develop their own expertise.

The theories of cognitive constructivism take into consideration the fundamental
processes and rules that describe the learning process, the levels of the cognitive domain
as described by Bloom (1956) (knowledge, comprehension, application, analysis,
synthesis, and evaluation} as well as hint at the effect of the experience, the affective
domain (receiving, responding, valuing, organizing, characterizing by a value or value
complex) (Krathwohl, 1964) of both the student and the teacher. The psychomotor
principles (perception, set, guided response, mechanism and complex response)
{Smmpson, 1966) are less often used in describing cognitive constructivist teaching and
learning and are probably more correctly housed within behaviorism and other
psychological theories and are outside the interests of this research.

Meaning-Making

Both the chemistry periodic table, as well as a similar metaphoric construct for
education, provide a fundamental, pedagogical framework, the fundamental rules, that
prescribe and inscribe the reactions of everyday living. Not only is the periodic table an
artifact that shows the epistemology and ontology (see below for definitions) of
knowledge in a field {for example chemistry or education), it also illustrates the
relationships, the periodicity and patternicity, that ultimately describe the actual
experience or the chemistry of the constituents, within the fundamental framework.

Polkinghorne (1988, p.1) says “experience is meaningful and human behavior is
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generated from and informed by this meaningfulness.” An analysis of such experience
talls under the realm of “meaning-making” (Polkinghorne, 1988, p. 1) and takes into
consideration philosophies embedded in ontology, critical theory, hermeneutics,
phenomenology, hermeneutic phenomenclogy, and symbolic inter-actionism and can be
augmented and substantiated by narrative data in narrative research and the
phenomenology of science.
Ontology, Ontic, and Ontological Inguiry

Both chemistry and education are grounded in an ontological framework.
Ontology refers to the subject of existence and is the specification of a conceptualization
(Gruber, 1993). Tt should not be confused with epistemology, which is about the roots
and origins of knowledge and knowing. According to Gruber (1993a, 1993b), an
ontology is considered to be a studied description [much like the formal specification of a
program] of the concepts and relationships that potentially exist for an agent or a
community of agents. Robert Poli (1996) defines ontology as the “theory of objects” -
every type of object from concrete and abstract, existent and non-existent, real and ideal,
independent and dependent has an associated ontology. An object is synonymous with
the term “being” and in his theories he says that ontology is not a catalogue or a
taxonomy of the world because it is significantly different than taxonomy. Rather,
ontology is a general framework or a structure into which its contents may be organized
[as is the periodic table]. There, however, is a definite difference between ontology and
taxonomy. He also theorizes that ontology is not reducible to pure cognitive analysis nor
is it an epistemology or theory of knowledge. The two in fact are quite different in that

ontology is the objective side, the grounded or factual side, whereas epistemology is the
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subjective side or the Anowing side. In addition, he theorizes that it is possible for several
ontologies to exist at once. Central to the field of phenomenology, ontic inguiry refers to
actual things or entities of the world, having the status of real experience while
ontological inquiry 1s concerned with what it means to be with the being of things or
entities (Heidegger, 1962). An understanding of and attention to ontology is important for
researchers in both education and chemistry concerned with enabling knowledge-sharing
and reuse.

If one looks at the periodic table of chemistry as an ontological frame, in the
extension of such theories, it becomes the phenomenological study of chemistry, a study
of the interactions and reactions of the elements [the community of agents] within the
table. Much like the periodic table is the ontological frame of chemistry, I envision the
ontological framework of education is the curriculum into which is embedded ali the
concepts and relationships, the teaching of the curriculum, of the community of agents -
the teachers and students. How all elements [components| react and interact is the
phenomenology, the chemistry. To examine the significance of these, T also studied
critical theory.

Critical Theory

In educational research, critical theory is based upon the use of critique as a
method of investigation (McCarthy, 1991) and is based on the underlying philosophy that
social theory of all sorts should play a significant role in changing the world through
contributing to it rather than just recording the information. Its roots are in the Frankfurt
School originating with the work of Jurgen Habermas (van Manen, 1994).

In educaticn, research which has a critical theory thrust aims at promoting critical
consciousness, and struggles to break down the institutional structures and
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arrangements which reproduce oppressive ideologies and the social inequalities
that are sustained and produced by these social structures and ideologies. (p. 176)

Critical pedagogy therefore addresses the issue of how to construct ideological and
institutional conditions where the lived experience of empowerment for the student
becomes the main theme of the schooling. It attempts to build a bridge connecting the
philosophical and scientific understanding of society. Features of critical pedagogy
(Giroux, 1981; van Manen, 1994) are;

1. an attempt to create new forms of knowledge through its emphasis on
breaking down the boundaries that exist between disciplines and creating
interdisciplinary knowledge thus appealing to a widened notion of rationality.

2. aresistance to all forms of domination such that questions are raised about the
relationships between the margins and centers of power in schools.

3. arejection at the distinction between high and popular culture such that
curriculum knowledge is responsive to the everyday knowledge that
constitutes peoples' lived histories; an orientation to praxis.

4. afocus on emancipatory practices such that they illuminate the primacy of the
ethical in defining the language that teachers and others use to produce
particular cultural practices.

Critical pedagogy is important when analyzing curriculum and relationships
within curricutum. It argues for multiple literacies and when locking at various chemical
[educational] reactions there is always more than one approach, more than one way of
carrymg out a reaction, more than one way of looking at something. It 1s important
however to recognize the differences both culturally and individually of the students' and

teachers' participation in the curriculum. In the periodic table of elements sach of the
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elements is an individual but the conversation between and among the elements [the
reactions] can be varied and in many cases there can be multiple reactions. When looking
at education, the myriad reactions and interactions are dependent on many variables, such
as the classroom environment, the learning readiness of the student, the histories of the
students, et cetera, so that there are multiple literacies that come to the equation and
hence muitiple outcomes [preducts] evolve.

According to Habermas' (1971) fundamental theories for critical pedagogy, three
forms of knowledge and associated cognitive interests are: the technical, the practical,
and the emancipatory, each of which is also rooted in the human activities of work,
symbolic interactionism, and power. The technical interests are seen in the empirical-
analytical sciences, which are given a more influential position, while the social sciences
incorporate more practical interests and the critically-orientated sciences incorporate
emancipatory interests. With critical theory in mind then, bridging the disciplines of
chemistry and education using the periodic table as a metaphor to understand leaming
and teaching more fully, it might be possible to transgress those boundaries that
reproduce oppressive ideologies and establish a better understanding of the "chemistry of
education.” If critical theory is an important ideological tool for educators working with
critical social consciousness, hermeneutics is an important interpretive tool for educators
working with related curricular texts.

Hermeneutics

Hermenecutics is concerned with the general science of interpretation, a branch of

philosophy that involves interpretation and understanding of texts. Texts are primary

resource material in the enterprise of all education, so an understanding of hermeneutics
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can contribute added meaning to curriculum work. It is with this hermeneutics that 1
interpret the chemical periodic table in order to construct the educational periodic table.
“Whenever rules and systems of explaining, understanding, or deciphering texts
arise—there 1s hermeneutics” (Palmer, 1981, p. 458). Taken further, hermeneutics
involves the study of the methodological principles of interpretation and describes how
one interprets the texts of one’s life (Pinar et al; 1995; van Manen, 1994). It is the theory
and practice of interpretation, and one of its strengths-its interdisciplinary nature-makes
its application to both the sciences and social sciences an excellent means for analysis
(Reynolds, 1989). Its origins can be traced to the ancient Greek study of literature and in
ancient biblical interpretations of passages. In the seventeenth century, hermeneutics was
used to mean biblical exegesis (Palmer, 1969). The word originates from the Greek
messenger-god Hermes and the Greek word hermeneuein meaning "to interpret” (Doll,
1986, p. 134). Ancient Greeks made extrapolations to works of uncertain origin using the
fundamental rules of grammar, style and ideas. Many church teachers and leaders made
interpretive extrapolations, generally allegorical in nature, that were far removed from the
texts' literal meanings. Further non-literal interpretations of the Bible flourished in the
Middle Ages and many bridges or links between the Old and New Testaments were made
by the Christian commentators. It was felt by many churches, the Catholic in particular,
that the Bible was too obscure in nature and reading of it by lay persons required
guidance. Multiple interpretations abounded.

Hermeneutics, although rooted in ancient enterprises of translation and
Jurisprudence, began in early modern Europe with Wilhelm Dilthey's more historically

conscious nineteenth century methodological hermeneutics (Connerton, 1976).
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Empathetic understanding, understanding not only of the text but alse the author and
what the author meant, is the basis for general hermeneutics based on methodological
principles as developed by Fredrich Schleiermacher [1819] and Wilhelm Dilthey [1883].
Schleiermacher in his 1819 lectures (Palmer, 1969), established hermeneutics as a theory
having a technological means almost analogous to a stepwise reaction to interpretation.
As the name suggests, methodologically hermeneutics was systematic and scientific in 1ts
interpretations and situated a text in the context of its productions concentrating largely
on ways of knowing with specific methods of understanding structure and content of text.

Heidegger [1926] and Gadamer (1960, 1976) were primary philosophers in
bringing about philosophical hermeneutics in the nineteenth and twentieth century
shifting the focus from interpretation to existential understanding. Such a philosophy
looked at the authentic way of being or Dasein, meaning there-being (Heidegger,
1926/1962) in the world rather than just as a way of knowing. In other words, the reader
is placed in the middle of the hermeneutic enterprise and in order to have a dialogue with
the text, it is imperative to understand our time, place, and culture (Pannenburg
1967/1986 in Doll, 1986) as well as that of the authors'. Because meaning is a dialogue
with the text rather than extracted from the text and our time, place, circumstances, et
cetera are different from those of the author, understanding of the difference is imperative
to meaning-making of the text. Such hermeneutics deals with the ontological nature of
being and the epistemological nature of knowing (Doll, 1986). As beings we can never
escape our cultural situations. Therefore we are embedded within the hermeneutic circle
and are defined by both our culture and language just as we define our culture and its

language. In the hermeneutic circle (Stegmuller, 1977), the idea or notion that
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understanding or intent definition of something employs attributes which already
presuppose an understanding or definition of that thing. Circles or spirals arise as a result
of interpreting and building on previous understanding and thus tead to further
understanding which then becomes the base for more understanding and aids in
distinguishing from background knowledge and facts and the circular nature of this raises
hermeneutic questions regarding grounding and validity of understanding. This is similar
to many of the cognitive constructivist theories of Piaget, Bruner, and Whitehead, where
learning involves a stepwise process whereby a lower compenent is used to build a higher
component having more breadth and depth toward understanding the meaning. Thus as
Heidegger suggests, "any interpretation which ts to contribute underst?.nding, must
already have understood what is to be interpreted...."(Heidegger, 1926/1962, p. 194).
The contents of the circle are continuous in nature and although the circle itself can be
expanded, it is not possible to break through the boundaries.

Heidegger's theories moved hermeneutics from a theory of interpretation, as in the
beginning hermeneutic theories, to a theory of existential understanding. In other words,
interpretation no longer followed the logical method of classical hermeneutics but rather
required a conscious recognition of one's own world. Thus foreknowledge, knowledge
leading to future decision making, is accumulated over time and such foreknowledge
constrains [draws together] successive exercises of existential understanding. This
movement to existential understanding gives hermeneutics an ontological dimension by

describing understanding and interpretation as essential to one’s being.
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Figure 8. The hermeneutic circle. Culture and language define us just as we define
our culture and its language. Thus the relationship is a continuous circular
motion, forwards or backwards but we are not able to escape such boundaries
only expand them [arrows] in terms of meaning-making for the ultimate goal of
knowledge.

Such a framework pedagogically in education focuses on the curriculum, most
specifically on the interactions or the transactions that take place between the text and the
reader (Doll, 1986). The transactions that take place are transformative in nature in that
we change as our transactions change and in doing so we question the assumptions and
prejudices that are enveloped within our own culture and language. This leads to
meaning-making. The ultimate goals we reach then are attained by personal decisions we
make as beings at a specific time and place in history.

One can apply the philosophy of the hermeneutic circle to that of chemistry as
well. The culture [periodic table of elements] and the language [their interactions and
reactions] are contained within the periodic table. Without knowing the culture and
language we cannot learn more about the science itself. More knowledge of the culture

and language [learned through scientific experimentation/research} leads us to know

more about the culture and language. Mendeleev in fact, knew the culture so well and the
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language that existed within the culture that he was able to predict where yet
undiscovered elements would be placed and what their properties would be.

Habermas (1966) and Apel (1966) reacted to the relativism of philosophical
hermeneutics and introduced critical hermeneutics which is a methodological, self-
reflective, and comprehensive reconstruction of the social foundations of discourse
{language of a subject or discipline] and inter-subjective understanding. This led to the
phenomenological hermeneutics, introduced by Ricoeur (1974/75) in which he attempted
to synthesize the various hermeneutic philosophies with structuralism and
phenomenology. Such hermeneutic theories differ in several characteristic ways in their
approaches to meaning and understanding. Because hermeneutics is grounded in
meaning-making rather than thecry and scientific proof, the meaningful conclusions of
hermeneutics are often based on practical judgement and common sense reasoning.

His approach was both critical, the avoidance of misunderstanding or misinterpretation,
and romantic, the desire to know the author in entirety.

Rather than concentrating solely on the individual, Dilthey, according to Palmer
(1969), concentrated his theories on the “lived experience” and considered both
expression, the text or artifact, as a means of objectifying or expressing the lived
experience and understanding, the point of lived experience that leads to “getting it”
rather than a cognitive analysis of the experience. Heidegger, according to Palmer (1969),
concentrated on the power to grasp one’s own possibilities that might be first elucidated
in text. This would be akin to a corresponding sentience of thought and experience
between a reader and a text. In reading and interpreting subject and text, one sees the

possibilities revealed by the text, finds him or herself becoming one with the text, finding
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sentience and commonality. Hermeneutic phenomenclogy, is a study of the person as a
kind of text of being within experience. The hermeneutic tradition thus provides a basis
for prescribing and criticizing the conduct of inquiry and the development of knowledge
in the natural, social and cognitive sciences. Its representatives have figured prominently
n debates concerning how valid knowledge can be acquired and whether there 1s a need
for a separate methodology in the social sciences.
Phenomenology

Phenomenclogy, the science of phenomena, is the study of events. It is the branch
of science that classifies and describes its phenomena without any attempt at
metaphysical explanation. It differs from other human science approaches of qualitative
experience such as ethnography, symbolic interactionism, and ethnomethodology in that
it distinguishes between appearance and essences (Merleau-Ponty, 1962; 1964).
Phenomena are any facts, circumstances or experiences that are apparent to the senses,
perceived, and that can be scientifically described or appraised.

Phenomenology asks the question; what is the nature and meaning of something?
In the study of phenomenology, we come to know the mind as it is by studying the ways
in which it appears to us (Hegel, 1977). Husserl (1913/82), a major founding philosopher
of phenomenology, introduced pure phenomenology as both a descriptive method and a
human science movement based on praxis of the heart and of philosophic and human
science thought. He further advanced pure phenomenology to become transcendental
phenomenology (Husserl, 1970a) which looks at the effects of immediate experience
unencumbered by pre-conceptions or theoretical notions. Lifeworld, an extension of his

transcendental phenomenology, includes the experiences of the natural, taken for granted
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everyday-life and the world in which we live (Husserl, 1970b). Existential
phenomenology is an extension of Husserl’s lifeworld philosophy and describes how
phenomena present themselves in lived experience, in human existence. According to
Merleau-Ponty (1962), phenomology offers accounts and descriptions of the lived
experiences of the space, time, body and human relations rather than producing
theoretical or empirical observations or accounts. The world of chemistry and its concern
with the nature and meaning of matter in the ways it appears to us is a natural cognate
relative to phenomenology.

In 1960, Dwayne Heubner introduced phenomenology to education, particularly
to curriculum studies. His philosophical foundation was elaborated upon by such
influential educational philosophers as Maxine Greene, Janet Miller, Madeleine Grumet,
William Pinar, Max van Manen and Ted Aoki (Pinar & Reynolds, 1992). Although well-
rooted in the European education philosophy, phenomenology is a recent and
controversial introduction to North American education with its least acceptance being
within the American education system.

The reactional matrix ot both chemistry and education can be studied from a
phenomenological approach. In looking at chemical reactions, the actual reaction is the
"object” or the "doing" while the effect of the reaction on the surrounding milieu and how
that effect is subsequently perceived or affected by the environment, is the experience of
the reaction. In a purely physical or phenomenological sense, sodium plus water combine
to produce sodium hydroxide plus hydrogen gas.

“Na (s) + Hx0 (aq) > NaOH (ag) ~ Hz (g)

¢ s = solid; aq = aqueous: g = gas
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One cannot ignore the ontological prescription of the reaction but what goes unsaid in
such an indifferent description is the phenomenoclogical essence, that can more effectively
be related through narrative description: the reaction is highly exothermic and the
hydrogen gas ignites with a loud popping noise, and often a spark, and the water
temperature increases significantly. The phenomenclogical experience can be writien as a
narrative description of the visual experience of the spark, the auditory experience of the
popping when the hydrogen gas is ignited, and the tactile experience feeling the
temperature of the water increase. Superlative laboratory writing is, at its finest,
exemplary phenomenology.

The same holds true for education. The reaction of teaching is the teacher plus the
curriculum plus the student thus producing delivered curricutum and taught students, a
pretty basic reaction:

Teacher + curriculum + student - delivered curriculum + taught students

A + B + C =2 D + E
The actual experience of that reaction and the phenomenological narrative description of
that experience is a (carefully) constructed study of how that reaction is perceived by
both the students and the teacher. Although the phenomenological approach to studying
“lived experience” is a somewhat controversial one, “lived experience” cannot be ignored
as data and, I would argue is central to all scientific writing. It has a strong footing in
curriculum studies as a means of understanding the experience of the curriculum. While
the chemical periodic table may serve as a metaphor to the phenomenology of chemistry,
and educational periodic table might also serve as a metaphor for the phenomenology of

education. The parallels are explored in the following chapters.
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Heuristic Research

I had submaitted the first draft of my thesis before I happened upon the book

Heuristic Research by Clark, Moustakas (1990). It turned out to be quite similar to the

analytic process I had been using in my own research. [ have incorporated some of the

principles in the analysis portion of my own research process of developing a periodic

table for education.

The root meaning of heuristic comes form the Greek word heuriskein, meaning to
discover or to find. It refers to a process of internal search through which one
discovers the nature and meaning of experience and develops methods and
procedures for further investigation and analysis. The self of the researcher is
present throughout the process and, while understanding the phenomenon with
increasing depth, the researcher also experiences growing self-awareness and self-
knowledge. Heuristic processes incorporate creative self-processes and self-
discoveries. (Moustakas, 1990, p. 9)

The concepts and processes of heuristic research include:

a)

b)

5
d

g

Identifying the focus of inquiry where the researcher is expected to have an
intense connection with the phenomenon being investigated.

Selt-dialogue where the researcher discloses herself thus facilitating the
disclosure of others to the researcher.

Tacit knowing which is the process of making the implicit explicit.
Intuition, the bridge between the tacit and observable data.

Indwelling, the deep inner-seeking allowing the researcher to fully experience
the phenomenon.

Focusing which is the clearing of the inner space so one is abie to receive the
answers.

Internal frame of reference thus allowing one to become attuned to others.

These concepts are embodied in the specific phases of heuristic research which

included: a} initial engagement to discover an intense or passionate concern b)immersion
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in the question ¢) incubation of the question while one does other things d) iilumination
where there 1s a breakthrough into conscious awareness €) explication or the full
examination of what has been illuminated f) internal focusing such that one becomes
fully familiar with the explication of the meanings and details of the phenomenon and
finally g) creative synthesis where the results are related in the form of narrative or some
other creative expression.

In carrying out heuristic research a) one first gathers data from all participants and
b) then immerses herself in the data until it is comprehensively understood after which c)
one sets down the data for awhile while it incubates. This is followed by d) the writing
down of what 1s known about the data identifying the qualities and themes after which €)
individual stories are constructed of the participants maintaining the integrity or the
original data. This is done for each individual and for the group as a whole. Once this is
complete the researcher f) returns to the original individual data to select one or two
exemplars of the group as a whole and then finally g) the researcher creatively
synthesizes an aesthetic rendition of the experience of the research and her relationship to
it. Such a rendition is most often related through narrative expression.
Narrative Expression

The discourse used in this thesis to augment developed periodicity and
patternicity theories of the educational periodic table will concentrate on both the
discourse of formal science (Polkinghorne, 1988) and on the narrational discourse
(Polkinghorne, 1988} of stories in the form of tropes, which, although different in therr
organizational patterns, are meant to produce meaning. The ubiquity of narrative tropes,

vignettes or stories reflect our fundamentally relational understanding of reality and they
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offer a kind of validity (Reddy, 1975; Mishler, 1986). Reality is framed within systems of
analogy (Reddy, 1979; Silverman & Barode, 1580).

"Narrative is a function of the relational processes of the realm of meaning."
(Polkinghorne, 1988, p. 22). Tt can be considered as belonging to the cognitive realm or
process 1n that it 1s a means of making meaning of experience through cognitive and
affective processing and relating that meaning through languaged storying of phenomena
fexperiences]. Narrative is an interactive and engaging connection between meaning and
the verbal expression of that meaning, through autobiographies, stories, tales, histories,
historiographies, et cetera. The search for true conditional events is governed by
paradigmatic mode which can be correlated to “truths™ of the periodicity of the elements
of the periodic table. The patternicity of the periodic table, both in chemistry and
education, can be equated to the narrative mode which seeks to explore relational
connections between events in some periodic and patterned way. Such a literal
connection of events and relationships requires the use of literary, narrative discourse
presented as a unit of words written or spoken larger than a sentence - a trope, a story, a
novel, but certainly narratively with an author of perceptive vision.

The Use of Narrative in Research

Having come from a physical or "hard" science background, where quantitative
data is the only acceptable route to establishing validity and reliability in research, the use
of narratives as a form of research is shunned, looked upon as the "touchy-feely verbose
stuff”, as some scientists will often be heard to say, of the "soft, artsy, not true science”
arcas. Narrative in science is not viewed as worthy research yet I would argue that

narrative and narrative truth in fact, are used in the "hard" sciences without realization.
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The laboratory notebook for example, is in fact a narrative journal for scientists, one in
which a good scientist will document verbally and in great detail the qualitative
observations he or she has observed throughout the experiment. The results of the true
narration might not be included as a "story" per se in the final document but narration is
used throughout hard-science research and is the basis of many of the final conciusions.

Jane O'Dea (1994), in her paper "Pursuing truth in narrative research,”
summarizes many of the philosophies of educational philosophers such as Bruner (1986),
Connelly and Clanandin (1990), van Manen (1990), and Barone (1992) who all talk
essentially about narrative as a "story-telling" rather than an "epistemically respectable”
(Phillips in O'Dea, 1994, p. 161) means of research. However, throughout her paper, she
makes the point that good narrative is truthful narrative, and in fact such narrative does
have a respectable place in research. Paulo Freire (1970) in his critical theory states that
reflection and praxis are critical to good teaching. 1 would argue such reflection and
praxis transgress the boundaries to science as well, that reflection and praxis are critical
to good science too. Truthful narration is simply the means whereby that boundary can be
extended and explained.

This being said, the beginnings of chemistry, or the "coming-of-age" (Sacks,
2001, p. 117) of chemistry as an adult science is documented more through narration than
actual scientific or quantitative research [data]. Pioneer chemists such as Antoine
Lavoisier, Thomas Beddoes, William James, and Allesandro Voltas kept amazing
qualitative notebooks and their theories were substantiated by narrative descriptions in
addition to quantitative data and data analysis. Perhaps this was because in the nineteenth

century, the definite boundaries later established between the literary and scientific
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cultures, were blurred and much less defined. Humphrey Davy, also known as a "poet-
chemist” (Sacks, 2001, p. 117), who appeared at the end of the Lavoisier revolution, was
perhaps one of the most verbosely narrative scientists in his practical as well as
philosophical descriptions of his research. Sacks (2001), in his description of Davy's
contributions 1o chemistry, describes Davy's laboratory notebooks as “... .his notebooks
fwhich] mix details of chemical experiments, poems and philosophical reflections ali
together; and these did not seem to exist in separate compartments in his mind” (p.126).
And in his description of Davy's ability to teach, to relate his scientific knowledge to
others in a lecture format, Sacks {2001) states,
. ... his famous lectures, or lecture-demonstrations, were exciting, eloquent and
often literally explosive. His lectures moved from the most intimate details of his
experiments to speculation about the universe and about life, delivered in a style
and with a richness of language that nobody else could match. (p. 125)
Mendeleev is perhaps the most narrative of all chemists, building his experimental
observations and experiences into a true story with plot, setting, characters and theme.
His book, The Principles, was not only a textbook of chemistry but a story, an accurate,
truthful narrative of chemistry. Sacks says of Mendeleev's book,
In his very first footnote, in the preface, Mendeleev spoke of 'how contented, free,
and joyous is life in the realm of science’--and one could see, in every sentence,
how true this was for him. Tke Principles grew like a living thing in Medeleev's
lifetime, each edition larger, fuller, more mature than its predecessors, each filled
with exuberating and spreading footnotes (footnotes which became so encrmous
that in the last editions they filled more pages than the text; indeed, some
occupied nine-tenths of the page. (p. 195)
[ do not believe that quantitative and qualitative research are mutually exclusive

or that one precludes the other. In fact, the complement of the two is critical to quality

research and can lead to very effective change or discovery. Narrative research carmies
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with 1t the connotation of a "careful systematic study of some area of knowledge" (O'Dea,
1994, p. 165) and narrative researchers, as O'Dea says,

are engaged In interpreting situations that actually occurred, not imaginary ones.

And that being the case, the researcher is bound to honour the details and

incidents that in fact happened. To do otherwise, to ignore or repress certain

happenings in the interests of creating a better, more coherent story or to portray

the teacher [or researcher] is to be dishonest, to 'fake the data'. (p. 166)

One can 'cook the data’ in both quantitative and qualitative studies--the fact that a

research study uses numbers of itself does not tell us whether the study is true or

false. In both styles of research, one ultimately has to trust the integrity of the

scholar. (p.166)

Merging boundaries, whether they be those of quantitative or qualitative research, hard or
soft science or chemistry and education, the base of effective change or discovery, does
in fact require truthful narrative [experiential] documentation [data].

Narrative Inquiry

The telling of stories can be a profound form of scholarship moving sertous study

close to the frontiers of art... (Joseph Featherstone, To Make the Wounded Whole,

Harvard Educational Review, 1989).

Narrative inquiry is not considered research in the physical scientific field yet
narrative is a very large component of scientific research. Narrative is masked by the fact
that scientists distill the results of research (the narrative experience; the lab notebook)
generally down to a simple reaction mechanism. Scientists are known to get a feeling, a
"gut" feeling that something should work in a particular way and often this feeling arises
not from the quantitative data but from qualitative observation of the outcomes, expected
or not expected, of the research. This “gut feeling” of the researcher is often what drives
research, furthers the intuitive quest for the right answer. I believe the boundaries

between quantitative [pure or hard| science and the qualitative [soft] science are not so

strict. Oliver Sacks (2001) states,
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[Chemistry| developed in me the faculty, which is peculiar to chemists more than
to other natural philosophers, of thinking in terms of phenomena; it is not very
casy te give a clear idea of phenomena to anyone who cannot recall in his
imagination a mental picture of what he sees and hears, like the poet and artist, for
example...There is in the chemist a form of thought by which all ideas become
visible in the mind as the strains of an imagined piece of music...

The faculty of thinking in phenomena can only be cultivated if the mind is

constantly traired, .... (p. 128}.

Narrative inquiry includes a variety of research practices ranging from the telling
of a story to understanding one’s actions through oral and written accounts of a particular
episode or incident (Reissmann, 1993) to the methodological exploration of aspects of
storytelling (Richardson, 1997). Narrative in both education and chemistry is an
interpretation of what took place but in the “hard” scientific field, narrative inquiry is not
considered to be true research; such knowledge presented in terms of narratives [stories)
is suspect as “true” data. | argue against this notion of suspect research, as narrative is
often a large component of scientific research with observations of reactions being
verbally [narratively] recorded in the laboratory notebook. Narrative, therefore, is the
qualitative observation of what happens when reactants A and B are mixed together while
the quantitative data generated answers questions such as: How much of the reactants is
required to generate the product? What are the specific reaction conditions? How much
product is generated? Science, chemistry in particular, seems to rely on quantification,
the concrete presentation of results in a countable and statistical fashion. Some might say
it is more justifisble and safe, because narrative representation of results is subjective
rather than objective, issues of legitimacy, validity, and representation are often brought

to question when narrative is used as data. But narrative and narrative inquiry, I suggest,

makes one accountable because it does not allow one immunity behind the simplification
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of the complex and sometimes difficult. Thus in chemistry and in education the bridge is
the whole experience of a given reaction and the true representation of that occurs
through narration either in the narrative form [tropes, vignettes, stories] or through the

laboratory notebook.

Narratives of Narratives of

education Experience chemistry
(Tropes,vignettes, Reactions of chemistry {Observations, lab
stories) and education book)

Figure 9. The narratives of experience. Narratives are a more accurate
representation of the experience that takes place in reactions of chemistry and
education.



CHAPTER Iii
SOME BASIC " CHEMISTRY

Historically Speaking

Chemistry was used long before it became known as a formal science. When cave
dwellers first learned how to harness fire and cook their foed, they were already using
chemistry; pottery and metallurgy are two ancient chemical industries, and people have
also known for thousands of years how to make beer and wine, and how to use planis to
dye cloth. The alchemists [early chemists] believed that it was possible to transform one
substance into another, for example to transform lead into gold. Their study of matter was
based as much on magic and religion as on science. Although the name "alchemy”
conjures up images of bearded men in long gowns mixing up strange brews, alchemists
during the Middle Ages made real discoveries in some areas of science such as
metallurgy.

Approximately 400 BC, a philosopher named Democritus (Holliday, 1970)

developed the first atomic theory. He believed that nature is made of atoms; tiny particles

"The chemnistry concepts presented in this chapter are an amalgamation of standard concepts for chemistry
from the following six sources:

Brown, T. L., Lemay, H. E.Jr, & Bursten, B.E. (2000). Chemistry: The central science. Upper Saddle
River, New Jersey. Prentice Hall,

Chang, R. (1954). Chemistry. 5™ Ed. Montreal. McGraw-Hill Inc.

Kotz, J. C. & Treichel, P. Jr. (1996). Chemistry & chemical reactivity. 3", Ed. Toronto. Saunders Cotlege
Publishing.

Masterton, W. L, Slowinski, E. J. & Stanitski, C. L. (1986). Chemical principles with gualitative analysis.
6™ Ed. Toronto. Saunders College Publishing.

Petrucci, R. H., Harwood, W. S, & Henning, F. G. (2002). General chemistry. 8" Ed. Upper Saddle River,
New Jersey. Prentice Hall.

Robinson, W. R, Gdom, J. D. & Holtzclaw, H. F. (1992). Chemistry: Concepts and models. Toronto, D.C.
Heath and Company.
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that are attached to one another. He also realized that the number of atoms, their
arrangement, and the strength of the bonds between them varied from one substance to
another and he theorized that the strongest bonds between atoms were formed by a hook-
and-eye connection. A little later, around 300 B.C., Epicuras theorized that atoms had
mass and around 100 B.C., Asklepiades introduced the idea of atoms occurring in
clusters. We now call such clusters molecules.

Democritus was way ahead of his time, It took scientists 2000 years to realize that
his theory was basically correct, except for the hooks. He used the concept of atoms, and
their ability to scatter [move further apart] or pack tightly together to explain the
properties, such as density and evaporation of substances. All atomic theory is built on
the theory of Leucippius and Democritﬁs; "the properties of matter that we can see are
explained by the properites and behavior of atoms we cannot see" (Kotz and Treichel,
(1996, p. 59).

John Dalton was responsible for our modern concept of the atom. In 1803, he
proposed a theory that was quickly accepted and mcreasingly confirmed as an
explanation for the composition of matter. He linked the existence of elements which
cannot be decomposed chemically to atoms which are the smallest indivisible, unique
[own characteristics and mass] particles. Compounds are comprised of two or more
different kinds of atoms and are able to be broken down into two or more new
substances. His mass theory of atoms paved the way for quantitative analysis in
chemistry. Dalton’s atomic theory enabled chemists to analyze [decompose] and

synthesize [or build] known molecules, as well as many other molecules that are not
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found 1n nature. Dalton's ideas led to his postulates of atomic theery (Kotz and Treichel,
1996).

Ancient Greek philosophers such as Plato and Aristotle argued against the
existence of atoms. Aristotle theorized that everything that exists is made up of four
elements: earth, air, water and fire. This theory was generally accepted until the
gighteenth century, and it influenced everyone who tried to explain the nature of matter.
In the seventeenth century, scientists began performing experiments that led to the birth
of modem chemistry. Through the systematic use of a balance and other measuring
instruments such as a barometer and a thermometer, Antoine Lavoisier (1743-1794)
(Kotz and Treichel, 1996, p. 60), considered to be the Father of Modern Chemistry,
replaced the theory with a new concept of elements comprising matter rather than the
general elements of earth, water, wind and fire. With such a concept of individual
elements and the introduction of his rigorous experimental method, Lavoisier changed the

course of chemistry and paved the way for future research.

States of Matter and Atomic Structure

Matter is anything that has mass and takes up space. You could say that
everything in the universe is matter and all matter in the universe is comprised of atoms
that combine with each other to form molecules. Chemistry and all participants of
chemical reactions can be distilled down to the simplest, indivisible, most significant
component, the atom, which from its Greek etymology means uncuttable. Atoms are
extremely small, having a radius of abeut 0.0000000003 meters. According to Kotz and
Treichel (1996), if one were to put this into context, one teaspoon of water would contain

about three times as many atoms as the number of teaspoons of water in the Atlantic
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Ocean. An atom is the smaliest particle of an element having the properties of that
element and atoms are the basic units of molecules; rdered arrangements of like atoms. A
compound occurs when two or more elements bond together and such compounds are
capable of being broken down into their individual atoms. A substance may be comprised
of many compounds and have specific properties associated with it

If one locks at chemistry as a metaphor for education, then matter in education
would be considered the whole of education. It is comprised of everything that makes up
education, the teachers, the students, the curriculum, the schools, the administration, the
rules and policies, et cetera. The atoms of education, the smallest indivisible parts, are the
teachers and the students and as in chemistry, the molecules in education would be an
ordered arrangement of like atoms for example, the students of a class or the teachers of a
school or a university department. A compound occurs when two or more elements come
together and would be equitable to the various relationships the elements form. Such
compounds or faculties are capable of being broken down into their individual atoms
[professors, students, teachers, et cetera]. A substance may be comprised of many
compounds and has specific properties associated with it. One might consider a substance
in education to be a subject of the curriculum, math for example, that has specific
properties and characteristics that are different from another substance such as, say, art.
A substance 1s a collective group.

The three basic constituents of a chemical atorﬁ are the electrons, protons, and
neutrons. The atom has a dense central core, a nucleus, which contains the protons and
neutrons surrounded by the electrons housed in orbitals in the space around the nucleus.

Protons have a positive electric charge and the number of protons in the nucleus
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determines the type of atom [or person] it is as well as its position within the periodic
table. Rutherford noticed a discrepancy in the mass of the nucleus relative to the number
of protons and suggested ancther particle having no net charge but a similar mass to the
proton, a neutron, must be responsible for this, His assistant, James Chadwick, proved the
existence of the neutron in 1932 (Peake, 1989). Neutrons are "neutral,” as they carry no
electric charge. The number of neutrons in an atom can be the same as the number of
protons, but is usually higher. An element is a particular "type" of atom having a specific
number of protons and electrons and is a pure substance that cannot be broken down into
simpler components by ordinary chemical means. A molecule is an ordered arrangement
of atoms of one or more elements and is the smallest particle of a substance that can exist
independently and have all the propertics of that substance. £lectrons have a negative
charge, rotate in orbits or "energy levels" around the nucleus of an atom and are the
principle components of all chemical reactions. They are missing something so are in
continual search of an attachment, a connection. Considered to be the chemist's glue, they
are the currency that is exchanged between atoms and the movement or jumping of the
electrons from one orbital to another is the basis of the chemistry of all reactions and
formation of compounds. The number of electrons 1s equivalent to the number of protons
in an electrically neutral atom.

Rutherford, in 1911, theorized that the electrons circled around the nucleus much
like the planets orbit the sun, with a large space between the nucleus and the orbiting
electrons thus forming a concentric ring-like structure which he initially called orbitals.
The orbitals can more correctly be described as energy levels and the bigger the orbital

the higher the energy level. Therefore those orbitals closest to the core or nucleus of the



72

atom, being the smallest in diameter, are the lowest energy level. Because the size of the
orbitals increases as electrons move away from the central core, energy levels also
increase. A positively-charged atom has fewer electrons than protons and a negatively-
charged atom has more electrons than protons. A neutral atom, therefore has the same
number of protons and electrons.

What is the nucleus of the education atoms [the teachers and the students]? 1
would argue the nucleus is each individual's way-of-being, their knowledge base of
existence. It is the core of the individual. According to Dalton, atoms are indivisible but
as Marie and Pierre Curie discovered, atoms are also comprised of subatomic particles
and in particular cases they are capable of being further broken down to become
something different and removed from the original. The nucleus or core of each
individual is comprised of further subatomic particles; the protons and the neutrons. The
protons [positively charged, subatomic parts of the nucleus], in the educational atom,
represent the individual's values, beliefs, knowledge base, et cetera, entities that are long
established and central to one's being. What happens though when the protons break
down into their subatomic particles, when those values, systems of belief and knowledge
that comprise one's nucleus, one's way of being, one's central core, are challenged? Do
they become different atoms/individuals, changed forever? Is this new form beneficial?
How do they go on 1in this new form?

Housed within the nucleus are also the neutrons, those subatomic particles
possessing no net charge [no judgement] which give weight or mass to the nucleus and
augment or support the protons but are not the fundamental base or system of beliefs.

They have no net charge [do not react] and thus form a concrete base. For example, the
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belief in a God might be considered a fundamental subatomic particle of one's nuclear
makeup, but which church one attends is really irrelevant, and therefore neutral, a
neutron, to the overall belief in a God. The electrons of each individual/atom are the
individual’s learning capabilities which have been developed throughout her life. The
level of education of the individual determines how they react and interact with the
learning capabilities [electrons] of other atoms. The atoms' capabilities, which also
incorporate their personalities, are subject to change, movement, volatility, and variability
and this allows for a myriad of interactions and reactions [positive or negative] to be
possible with other elements [individuals] of varying composition and personality. Figure
10 is a composite, pictorial representation of the analogous atoms of chemistry and
education.

Within the interior of the atom and external to the nucleus are located the
electrons [chemical or educational glue]. Each electron has a specific "address" [location]
within the atom, the combination of which serves as a blueprint, a unique personality of
the atom [individual]. The blueprint dictates how that atom will interact or reactin a
given encounter with another atom. The same holds true for the unique personalities of
the atoms [individuals] of education. How they react or interact is dependent on many

factors one of the greatest being personality.



Electrons
Negatively charged particles
[ways of being, learning
capabilities] highly reactive
with protons

Nuclens
Central core of an atom
containing the protons
and the neutrons
[core of each individual,
individual's way of
being, total knowledge]
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Protons
Positively charged species
[fundamental base knowledge
and principal base, highly
interactive with negatively
charged species]

Neutrons
Neutral species, zero net
charge [equal number of

protons and electrons,
balanced, incorporated

way of being, beliefs]

knowledge base, individual's

Figure 10. Diagram of a chemical/educational atom [individual students]. The
square brackets give the analogous and comparative definition for education. The
nucleus, the core of the atom, cortains one or more tightly packed protons
carrying a positive charge and the neutrons which carry no charge. The electrons,
having a negative charge, are arranged in space as a "cloud" around the nucleus
with the number of electrons being equivalent to the number of protons in an
electrically neutral atom. if there are more electrons than protons the overall
charge on the molecule is negative and if there are more protons than electrons,
the overall charge on the molecule is positive.
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The specific location or address of the electrons within an atom is designated by
the quantum numbers, The principal or first quantum number (1) designates the shell,
equivalent to a row in the periodic table (see the chemical periodic table, Chapter V).
Since there are seven rows to the periodic table there are seven principle quantum
numbers. The lower the quantum number, the closer to the nucleus the electron is and the
smaller the shell size due to the strength of the electric draw by the nucleus. The shell
size increases with increasing quantum numbers as the charge draw on the electron
decreases with increasing distance, allowing for freer movement of the electrons. Filled
shells, (core shells) are generally not of interest in terms of chemical reactions as they
contain the core, paired, unreactive and unavailable electrons. 1t is only those shells that
are partially full, the valence [outermost] shells containing the valence [unpaired]
electrons, which impart an atom’s chemical properties.

One might consider the shell of the educational atom [the individual] to be the
levels of knowledge, both learning and learned, for any given subject or situation within
education. As in the chemical atom, the lower the quantum number the closer to the
nucleus the shell is and as one moves away from the nucleus the shell size increases. If
we look at the seven rows of the periodic table as being levels of knowledge, then the
layers closest to the nucleus are the most central; "the core/learned knowledge”
[consolidated, therefore the orbital size is smaller, more condensed] while those shells
further away from the nucleus are larger [more room) allowing for more reactivity and
incorporation of [learning] knowledge. As the shells become filled [electrons paired] they

become "core knowledge".
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Embedded within each shell are the very important subshells {shell within the

principal shell) designated by ¢ and there are n-7 subshells within each shell of an atom.

The orbitals within the subshell, designated by the third quantum number «, are the

regions surrounding the nucleus where the electrons are most likely to be. Subshells
within education could be equated to the various subjects or areas of learning and the
electrons contained within the subshells the interactions [abilities] for learning. The spin
state, +1/2 or -1/2 of the electron within each orbital is designated by the fourth quantum

number #,. In education, such positive, negative and neutral [containing both spin states

so that they cancel each other out] spin states might reflect the different [positive,
negative and neutral] personalities of atoms. Thus each electron within an atom has its
own unique fingerprint set of quantum numbers, its own personality or character or
profile.

This layered knowledge of depth and ability is the fundamental core established in
the earlier years of learning [fundamental principles of all learning] that are built upon by
experience and that are continually being added to. As the shells are being filled, they
become the foundation of one's being, one's philosophy. Ability refers to one's ability to
interact and react with other atoms [individuals] much of which is based on the central
core and one's depth. If one thinks of the outer shells as being experience and as not
being totally filled, then there is the ability for interaction; for engagement; for learning.
As one moves across and down the periodic table the number and size of the shells

increases as does the filing of the shells, the number of electrons in the shell [the

capacity].
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The various layers of the electron can be equated to instructional scaffolding in
education (Herber and Herber, 1993 p. 138) and much like the scaffold provides a
structure to support workers in their job, so too do the shells of the electron provide
support for the electron/student. As a teaching strategy, instructional scaffolding provides
students with modelling, gnided practice with new knowledge, new skills, and new
attributes that would normally be toc difficult for them by providing extensive
mstructional support [scaffolding] to assist them. Much like filling the levels of the
electron, once the students bridge what they already know to deep understanding of new
material and once having mastered the task it becomes permanently internalized as core
knowledge (Turnbull et al, 1999). The instructor in the beginning models the task in its
entirety and the students, once having observed the model and had guided practice,
perform the task independently and go on to produce creative extensions. The different
instructional scaffolding techniques: modeling of desire behaviors, offering explanations,
inviting student participation, verifying and clarifying student understandings, and
inviting student to contribute clues (Hogan and Pressley, 1997) are equitable to
performing reactions in chemistry such that learning the reaction [task or knowledge to
be learned] moves to a deeper understanding that becomes incorporated into the core
knowledge thus allowing one to apply that knowledge to further learning.

If learning and leaming capabilities are considered to be the electrons and the
protons the knowledge base then, a neutral atom, is considered to be a balanced
atom/individual having the same number of protons as electrons; learning becomnes
processed to knowledge immediately [core of nucleus]. This is possibly when learning

new material is essentially easy. When there is a deficit of electrons relative to the
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number of protons, then the atom is a positively charged atom and is capable of taking in
more information, capable of higher learning and will react favorably with negatively-
charged atoms to form learning compounds [chemical compounds]; learning gets
processed very rapidly; “sucked up”. I often think of how quickly small children learn
and think of them as learning magnets or knowledge sinks. A negative atom is one that
has more electrons than protons and thus has an overall negative charge, has learned
“enough” [for awhile] such that there is spillover and now the learning has to be
processed to become part of the knowledge base [proton]. This is when learning i1s more
difficult and this type of atom attracts or is attracted te positively charged atoms, possibly
to learn from their knowledge base. One could think of the student-teacher relationship in
this way; the student 1s “absorbing” or learning the information provided by the
knowledge base of the teacher. Within each category of neutral, negative and positive
atoms are of course the different personalities, the neutral, negative and positive
individuals. Such personalities will impact greatly on the learning capabilities of the
various atoms.

All like atoms have the same number of protons in the nucleus. The number of
protons is referred to as the atomic number and this atomic number, denoted by the
symbol Z, designates an atom's position within the chemical or educational periodic table
of elements. The mass number, designated by the symbol 4, is a combination of the mass
of the protons and the mass of the neutrons. In the educational atom, the mass number

represents one's learning potential and learned/incorporated knowledge.
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D

/V

Atomic Number

* The number of protons
in the nucieus of an
atom.

[values, beliefs,
knowledge

Element Symbol
A one or two-letter

representation of the
element. [such
representation in
education will be the
tropes]

Figure 11. Symbolic designation of an element.

H

Lk

(protium)

3
L

(deuterium)

(tritium)

hydrogen) which is non radioactive and a radioactive isotope tritium.

Figure 12. The non-radioactive and radioactive isotopes of hydrogen.

Isotapes, different forms of the same clement much like different colored socks in
your wardrobe or the different hats an individual has to wear within the educational
system, have the same atomic number Z but a different mass number 4. Most elements
have one or two stable non radicactive isotopes. Hydrogen (protium) the simplest atom

containing one proton and one neutron for example, has two isotopes deuterium (heavy
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A radioactive element, first discovered by Marie and Pierre Currie (McGrayne, 1953) is
one which emits alpha, beta, and gamima particles. In the loss of particles, the nucleus of
the atoms of radioactive substances themselves disintegrate over time to become new sub
elements. As a result of their discovery, Dalton's theory of the non-reducibility of atoms
had to be extended to include subatemic particles, particles [alpha, beta and gamma]
smaller than an atom. Even though isotopes have the same atomic number, the
substitution of one isotope for another in a compound can change the compound's
properties drastically and can have very different results [think of the effects and
implications of substituting a radioactive isotope for a non-radicactive isotope in a
compound or a chemical reaction].

1f one considers the teachers and the students to be the basic indivisible atoms of
education, then one needs to consider the reactions and interactions of these elements.
Isotopes in education would be the different "ways of being” [personifications] of an
individual atom; the different hats wom by an individual. Like the chemical elements,
most elements of education have one or two [or more] stable isotopes but each
element/person has a radioactive "way of being,” the highly reactive "way of being" that
we, for the most part, "keep a leash on." This radioactive way of being, like in the
chermical element, leads to decomposition and possibly difficulty [either teaching or
learning] and generally results in a "new" [not always better] way of being in teaching
and learning.
Chemical Reactions

Chemical reactions occur as a result of the interactions (loss or gain) of the

valence electrons, in the outermost orbitals of the elements. Electrons may be lost (given
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up to another element), shared equally between elements, or gained (gained from another
element). The most stable form of an atom is when that atom is neutral, contamns the same
number of protons as electrons such that there is a net or overall charge. The loss of
electrons from an atom results in the atom, a cation, carrying a more positive charge.

A D> AT+ Xe
The number of electrons lost determines the degree of charge on the atom thus making a
neutral atom more positive, a positive atom even more positive and a negative atom more
positive. For example,

A" > AT+ Le

AT > AT+ e

AT A+ 1e

This can be equated to education where the loss of an electron or electrons therefore can
serve to make any situation of any sort [learning environment, learning ability, teaching
environment, teaching or learning difficulty, et cetera] more positive [more favorable].
The gain of electrons by an atom results in an atom, an anion, carrying a more negative
charge.

A+ Xe > AY
Again, the number of electrons gained will determine the degree of charge on the atom.
A neutral atom can become more negative, a positive atom more negative or neutral and a
negative atom even more negative. The degree of charge change will be dependent on the

number of electrons gained. For examplie,
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A'+ 1 > AT

AT+ te> A°

Al +1e > A7

Although knowledge of electronic structure of atoms is imperative, generally
isolated atoms are not involved in chemical reactions, rather groups of two or more atoms
and the attractive forces between them referred to as chemical bonds hold the atoms
together. Electrons are the chemists' glue and as such free electrons of one element will
react with free electrons of another element to form bonds, the type and strength of which
is dependent on the element, the reaction environment and available electrons. Such
reaction of the elements leads to the formation of chemical compounds. If the atoms
separate, the bonds are destroyed and the compounds as well are destroyed. Other
compounds may be formed as a result of the breakdown of the compound, liberation of
the atoms and the formation of new bonds and compounds. Equitably, the reaction of
educational compounds (see following section) rearrangement of the atoms or the
breakdown of the educational compound [whatever that may be] leading to the liberation
of the atoms [students, teachers, philosophies, pedagogies, curriculum, et cetera
comprising the above compound] can result in the formation of new associations and may
lead to the formation of new bonds [interactions/relationships] and new compounds.
Two basic types of bonding important for chemical reactions are ionic bonding

and covalent bonding. Ionic bonding occurs when there is electrostatic attraction between
ions of opposite charge resulting in an electrically neutral compound. For example,

A"+ B > AB
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Such a compound in education could result at many levels of teaching and learning where
two opposite personalities, philosophies, et cetera are attracted or come together, forming
possibly a greater more functional compound. Covalent bonds are formed through the
sharing of electrons in the overlapping of orbitals of the constituent atoms. For example,
A+ B =< AB
In most cases when compounds share electrons they do so to form the status of a noble
gas (see periodic table). Educationally such a bond would exist in the sharing of
information, knowledge, et cetera, leading to the formation of strong, cohesive groups
[compounds].

The electrons involved in reactions reside in the outermost energy level and the
energy required to send this electron off or for this electron to react is termed ionization
energy. The amount of energy required is dependent on how tightly bound the electron 1s
to the nucleus and if there is more than one electron involved in the reaction.

The more electrons there are the greater the amount of energy required to send them off
or have them interact/react. Therefore as we move across the periodic tables, the number
of outermost electrons increases and thus does the complexity of reactivity. Young
children are very enthusiastic and thus very willingly engage interactively in reactions
and are very receptive to learning, Thus in Groups 1 and 2, the very early learning years,
the energy required for engagement in learning is low relative to the higher educational
levels. Sometimes, energy-wise, it is more economical to accept electrons than to send
them off when the orbitals are nearly full as is the case with the elements of Group 7, the
halogens [or graduates in the educational periodic table] (see the chemical and

educational periodic tables, Chapter V). Such an affinity for gaining electrons allows
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them to act like an electron sink and makes them highly reactive and interactive with
elements such as the alkali metals that willingly denate their electrons. I often think of the
willingness of small children to engage and learn, to interact with older children and how
they learn so quickly from them; mentoring in the school system is a good example of
such learning. In the university setting, graduate students are often used to teach in the
introductory level courses and graduate students often serve as mentors for incoming
freshmen. Thus they become a sink of experience for new students coming in.

The filling of the outermost orbitals (s =2 and p = 6 for a total of eight outermost
valence electrons) provides stability to an element and thus making it unreactive. The
elements of Group18, the noble gases [stable professional status] have a filled outermost
orbital (eight electrons) and thus are the most stable and unreactive of the elements.
Essentially they are complete [full] and unreactive [in terms of chemical reactions such as
bonding]. The goal in chemical reactions is to provide stability to the reacting elements
by gaining or losing electrons such that there are no unpaired electrons. The highest
stability is achieved when there are eight (an octet) paired electrons in the outermost
shell. This is called the octer rule and in education this would be considered the
completed curriculum [etther orbital or at a specific level].

The goal/aim of education is to complete the curriculum, fill the orbitals, for each
subject and level of learning. The ultimate stability is achieved when all levels of
education [learning] have been completed and there is an octet [completion of education]
achieved and a transition from learner [student] to knower [teacher/ professional] in the

completion of the whole of the curriculum.
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If one considers the teachers and students to be the basic, indivisible atoms of
education, then it is enlightening to consider what happens when these atoms interact. It
is my theory that transferring those concepts to a periodic table of education can assist

with new undertaking of the chemistry of education,



CHAPTER IV

8A HERMENEUTIC STUDY OF THE DISCOURSE OF
THE CHEMICAL LANGUAGE

Analogous Definitions to Education

A metaphor is considered to be an assertion or identity, a comparison between to
unlike objects that does not use "like" or "as" but rather is an implied comparison in
which the word or phrase that is used ordinarily for one is applied to another. In this
thesis, [ have used the Periodic Table of Chemistry to develop an elaborated metaphor for
teaching that can be applied to the discipline of education. As a result, this thesis employs
extensive vocabulary from both disciplines. I will clarify that double helix of terminology
in this section, so that a discourse can emerge as one that "grows in the middle" (Aoki,
1993, p.9).

Every discipline has its own vocabulary, its own specific lexicon or dictionary of
terminology. The semantics of the lexicon, the context-independent truth or meaning of a

parttcular word or phrase is understood and used by those in the discipline without much

* The chemistry definitions are an amalgamation of standard definitions for chemistry terminology from the
following six sources:

Brown, T.L., Lemay, HE.Jr., & Bursten, B.E. (2000). Chemisiry: The central science. Upper Saddle
River, New Jersey. Prentice Hall.

Chang, R. {1994}, Chemistry. ™ Ed. Montreal. McGraw-Hill Inc.

Kotz, J.C. & Treichel, P. Jr. (1996). Chemistry & chemical reactivity. 3", Ed. Toronto. Saunders College
Publishing.

Masterton, W.L, Slowinski, E.J. & Stanitski, C.L. (1986). Chemical principles with qualitative analysis. 6©
Ed. Torento. Saunders College Publishing.

Petrucei, R.H., Harwood, W.S. & Henning, F.G. (2002). General chemisiry. 8" Ed. Upper Saddie River,
New Jersey. Prentice Hall.

Robinson, W.R., Odom, J.D. & Holtzelaw, H. F. (1992). Chemistrv: Concepts and models. Toronto. D.C.
Heath and Company.
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forethought. However, in bridging the disciplines of chemistry and education and to have
a discourse or conversational interaction between the two disciplines, to discuss the
chemistry of education, one must have an understanding of the lexical semantics, the
semantic structure associated with a word, phrase or sentence as represented in the
lexicon. Because I am trying to understand the chemistry of education, the pragmatics of
this section will involve 2 study of the relations between language and context that are
basic to the language of chemistry. Such pragmatics will look at the interaction between
specific linguistic knowledge [chemical vocabulary] and its relation to more general
world knowledge, that of education, much like a metaphor. A pragmatic linguistic
analysis will allow for the building of analogous definitions to bridge the two disciplines.
The analogous, bridging definitions developed are based on my own knowledge and
experience of the language of chemistry and my current, less-experienced knowledge of
the discipline of education. Implicit in these definitions is the assumption that the
language of one discipline can be used to bridge another discipline through the
development of an extended or more encompassing relational vocabulary. Also implicit 15
that pragmatic reasoning works to logically build a relationship between the syntactic and
semantic analysis of a word. Thus the idiosyncratic uses and interpretations of words in
chemistry will be expanded to encompass a comparative relational lexicon in education.
The following relational definiticns have involved much research and thought and
are thus one interpretation for the purpose of this thesis with the realization [on my part]
that many of the analogous definitions are open-ended and subject to much conversation

and even debate.
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Glossary of Terms

Accuracy: Accuracy refers to how close to the true value a given measurement is.
In chemistry accuracy refers to the results of work done and how close those results are to
the known value. Many factors, some controllable others uncontrollable, influence
accuracy. Educational accuracy may refer to how close to the true curriculum teaching
comes. As in chemistry, accuracy in education is influenced by both controllable and
uncontrollable factors.

Acid: An acid is a substance that will donate hydrogen (H') atoms when dissolved
in water. It lowers the pH of the solution and if sufficiently lowered (removed from
neutral pH of 7) the solution can be corrosive and damaging to the skin and other
materials. Acids serve as proton donors according to the Bronsted-Lowry theory or,
according to Lewis theory as electron pair acceptors thus enabling the formation of a
covalent bond. An educational acid may be any individual [teacher, student,
administrator, et cetera] who can make a situation less than faverable; removes it from
the optimum. If sufficiently removed then the environment can become uncomfortable
and even hostile to others. Comparatively, acidic individuals can serve to bring a more
basic situation closer to neutrality, thus making a situation or an environment more
neutral.

Activated complex. An activated complex is the intermediate compound formed in
a chemical reaction that is generally not sustained in this form but that is capable of either

dissociating back to re-form the reactants or forward to form the products.

A+ B g P AR LT PC-D
(reactants) (activated com iex) (products}

*Aand B represent generic symbols for elements and are used to illustrate a general concept or reaction
mechanism rather than a specific reaction throughout this paper.
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In a similar fashion, an educational activated complex may be an intermediate that is not
sustained but that is formed in any reaction of teaching and learning in the delivery and
acquisition of the curniculum.,

Teacher + Student 1--_—? Teacher/Student*_”‘ Changed + Learned

Teacher Student
(reactants) (activated complex) {products)

Student + Curriculum —p-Student/Curriculum*— I earned + Curriculum

Student
(rcactants) (activated complex) (products)

Activation energy: The activation energy is the minimum amount of energy
required to produce sufficient collisions of the reacting molecules thus driving the
reaction to produce the products. Educational activation energy is/may be the amount of
energy input (from various input sources) required to make a teaching/learning reaction
successful. It may also be the amount of personal energy required by the
teacher/instructor to navigate in times of teaching difficulty. Comparatively, it may also
be the amount of energy (perseverance) required by the student to “stick with it” in times
of learning difficulty.

Active site; An active site is the small three-dimensional region of an enzyme,
having a specific shape necessary to bind the substrate and catalyze the appropriate
reaction. The active site is stabilized by the three-dimensional structure of the enzyme the
loss of which generally renders an enzyme non functional. The loss of that three
dimensional structure is most often due to a change in the environment in which the
enzyme exists. The educational active site, the heart of teaching, is the curriculum.

Curriculum 1s the site of reaction/interaction between the student and the teacher. Like
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the active site of an enzyme, it has a specific, conformational structure. In parallel
though, the active site of education might also be considered to be the teacher. Without
the teacher, the delivery of the curriculum is non existent. The functionality of the active
site, the three-dimensional structure, is stabilized by the strength of the teacher but may
be influenced by many extraneous factors that maintain the environment. Disruption or
damage of the active site can lead to teaching difficulty.

Actual yield: The actual yield is the amount, or measured quantity of product
actually obtained from a reaction. The educational actual yield is considered to be the
performance, outcome or assessed value of the student in an activity, an assignment, a
class, et cetera; the actual achievement of the student. Actual yield may also refer to the
performance of the teacher or instructor as assessed by the students, her colleagues or her
superiors. It may also refer to the actual outcome or effectiveness of the delivery of the
curriculum.

Allotropy: Allotropy is the existence of a molecule in two or more different
molecular forms such as oxygen {O-) and ozone (O3} or red and white phosphorus.
Educational allotropy refers to those individuals capable of wearing more than one hat,
who have many roles within the system. It may also refer to multiple ways of presenting
or delivering the same curriculum such as different rubrics or different teaching styles. In
addition, it could also refer to different learning abilities and styles. In other words, itis a
component of education that may appear in one or more different forms.

Alkali meral: Alkali metals refer to any element in Group 1 of the Chemical

Periodic Table. Educational alkali metals refer to any element in Group 1 of the
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Educational Periodic Table, those elements/individuals of the early childhood (pre-K and
K) group.

Alkaline earth metal: Alkaline earth metals refer to any element belonging to
Group 2 of the Chemical Periodic Table. Educational alkaline earth metals refer to any
element in Group 2 of the Educational Periodic Table, early elementary education {grades
1-3).

Amphoteric: Amphoteric refers to a compound that exhibits both acidic and basic
properties; has the capabilities of behaving as both an acid or a base. Amphoteric in
education refers to those individuals who can display opposing personalities and
behaviors, those individuals who might "say one thing" but do another. In contrast,
amphoteric individuals are those individuals who are able to interact and adapt to
completely opposing situations; resilient individuals.

Anabolism. Anabolism is a metabolic reaction sequence that assembles larger
molecules by putting building blocks or smaller molecules/fragments together; building
reactions. Educational anabolism refers to building on the basics, for example; starting
with the alphabet, moving to phonetic sounds, words, sentences, with the eventual end
product of reading; building more cemplicated curriculum from the fundamental basics;
stepwise learning processes, building on fundamentals.

Anion: An anion is a negatively charged atom or group of atoms attracted
preferentially to cations, oppositely charged [positive] ions, but repel like anions. An
educational anion 1s a negatively charged individual, group of individuals, or a situation
that interacts with individuals or situations of opposite charge or personality resulting in a

neutralization [opposites attract/interact] while like-charged individuals could upset the
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dynamics and serve as a source ef conflict [like atoms repel] or be antagenistic. Anions
could possibly represent the recognition of the lesser positive side of oneself.
Anion-making reaction: X = XU+ 1¢

Agqueous solution: An aqueous solution is any solution comprised of water as the
solvent; the reaction medium for non organic reactions in which the solute [compound or
substance] is dissolved. All reactions must take place in some type of medium. The
educational agueous solution or the medium for reactions in education would be the
environment in which reactions {teaching and learning] take place. In the case of
teaching/learning, it can be individual classes or classrooms, or a more larger
environment such as the school or institution. Such an environment is generally favorable
as the reactants and the products are dissolved in the medium rather than precipitating
out.

Atom: An atom is the smallest particle, the basic building block of material, that
retains the chemical properties of an element. It is comprised of a central core called a
nucleus containing protons and neutrons surrounded by outer orbitals housing electrons.
In education, the atom refers to the smallest particle that retains the properties of the
elements (the teachers and the students). The smallest particle therefore would be the
individual teachers and students, each comprised of a central core or nucleus, his or her
mind, while the individual and varied personalities (positive, negative or neutral) would
be the orbitals, how they present themselves and interact with the rest of the world. The
individual parts of the whole of the curriculum might also be considered to be atoms with
the nucleus being the basics or fundamental principles of curriculum and the orbitals are

the various rubrics and levels of the curriculum.
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Atomic mass. Atomic mass refers to the weighted average mass of an element's
naturally occurring isotopes. An educational atomic mass refers to the weighted average
mass (philosophies, pedagogies or ways of thinking) of an element's naturally occurring
isotopes, the various types of teachers. If the atomic mass represents students as the
atoms, then it refers to the weighted average mass of the naturally occurring types of
students and their differing stages, personalities, abilities to learn et cetera. It may also
refer to the weighted average mass (variations or rubrics) of a particular curriculum.

Atomic number (Z): Atomic mumber refers to the number of protons in an atom's
nucleus. All atoms of the same element have the same number of protons in their nucleus.
Differing elements have different atomic numbers and are thus distinguishable from one
another based on this. It is also how elements are positioned within the periodic table. In
education the atomic number refers to the different students within each of the groups
and periods [stage of learning]. All students [elements] at a given point have the same
number of protons [ability] but differ in their experience, personality, and reactivity, thus
allowing them to be distinguished by their position within the educational periodic table.

Atomic orbital: Atomic orbital, or orbital, refers to the region of space where an
electron is likely to be found. Orbitals encircle and extend from the nucleus and contain
the electrons. Atomic orbitals are designated by the Schrodinger Wave Equation and are
comprised of s, p, d, and f orbitals. The degree to which the orbitals are filled by electrons
determines the reactivity of the elements. The educational atomic orbital refers to the
region of the curriculum where a student may be found. The orbitals might be considered
to be the layers or content within the curriculum. The degree to which the orbitals are

filled is indicative of the levels of learned curriculum.
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Balanced equation: A chemical equation is said to be balanced when the number
and kinds of atoms on both sides of the reaction arrow (reactant and products) are said to
be equal. In education, a balanced equation may refer to equal numbers of individuals
putting in an effort as those reaping the rewards of such efforts (effort = rewards),
reciprocity (give = take situations) and the dynamics of these. It may also refer to a
balanced curriculum, one which incorporates all areas of the curriculum equally.

Base: A base is a compound capable of producing negative hydroxide (OH’) 10ns
in an aqueous environment, For example, sodium hydroxide dissociates to yield a
positive sodium cation and a negatively charge hydroxide anion,

(NaOH -> Na~ + OH)
Both the cation and anion generated are capable of entering into further reactions. 4 base
in education may be considered to be a counterpart to an acidic individual such that the
combination or reaction of the two leads to a neutralization, or at the very least, an
elevation of pH to a more neutral environment or relationship. A base is capable of
neutralization through the elevation of pH by adding negatively charged anionic
compounds to the positively charged acidic environment.

A" + B > AB
{acid) (base) (neutral product)

Biochemistry.: Biochemistry is the integration of chemistry and biclogy in dealing
with the chemistry of living organisms. Educational biochemistry refers to the chemistry
of the inter- and intra-relationships of education. The chemistry of education is governed
by the dynamic and unpredictable complications of human nature much like the
chemistry of living organisms is governed by the unpredictability of a living system.

Education is a living system and is thus subject to the unpredictability and unreliability of
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living systems. Reactions in either chemistry or education are rarely black and white
having no side reactions or interferences.

Boiling point. The boiling point is the point at which the temperature of a liquid
and vapor coexist in equilibrium, the vapor being the transition or escape of the
molecules constrained by the liquid phase to the gaseous phase of more freedom and
movement. In boiling, as the temperature is increased and the boiling point reached the
interactions between the molecules, the number of collisions increases such that
eventually some of the collisions result in some of the molecules being bumped from the
liquid phase to the vapor or gaseous phase. The educational boiling point is the point at
which there is a change in state (dynamics, operation, functioning, et cetera) of an
environment, a reaction, a situation, et cetera. It might be the point at which students
leave the constraints of the educational curriculum to apply their knowledge (learned
curriculum) to their lives; the point at which the student moves from the affective domain
[liquid state] to the psychomotor [gaseous state] (Bloom, 1956). It might also be
considered to be the point at which “all hell breaks loose” [where chaos occurs] n a
difficult environment. In this case the classroom might contain the difficulty to an extent
and when the difficulty becomes too great then there is a breakdown in the dynamics of
the classroom. Boiling point might also be the point at which teachers with teaching
difficulty lose it; the difficulty is contained within the individual for a period of time and
then erupts into a visible difficulty or breakdown when it is no longer confinable. The
educational boiling point may also refer to the point at which a curriculum breaks down,
where it is no longer effective. In other words, the boiling point is the point at which

there is a change in physical state; the "breakpoint".
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Bond: A bond is one of the various types of linkages, connections, between two
atoms. A bond in education is one of the various types of connections between two
educational atoms, teachers, students, teachers and students, parts of a curriculum,
courses within a program, et cetera.

Bond dissociation energy: The bond dissociation energy is the amount of energy
required to break a chemical bond in an isolated molecule when it is in the gaseous state.
The bond dissociation energy in education is the amount of energy required to break any
bond, be it bonds of curriculum, bonds between the teacher and the student, between
students, or between teachers. What is the energy input required to accomplish this?
What does it take to break a specific bond?

Bonding electron pair: The bonding electron pair refers to the pair of valence
electrons involved in covalent bonding. The bonding electron pair in education is the
attraction or connection between entities [individuals, teachers, students, et cetera]. It
may be the personalities of the individuals, a common interest, a common experience,
that attracts or bonds two individuals, the strength of which can be variable.

Buffer capaciry: Buffering capacity refers to a measure of the amount of acid or
base that can be absorbed without significant changes in pH; the ability of the system to
compensate for changes in pH. Buffering capacity in education is a measure of the ability
of the teacher, student, or institution to absorb change or difficulty such that there 1s a
steady environment; the ability to go with the flow.

Buffer solution: A buffer solution is a solution comprised of a weak acid and its
conjugate base such that it is capable of absorbing excess H™ or OH™ by neutralizing

them, thus acting like an acid-base sponge. This enables the environment to resist small
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changes in pH with relatively large changes in volume. fn education, a buffer is the
philosophy of the teacher and her way of being such that she/he is able to interfer and
belay the effects of acidic or basic situations or individuals; the teacher’s ability to handle
tough situations. A buffer might also refer to the system, to the administration within the
system, such as the principal, to provide support for the teachers in both bad and good
situations. In terms of the curriculum, a buffer might be represented by the ability of the
curriculum to withstand small changes or to allow for more changes without losing site of
the basic fundamental principles or the ultimate goai.

By-products: In a chemical process, they are the compounds produced along with
the principal product either as a result of the main reaction or as a result of side reactions.
Educational by-products are those side effects, either good or bad, that occur as a result
of teaching/learning inter and intra-reactions of education that are extraneous to the main
reaction. For example, in leamning to read, the side reaction might be that one develops a
love for poetry.

Catalyst: A catalyst is a substance that takes part in a chemical reaction such that
it changes the rate of the reaction by lowering the activation energy, thus enabling a more
rapid mechanism, but does not affect the products produced. The catalyst itself does not
undergo permanent chemical transformation and is regenerated in the process. An
educational catalyst is any thing or individual [for example a paraprofessional, a person
hired to assist a teacher in a classroom, a technological device, et cetera] capable of
lowering the activation energy of any type of reaction, either by helping, making the
reaction easier or possibly by shouldering responsibility; someone or something that

makes the situation easier by their own abilities.
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Cation: A cation is a positively charged ion having less electrons that its neutral
counterpart thus resulting in an overall positive charge. For example, solid sodium metal
has a net charge of zero, meaning there are the same number of positive ions as there are
electrons. If one electron is lost then there are more positive ions or less negative ions
resulting in an overall net charge of positive one.

Cation-making reaction: X¥ > X' +1¢
In education, a cation may refer to a change in an individual, teacher or student, whereby
the loss of an electron tends to make them more positive or acidic thus making them more
reactive; a neutral to highly charged transformation. This charged transformation may
result in a motivational change whereby the individual in the charged state is more
re/active and inter/active.

Chain reaction: In a chain reaction, a series of reactions is repeated over and over
such that the product of a late step serves to provide the starting material or reactants for
the next step. It allows for the reaction, once it has started, to proceed continuously [much
like a domino-effect] to produce a product. Chain reactions in education occur at many
levels. The relationship between the teacher and student is a perpetual chain reaction.
Curriculum itself is a chain reaction as one piece provides the foundation for the next
such that the process is ongoing and continuous. A halt in the sequence of the chain
reaction serves to stop the whole of the reaction.

Chemical change: A chemical change occurs when there is a change such that a
different kind of matter is produced from the original matter — the reactants are
transformed into the products. There is often an irreversible physical change as well. An

educational change occurs as a result of the teaching/learning process such that the
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student and/or teacher are transformed with the student moving onward to something
else. Both the teacher and the student may be changed internally or externally as a result
of the educational experience. Chemical change is considered to be a compositional or a
physical state change, therefore educational [chemical] change results in an internal or
external change in the individual; the individual’s way of thinking and being is affected,
either positively or negatively.

Chemical energy: Chemical energy refers to the stored or useable energy
associated with chemical bonds and intermolecular forces. Educational energy is that
stored or useable energy associated with bonds or inter or intra relationships between
teachers, students and teachers and students. Such stored energy might be referred to as
dynamics and can often be used as a fuel for further inter and intra-reactions; fuel for
further learning.

Chemical equation: A chemical equation is a symbolically written equation that
qualitatively and quantitatively describes a chemical reaction. The reactants and products
are represented by symbols and formulas and stoichiometric coefficients [whole numbers
in front of the symbol or formula] are used to represent amounts when the equation 1s
balanced. For example,

A+2B=>2C+D
(reactants)  (products)

An educational equation is one developed to qualitatively and quantitatively describe the
inter and intra- teaching/learning reactions that take place within education. For example,

28 Students + Teacher => 28 Learned + Positively/negatively
Students changed teacher

Chemical equilibrium: Chemical equilibrium is the state in which the forward

reaction [conversion of the reactants to products| and the reverse reaction [the conversion
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of the products to the reactants] occurs simuitaneously at the same rate. In equilibrium
reactions, the removal of one or more of the reactants will disrupt the equilibrium.
Educational equilibrium 1s also when the rate of the forward teaching/learning reaction is
equal to the rate of the reverse reaction [reciprocity]. Many equilibrium dynamics exist in
education from classroom dynamics between the teacher and students, between students,
in teaching and learning and in teaching and learning difficulty. Removal of one of the
reactants or products will upset that equilibrium in either a positive or a negative fashion.
Such a removal resuits in the equilibrium being re-established at a different level.

Chemical/molecular formula: A chemical formula is the symbolic representation
of the number, through numerical subscripts, and kinds of atoms in a substance. Water,
for example, has the molecular formula H;O indicating there are two hydrogen atoms and
one oxygen atom in the molecule. One could develop an educational molecular formula
as a means of representing the number and types of teachers and students that comprise a
given environment (classroom, lab, committee, et cetera) or a reaction. For example, a
class having one teacher [T] and thirty-two students [S] could be represented by the
formula TS;2. The components of the whole of the curriculum may also be depicted by a
similar-type molecular formula that represents the number and types of courses that must
be taken for a grade, a degree or a program.

Chemical property: The chemical property of a substance or a compound is its
ability or inability to undergo a particular chemical reaction. The educational property is
a characteristic property of an educational entity; a teacher, student, classroom,

curriculum, et cetera which defines its ability or inability to undergo a particular reaction;
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a teaching pedagogy, philosophy, personality trait, dynamics of a classroom, structure of
a curriculum. It is a description of the composition or characteristics of an individual.

Chemical reaction: A chemical reaction is the process where one set of
substances [the reactants] are transformed to ancther set of substances [the products].
There are many reactions within education, but as in a chemical reaction, the reactants
are transformed into the products. In both cases, how this is done is dependent on many
variables.

Chemical symbols: Chemical symbols are abbreviations, comprised of one or two
letters that are used to denote or represent the elements of the chemical periodic table {for
example, H = hydrogen]. Educational symbols are those symbols derived to denote or
represent the names of the elements [narrative elements] of the educational periodic table.
The symbols begin with the lowercase alphabet and move across the table to the
uppercase alphabet and finally to a combined upper/lowercase symbol. For example, the
first element in the educational periodic table is analogous to the simplest chemical
element, hydrogen, and is represented by the beginning of the lowercase alphabet "a™
indicative of the beginning of word development leading to word usage and reading. The
narrative, The Joy of a Simple Atom {Chapter V) represents both the chemical and
educational first element.

Chemistry: Chemistry is an area of science dealing with the composition and
properties of substances and with the reactions by which substances are produced from or
converted into other substances; how substances react with one another. The chemistry of

education looks at the composition and properties of the components of education and
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how they react and interact with one another. It is the ~ow of the teaching and learning of
the curriculum.

Collision frequency: In chemistry, or chemical reactions, the collision frequency
refers to the number of collisions that occur between meolecules per unit of time and
successtul collisions result in reactants being converted to products. Comparatively, the
educational collision frequency refers also to the number of collisions between the
components of education in the teaching/learning process [connections or engagements at
all levels]. Positive collisions may lead to successful teaching/learning reactions, while
less than positive collisions may lead to difficulty in teaching/learning reactions,
curriculum functioning reactions, institutional operation reactions, et cetera,

Complex: In chemistry, a complex refers to a compound, a polyatomic cation,
anion or neutral molecule in which the molecules or ions (ligands) are bonded to a central
atom or ion. When such a complex has a net electrical charge, it is referred to as a
complex ion. An educational complex may be anything within education comprised of a
central core [individual, principle, idea, pedagogy, curriculum] to which are bonded other
components. In general, such complexes can be multi-layered. An important, engaging
and varied complex is that of the teacher/students in a classroom or course environment
where the teacher is the central core and the students are bonded to her for the duration of
the class/year or course. The curriculum itself is comprised of many complexes which

themselves are composed of individual units,
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Figure 13. Various complexes of education. Each complex is comprised of
multiple entities of which each entity is a complex and can be further broken
down.

Compound: A compound is a substance comprised of two or more elements.
Physical change does not change its composition but it can be broken down into its
constituent elements by chemical change. For example the compound water can
physically exist as ice, liquid or vapour but it is still the compound water {H20]. It can
however, be chemically broken down into its constituents as in the following reaction:

H,0 > Hz(g) + 1/120:(g)
In the same context, an educational compound may refer to any education substance
comprised of two or more constituents that are not affected in composition by physical
change but may be broken down by a “chemical”” change. For example, each teacher will
have a different approach to teaching the curriculum [which may aftect both the teaching
and learning of it] but in general the curriculum remains the same. However the

curriculum as a whole may be broken down into its individual components [reading,

writing, arithmetic, et cetera).
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Condensation reaction: A condensation reaction occurs when two molecules are
combined together through the elimination of a smaller molecule, such as water, between
them. An educational condensation reaction similarly combines smaller elements
together thus forming a larger compound and in the process eliminates a smaller, possibly
less effectual component. In the development of curriculum for example, smaller pieces
of curriculum are combined to form the whole of the curriculum but in the synthesis
some of the smaller parts may be eliminated possibly because they are redundant or do
not work in the larger picture. At all levels of education there are many condensation
reactions. Perhaps one of the most critical is that enforced by the government where
schools, programs, classes, courses are condensed or consolidated resulting in larger
classrooms, fewer resources [lost or eliminated components] but often leading to a less
effective product [education] and in the long run teaching and learning difficuity.

Condensed formula: A condensed formula refers to a simplified representation of
the structure of a molecule, for example the large molecule of starch which 1s comprised
solely of many glucose molecules can be represented by the formula [CsH120¢], where
“n” equals the number of glucose molecules. 4 condensed formula in education 1s a
simplified representation of a structural component of education. For example, the
content of a course can be represented or condensed into the course outline or the
syllabus or the summary at the end of a chapter in a textbook can condense the themes of
the chapter into a few sentences.

Conformation.: Conformation refers to the different possible arrangements of a
particular compound; the molecular formula stays the same but the orientation of the

atoms in space is different. Educational conformations are different arrangements of a
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particular compound having the same composition. For example teachers within a school
may teach different grades or courses but the coliective group of “total” teachers remains
the same. Variations on teaching curriculum occur as the result of different approaches
and teaching styles of teachers but the collective teaching of the curriculum and the
curriculum content remains the same. Within the classroom the students may be in rows,
tables, or a circle but the students within the classroom remain the same for the year.

Conversion factor: A conversion factor, written as a ratio of two quantities that
are equivalent to one another, is used to express the relationship between the two
quantities generally having different units. For example, in the conversion of inches to
centimeters one inch is equivalent to 2.5 centimeters therefore ten inches would be equal
to twenty-five centimeters. A conversion factor is a standard that holds true.

linch/25ecm =10/X X=25cm

{conversion factor)
Conversion factors in education may be used to relate two components, having different
units/composition, to each other. For example, relating an old and new curriculum to each
other, one institution’s curriculum to another’s, the performance of students on an exam
or in a course for one year to that of other years may require the incorporation of a factor
if the parameters are not exactly the same.

Coordinate covalent bond: A coordinate covalent bond is a bond formed between
two atoms such that the shared electrons are donated by only one of the atoms thus
resulting in a formal charge on the atoms 'J/A: + B & A-B}]. This is in contrast to a
covalent bond where each atom of the bonding pair contributes an electron. In a double

covalent bond, designated by a double dashed line (=), two pairs of electrons are shared

" The dots between the elements represent the electrons and the dashes the bonds.
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between the bonded atoms. An educational coordinate covalent bond may be formed
such that the electrons/compenents are donated by only one of the members of the bond,
which results in powers of relation or control issues. A covalent bond 1s a
relationship/bond formed where both parties equally contribute one component. The
result is reciprocity, equal sharing and no relational power. In a double covalesit bond,
both participants contribute and share equally two components/electrons of the bond thus
creating strength and equality.

Coordination compound: Coordination compounds are neutral compounds
comprised of complex ions [FeCls}. In education, a coordination compound 1s any large
compound comprised of smaller more complex units such that the overall effectis a
neutral compound. For example, an educational institution has the appearance of being a
neutral, balanced structure but it is comprised of many complex entities, the sum of
which give the overall neutral/balanced appearance. The same may apply to the
classroom. The overall appearance may be harmonious but within the classroom {as any
teacher knows] there are many smaller dynamics happening.

Curriculum. Curriculum is a very complex, multifaceted, and dynamic enterprise
and central to all education. A fundamental question to understanding and improving a
curriculum is; what is a curriculum? According to Bloom (1981},

Curriculum refers to both the process and substance of an educational program. It

comprises the purpose, design, conduct and evaluation of educational experiences.

Curricula exist at different levels, range from the single course to the educational

program to the department or discipline to the college or university. The

organization of curricula is defined by educational philosophy, the structure and
content of the knowledge imparted, and the institutional context and climate.

Effective curricula have coherence and explicit definitions of aims and standards

of attainment. They accomplish their aims through sequence and structure of

learning experiences to facilitate student learning and development. They provide
sufficient content and coverage to exhibit but not exhaust the limits of the subject
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of study. They include mastery of basic terms, concepts, models and theories as

well as some application of them to context. Good curricula have hallmarks of

effective instructicn and the evidence of enhancement of student learning. (p. 25)

Theories of curriculum are descriptive or prescriptive for the most part, rather
than transformational. Theoretical models serve to explain and describe the functioning
of particular curricula but do little to analyze or influence its effects on the
learners/students. Descriptive models portray how the various hierarchies of curriculum
exist within curriculum but again do little in terms of effecting change.

Curriculum is equated to chemical reactions in chemistry. Each reaction 18 in
itself a curriculum requiring specific reagents, reaction conditions, et cetera. Each
element of the periodic table has its own curriculum.

Currere: Currere is one method of curriculum research that incorporates a
phenomenologically related form of autobiographical curriculum theory. This form of
research focuses on the educational experience of the individual as narrated by the
individual (Pinar et al, 1995). Currere seeks to describe the experience rather than to
quantitate it. In terms of chemistry, the laboratory notebook and observations of the
researcher lend its way to the method of currere; the description of what takes place in the
experiment or reaction and the researcher’s interpretation or analysis.

Degree of ionization: The degree of ionization is a measure of the extent to
which the molecules of a weak acid or base will ionize (gain or lose electrons) in
solution. It is an indicator of the degree of reactivity, how much they participate or
become involved. The degree of ionization in education is the degree to which the
teachers, students, administration, et cetera participate or become involved. It could also

be the degree to which the weaker components are more easily swayed [or controlled] or
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a measure of their instability or volatility, both of which could lead to difficuity in
teaching and leaming.

Decomposition reaction. In a decomposition reaction, a compound is broken
down into two or more components. An educational decomposition reaction is alsc a
breakdown reaction and can occur at a multitude of levels and in a multitude of contexts.
Perhaps the most critical are those reactions causing teacher or student breakdown
leading to teaching or learning difficulty as well as burnout.

Density: The density (D) of a compound is a physical property which may be
obtained by dividing the mass (m) of the compound by its volume (V) [D=m/V).
Educational density may refer to either population density in terms of an institution, a
class or course or it may refer to the content density in terms of the curriculum, how
much and how difficult.

Diagonal relationships. Diagonal relationships are similarities between pairs of
elements in different groups and periods of both the chemical as well as the educational
periodic tables. What are the similarities? What are the differences? Why?

Diffusion: Diffusion refers to the spreading of a substance into an uncharacteristic
region or area as a result of random molecular motion. In education, diffusion may refer
to the development and spreading of an idea, of an unfamiliar concept, in some ways the
leaming process but even mere deeply, the acceptance of an unfamiliar idea, concept,
practice et cetera, largely by general acceptance and open/broad-mindedness. The polar
contrast might aiso be the spreading of a bad idea or situation.

Dilution: Dilution is the process whereby the concentration of a solution is

reduced through the addition of more solvent. Dilution in education refers to any
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situation where the more concentrated becomes less concentrated, the result of which
may be either beneficial or detrimental to the overall functioning or product. For
example, the dilution of the curriculum by the addition of less difficult components may
result in the content becoming easier. The quality of teaching may be diluted by the
addition of more students per class, more requirements of teachers, more stress on
teachers all of which may have detnimental effects on the quality of teaching and
learning. At the post-secondary level [particularly in recent years] there is a dilution of
“standards” or “the setting of the bar” in order to have good teaching evaluations or to
keep “bums on seats”. The addition of more teachers to the pool serves to reduce the
teaching load of individual teachers thus having an overall positive effect. This
unfortunately in times of cutbacks does not often happen rather the addition of more
students to the class dilutes the contact of the teacher and possibly the delivery of the
curriculum.

Discourse: Discourse refers to a communication of ideas or information by
talking or by narration. Tt refers to a long and formal treatment of a subject in speech,
writing, lecture, treatise, et cetera. The periodic table of chemistry and one developed for
education could be considered a discourse in their respective disciplines.

Fducation: The common premise of education is that it is the formal schooling at
an institution of learning and is the process of developing the knowledge, mind, character
of the students by such formal schooling. From the educator point it is the process of
teaching and learning, the result of which is the knowledge and ability. Education
encompasses the whole of the systematic study of the methods and theories of teaching

and learning. The chemistry of education, therefore refers to the processes of synthesis or
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analysis, similar to the process used in chemistry, to understand the inter- and intra-
relationships of education. How does it work? What is happening? Why is it happening?
These are all guestions that lead to the understanding, the chemistry, of education.

Electrolyte: An electrolyte is a substance which when dissolved in an aqueous
solution is capable of conducting electricity. In education an electrolyte is someone or
something which when put into an environment enhances the flow or functioning of the
components of the environment. In a difficult environment, such an individual may serve
as a mediator. It may also be something that enhances the teaching/learning process.
Technology, for example, could be considered to be an electrolyte. In education,
counselors, teacher assistants, et cetera would also be considered electrolytes as they
serve to enhance the flow of the classroom.

Electron: An electron is a subatomic particle, having a very low mass and
carrying a single negative electric charge. Electrons are the principle components of the
bonds joining atoms together and can be referred to as the chemical glue. The electrons of
education or the educational glue are the principle components of bonds that join
educational components together [the ability to learn}. Learning capabilities are governed
or affected by many factors such as a student's readiness to learn [background, desire, et
cetera), teacher-student, teacher-teacher and student-student relationships, the
personalities and abilities of the individuals invelved et cetera, all of which dictate the
affinity and strength of the bond formed.

Electron affinity: Electron affinity refers to the energy change associated with the
gain of an electron by a neutral atom in the gaseous state. In education, electron affinity

refers to any number of situations in which there is a change from a neutral position to
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one of attraction and how readily this occurs. A high electron affinity means a gh
attraction whereas a low electron affinity means a low attraction. In teaching/learning,
electron affinity might be how readily a concept is caught by the student(s). Some wiil
catch on more quickly than others but the energy change from pre to post knowledge
might be significantly less than that of an individual who caught on more slowly and had
a much larger learning curve. The end-product, the acquisition of knowledge, might be
the same but the energy change significantly different.

Electronegativity. Electronegativity is a measure of the electron attracting ability
of an atom in a bond. The resultant difference in electronegativity between two atoms
bonded together is used to assess the polarity (charge distribution) in the bond. /»
education, electronegativity is also a measure of the electron attracting ability of the
participants in a bond, the greater the electron attracting ability, the drawing ability, the
greater the polarity. In education this sets up relations of power with those possessing the
greatest electronegativity generally having the most control or power.

Element: An element is a substance comprised of like atoms that cannot be
broken down into simpler substances by chemical reactions. Elements of education ate
any of the fundamentals or the basics of curriculum, the fundamental philosophies,
pedagogies, curriculum, et cetera. The individual teachers and students are essential to
the basics of education and are also elements of education. Each individual component
cannot be broken down further into simpler components.

Elementary process; An elementary process 1s a single step in a reaction
mechanism that has a significant result such as altering a molecule’s energy, geometry or

producing a new molecule. The elementary steps are a series of simple reactions the sum
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of which represents the overall reaction. An elementary process in education is any single
step of a given educational reaction that has a significant effect or contribution to the
overall reaction sequence. For example, it might be a single step in any teaching or
learning process such that the culmination of the elementary steps is the learned
curriculum. Learning the alphabet, for example, leads to word recognition, which leads to
seritence formation and recognition and finally to reading.

Emperical formula: The empirical formula of a molecule is the simplest chemical
formula that can be written for that compound having the smallest integer subscripts as
possible. It shows the types of elements present and the ratios of the different kinds of
atoms in the molecule and is often a reduced form of the molecular formula. The
empirical formula in education refers to the basic constituents of any part of education,
such as the different curricula, the classroom, the institution, a program, et cetera. When
everything is reduced down, what is the foundation or the simplest formula that is the
backbone of a particular component of education? Whatever that simplest foundation is
then, is considered to be the empirical formula. All curricula for example, have a basic
foundation or set of principles upon which the rest of the curriculum is built. The entire
curriculum is a “multiple” of the foundation. Even more simply put, a story can be
broken down into its simpler components of plot, character, setting, et cetera.

Endothermic processes (reactions): Endothermic processes lower the temperature
of the system by absorbing heat from the surrounding environment. Endothermic
processes in education are those processes requiring an input of energy. Such processes
may involve individuals who put in a great amount of energy to make an educational

process, a particular group, a curriculum et cetera work. It also may include those
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mdividuals or any process that absorbs "heat" from the environment; that intervenes and
alleviates a potentially difficult situation or reaction. Endothermic processes may aiso be
those processes or individuals that act as a drain on the overall system rather than
contributing to it by requiring the input of great amounts of energy.

Energy: Energy is the capacity to do work or to produce change. The capacity to
do work or produce change in education is generally through the teacher in teaching or
the student in his/her effort to learmn; how much energy is required to teach or leamn? The
amount of energy expended may or may not be proportional to the amount of work done
or the change effected. Energy though, can neither be created or destroyed, it can only be
moved around. As a result there may be a great difference in the energy expended and the
energy gained in a given reaction.

Enzyme: An enzyme is high molecular weight protein that serves as a biological
catalyst to enhance the rate of a biological reaction by lowering the activation energy. 4n
enzyme in education is anything or anyone who can affect the rate of a reaction by
lowering its activation energy thus reducing the amount of energy required to make the
reaction proceed. Enzymes are not consumed in the reaction but are recycled to be used
over and over again. This continued re-use in education may lead to difficuity in terms of
burnout, particularly if the environment is not favorable for the enzyme.

Epistemology. Epistemology refers to the study or theory of the origin or nature
of something. In education, epistemology refers to the study and understanding of the
workings of education. Analogously, epistemology in chemistry refers to the

understanding of the workings of chemistry. The periodic table is an epistemological
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metaphor in that it is the foundation on which chemistry is based and thus can be
translated to become an epistemological metaphor for the foundations of education.

Equilibrium: Equilibrium is the condition where the rate of the forward reaction is
equivalent to the rate of the reverse reaction such that the amount of reactants and
products remains constant, with no net change, over tume. Equilibrium in education refers
to a balanced situation such that the forward and reverse reactions are equal; reciprocity
in teaching and learning, for example, might exist in equilibrium.

Exothermic processes: Exothermic processes produce an increase in heat that is
transferred to the surrounding system; they evolve heat. Exothermic processes in
education may be viewed as those processes capable of creating heat or effecting change.
The energy or heat they provide to the system may be garnered to drive other reactions.
In contrast exothermic reactions of education are also those potentially volatile reactions
that, rather than effect a positive change, serve to have a negative impact on a situation, a
reaction, an individual, et cetera.

Family: In both the chemical and educational periodic table, family refers to the
elements in the vertical column of the periodic table, most often referred to as groups.
Families have identifying characteristics and those elements that exist within a family
[group] share those identifying characteristics [to varying degrees]. For example,
members of the Group 1 elements all react with water to produce hydrogen gas but do sc
with varying intensities and the violence of the reaction and amount of gas produced
decreases as one goes down the family. Such familial characteristics apply to education
as well. Members of a grade five class, for example, all have the characteristic of having

passed grade four but they will have done so with varying abilities and grades. Thus i
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grade five the students will have varying abilities as well which may be related to their
learned knowledge from grade four.

Ground state: The lowest energy, most stable state for electrons of an atom or a
molecule, is the ground state. The ground state in education is also the most stable state
for the “electrons” of the teachers, the students, administrators, et cetera; the state of least
volatility. If one considers the electrons to be the abilities and inter/actibility of the
elements, the ground state is the desired state of both teachers and students, the state of
least volatility, least conflict and least difficulty.

Group: The members of a vertical column of both the chemical and educational
periodic tables are referred to as a group or, sometimes a family [see family above].
Members of the group or family will have similar properties.

Heat: Heat refers to the transfer of energy between two bedies not at the same
temperature. In the hear of a reaction, the energy is converted from chemical energy to
thermal energy resulting in a temperature change to the system. Heat can either be
evolved [exothermic] providing a source of energy for other reactions or it can be
absorbed from the system [endothermic] and used as energy to drive a reaction. In
education heat is not a temperature change per se but rather an effect of a reaction or,
series of reactions, where its evolved effect can provide energy to further channel positive
or negative reactions or it can be channeled internally to provide inner strength
[endothermic] for internal reactions. Heat in education might be the negative resuit of a
reaction.

Heterogeneous mixture: A heterogenous mixture is one in which the components

are physically separated such that they exist in distinct regions often having differing
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properties and composition. For example, one might be a liquid, the other a solid [sand
and water] or two immiscible liquids [cil and water]. 4 heterogeneous mixture in
education occurs when the reacting individuals have different properties or characteristics
such as a way of practice, 2 way of thought, or personalities. They exist in different,
unmixable regions having dichotomous philosophies, practices and ways of being and
always separate out of the solution (group) and even with continued mixing/interaction,
they never become part of the group.

Homogeneous mixture: A homogeneous mixture or solution is one in which the
components have uniform composition and properties and thus upon sufficient sturing
result in a mixture with the same composition throughout. Once homogeneous, the
components cannot generally be separated by physical means. 4 homogenous mixture in
education 18 one m which reacting individuals, although they may at first differ in their
properties, philosophies, pedagogies, approaches, et cetera, become blended and part of
the total mixture after time. They are no longer distinguishable as separate entities but are
blended as part of the group. The result of such blending or mixing may be the loss of
free-will or conformity to a group, situation, practice, et cetera. It may also resultin a
unified front, philosophy, or a practice.

Hypothesis. In both chemistry and education, a hypothesis is a tentative
explanation of a series of observations or of a natural law that is generally proven or
defeated through the results [facts] of experimentation or research.

Induced dipole: An induced dipole is the separation of positive and negative
charges in a neutral molecule subjected to the charge effects of another polar molecule in

close proximity. In education, induced dipoles refer to the effects of a highly charged
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{polar) but opposing individual or group in trying to sway or influence a more neutral, not
yet committed, individual or group.

Inert complex: An inert complex is one in which there is a very slow exchange of
ligands such that it is considered to be largely unreactive. An inert complex in education
is one that does not readily change, is essentially unreactive but is also a mainstay of
tradition. Such inert complexes might be those individuals whe are senior in their
positions or within the system and so are less volatile in their responses to situations; a
tried and true curriculum that has stood the test of time; the basic fundamental
philosophies and pedagogies of education, et cetera,

Intermediate: An intermediate is a product of the reactants that is one of the steps
between the reactants and the products in a multi-stepped reaction which is short-lived

and consumed to yield the products.

A+ B—¥» (C—PD + E
(Reactants) (Intermediate) (Products)

It does not appear in the overall balanced equation of the reaction but does appear as a
mechanism in the reaction. An intermediate in education might be considered to be
someone who significantly contributes to a process in a behind the scenes fashion,
assistants of various sorts for example, whose efforts are consumed but often go
unrecognized in the overall picture. The work and effort of graduate students, support
staff and technicians, for example, often goes unrecognized but is key to the operation of
the whole at the post secondary level. The work of student teachers, classroom assistants,

even parents 1s often consumed and unnoticed. In the whole process of education,
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teachers are intermediates in many reactions, contributing and doing work behind the
scenes for which they get no recognition and is not part of the job description [listening to
student's problems is only one example]. We all know of a teacher who has made a
significant impact in our life simply by some little thing she said or did or simply by her
way of being.

Intermolecular forces: Intermolecular forces are the attractions between
molecules. The attraction between students and teachers, teachers and teachers, students
and students, et cetera are considered intermolecular forces in education. Such
intermolecular forces lead to reactions and inter/actions [positive or negative] the results
of which lead to effective or ineffective teaching and learning.

Intramolecular forces: Intramolecular forces are those forces [the glue] that hold
atoms together in a molecule. fntramolecular forces in education, are those forces that
govern, in either a positive or a negative fashion, the classroom, the institution, the
system, the curmiculum, et cetera and which serve to hold the whole of these together.
What are the intramolecular forces that hold teachers together and keep them out of
teaching difficulty?

fon: An 1on is comprised of either an atom or a group of atoms that upon losing or
gaining an electron{s) become charged. An ion in education is someone, either a student
or a teacher, who is charged and highly reactive. Such a charge may be directly related to
the fundamental personality of the individual [student or teacher] or their response to a
situation and may be either negative or positive in nature but being highly charged they

engage.
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fonic bond: An ionic bond is formed when electrons are transferred between a
metal and nonmetal element resulting in positive and negative ions that are held together
by the electrostatic forces of attraction between the oppositely charged ions [ionic bond)].
The resultant compound is an ionic compound. In education, ionic bonds may be formed
between the attraction of two individuals having differing opinions, philosophies,
approach;:s to teaching, personalities, et cetera but who by their very differences, work
effectively together. Such an effective unit can be considered to be an ionic compound in
education.

lonization energy: The ionization energy is the minimum amount of energy
required to remove an electron from an isolated atom (or ion) in its ground [most stable]
state thus resulting in a charged ion. Ionization energy in education refers to the
minimum amount of energy required to have an effect in either teaching or learning, the
minimum amount of energy required to make something or someone reactive, interactive
Or responsive; to engage.

Isolated system: An isolated system is one in which there is neither transfer nor
exchange of mass or energy to or from its surroundings. Isolated systems in education are
stand-alone systems or incidents. They may be critical in their moment and may even
have profound effects but are limited to a single place and time. -

Labile complex: A labile complex is considered to be one in which there is a rapid
exchange of ligands, a relatively unstable or highly reactive complex that is readily
destroyed. In education, a labile complex 1s a highly unstable and reactive complex and it
may refer to the fragility or volatility of either students or teachers or any combination

there of at any level. One might think of student teachers here, beginning teachers who
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are unsure, unstable, reactive, but who are easily crushed or destroyed. Students who are
less confident, frustrated, in difficuity at school or at home might be more labile [volatile]
and as a result more unstable.

Law: A law is a concise verbal or mathematical statement explaining a
relationship that is constant and unvaried under consistent, unvaried conditions. Such
fundamenta! laws in chemistry include: The Law of Conservation of Energy, The Law of
Conservation of Mass, The Law of Definite Proportions and the Law of Multiple
Proportions. Laws in education refer to fundamental principles of teaching, standards of
practice that remain constant with time under consistent and unvaried conditions; tried,
true and proven philosophies, pedagogies, or practices.

Limiting reagent: The limiting reagent is the reactant that is consumed completely
in the reaction thus limiting the quantity of products formed by its initial amount present;
the reactant that is used up first. In education, the limiting reagent is the component
consumed first; it could be the energy of the teacher, the ability or desire of the student,
the materials at hand for teaching the curriculum, et cetera. Each component of education
has a limiting reagent.

Mass: Mass 1s the measure of the quantity of matter contained in an object. In
education, mass refers to the quantity of students and teachers within the classroom or
within the institution as a whole. It might also refer to the components of the curriculum
or the system. In fact there is often a critical mass, which in some cases 1s necessary for
an effective response but which beyond that can lead to breakdown.

Matter: Matter refers to anything that occupies space, has the property of mass

and displays inertia. Matter in education refers to the body of students and teachers that
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occupy the classroom or institution as well as all physical components of the institution
used both for the teaching and operation; the resources.

Metabolism: Metabolism refers to the sum of all reactions of a living system.
Metabolism in education refers to the sum of the reactions involved in teaching, leaming
and the operation of the living system. The living system is education. Metabolism,
therefore, is the sum of all reactions that lead to a particular education, whether it is a part
of the education or the education as a whole.

Metal: A metal is a compound generally having a lustrous appearance, 1s
malleable and able to conduct electricity. Such elements have a small number of easily
removed electrons in the outermost shell, the removal of which results in a cation and
enables it for ready combination with other elements. Metals in education are those
individuals [students or teachers] who stand out, who shine, who are highly reactive and
interactive, who by their personality draw others to them.

Mixture: A mixture is comprised of more than one component. It may be either
homogeneous [evenly distributed] or heterogeneous [not evenly distributed] in
composition. In education, a mixture is anything comprised of two or more different
components or constituents. For example, a class of students, comprised of males and
females all with different personalities and abilities would be considered 2 mixture. The
dynamics of a classroom is a mixture of the personalities of the constituent individuals.
The whole of the curriculum of education, for example, is a mixture of its parts [language
arts, social studies, science, math, et cetera].

Mole: A mole is the amount of substance that contains as many elementary

entities {constituents] as there are in exactly twelve grams of the carbon twelve (C-12)
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isotope [the standard of reference]. In education the mole is more difficult to standardize,
but it might be considered the various curriculums each of which is comprised of its
elementary constituents. For example, the curriculum of a particular grade would be
comprised of the individual subjects and levels achieved for that curriculum. So for each
aspect of education, there might be a moie or standard of reference.

Molecular formula: The molecular formula of a compound denotes the number
and type of atoms of each element in the molécule. For example, A;B; represents two
atoms of A and three atoms of B. Such a formula in education refers tb the composition
of a group, a class, a course, the curriculum, et cetera. It denotes the number and type of
components. For example a class of twenty-eight having fifteen girls (G) and thirteen
boys (B) and one teacher (T) may have a molecular formula B13G;sT. One could develop
a molecular formula for the curriculum and each of its parts. In essence, a course outline
might be considered to be the molecular formula of the course.

Molecule: A molecule is an aggregate of bonded atoms held together by special
forces called covalent bonds such that they exist as a separate entity, the smallest of
which has the characteristic proportions of the constituent atoms present in a substance.
A molecule in education is any group that is comprised of aggregated atoms (feachers,
students, committees, et cetera) bonded together by some commonality. The properties of
the molecule are an amalgamation of the philosophies, ideas, personalities, et cetera of
the atoms or members of the molecule and are thus a representative blend of the whole.

Narrative; Narrative 1s "the primary form by which human experience is made
meaningful" (Polkinghorne, 1988, p.1); a story or an account of such human experience;

also to tell or write a story or give account of, to relate such a story by narration, the
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process of telling. /n chemistry the narrative is the laboratory notebook, the observations,
the story of the observed reactions. It is also the written discussion of any paper or report.

Neutralization reaction: A neutralization reaction occurs between an acid and a
base in the correct stoichiometric proportions such that there is not an excess of erther the
acid or base in the final solution. The product of such a reaction is a neutral solution.

A"+ B > AB
A neutralization reaction in education might refer to the correct stoichiometric
proportions of two opposing personalities or philosophies such that the situation or
difficulty is resolved leading to a more neutral environment.

Neutron: A neutron is a fundamental subatomic uncharged particle found in all
atommc nuclei, except the hydrogen atom, having a mass stightly greater than that of a
proton. It is neutral in charge and is not involved in reactions or bonding. 4 neutron in
education refers to an uncharged person, with slightly greater mass (authority,
experience, et cetera) who is to remain neutral in a given situation or responsibility; does
not participate in reactions, perhaps a mediator, a counselor, or a principal.

Non metals: Non metals are those elements of the periodic table that are poor
conductors of electricity and heat. They are capable of gaining small numbers of electron
such that they have the electron configuration of a stable noble gas or they may alter their
electron configuration by sharing electrons. Non metals in education are those individuals
who generally tend to take on responsibility or shoulder difficulty, who have trouble
saying "no". They tend to be individuals who share or give of themselves in difficulty but
in doing so are often taken advantage of and they may become the scapegoat or the "door

mat",
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Nucleus: A nucleus is the central core of an atom containing ‘the protons or
positive charge. The nucleus in education refers to the fundamental principles of
education or the curriculum; to some the nucleus is the teacher, to others the nucleus is
the curriculum, still others believe the nucleus is the founding principles of education.
Possibly more accurately, each of those are elements having their own nucleus or central
core. If one considers the elements to be the individual students at a particular place and
time in education, then the nucleus is comprised of the knowledge base, experience,
personality, et cetera of the elements [students].

Observation: The qualitative and quantitative description of what takes place in a
chemical reaction are referred to as observations and they are recorded in laboratory
notebooks; they are the qualitative description, the story, of the reaction. In education,
observation 1s equated to descriptions, affective results, viewed outcomes of what takes
place in education and like chemistry may be of the qualitative or quantitative nature.
Narratives are equitable to the laboratory notebook and are the way of relating the
qualitative results of an educational reaction.

Octet: An octet refers to eight electrons, the most stable and least reactive
configuration in the outermost valence or electronic shell of an atom. The octet rule states
that the number of bonding and lone pairs of electrons in a structure is eight which thus
provides the most stability. /n education, an octet refers to the stages or levels of
education starting with pre-K and finishing with the doctoral level. At the doctoral level,
the outermost sheil will contain the full octet and be the most stable, most knewledge; the

highest leamed state [filled shell]. Throughout one’s academic journey an atom associates
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with other more knowledgeable individuals/atoms making connections [reactions,
bonding, et cetera] that fulfill the octet rule and any specific voids or needs.

Open system: In an open system, matter and energy (generally in the form of heat)
can be exchanged with their surroundings as opposed to a closed system in which they
cannot. An apen system in education is any system, environment, pedagogy that readily
allows interaction with its surroundings; the exchange of knowledge, teaching/learning
practices, et cetera.

Orbital: An orbital is a region of an atom in which the electron charge density or
the probability of finding electrons is high. It exists outside the nucleus. The classroom in
education might be considered to be the orbital, the place where the greatest charge
density or where the electrons (students) are found; the site closest to the teacher.
Orbitals also exist within the curriculum with the nucleus being the fundamental
principles or central core and the orbitals being the various branches or levels. Orbitals
can be equated to knowledge and filled orbitals are equivalent to completed knowledge.

Overall reaction: The overall reaction is the net change that occurs as a result of a
multi-stepped process. In education the overall reaction or net change refers to any
situation or process that involves a multi-stepped pathway from the initial to the final
stage; teaching and learning are both multi-stepped processes with the overall reaction
being the process for a specific duration of time. The overall reaction might be viewed in
terms of curriculum mapping; the outlining of the content, skills and concepts of a
curriculum [experiment] into a "framework" or a design for instruction.

Oxidation: Oxidation is the process whereby electrons are "lost" generally to

another atom thus increasing its oxidation number. Oxidatton is always coupled with



126

reduction such that is one species 1s oxidized, the other species is reduced, thus gaining
electrons. This is referred to as a red.ox reaction. In education oxidation refers to the
philosophy of "when something is lost, something else is gained”. Teaching and learning
are both redox reactions in that the transfer of knowledge [electrons] from the teacher is
gained by the student.

Oxidation state: The oxidation state of an atom refers to the number of electrons
that can be lost, gained or shared by combining with other atoms to form molecules or
polyatomic ions. In education, the oxidation state may refer to limits - what is the number
of electrons that can be lost, gained or can take place in a given reaction?

Oxidizing agent: An oxidizing agent is capable of accepting electrons from
another substance thus allowing it to be reduced. In education, the oxidizing agent is the
student who is capable of accepting electrons [the curriculum, the experience, the
teachings of the teacher, et cetera]. It might also be considered to be the individual,
teacher perhaps, who shoulders the responsibility and in doing so may become reduced
and if continued for long enough without replenishment it may lead to "burn out".

Patternicity: A word synthesized by Fowler (1997) to refer to a predictable,
prescribed or repeated characteristic; a regular patterned (but not identical) way of acting,
doing or behaving, a pattern - patternicity is repeatability of the pattern in educational
phenomena. In chemistry and education, patternicity is the repeated observed trends. A
prime example of patternicity is the consistency of the repeated relationships and
reactions of the periodic tabie.

Pedagogy.‘rln both education and chemistry, pedagogy refers to the profession or

function of a teacher, the process, art or science of teaching.
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Percent/Percent composition: In both chemistry and education, percent refers teo
the number of parts of a single component out of the total parts of the total composition
multiplied by 100.

A parts/AB parts X 100% = % AB that is comprised of A

Percent yield: In both chemistry and education, percent yield is the amount of
product actually obtained out of what was theoretically expected multiplied by one
hundred.

% Yield = Actual yield of A/theoretical yield of A X 100%

Period: A period in both the Periodic Table of Chemistry and the Periodic Table
of Education is a horizontal row where all members of the period have atoms of the same
highest principal quantum number.

Periodicity: Periodicity refers to the tendency, quality or fact of reoccurring at
regular intervals. Within the periodic table for either chemistry or education, it refers to
the re/occurrence of similar properties of the constituents occupying similar positions
within their respective column of the periodic table. Thus every eighth element of Groups
1, 2 and 13 to 18 [excluding the transition metals] will have a repeated characteristic as
one moves down the periods of the table [periodic relationship to the patternicity of the
table}

Periodic table: The Periodic Table of Chemistry is the tabular arrangement of the
elements in order of increasing atomic number such that elements with similar physical
and chemical properties are grouped together in vertical columns. The Periodic Table
developed for education is also an arrangement of the elements of education. The

clements are given alphabet symbols that are ordered in increasing progression through
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the alphabet beginning with lowercase and moving to uppercase. Each of the vertical
columns contains those elements [students] with similar educational properties. The
periodic law applies to both chemistry and education and refers to the recurrence of
certain physical and chemical properties as the elements are considered n increasing
atomic number/letter. The periodic table for both chemistry and education is a femenos, a
crucible, that holds the whole of each discipline. The elements, how they interact and
react, can be predicted by their position within the periodic tables.

Philosophy: A philosophy is a belief. It is also a theory or logical analysis of the
principles underlying conduct, the general principles or laws of a field of knowledge.
Chemistry and education therefore have their own embedded philosophies and principles.
Teachers have their own philosophies about teaching and such philosophies are as
individual as the teachers themselves.

Physical property. A physical property is a characteristic property of a substance
that can be observed [what something looks like, tastes like, smells like, feels like]
without transforming the composition of the substance. A physical property in education
refers to any observable property of teachers, students, the environment of teaching and
learning, or the institution.

Physical change: A physical change is a change in one or more properties of a
component but the composition remains the same. For example, in melting a solid such as
ice becomes a liquid but both the solid and the liquid are comprised of the same atoms
[hydrogen and oxygen] in the same proportions [H20). In education, a physical change

refers to any change in teaching, learning or the dynamics of the teaching/learning
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environment such that the compeosition {integrity] remains the same but the resultant
physical representations, good or bad, may be observed.

Polar molecule: A polar molecule is one in which the positive and negative
charges are separated as a result of the presence of one or more covalent bonds such that
there is a dipole moment created much like that of a magnetic field. In education a polar
molecule refers to a separation in opposing individuals such that a polarity or a difference
exists where one group or individual has more drawing capacity and therefore gets more
attention or recognition.

Polyatomic molecule: A polyatomic is a molecule than contains more that one
covalently bonded atom. /n education, a polyatomic molecule refers to any tight-knit
cohesive or organized group; teachers, students, committees, cliques, gangs, et cetera
which might be heterogenous in nature [unlike elements grouped] or homogenous [like
elements grouped].

Polymer: A polymer is a high molecular weight complex comprised of many,
hundreds or thousands, of smaller monomer subunits. Starch, for example is a polymer of
glucose subunits. A polymer in education may refer to the institution such as the school or
university, a body or group of students or teachers comprised of monomer subunits, the
individual teachers or students. The curriculum as a whole is a polymer of its many patrts.

Precipitate: A precipitate is an insoluble solid that falis out of or separates from
solution as a result of a decrease in solubility. This decrease in solubility may be the
result of a physical parameter such as a temperature decrease or it may result once the
saturation point of dissolved particles has been achieved such that the holding capacity of

the solution has been exceeded and particles drop out of solution. In education, a
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precipitate may refer to an individual who is excluded from or who leaves a particular
group. It may alsc refer to the “fall out” or repercussions from a particular situation or
reaction; reaching a "saturation” point at which compounds drop out of solution; such a
prectpitate may lead to teaching difficulty. Teaching difficulty may eventually precipitate
as "teacher burnout”.

Primary: Primary refers to the first level in chemistry, or to the principle level. In
a reaction it is the basics of the reaction, the first reaction. In a protein or an enzyme it
refers to the basic structure, the amino acid sequence that comprises that protein
Primary in education also refers to the basic or initial level of anything. Primary grades
refer to the initial grades of education; there are primary pedagogies, primary parts of any
curriculum, et cetera; the elementary or beginning, basic level.

Product: The products are the substances formed in a chemical reaction. /n
education, products are outcomes; the precise outcome of the learner once there is
mastery of a prescribed learning task. For example, passing a course would be the
outcome or mastering of the learning in the course.

Qualitative: Qualitative refers to general descriptive observations about a system.
Qualitative analvsis in chemistry refers to the descriptive observations and subsequent
analysis (reasoning and conclusion-drawing) of any aspect of a chemical reaction. /r
education, qualitative observations, are those descriptive observations about any aspect
of education; the inter and intra reactions, actions, et cetera of teaching and learning.
Qualitative research s "researching lived experience” (van Manen, 1994) and the "what"

of the experience. Qualitative analvsis in education, refers to the descriptive (narrative)
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analysis (reasoning and conclusion-drawing) of any aspect of education [heuristics,
hermeneutics, phenomenological hermeneutics, autobiography, et cetera]

Quantitative: Quantitative refers to various numerical measurements that are used
to obtain a quantity or amount of substance [how much] rather than the mere presence or
absence of the component. Quantitative analysis is the reasoning or conclusion-drawing
as a result of such numerical measurements. Quantitative in education also refers to the
numerical measurements used to obtain quantities or amounts of any aspect of education.
Quantitative analysis in education, is the analysis (reasoning or conclusion-drawing) of
the results of such numerical measurements: quantitative results do not necessarily reflect
on the qualitative results and in fact may be quite ambiguous. In both disciplines, it also
refers to the statistical measurements used in the evaluation of those quantitative numbers
[the data].

Rate-determining step: The rate-determining step, sometimes referred to as rate-
limiting step, is the one which proceeds the slowest in a reaction and consequently the
overall rate of the reaction will be dependent on this step as the reaction can only proceed
as fast as the slowest step. /n education, the rate-determining step is also the step that
determines how fast or slow a reaction will proceed. For example, it may be how fast the
topic or concept is comprehended by the student or students. Many factors can be
considered to be the rate determining step from the slowest individual in the class, how
the concept is presented, the difficulty of the concept, the preparedness of the group

[students] et cetera.
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Reactants: The reactants are the starting materials in both a chemical or
educational reaction; the interaction or reaction of which leads to the formation of
products.

Reaction mechanism: A reaction mechanism, in both chemistry and education, 1s
the sequence of elementary steps that leads to the formation of products. In chemistry this
1s represented by the reaction equation. For example,

A+B=>C+D
(reactants) (products)

In education, the reaction mechanism might be more defined as the curriculum, the
structured areas of intended learning experiences; the integration or reaction of two or
more subjects around a common theme, much like two or more reactants in a chemical
reaction. It might alse be the strategies used to teach a particular concept, a course, a
curriculum, et cetera.

Reaction rate (rate of reaction): In both chemistry and education the reaction rate
refers to the change in concentration of reactants and products over time. In education,
the reaction rate refers to the time it takes for a change in the educational reactants to be
converted to the educational products whatever they may be deemed to be.

Reversible reaction: A reversible reaction, in both chemistry and education, is
one that can proceed in both the forward and reverse directions.

Rhetorical tropes: Rhetoric refers to the art or science of using words effectively
in speaking or writing. The term trope, first recognized by such Greek philosophers as
Aristotle, Quintillion and Cicero, in Greek means "a turn”. These figures of speech were
and are regarded as methods to compare dissimilar items to achieve effects that transcend

the literal meaning. Rhetorical tropes therefore, are the art of using such "figures of
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speech” effectively in speaking and writing (Corbett, 1990). Throughout this thesis,
rhetorical tropes will be short narratives used to describe, augment or support a particular
concept.

Saturated solution: A saturated solution is one in which there is the maximum
amount of dissolved substance {solute] at a given temperature, such that the holding
capacity of the solvent is exceeded and the dissolved substance will precipitate [fall out]
out of solution if more is added. In education, a saturated solution is any condition (from
teaching, to learning, to governing or operation of the system) in which the holding
capacity of the situation is exceeded and the addition of more “components™ to the
system results in a “fall out”. This can lead to difficulty and even burnout in learning or
teaching.

Scientific method: Scientific method refers to any systematic approach (method of
doing) to research; the general sequence of activities — from observation,
experimentation, the formulation of hypothesis, laws, theories, et cetera that lead to the
advancement of knowledge. Scientific method does not only govern science, rather the
systematic approach can be applied to any situation in which data, quantitative or
qualitative is being collected. Thus scientific method in education or chemistry is the
procedural method of prescribed rules which have little flexibility. Deviation from the
method often invalidates the results.

Secondary: In chemistry secondary may refer to side reactions that take place at
the same time as the primary reaction. It may also refer to secondary reagents required to
be added at some point in the reaction or secondary products formed. In education,

secondary refers to the next level of education {learning] once the primary or first level
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has been attained. The most obvious secondary level of education, is that of high school,
grades ten to twelve. It also refers to the secondary level of any curriculum once the
basics or the primary level have been mastered; secondary levels of knowledge, more
advanced and integrated teaching, secondary philosophies, pedagogies, et cetera. It can
also refer to the level of hierarchy in the administration within the education system.

Shielding effect: The shielding effect is the ability of the inner shell electrons to
protect the outer shell electrons from the nuclear charge effects of the nucleus. Such a
shielding effect in education would be the shielding effect or safe environment the
teacher provides in which the student can learn. It can also be the various layers of
knowledge or philosophy one develops with time that protect, substantiate, or augment,
one's central core.

Simultaneous reactions: Simultancous reactions in both chemisiry and education
occur when two or more reactions proceed at the same time. These reactions may be side
or tangential reactions that occur at the same time as the major or paramount reaction.
What is going on at the same time? What is the hidden curriculum; those unplanned or
unanticipated experiences that occur simultaneously?

Solid: A solid in chemistry, is when atoms and molecules are ordered and packed
in a highly organized fashion such that there is a definite volume and shape to the group
of atoms or molecules. 4 solid in education refers to any tight, cohesive, group such as a
grade/class of students, a committee, a clique, a gang et cetera or it may refer to the
hierarchy (organized system) of the educational institution.

Solute, solvent and solution: A solute is the individual component dissolved 1n the

solvent (the aqueous or organic liquid used to dissolve the solute) the result of which is a
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solution {solute + solvent). In education, the solute refers to the teachers, students, or the
curriculum within the classroom, institution, system (the solvent) or course. The resultant
solution is the interaction of the teachers and/or the students within the classroom,
institution or system, or how a particular component of the curriculum serves to augment
or work within the curriculurmn.

Spectator ions: lonic species present in a reaction that do not participate in the
overall reaction are referred to as spectator ions. In education, such spectator ions would
be those individuals (students, teachers, administrators, et cetera) who are on-lookers,
who stand on the sideline of a situation (reaction) observing rather than participating. In
both cases, their purpose is undefined but they may serve as a support system for those
ions actually involved in the reaction.

Spin state: The spin state of an electron can be either +1/2 or -1/2 which in
education could be equated to positive and negative {opposing] personalities,
philosophies, interactions, situations, et cetera.

Spontaneous reactions (spontaneous/natural process). A spontaneous reaction is
one that takes place on its own when the system is left to itself, without any external
action or energy to make the reaction go. Such reactions [like radioactive decay] may
take a very long time. Spontaneous reactions in education occur at all levels and are
those reactions that take place on their own without any external influences. The
initiation of such reactions may be largely dependent on the dynamics of the environment
and may alsc take a long time or may seemingly appear to happen right out of nowhere

such that one 1s taken by surprise.
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Stoichiometric proportions: When referring to stoichiometric proportions, the
relative mole amounts of each of the substances present is in the same mole ratio as
implied by the balanced chemical equation. Therefore if two reactants are present ina 1:2
mole ratio in the balanced equation, they will be present in that ratio or a multiple of that
ratio (i.e. 2:4, 3:6, et cetera). Stoichiometric proportions in education refer to the number
or proportion of participants present in a given situation such that the most effective
results are a multiple of the original reaction.

Structural formula: The structural formula of a compound is the symbolic
representation of which atoms are bonded together and how they are bonded together
whether be by single, double or triple bonds. Structural formulas in education may refer
to the composition ot a classroom, a committee, et cetera and may include such
categories as the number of individuals further broken down into various categories of
gender, appearance, experience, et cetera and who is friends with who (bonds) and how
many friends (single, double or triple bonds) per group.

Substance: A substance is a form of matter having a definite or constant
composition and distinct properties throughout a given sample and which are consistent
from one sample to another. In chemistry, all substances are either elements or
compounds. In education a substance may refer to any component of education such as
the curriculum, the teachers and students or groups within the system having a definite
composition and distinct properties; a volleyball team, a basketball team, a band, a
specific committee, a program, a particular class, et cetera.

Substrate: A substrate is the substance acted upon by an enzyme in an enzyme-

catalyzed reaction. The substrate is converted to products and the enzyme is regenerated.
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Many substrates exist within education in which an enzyme converts the substrate to
products. For example, the students within a learning situation can be considered the
substrate while the teacher is the enzyme. The unlearned students (substrate) are
converted to “learned” students through the reaction of teaching/learning and the teacher,
the enzyme [the teachers), is regenerated to continue the process with the next substrate
[new students].

Surroundings: The surroundings refer to the rest of the universe, outside the
system with which the system interacts. The surroundings often have a great impact on
the reaction. In education, the surroundings refers to anything extranecous to the system,
the environment in which the system interacts that may have an impact on the reactions
within. For example, how the classroom exists and functions i1s impacted by the
surroundings, other classrooms, teachers, students, et cetera. Within the surroundings,
one might consider the scope, the boundaries of the curriculum that define what 1s
included and what is excluded and the sequence, the order in which content or objectives
are arranged in the curriculum. In a chemical reaction, it 1s the way in which the reagents
are added to a reaction.

System: A system refers to the specific part of the universe of interest or part
being studied. Systems may be open, closed or isolated. Systems in education refer to the
specific part of the educational system being studied such as a particular class, a program,
a group, et cetera. As in chemistry, systems in education may be open, closed or isolated.

Tertiary. Tertiary refers to the third more complex level in chemistry. In terms of
a protein or an enzyme it is the stabilizing forces, such as the disulfide bridges, various

hydrogen bonds, ct cetera that stabilize the three dimensional structure of the molecule.
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Tertiary in education is also the more complex level, post secondary (university) where
learning is more advanced. It is the stage of advanced higher learning of the curriculum.
It is the most advanced stabilizing level or factor when looking at all aspects of
education.

Theoretical yield: The theoretical yield refers to the amount of product that can be
expected from a chemical reaction, calculated from the balanced equation, when all of the
Iimiting reagent is used up. The theoretical yield in education refers to the expected
product or result of a particular reaction, the expected outcome when all the factors
affecting the “educational reaction” being studied are considered. A simple theoretical
yield is the number of individuals expected to pass the course at the end of the term
relative to the number that started.

Theory: A theory in both chemistry and education is a unifying principle, model
or conceptual framework used to explain or make predictions about a natural phenomena
or a body of facts and the principles upon which they are based.

Transition metals/elements: Transition metals are those metals/clements of the
periodic table which have partially filled d or f subshells. Transition metals bridge the
non metals with the metals and reside within the middle of the periodic table. in
education, the transition metals are anything that is able to bridge one entity with another
through a progression; a bridging philosophy, teaching style, a course within a
curriculum, et cetera. The transition element may also possess characteristics of both
entities.

Transition state: The transition state of a chemical reaction is the intermediate

state between the reactants and the products. In education, the transition state may refer
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to any state in which there is a transition from the original to the final state, a state
partway or intermediate in the journey; possibly the part of processing information in the
process of learning.

Valence electrons: Valence electrons are those electrons in the outermost shell of
an atom involved in chemical bonding. Valence electrons in education are those
individuals that are immediately involved in linking or joining groups together in some
fashion, they are the most reactive and could be considered the doers; they are involved
in reactions and form compounds and complexes by either donating or sharing electrons.

Valence shell: The valence shell of an atom is the outermost shell holding the
electrons involved in bonding. A valence shell in education is the individual or group that
has the [where-with-all], the ability/desire to become involved in a reaction. Many
individuals or groups have the ability and capability of becoming involved in reactions
but this has to be coupled with a desire to do so.

Work: In both chemistry and education, work is the directed energy change as a
result of a process.

Yield of the reaction: In both chemistry and education, the yield of the reaction is
the quantity, and some might consider the quality as well, of the product obtained from
the reaction. In education, the issue of accountability should be considered with yield.
What is the outcome, orientation or return on investment? This question can be asked of
the reactions for both chemistry and education. Accountability in the classroom holds

teachers responsible for student learning. What is the yield?
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The rudiments of a bridging language provide structure for opening theoretical
and functional conversations across the disciplines of chemistry and education. It is
essential to have a shared lexicon so that generative research, knowledge and practice can

bridge the current boundaries of discourse.



CHAPTER V
CONSTRUCTING THE BRIDGE

The Chemical-> Educational Periodic Table
The periodic table was incredibly beautifui, the most beautiful thing I had ever
seen. I could never adequately analyze what I meant by beauty--simplicity?
coherence? rhythm? inevitability? Or perhaps it was the symmetry, the
comprehensiveness of every element firmiy locked into its place, with no gaps, no
exceptions, everything implying everything else. (Sacks, 2001, p. 203)

...the periodic table is the universe at its essence...every element has its place in
order secure, no matter what. (Robin Williams in the film Awakenings, 1998)

The Origin of the Periodic Table of Chemistry”

The Russian chemist, Dmitri Mendeleev, after twenty years of studying the
properties of the at-the-time known chemical elements, developed a system of organizing
them based on increasing atomic weight. He developed the notion of a periodicity, the

repetition of properties that occurs when the elements are organized in increasing atomic

Y The chemistry principles described throughout this section are amalgamations of basic chemistry theory
from the following six sources:

Brown, T. L., Lemay, H. E Jr. & Bursten, B. E. (2000). Chemistry: The central science. Upper Saddle
River, New Jersey: Prentice Hall,

Chang, R. (1994), Chemistry. (5® ed.) Montreal: McGraw-Hill Inc.

Kotz, J. C. & Treichel, P. Jr. (1996}, Chemistry and chemical reactivity. (3“1. ed.) Toronto: Saunders
College Publishing.

Masterton, W, L, Slowinski, E. J. & Stanitski, C. L. (1986). Chemical principles with qualitative analysis.
{6"™ ed). Toronto: Saunders College Publishing.

Petrucci, R. H., Harwood, W. S. & Henning, F. G. (2002). General chemistry. (8® ed.) Upper Saddle River,
New Jersey: Prentice Hall.

Puddephatt, R. J. & Monaghan. (1986). The periodic table of the elements. (2™ ed.) Oxford Chemistry
Series 32, Oxford, Clarendon Press.

Robinson, W. R., Odom, J. D. & Holtzclaw, H, F. (1992). Chemistry: Concepts and models. Toronto: D.C.
Heath and Company,
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weight and into their respective groups or categories, a property that governs all elements
and a notion that eventually led to the Periodic Law (Sacks, 2001). The Periodic Table of
chemical elements (see Figures 14a and 14b), produced in 1869, was the culmination of
Mendeleev’s insatiable passion to taxonimize the chemical elements. In this chapter I
explore the basis of the observed pericdicity of properties of the elements of the
Chemical Periodic Table and use the principles to bridge education and build an
Educational Periodic Table.

The basic principle of the table is that the elements are organized in increasing
atomic weight across the table resulting in rows (periods) and columns (groups) of
clements. The elements within a group are considered a family and the properties of any
element within a group are similar to those of their group or column-mates. Based on
this, elements with close atomic weights can be very different in their properties, while
elements whose atomic weights are far apart may have similar chemical and physical
properties. For example sodium (Na), a soft metal, highly reactive with water, has an
atomic weight of approximately 23 grams per ‘'mole and is much different in chemical
and physical properties than neon (Ne), a gas not highly reactive with water and whose
atomic weight is similar at 20 grams per.mole. However it has similar properties to
cesium (Cs), a harder metal like sodium with an atomic weight very far removed at 133
grams per mole but that can be found in the same group or column {Group 1) as sodium.
Thus as you move from lighter to heavier elements across the table you periodically run

across the same properties.

"A mole is the amount of substance that contains as many elementary entities (atoms, molecules
or other particles as there are in exactly twelve grams of the carbon-12 isotope (see Chapter IV).
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Figure 14a, The chemical perjodic table of elements. Those clements to the lefl of the steir-step line are metals, The representative metals
are those to the left of the stair-step line that are bold-taced and in ftalics. Within the metals are the tmnyilion and inper ransition metals.
The nonmctals Tic to the rght ol the stair-step line and are not bold-{vced ur in italics. The lacthanides of the inner transition metals begin at
clement 71 while the actinides of the transition metals begins at clement 89, Elemenls of groups 1 und 2 are collectively called the s-block
elements, those of groups 13-18 ure Ihe p-block, the transition snetals are the d-block elements, groups 3-12 and the lathunanides and

aetinides in figure 14b are the f-block elements,
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The discovery of this periodic behavior of the elements across the table was
paramount in stimulating further research. There were many holes in Mendeleev's table
simply because the elements had not yet been discovered but he was able to predict the
chemical properties of each of these elements based on the position within the table.
When these elements were later discovered, Mendeleev's predictions were amazingly
accurate. It was not until the electronic structure of atoms was understood that the full
significance of the periodic table could be appreciated.

An element is only as reactive as the number of unpaired electrons present in its
outermost reactive shell--the valence shell. With the exception of the transition metals
[those elements in groups three to twelve in the middle of the Periodic Table, see Figure
14a], Mendeleev also noted a patternicity to the valence electrons (the reactive, unpaired,
electrons in the valence shell) that held true for all the elements in the representative
groups of the periodic table. Ignoring the valences of the transition metals, the valences
of the seven columns; 1, 2, 13-17 of the periodic table exactly follow this sequence of
available reactive electrons; 1, 2, [transition metals] 3, 4, 3, 2, 1. In Mendeleev’s original
table column 18, the noble gases, was missing. When the noble gases were discovered, it
was found they were unreactive with other elements and were neutral in their nature, the
result of no unpaired electrons. Thus Mendeleev gave them a valence of zero and created
an eighth column to the right of the table where they were placed based on their large
atomic weight. The patternicity of the reactive electrons in the outermost valence shell for
this modification to the table can be represented as such; 1, 2, (fransition metals), 3, 4, 3,

2, 1,0
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Further, knowing virfually nothing about atemic structure, Mendeleev boldly
defied the theories of his contemporaries and established a table with missing spaces for
vet unknown elements, and based on the properties and extrapolation from the elements
above, below and from the sides, he predicted the atomic weight and properties of the
missing elements. As the elements were discovered, the exactness of his predictions of
the missing, and then newly discovered elements, was proven and the Periodic Table
which was initially considered to be an aesthetically pleasing but unproven tabulation of
the chemical elements was transformed from theory to practice and has become the bible
of chemistry. In essence it is the temenos or theoretical crucible (Fowler, 1997) that holds
all the principles of chemistry within it.

The vast expansion of knowledge about the elements and their compounds can
best be understood in terms of the periodic table. Individual properties of elements are of
lesser importance than the broad trends that can be rationalized using the periodic table.
The contemporary Periodic Table is a praxical map of the arrangement of the chemical
elements consisting to date of one hundred and nine elements, each represented by a one-
or two-letter chemical symbol, horizontally organized by increasing atomic weight. The
result is a tabular system of horizontal rows and vertical columns or groups. Every eighth
element repeats to form the groups with every member of a group or family having the
same number of valence electrons. Every member/element of the group is slightly heavier
and echoes the properties of the one above (Sacks, 2001) resulting in all elements within
a group having similar chemical properties to other members of its family. This

periedicity, the repeating of patterns across the rows, lends itself to the name, Periodic

Table.
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As previously described (see Chapter TV), every electron in an atom has its
designated posifion within that atom and the quantum numbers provide that address
which lends itself to the governing feature of the chemical periodic table, the electron
configuration. In order to understand the electron configuration of an atom it is important
to understand the aufbau principle or the “building principle”, how electrons fill orbitals,

which is always from the lowest {0 the Inghest energy level.

Figure 15. The Aufbau principle of the filling of orbitals by electrons. The orbitals
are histed honizontally for each row and filling occurs from the orbital of lowest
energy to highest, thus from the end of the arrow to the tip or from the right to left
down the arrow.

Each s-orbital can hold two electrons, while the p- orbitals hold a total of six
electrons, the d-orbitals ten and the f~orbitals fourteen. When the orbitals are correctly
filled the electron configuration is considercd to be in the ground state [most stable statc].
For the purposc of this research, suffice it to say that valence bond theory describes
covalent bonding in terms of overlapping orbitals [hybridization] and the painng of
clectrons. For bonding purposes a paired electron can be promoled to a higher empty
orbital resulting in more uapaired electrons and thus available space for pairing. In

bonding, unpaired electrons of one atom will pair with unpaired electrons of another atom

thus connecting the two atoms together and forming a bond. The number of bonds
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capable of being formed by a particular atom is dependent on the number of available
valence electrons,

In addition to rows and columns the periodic table can also be catcgorized into
four blocks; the s-block contains the two columns furthest to the left on the peniodic table
as well as the clement He [the first element of group 18, the noble gases). The six
celumns furthest to the right (columns 13-18) are designated the p-block. The ten
calumns of the d-block, the transition metals, are sandwiched between the s- and p-blocks
and comprise the middle of the periodic table, The f~block consists of the actinides and
lanthanides, the two horizontal rows depicted at the bottom of the table.

The transition metals are those clements in the middle of the periodic table.
Rather than being easily divided into neat groups, the transition metals all have similar
properties, but unlike the other “grouped” non-transition-metal clements, the number of
valence electrons they use in their chemical reactions can vary. This variability 1s
attributed to the arrangement and filling of the outermost orbitals. All the transition
metals have the same arrangement of outer valence electrons, a filled outer s- and p-
orbital, which contributes to their similar properties, but differing filled lower d-orbitals,
which contributes to the variability of electrons involved in chemical reactions.

The greatest electrostatic attraction is felt by those electrons closest to the
nucleus. As we move away from the nucleus, say from the 1s to the 2s orbital, there are
clectrons sandwiched between the orbitals which serve to shield the electrons in the 2s
orbital from the charge effects of the nucleus and thus the electrons in those orbitals arc
morc weakly held and can enter inic chemical reactions more readily, The same is true of

education. The elements in Group 1 (early childheod education) are more closely
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associated with the nucleus [the teacher] but are less so as they mature [Group 2 onward]
and are thus less tightly held and able to inter/react. The stability of a multi-electron

atoms can be summarized as 1s>2s>3s>4s and in looking at a particular level

- dg>dp>4d>4f.
s-block
elements block
‘ p- .
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Figure 16. The basic structure of the Chemical Periodic Table of Elements
showing the s-, p-, d-, and f‘blocks. The numbers to the right of the table indicate
the rows and thus the location of the various energy levels.

Within the representative groups (Groups 1, 2, 13-18) the s and p are the defining

energy levels and can house up to a total of ten electrons {eight of which are actually the

reactive electrons due to the filled 1s orbital after hydrogen (H) thus rendering those
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electrons unavailable for reaction]. The electron configuration is the written
representation of the outer valence clectrons for a given element and can be considered
the profile of that element much like the transcript of a student is the written educational
profile of that student. Thus if we wanted to represent the element hydrogen which
contains one unpaired electron in its 1s orbital we could indicate the electron by an arrow
up {paired electrons would be illustrated by one arrow up and one arrow down].
Hydrogen is the element used as an example here and is the only element with a single
reactive electron in the 1s orbital. Helium (He) which ajso has electrons in the 1s orbital
has two, completing the orbital and rendering it unreactive. Thus it is a noble gas and

belongs to Group 18.

Hydrogen: Element 1 @

1s orbital

Electron configuration:
1

number of electrons 1n orbital
orbital type

value of n (row)

Figure 17: An example of an orbital diagram [representation of electrons in their
orbit for a specific element] and the resultant electron configuration [profile] of
the atom.

An Educational Periodic Table

Whether one thought in terms of the verticals or in terms of the horizontals-either
way one arrived at the same grid. It was like a crossword puzzle that could be
approached by either the "down" or the "across” clues, except that a crossword
was arbifrary, a purely human construct, while the periodic table reflected a deep
order in nature, for it showed all the elements arrayed in a fundamental
relationship. 1 had the sense that it harbored a marvelous secret, but it was a
cryptogram without a key--why was this relationship so? (Sacks, 2002, p.190).
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I know of many teachers, I among them, whoe would like to explore the idea of a
deep order of education that showed all the elements arranged in a fundamental
relationship. Many have been exploring self-organizing systems of chaos theory, but 1
posit that the periodic table is a useful theoretical and practical relational map. 1 suggest
the chemical periodic table can be used as a template for the development of an
educational periodic table. Such a table may serve as a metaphorical temenos for
education holding the whole of education; the curriculum including the philosophies,
pedagogies, epistemologies, et cetera, as they pertain to teaching and learning. Each
individual element represents those students [learners] at the same point and with the
same capabilities/reactivity within the curricuium and the individuality of each element
and its relationship to the whole of the table is based on the learning capabilities
[valences] of the student and the educational teaching philosophies and practices.

As in the chemical periodic table, the elements of the educational periodic table
(see Figures 18a and 18b) are organized horizontally in increasing capability or
educational [atomic| weight and valence [reactivity] such that the result is a tabular
system of horizontal rows (periods) and vertical columns (groups). Thus if the groups are
considered families or individuals with the same properties and reactivity, one could look

at the groups as representing the various “educational divisions”.
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Elements of the first two columns and 13, 31, 49, 50, 81-84 are the main group metals (early education and most malfleable)

Elements of groups 3 ta 12 of the middle are the transition elements {those elementsfirdividuals making the transition from carly education to more cognitive upper
education) along with the ioner transition metals (| and A) shown in figure {3.

Elements that are bold-taved and underlined efements along the stair step are the metailoids and they show characteristics of early education (not quite ready) and
more advanced education (higher skill icvel)

Elements to the right of the stair siep live as well as hydrogen are the non metals, those clements less malleable, upper elementary, junior, high and post secondary
levels.
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Group 1, therefore, would represent early childhood education, Group 2 grades 1-3,
Group 13 grades 4-6, Group 14 grades 7-9, Group 15 grades 10-12, Group 16 post
secondary education, Groups 17 graduate school and Group 18 [the unreactive nobie
gases] would represent achievement of professional [completed] status. Like the chemicai
periodic table, the groups are formed through the repetition of every eighth element. Each
of the horizontal rows or periods represent the various subject areas or goals of the
curriculum which increase in complexity as one moves across the table [levels of
education].

The elements of the educational periodic table, like the elements of the chemical
periodic table, have been given representative symbols beginning with the most
elementary first element having the most elementary symbol of the alphabet, the
lowercase letter "a". As in the chemical periodic table, "a" like hydrogen (H) 1s the
simplest, but most interactive element of the periodic table and is found in Group 1[see
periodic relationships among groups below]. Like hydrogen [H], “a” is highly reactive
having only one electron in an orbital close to the nucleus and being young and still in
need of guidance it is shielded or protected by the nucleus. If we equate the Group 1
elements to small children coming into the education system, one can see the potential of
learning, the enthusiasm, the excitement, the inter/reactability and re/activity. Such
enthusiasm and potential is a contagious joy to see.

The alphabet increases across the table with increasing atomic [educational]
weight eventually moving into uppercase letters and finally two-letter upper and
lowercase combinations. The inner transition elements [thé lanthanides and actinides of

the chemical periodic table] have been designated by “c-number” and “d-number” simply
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because they reside in their own category and have their own general set of
characteristics. The “c-number” series is equivalent to complexity housing all the
complex and complicated elements of education while “d-number” is equivalent to
differentiated instruction; instruction of special or different needs. They represent those
elements within the education system that do not fit neatly, the "exceptional” elements,
into the table and collectively they may represent difficulty at both the teaching and
learning levels [the learning gifted, the learning challenged, the behaviorally challenged;
perhaps the more radiocactive elements/students].

Every member of a group or family has the same number of valence electrons, or
essentially the same capability, based on educational level [or chemical level], for
learning/reaction, the same general educational profile [electron configuration]. Thus
members of a family will have similar educational properties to other members of the
same family [will have completed a certain level of education, for example]. As in the
chemical periodic table, as we move across the table from one group to the next, we see 2
patternicity and the same properties periodically reappear [every eighth group].
Exceptions to this occur in the transition stage, the middle of the educaticnal table,
[columns 3-12] where the properties of the elements, although similar, show great
variability in reactivity. Like any transition (Websters Dictionary, p. 1510), the passing
from one condition, position, form, place, stage, activity, et cetera, to another, there is
much variability and individuality in how this takes place. Thus the elements of this stage
all have the same properties [electron configuration/general educational profile}, but they
are at different stages or levels both in ability and capability [filled orbitals] thus the

variability in reactivity of this stage.
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The educational periodic table, like the chemical periodic table, can be similarly
divided into the s-, p-, d- and f-blocks. The first two columns furthest to the left [see the
educational periodic table] represent the s-block, those elements with electrons in the s-
orbital, the orbital closest to the nucleus, the elementary orbital. The abilities of
individuals in the early elementary stages (the early childhood and grades 1-3) are very
basic and require much assistance and guidance from the teacher/instructor. This is where
basic instruction is learmned (Piaget, 1952) and much learning is based on previous
foundations of home or social life (Vygotsky, 1986).

The p-block region encompassing the six columns furthest to the right [columns
13 to18], is characterized by electrons in the three p-orbitals and filling occurs across the
groups such that by the eighth or final group all the orbitals are filled and essentialty
learning in terms of an educational institution is complete. This block houses higher,
more cognitive learning levels, with a movement from late elementary in column 13 to
junior and senior high and levels of post secondary education. The eighteenth group, the
halogens [professionals] have compietely filled orbitals [eight electrons] and thus are no
longer reactive in terms of learning but can now make the transformation from learner to
teacher/instructor. The d-block or transition elements, the section between the s- and p-
blocks, is characterized by differential filling of the d-orbital and is characteristic of the
differential learning capabilities of students making the transition from cognitive, basic
learning to affector or applied learning (Vygotsky, 1986), and essentially “growing up.”
How this is done is largely based on the community--the classroom (Thompkins et al.,
2002). The f-block, the bottom two rows of the table are the radioactive elements and in

education may represent those elements [individuals] that represent a challenge to the






