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ABSTRACT

THE GOOD STUDENT
WHAT DOES IT MEAN AND WHAT DOES IT TAKE TO BE
SUCCESSFUL IN HIGH SCHOOL CHEMISTRY?
-OR-
“WILL THIS STUFF BE ON THE TEST?”

By
Charles J. Rop

This study attends to the voices of college-bound students in the context
of high school chemistry. I used participant observation to understand
students' views of success in two Midwestern public high school chemistry
classes. Field notes, interviews and informal conversations with focus
groups of students and teachers were considered primary data sources.
Audio-tape transcriptions and written artifacts served as secondary sources.

Listening to the media, everyday conversations and public perceptions
of American education tempts us to think schools are filled with lazy
students, negative peer pressure and ineffective teachers. Instead, I found
intelligent young men and women doing their school work willingly,
benefiting from positive peer pressure and learning from teachers who
know their chemistry well and teach it effectively. These students not only
take pride in their accomplishments and reputatibns, they also make
rational, intelligent decisions about schoolwork that make perfect sense to
them in context. However, the school chemistry which they successfully
learn and which is well supported by the social structure around them is g
Surrogate for real chemistry. Rather than deep understanding of chemica)



Charles Jay Rop

processes, students describe traditional strategies and task performances
that become a rite of passage. The evidence of success is a good grade on
one's transcript.

Students demonstrated limited but real awareness of events in the
natural world. They described a higher calling--deeper understandings of
the substantive content and process in the academic discipline. Some
students described real molecules and atoms in real objects and events as

"

“something awesome." They spoke sometimes indirectly, sometimes
explicitly, occasionally with passion, of a desire to learn real chemistry and
have it count for success. However, they acknowledged that real
chemistry learning in school could be viable only if the incentives,
expectancies and norms of the cultural milieu supported it. The same
socio-cultural system which so effectively supports students in efforts and
investments in school chemistry has the potential for supporting real
chemistry equally well. This potentiality challenges us to find ways to
support and encourage the teaching and learning of real chemistry in

American high schools.
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CHAPTER 1
The Evolution of a Research Problem

Then Bilbo sat down on a seat by his door, crossed his legs, and
blew out a beautiful gray ring of smoke that sailed up into the air
without breaking and floated away over the hill. “Very pretty!"
said Gandalf. "But I have no time to blow smoke-rings this
morning. I am looking for someone to share an adventure that I
am arranging, and its very difficult to find anyone.”

"I think so— in these parts! We are plain quiet folk and have
no use for adventures, nasty, disturbing, uncomfortable things!
Make you late for dinner! I can't think what anybody sees in
them," said our Mr. Baggins, and stuck one thumb behind his
braces, and blew out another even bigger smoke ring.

The Hobbit (J.R.R. Tolkien, 1966, p.18)

Adventures are costly—taxing the individual and the group.
Adventures involve pushing off into the unknown and the difficult. Those
who are faced with adventures naturally weigh the necessary physical,
emotional, and intellectual costs against perceived gains and then make
decisions whether to embark or not. Real learning is an adventure. I have
found that learning is most often difficult and filled with uncertainty. It is
understandable that many, in plotting a course for school learning, seek level
ground and an easier, less costly, and more familiar path. Many would agree
with Mr. Baggins about adventures— they are "nasty, disturbing,
uncomfortable things."

Bruner (1966) describes two factors which effect a person's intellectual
life—coping and defending. "Coping respects the requirements of problems



we encounter while still respecting our integrity." And "defending is a
strategy whose objective is avoiding and escaping from problems for which
we believe there is no solution that does not violate our integrity of
functioning” (p.129). He defines integrity of functioning as self-consistency or
style in solving problems in ways consonant with personal values. He found
that children "could not cope with demands of schoolwork unless they first
were able to defend themselves against the panic of impulse and anxiety that
the demands of schoolwork set off in them” (p.132). When I taught high
school science, my students brought their defending strategies with them to
class and found it difficult to cope with the situation in ways that resulted in
positive problem solving and subject-matter learning. Like most of us in
many situations, they seemed to measure their investment of time, energy,
and tolerance for anxiety against perceived rewards. Especially in chemistry
classes, the student-perceived end didn’t necessarily justify the means.

In schools, it is quite common that students wager limited
investments, attitudes and effort against perceived gains. The odds of the
wager can be manipulated, the gains and potential losses negotiated through
a process of bargaining. This bargaining is common in American high
schools, often implicit and usually expensive. I agree with Sedlak (1986) that
it is un-affordable because a result of the bargaining process is a form of
surrogate learning--learning characterized by an avoidance of the anxieties,
stresses, and effort involved in learning difficult things. The bargain is a
"complex, tacit conspiracy to avoid sustained rigorous academic inquiry” (p.1).
Successful bargains often reduce the value of the credential received upon
completion of chemistry as well as the high school diploma. A devaluated
credential is purchased with a minimal investment as students learn

negotiation skills and how to play the system instead of focusing on the



academic. As a science teacher, I have found the bargain especially common,
and especially disturbing, in high school chemistry classes where college-
bound students, perhaps for the first time, find academic "success” (as they
know it) uncertain and unpredictable. The nature of chemistry subject
matter, if taught for understanding, exposes the student to a level of analytical
thinking and an integration of mathematics and science that might
potentially upset or redefine the bargain. When a course is taught to engage
students in doing, applying and critiquing the discipline, the teacher presents
academic obstacles. Getting students to think hard and struggle with ideas in
any subject is a challenge.

I found this especially in chemistry. There is a general consensus
among chemistry teachers that the nature of chemistry as a discipline presents
students with academic obstacles to overcome. Exactly what makes these
obstacles so difficult for students to overcome is not very clear but perhaps it
is the uncertainty and initial confusion that results from confronting new
skills, new concepts, and new conceptual frameworks that are so difficult.
Chemistry is a quantitative, analytical science that involves abstract ideas,
unseen things, new problems and other conceptual challenges. Perhaps the
students’ personal academic history has failed to prepare them for this
difficult learning they now face in chemistry.

On the other hand, perhaps it is uncertainty and an inability to see
procedural tasks clearly that sometimes confuses and causes anxiety.
Chemistry students are often used to good grades and maintain high grade-
point averages. Academic work has not been difficult for them. Therefore, as
Dweck (1986) has explained, they often come to chemistry classes with either a
history of personally easy academic tasks or difficult tasks within a
performance framework. By the time these students reach high school



chemistry, they have gotten used to manipulating formulas, looking up
answers, and applying algorithmic procedures in problem-solving tasks. One
of the reasons, is that their academic success in past science classes has often
been measured by adequate performance in these tasks. Therefore, if
chemistry is task-oriented or performance-oriented, it actually seems quite
familiar to these students and they find school chemistry quite easy.

The chemistry I taught seemed to present a new framework, and
students perceived it as a difficult subject. Students were faced with a choice
to rise to the challenges associated with the academic rigor and conceptual
difficulties of chemistry or to resist them. Unfortunately, many resisted.
They may have resisted the particular challenges associated with the
chemistry presented them. On the other hand, their resistance might have
been to the academic rigor I required regardless of the discipline. Perhaps
their resistance was due to a combination of these things. Whatever the
cause, I found student resistance the most significant impediment to
“teaching for understanding” and improvements in my teaching. It is
possible that this student conspiracy to avoid sustained academic rigor stands
as one of the most significant roadblocks in the way of educational
improvement in general.

This research is about the nature of student decision making regarding
academic coursework and the cultural context in which the process occurs. It
was designed to hear the voices and stories of college-bound young people
about their experiences and understandings concerning their high school
chemistry education. It examines participant perspectives of what it takes to
be a good student and what it means to know and understand introductory

chemistry. I began my study with four main research questions in mind:



L What does it mean to be successful in high school chemistry?

H

What is required for a good student to be successful?

IIL  What is the nature of the cultural influence experienced by
students of chemistry?

IV. How do these cultural influences affect student decisions
regarding academic work?

AP 1 and Historical Context

When I look back to my science teaching career, the most formidable
roadblock I faced was student resistance to the unfamiliar and difficult. I
found this resistance most profound in high school chemistry classes where
college-bound students, perhaps for the first time, confronted an academic
situation characterized by uncertainty. These "good students” came to me
with carefully nurtured and highly valued grade-point averages. They were,
of course, very familiar with schooling and what it normally takes to succeed
in the school system. Many of my students were used to school learning that
took little effort. Chemistry was elective, but students knew colleges expected
it on their high-school transcript—-counselors, teachers, and their friends had
told them this; their parents expected it. They also believed that college
entrance would not require subject matter understanding.

Traditional learning was familiar and safe and usually not a threat to
these students' grade-point averages. But I presented a constructivist
approach to chemistry that was radically different from the norm. It involved
conceptual challenges regarding science knowledge as well as what it meant
to succeed in school. I was asking students to make fundamental changes in
attitudes and thinking while familiar constructs of schooling and learning
gave way to strange, uncertain and difficult things. For example, students



wrote essays and research papers, long lab reports, designed experiments and
learned mathematics in science classes. As a result, students suddenly found
themselves facing a dilemma--they needed to maintain their grade-point
averages as efficiently as possible but they did not know how to negotiate this
new and messy terrain. In a more traditional chemistry class, these students
may never have faced this dilemma. Now, they could no longer depend on
their old ways of learning, knowing, and reporting what they knew. They
were challenged to examine themselves as students metacognitively, and
they began a process of personal introspection about what it means to be
successful, what it means to understand, and what it means to be a good
student.

The associated dissonance led to a variety of responses and results. A
few students adapted positively and tenuously embraced this new situation.
Many more students tried a variety of traditional defense strategies (Bruner,
1960; Sedlak, et al., 1986), but my methods even seemed to frustrate those.
Looking back, I realize I was upsetting the traditional bargains and perhaps
making new ones. A few parents became concerned and involved as they
wondered why chemistry should suddenly require a disproportionate
amount of stress and anxiety- disproportionate to other academic courses and
science courses of the past. “If my son (daughter) did so well in biology and
does to well in geometry and English, why is chemistry so difficult and
frustrating?” Some parents also remembered their own chemistry classes and
although they didn’t necessarily like chemistry (in fact many said they hated
it), they often did not find getting a good grade in chemistry very difficult. It
seemed most logical to these parents that the problem rested in the way
chemistry was now being taught. Some parents complained, threatened, and

went to the principal in efforts to alleviate their children’s anxiety. I was



asking them to make paradigmatic changes in conceptions of schooling and
learning. Students could no longer count on their old ways of learning,
knowing, and reporting what they knew. Life in science class became
unpredictable and complicated. I found that paradigmatic change in teaching
is often risky and uncertain (Gallagher, 1989). A student complained:

"Mr. Rop, all you want to do is make us think."

Upsetting old constructs and building new ones in their place is a
difficult and emotionally upsetting thing. One result is that familiar
authority structures and assessments begin to erode and change. Students
came to me thinking that authority rested in textbooks, but they soon
discovered that the text gave few "correct” and easy answers. Many students
believed the information they needed was in the teacher’s head, and that he
should just give them that information and the answers to problems. He
should also tell them what procedures to practice and exactly what to
memorize for the next test. They were used to teachers who were knowers
and information givers. They soon realized that this teacher, instead of just
giving information and providing answers, more often acted as guide and
active participant in inquiry. They expected evaluation on the factual,
memorization level but they soon not only struggled with evaluations based
on their knowledge of the concepts, but also evaluations of their ability to
sort through major ideas well enough to apply them to new situations.
Students continually complained: "You never covered this in class.”

I have found that less than enthusiastic reactions to academic rigor are
rather traditional student responses. Educators often react by trying to force or
coerce their students to work hard in school. And historically, according to
some, few students have ever been devoted to academic learning (Doyle, 1980;

Sedlak, 1986). Sedlak (1986) made the claim that the problem has been getting



progressively worse during the 20th century— especially worse in the last
generation. Traditional incentives have collapsed as the culture and the
school's role have evolved to a market view of education. A dissonance
exists between the value of the high school diploma and the value of
knowledge acquisition. Having a diploma still has value, but its value is
decreasing because of its universality and its failure to hold educational,
personal, or economic meaning. Sedlak wisely points out that the diploma
perhaps never validated the possession of academic knowledge or skills, but it
was at least relatively exclusive. Now, its universality has caused its loss of
meritocratic value.

Although chemistry students' diplomas were almost never in
question, the perceived stakes were very high. Students felt very strongly that
they needed a good grade in chemistry. Some expected scholarships and most
felt that an excellent grade was necessary to gain college admission. It seemed
as though a good grade in chemistry was the only thing of importance and
although understanding chemistry might be nice, it was not necessary.

Theirs was a very practical, meritocratic and capitalistic view of education.
Chemistry was a hurdle to cross on the way to getting ahead. It was practical
therefore to cross the hurdle as smoothly and effortlessly as possible.
Changing the nature of the race or creating a new path caused anxiety and
stress in the minds of college-bound students. There was a tendency in school

to try to release any tension or anxiety and resist any disorder in school life.

The Pilot Study
As explained above, this research project is rooted in my intellectual

and educational history. My teaching career was plagued with questions and



problems concerning the difficulties associated with my form of adventurous
teaching. The questions evolved as I learned, developed and changed. But
the most intriguing were linked to student attitudes, values, and beliefs
which seemed to hold hostage my efforts to change and improve my
teaching. Although I knew the importance of understanding student
attitudes better, for many reasons I found it difficult to study them objectively
while intimately connected to the situation. Therefore, once out of the
classroom, I took the opportunity to go back as a researcher to examine the
insider perspective.

I went into this pilot study hoping to find out more about anxiety and
stress in high-expectation students. I soon realized that students had
developed often elaborate mechanisms, "games," to eliminate anxiety and
stress, and thus effectively avoid challenges associated with learning difficult
concepts. I found a socially constructed ethos (Grant, 1988) that seems to
make sense to students and teachers within the context of the classroom and
school. Students wager limited investments against perceived gains.
Teachers participated in the games sometimes explicitly, more often
implicitly, and often unconsciously or unknowingly. But I was left with
many questions as to why these mechanisms exist, who authored them, how
they are maintained, and how students learn them.

The realization that teachers participated in their construction and
maintenance suggested that these mechanisms are culturally connected. My
focus is on students' own perception of their own situation. In their
perception, what school community and cultural factors agree, conflict with,
influence and support these phenomena? Implicit in this question is the
assumption that there is a degree of congruence of goals at least three
institutions: family, school science education, and friendships which provide
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a context for attitudes and decisions regarding school learning. The most
obvious discrepant cases involved families and friendships in which goals are
not congruent. In these cases, the question followed: Why and how do
student decisions make sense to them even though parents' and friends'
goals and students' decisions do not match?

The following four cases are taken from the pilot study and used here
to introduce the student perceptions of being a good student of chemistry.
They are listed in order of the conceptual development of the pilot assertions.
Although I went into the pilot study looking for anxiety and stress as students
struggled to learn difficult things, I didn’t find much. Christine was one of
the first participants to clearly articulate the gamesmanship involved in
school chemistry. She also led me to deeper appreciation of the complexity of
the cultural context in which these students lived and made decisions. Sam
provided specific details of how getting a good enough grade in chemistry
involves a complex, traditional and co-constructed bargaining system. In his
perspective, this is just the way things are in school. Kristie added deeper
dimensions and further complexity to the context of school chemistry when
she described her dilemma. In her perspective, there are very different
“understandings” involved in learning chemistry. One might even stand in
the way of the other. Jaime helped me see that for her, traditional task-
oriented understandings, though they earn her success, are not very
satisfying because she has visions of something much deeper and better--
“something awesome out there.”

1) Christine: “It’s all a game”

It was the beginning of lunch time when I walked toward the back of
the chemistry room. In the back half of the room there were lab tables with
stools where students occasionally sat eating and talking. This time only one
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person, Christine, sat at a table with a chemistry textbook and papers spread
around her. She had a spiral notebook open, a closed chemistry book laying
off to her right side, and a pencil in her hand. One of the papers that was in
front of her was a chemistry lab sheet from a lab experiment her class had
done the day before. The lab was about molarity and the students had worked
in groups as usual. For this particular lab, each person was “volunteered” by
the group members for a particular task and thereby given their share of the
reporting responsibilities. The lab report would then be handed in later as a
composite of the individual tasks. Each member of the group received the
same grade for their efforts and therefore, the entire lab group would depend
somewhat on the quality of Christine's work.

Christine was staring at the door and tapping a pencil on the notebook
in front of her. It appeared that she was deep in thought. I did not know her
from any of the classes I had been observing so I introduced myself. She
responded: "Oh, so you are the one everyone has been talking about."
Evidently the word was out in the school that I was the one from the
university who was talking to students about chemistry. I said that I hope
everything said had been good. She smiled. Right at this time, two other
students, whom I did recognize, came into the door and began a conversation
with Christine and me. Christine kept doodling on her paper while she
participated in the conversation so, except that her tools for chemistry were
laying there on her table, it was not very evident that she was actually doing a
chemistry assignment. The other students noticed these chemistry tools and
asked her what she was doing. They all had done the experiment on the day
before and they started to joke about it. I listened.

It appeared as if she was trying to carry on a conversation with the

other students and yet maintain at least a limited involvement with the
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graph she was making. As she began to page through the chemistry textbook
she laughed. She started to explain to all of us that "somehow" she had
gotten "railroaded” into making the graph for the group data generated in the
lab and didn't know what she was doing. Her laugh suggested that she found
humor in not knowing what she was doing in the graphing task, in what she
saw or failed to see in the textbook, or in some connection between the book
and her being "railroaded.” I asked her if the textbook helped.

She said: "Yea, if I would read it ever.”

I asked her: "You mean you never have?"

She said: "Well, not really—-chemistry is not really my thing--besides,
you don't have to—it has no function.”

I looked for a response from the other students but there was none
apparent. They left the room and as they went, said something about some
other place to go or people to see. I was thinking about what Christine was
saying and what could have been the source of her humor so I asked her who
her Chemistry teacher was and if she felt successful. She said that she was in
Mr. S's class in the afternoon and that "I get good grades but that does not
mean I know anything.” She then went on and surprised me by saying that
“its all a game-—telling the teacher what he wants to hear." I began to think
that it was in this "game" that she found humor and that the graphing task in
some way reminded her of the game. I asked her to go on, she thought for a

minute, and then she began to explain what a student must do to do well.

bullshit—-you know-like there was a question on the last test that asked
about saturated and supersaturated solutions. (pause) I wrote about
making candy and then about world problems—-and Mr. S. (her
chemistry teacher) loved it. He asked if he could read it in front of
class.
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The emphasis in this last statement was on the "bullshit" and the
"world problems." I received the impression from her inflection and the way
she smiled at me when she said it, that she thought it especially descriptive of
the "game” to "bullshit” about world problems on a chemistry test. Many
questions came up in my mind about the game, about "bullshit", and about
how “world problems” could supply fuel for or a vehicle for a process of
deception. “World problems”, in adolescent vernacular probably refers to
current events or newsworthy topics which potentially start discussion,
preferably off the teacher’s agenda, in chemistry class. It is not uncommon
for students to try to change the subject from what they don’t know to
irrelevant topics in order to waste time or to cover their lack of knowledge.
Christine's point was that this subject had little to do with chemistry or the
test question and yet she received credit for it. She wanted me to know that
her subversion was effective. She also was making a specific point by saying
that "Mr. S. loved it" and asked to share her answer with the class. She acted
as if she was taking pride in deception—giving the impression of knowing
what she was talking about when that may not have actually been the case.
At first, it seemed that at least in her perception, "World problems" discussed
were something she just thought up instead of relying on her rich chemical
knowledge in order to receive credit for an essay question. However, she
evidently received more than mere credit; she explained that her answer was
considered exemplary. Her apparent pride seemed linked to her ability as a
game player and not as a wise student of chemistry subject matter.

2) Sam: Co-constructed bargaining system

Sam explained that limited investment was possible because the
system has been constructed in such a way that encourages and rewards it.

Chemistry is "something you do" in high school--a right of passage to college.



14

Since chemistry subject matter has no apparent value to Sam, only the grade
is important—-a B would be adequate for what he wants. Sam told me that "if
you understand 90% without much effort, they (other students) are going to
take that instead of working a whole lot because there is a big gap between a B
and an A... an A takes a whole lot more work than a B." If we believe Sam, a
B is easy to attain without much investment because his B in the course came
without any homework time and no study outside of school time. He said
that he just had to listen in class and "get enough to do well." Assuming that
an A would take just a little more effort, I asked Sam if he wouldn't rather
work a little harder and earn a better grade. He realized my assumption,
smiled and explained how I was wrong. He explained that an A takes a
disproportionate amount of work and the extra 10% (his figure) of subject-
matter knowledge or understanding needed to attain an A is not worth the
effort. He believes that more work is involved because the understanding
needed to go from a B to an A is somehow more sophisticated or at least more
difficult to attain. “The first 90% comes easily for me but the last 10% would
be much more work and isn’t worth it.” Sam was not interested in
investment of work any more work than is necessary for the B.

There might be other reasons he told me this story, but Sam at least
seemed to be measuring personal investment against gains. He has
apparently developed a method of knowing just how much work is needed to
get the grade he wants. He appeared proud and confident as he said: "If I
tried, I could get an A--no problem.” But he also said "I just sort of go for the
ride, you know?." Ignoring any pretense for now, a good grade holds value
because it makes a difference for the future. However, the student has little
or no interest in the subject matter or understandings apart from their

limited role in making the grade possible. Sam explains that chemistry is set
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up by the teachers so that the B is easy and does not require much investment
of effort. He believes that is just the way it is. The teacher himself confirmed
Sam'’s system and explained that he intentionally arranges this to alleviate
student anxiety while gaining student cooperation.

It is not that Sam and other students fail to see that chemistry could be
interesting or could have intrinsic value. Several of them explained that the
search for understanding would not be worth the effort or compromises they
would have to make. For them, success is quite painlessly achieved by a
rather rote, mundane “doing the work” and “getting good grades on tests."
They said this is just the way it is, not necessarily the way they want it to be.

3) Kristie: A dilemma.

Kristie feels that deep understandings of chemistry are better than just
doing the work because there is a future in those understandings.
Understandings will help her later in college much more than mere
memorization would. She spoke of a difference between "going for
understanding” and "going for a grade.” It was very interesting to hear her
talk of the differences even though it is not clear exactly what she meant by

understanding. She contrasts understanding with memorization.

I remember the first couple weeks I was in here, I went to Mr. S. for
help and he said that I was doing too much memorizing so I kinda
backed away from the memorizing stuff and tried a little bit more to
understand the concepts and I think that, that made me. The actual
grade was not as good but I understood what I was doing instead of just
memorizing stuff— you know? You know what I mean? So I think
you have to understand what you are doing to come in here to get the
kind of grade you can feel confident that you have earned... I have a
cousin-- she gets straight A's and she just memorizes everything. I'm
more of a B student and you know, I feel better about it if I understand
it and get B's instead of memorize it and get A's.
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Kristie thus found herself caught in a dilemma. She said that although
she began the school year in search of understandings of real things, she soon
found herself spending all of her study time with rather dull assignments,
flash cards, lists of terms and formulas. She explained that good grades were
actually quite easily attained because tests were based mainly on recall of
information and demonstrations of simple performances. On the other
hand, she knew that if she were to "go for understanding,” (a right-brained,
rather messy process of sitting back in thought and inquiry) it would take her
a disproportional amount of time and energy. And of course because of play
practice, an active social life, and so many other extracurricular
commitments, time is in limited supply. Thus she explained that although
the traditional path to a good grade (and success) is far less satisfying,
intellectually rewarding and less practical for the long term, it is far more
straightforward, efficient and immediately practical. She knew that although
she would be considered successful if she made the grade her goal, she would
also necessarily sacrifice the messing about in the less efficient world of real-
world things and applications. She decided to "go for understanding"--a
difficult decision, but wise: "the actual grade was not as good, but I
understood what I was doing instead of just memorizing stuff..." And to help
me understand the wisdom but also some of the frustration of her decision,
she compared herself to her cousin, a student in the same class, who enjoyed
a better good-student reputation. Her cousin gets “all A’s by just

memorizing,” a policy that will come back to haunt her later in life.

What would happen if you go on to college? I mean if I memorize
something, about two weeks down the line I'm sure, at the most, I'll
forget most of it. Don't you think that if you just memorize things
they just go out of your brain after a while? You can just memorize so
much. Her head (her cousin’s) must be made of just mindless facts you
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know? And--what's she going to do when she gets into college and she
has to write a paper that requires a thought process?

4) Jaime: “Something awesome out there.”
Listen to Jaime as she enthusiastically described her version of "the
game" she plays in chemistry.

I didn't understand any of it (chemistry)though-like I said, I survived.
I feel like I played her game. I memorized what she wanted me to
memorize-] got my way through it—but I couldn't tell you a thing
about chemistry. I, I mean maybe it's because I've been in high school
for two years and I have learned how to beat the system. What--I can
figure out what a teacher is asking and write it down but I couldn't
explain to you what I just wrote down. I could explain what I
memorized from a book. But if I don't understand it, if all else fails, I'll
just memorize it and say: 'well, there, if this is what you want, I don't
understand it'--and I have such a hard time taking a course even if I get
a good grade if I didn't learn anything. It's—I mean I'd rather have a
grade that represents what I learned about this so that someone would
pay attention to me, tell me I need some help or take the class over
again. But if I can come up and never learn anything and it's just a
grade, you know at that point it doesn't mean anything—even if it gets
me to a different physics course next year, it doesn't mean I know
anything about chemistry.

I then asked if she felt powerless in this situation. She said:

Incredibly (laughs and throws up her hands) I just feel like—~Whatever-
-I don't understand it but I'll do it!

Like many of her classmates, Jaime describes herself as being involved
in playing a "game.” She described it as a memorization game that, in her
perspective, was supported or perhaps even established by her teacher. Jaime
gave evidence of this when she called the game "her (the teacher's) game."
Jaime seems to feel that the game existed so that students like her can learn it
and play it. The game involved "beating the system,” and this involved
giving what the teacher wanted to hear. There is a certain fatalism in Jaime's
description. She seemed trapped by her circumstances, and by her game, and
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actually described something better--deeper understanding—as something to
grasp or try to attain. She even seemed forced into choices which
compromise her understanding.

Jaime's (and other students') "telling the teacher what she wants to
hear" is out of choice, not because they feel they are not intellectually capable
to understand chemistry, but because the system seems established or
arranged for making limited investment of intellectual energy. This limited
investment seems to be a common theme in school chemistry. Students go
just so far in investing intellectual effort, study time, and energy into their
chemistry course. Jaime seemed to limit her investments, and her teacher
offered corresponding rewards.

The way Jaime describes her school work, she is not really required to
understand molecules, atoms and the ways things work in the real world.
But after Jaime described her mundane “doing the work,” she paused, looked
up, and then dramatically raised her hands and said: "... but there must be
something awesome out there." There must be something of the
imagination “out there” somewhere beyond the constant plodding-on in
daily life in chemistry class. Something in a different world of moving, acting
electrons and atoms—things unseen but wonderful--things that could help
her begin to understand how real things behave and how they work.

Chapter Summary

Teaching for me is like offering an adventure in learning for anyone
willing to push off into the unknown and the difficult. In schools, it is not
often easy to convince students to see learning difficult subject matter as an
adventure. Students learn to cope and defend themselves from difficult
learning as the educational system in many ways seems to encourage limited

investments. In the context of school, student attitudes and decisions about
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academic learning seem to depend heavily on social and cultural influences
around them. One area of strongest influence is peer relationships in day-to-
day life in school and in chemistry class. Understandably, students form
personal meaning and learn to act in the context of these peer relationships.
Other strong cultural influences include the teacher and other adults

The pilot study showed that the stage for gamesmanship as well as
learning is set by these cultural influences. Students seem to make sense of
their world through the filters of these influences. Teachers and other adults
hold power over grades and credentials. Students often become willing or
unwilling partners in bargains acted out between them and teachers in order
to facilitate success. However, reflecting on these stories and the preliminary
assertions concerning limited investments and games people play seemed too
simple and perhaps too cynical. It seemed that the pilot study, as it should,
raised more questions than it answered.

While listening to students like Jaime, Sam, Kristie, and Christine, I
was impressed by their rational approach to making decisions concerning
effort in school work but also by their use of the word “understanding” in
explaining what is necessary for success in chemistry class. As Jaime and a
few others spoke, I was struck by the contrast and potential conflict between
the matter-or-fact, traditional understandings necessary for doing school work
and the much deeper conceptual understandings identified by some of them.
There seemed to be differences between school chemistry and another
chemistry of the imagination, of the mind, and yet connected to real things
and processes. The pilot confirmed and informed my methodology, my
interest, and my need to explore these issues farther. Since it was found that
students were extremely open, willing to hold conversations with me and to

tell their stories, and able to describe their situation in the context of their
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culture, I decided to continue research in the same spirit and style. The
questions generated in the pilot lived on, evolved, and informed this

dissertation study.



CHAPTER 2

Success in School is a Cultural Construct: The Cultural Spheres of
Influence Model

[Ethnography] is defined by anthropologists as an analytic description of
an intact cultural scene delineating the shared beliefs, practices,
artifacts, folk knowledge, and behaviors of some group of people. Its
objective is the holistic reconstruction of the culture or phenomena
investigated (Goetz, 1984, p. 244).

While teaching introductory chemistry for twenty years and more
recently as a participant observer in other teachers’ classrooms, I have
continuously been interested in how students make sense of, cope with, or
resist intellectual challenges in chemistry. Students arrive from Biology
which they found more relevant, and clearly defined. Most of them enjoyed
learning about bugs, plants, the environment and themselves. One student
explained that she could see and understand what a human organ is and does
because it is so close to home. But it is almost impossible for her to imagine
atoms and other little moving things in tables and chairs. Like her, many
students talk of molecules, atoms and other invisible things as mysterious
and difficult to imagine. Chemistry seems more abstract and potentially
pushes them to different dimensions of conceptual uncertainty. This is not
surprising since several researchers also point to the abstract nature of
chemistry concepts (Abraham, 1994; Barrow, 1991) and suggest that there is a
link between understanding chemistry and Piaget’s higher stages of reasoning
ability. Although this seems to be a consensus among researchers, they do

not necessarily agree on why chemistry presents such problems for students.

21
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One suggested reason is that students now need to deal with atomic and
molecular models which fail to help students link experiential observations
with of chemical phenomena in laboratory exercises with recognized
chemistry constructs (Abraham, 1994, p. 163). They find conceptions of
invisible, three-dimensional working things difficult to imagine. Another
reason chemistry seems difficult to them is that chemistry is often the first
time college-bound students experience a quantitative science (Reif, 1983).
Students find this mixing of mathematical principles and quantitative
problems difficult to deal with. Others say that while biology appeals to
students’ propensity for left-brained thought and action, chemistry requires a
right-brained aesthetic approach (Barrow, 1991; Edwards, 1979). The latter
seems foreign and strange to them so that they do not know how to act.
Although chemistry is officially an elective course, it is also very clear
to these college-bound students that a good grade in chemistry is expected on
the high school transcript. In fact, the good grade and a high grade-point
average is often a driving force in these student’s academic lives. For some,
this presents a dilemma as they struggle with a desire to receive a good grade
as efficiently as possible on the one hand, and a desire to learn chemistry, a
much more challenging and uncertain endeavor, on the other. Because of
all this, students who take chemistry are a rather special group. They have
many reasons to try to be good students. They want to please their parents,
culture their reputation in school, as well as facilitate future plans that
include acceptance in the college of their choice. Educators and other adults,
in turn, hold great hope for their success because these students are known as
academically successful and are often held out as examples of the
effectiveness of our public school educational system. It follows that

educators need to understand them, how they make sense of their situation,
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and how they make meaning in the context of school culture. I have
designed a model to help us understand the social/cultural influences on

student attitudes and decisions.

S . New Visi £ Chemistry for the 21st Cent
There have been many recent reports in the Journal of Chemical
Education which make the point that chemistry education must be more than
passing on lifeless, externally held information or knowledge. Herron (1983)

quotes Richard Feyman and Henri Poincare: “science is the process of
extracting meaning from the environment” (p.947). The knowledge that is
the product of this process is undoubtedly important and often is present in
chemistry classrooms in one form or another. The process, however, is often
left out of American classrooms and therefore, competence in the process is
often unnecessary for student success in science classes. As Herron explains, a
theory of knowledge that is limited to the transmission of existing facts and
concepts from these sources to students misses a better and more powerful
understanding of the nature of science.

This limited theory of scientific knowledge as facts and concepts is
evidently quite commonly held in American chemistry classrooms. Perhaps
one of the important reasons is that high school teachers, thinking they know
what college professors expect of their students, believe this form of chemistry
knowledge best prepares them. In a survey of high school teachers’ beliefs
and practices in Minnesota, Lin (1992) found that teachers ranked “learning
basic science concepts,” as the first priority. They found this emphasis even
though the chemistry teachers in their survey seemed “aware of and are

implementing the recommended types of science teaching such as hands-on
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and process-based inquiry teaching” (p.906). It seems to high school chemistry
teachers that the more content knowledge a student owns, the better.

Although high school chemistry teachers try to anticipate what college
professors expect of them and their students, they often base their conclusions
in myths (Yager, 1986). The result is that students are not often well prepared
for their introductory college chemistry courses. Instead of content
knowledge, introductory chemistry professors, according to Shumba (1994)
especially value specific science process skills, scientific attitudes, and higher-
level thinking skills as well as mathematics understanding. In fact, a
significant number of college professors in this survey valued mathematics
ability; “math through spherical trig and elementary calculus and application
of those skills through word problems” (p.389) is more important than
chemistry content knowledge. This study found that chemistry professors
value thinking and mathematical ability as they relate to working chemistry
problems in the discipline rather than problems that relate chemistry to
societal issues (as high school chemistry teachers believe). Most professors
want “intelligent, curious students, students with good study habits, students
who want to study a particular discipline, and students with mathematical
skills and knowledge” (p.389). The consensus seems to be that thinking skills,
attitudes, and mathematics knowledge are vital while more abstract
chemistry content knowledge can come later. Many college professors said
that in high school, there should be more concern for making chemistry
more fun and less scary. When asked about the content knowledge high
school teachers valued, college professors generally felt that only the
introductory, basic chemical concepts were most important.

It is, therefore, quite clear that there are differences of opinion or

discrepancies in what should actually be taught in high school introductory
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chemistry classes. Barrow (1991) states that the chemistry education
enterprise should get back to “real chemistry” that has longer-lasting, practical
value for students. He states that too many teachers hold their students back
in rote, often meaningless, concrete fundamentals because they feel students
are not developmentally ready for higher-order thinking processes. Instead,
in his perspective, educators should be very careful not to sell students
intellectually short. They are capable of some of the higher-level thinking
skills necessary for an honest study of chemistry if they are nurtured.

We need not wait for some mysterious general mental development or
change to happen in our students. ...Then the formal reasoning, the
active construction. or the synthesizing right-brain activity that is
necessary for any honest study of chemistry can be nurtured (Barrow,
1991, p.4).

According to Barrow, a key to improving chemistry education is
bringing students into mental contact with the substance of the discipline, not

all at once, but with a few basic concepts at a time in greater depth.

The principle goal is to make a few actual substances and reactions part
of that body of experience that can be drawn on automatically, when
higher level thoughts are processed (Barrow, 1991, p.5).

He uses a metaphor of a teacher leading students to intellectual “base
camps” from which they together venture out on other related learning
adventures. He thus suggests “some small pieces of the chemical world and
fostering the intellectual development and appreciation of chemistry that can
grow around such base camps” (Barrow, 1991, p.6). The process of discovery
and the intellectual venture is more important to him than the choice of
which fundamental concepts or principles to cover. Barrow’s “base camps”
would force teachers to pick and choose between basic concepts, concentrate in
depth instead of breadth and thus avoid the temptation to “cover the book."
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In striving for chemistry literacy, the teacher would need to make positive
efforts to not only be aware of students’ reasoning abilities, but also challenge
their development. He calls for a constructivist approach which would
support these ideas and goals (Ausubel, 1978) and "right-brained activities"
which focus attention on attitudes and values such as curiosity, wonder, and
delight in learning new scientific things. The goal is to produce students who
are chemistry literate. He therefore stresses three things necessary for really
becoming chemistry literate: a Piagetian formal reasoning, an active
construction of knowledge, and a synthesizing right-brained activity.
According to the American Association for the Advancement of
Science (AAAS, 1989), the scientifically literate people are able to make
meaningful connections to the real world of substances and their
transformations. Project 2061's Science For All Americans, is a rally call for
science literacy for all Americans. The authors, instead of traditionally
asking for more and more content, focus on the philosophical substance of
science (including chemistry) and how to teach it more effectively. Literacy,
in this vision, is a set of understandings and scientific habits of mind. Those
involved in science find it a process and set out through inquiry to discover
patterns and knowledge of the natural world. Emphasis is on the use of
evidence, the use of hypothesis and theory, logic, and imagination. Science
explains and predicts while avoiding bias. According to AAAS, the scientific
enterprise is a cooperative human and endeavor which is socially
constructed with individual, social, and institutional dimensions. The
knowledge that is produced in this process is tentative but also durable.
Although there certainly are fundamental concepts, and there is a science
language in which the literate person should be able to converse, there are no
agreed upon lists of terms and no checklist of facts. It is also a goal that all
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humans should participate in the pleasure of coming to know the universe
better. Therefore, the focus of Project 2061 is on ideas, ways of finding out and
knowing, not on disconnected, on-paper vocabulary and the memorization

of facts.

Science for All Americans is based on the belief that the scientifically
literate person is one who is aware that science, mathematics, and
technology are interdependent human enterprises with strengths and
limitations; understands key concepts and principles of science; is
familiar with the natural world and recognizes both the diversity and
unity; and uses scientific knowledge and scientific ways of thinking for
individual and social purposes (p.4).

Knowledge of the physical sciences including chemistry is, of course,
an important component of scientific literacy. All the AAAS and NRC (1996)
standards for and characteristics of science, the knowing and doing of science
applies to chemistry. Chemical knowledge is tentative, durable and socially
constructed with individual, social, and institutional dimensions. So in high
school chemistry, it should be a fundamental goal that all participants should
actively partake in the pleasure of coming to know the chemical universe
better. They should also know how chemistry dovetails and integrates with
practical knowledge, technology, and other disciplines. Therefore, the focus
chemistry for the 21st century should also be on ideas, ways of finding out and
knowing, not on disconnected, on-paper vocabulary and the memorization
of lifeless facts. The successful learner of the discipline should be one who

continually improves his/her state of scientific literacy.

S . | Meaning is Formed in Context

Each man is given a scientific heritage plus a continuing barrage of
sensory stimulation; and the considerations which guide him in
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warping his scientific heritage to fit his continuing sensory promptings
are, where rational, pragmatic (Quine, 1953).

Conceptions of culture have a long history in ethnographic
anthropology. E.B. Tylor, as early as 1871 explained, “Culture or civilization,
taken in its widest ethnographic sense, is that complex whole which includes
knowledge, belief, art, morals, laws, customs, and any other capabilities and
habits acquired by man as a member of society” (Mehan, 1980, p.131) Much
later, Goodenough (1964) placed some constraints on this older conception of
culture when he wrote:

As I see it, a society’s culture consists of whatever one has to know or
believe in order to operate in a manner acceptable to its members, and
to do so in any role that they may accept for themselves” (Mehan, 1980,
p-131).

There are standards of knowing, believing and acting which an
individual needs to gain competence in order to establish membership in any
culture. Self concept is often based on what a person decides is acceptable for
self in relationship to these cultural standards. These things are learned as
the person negotiates a viable path through culture. At the same time, people
learn their role in culture by interaction with the competent members of
culture, who themselves can look back on past success in culture. For
example, a high school student can look up to the teacher as a competent
member of the culture of the discipline taught. Or, less successful students
can look to more culturally competent peers. This learning process is
important and necessary for anyone to be able to live comfortably and
successfully in culture. Once the appropriate behavior is learned, the
appropriate behavior needs to be effectively demonstrated if one is to be
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considered successful. In other words, the person needs to transfer what is
known into acceptable behavior and a viable role.

These behaviors and demonstrations are material manifestations that
give evidence of knowing and doing what it takes. Goodenough calls these

material artifacts.

[W]e shall reserve the term culture for what is learned, for the things
one needs to know in order to meet the standards of others. And, we
shall refer to the material manifestations of what is learned as cultural
artifacts” (Goodenough, 1981, p.50).

Culture is learned and the physical evidence of cultural competence or
membership are the material artifacts. “What they learn are the necessary
precepts, concepts, recipes, and skills—the things they need to know in order
to make things that will meet the standards of their fellows” (p.50). So
culture exists in the mind and actions of people. It is one’s representation of
and participation in the world. For the researcher, material things are
evidence of culture and help us understand culture.

The interplay between standards set both externally and internally is as
complex as it is interesting. For Goodenough, culture is essentially an
individual construct—it exists in the mind of the individual-—-the things one
needs to know in order to successfully live in culture. There are artifacts of
course, but Goodenough'’s focus is on the criteria, the personal judgment and
individual meaning assigned to those artifacts. Personal representations of
the artifacts are more important than the objects themselves. In order to help
us understand his position, he explains that his conception of culture is quite

different from Geertz’s conception of culture.

He (Geertz) focuses on the artifacts—exposure to artifacts is what people
share--and states that these artifacts as public symbols and the public
meaning they have acquired in social exchanges constitute culture. We
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take the position that culture consists of criteria people use to discern
the artifacts as having distinctive forms and the criteria people use to
attribute meaning to them. We address the problem of how these
criteria, which are individually learned in social exchanges, can be said
to be public at all, a problem Geertz does not address. (Goodenough,
1981, p.59).

Geertz writes that human behavior must be viewed as “symbolic
action” and that culture is in the public, social mind instead of the individual
mind. “Culture is public because meaning is” (Goodenough, 1981, p.12). His
focus is on the product or the artifacts themselves which are symbolic--the
things are culture. Tables, chairs, lab reports, textbooks have meaning in
context and are culture set before the observer’s eyes.

In his description of a "Balinese Cockfight," Geertz also describes
culture as an “assemblage of texts” (Geertz, 1973b, p.448). “Text” is beyond
written material and beyond verbal--it is metaphorical. Cultural forms or
artifacts can be treated as texts—-“imaginary works built out of social materials”
(p.449). Because of this, and perhaps in a way of gaining some form of
understanding of our world, we come to know our world in terms of
metaphors (Lakoff, 1980). In other words, we construct our own ideas of local
knowledge, our own constructs of our place in culture. As ideas are formed,
we learn culturally appropriate, or purposeful behavior, what Geertz calls
“minded action.”

In Interpretations of Culture, Geertz (1973a) argues that “minded
action” originates and evolves in culture and that mind cannot exist without
culture. The word “action” refers to behavior that has personal and cultural
meaning. A person acts according to how he/she has learned to act in the
context of culture. Therefore, a person’s action is directly related to, and flows
from the thought and sense making of the individual. Action always has
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meaning associated with it. That meaning, mind, is culturally derived and
exists in the brain of the individual.

Here, Geertz'’s position is similar to Vygotsky. According to Vygotsky,
mind emerges from culture (Wertsch, 1985). Although mind is not restricted
to interactions, it is through interaction with others that mind develops in
the individual. Mind is therefore a social/cultural construction as a person
learns to master the conventions of the culture. According to Vygotsky,
individual meaning is socially constructed. The term “social” has reference
to group communicative processes and social institutional processes
(Wertsch, 1985, p.209ff). He explained that although biological and
neurological factors certainly have a role in the making of constructs, they
must be understood within social context. Therefore it would be an
oversimplification and a mistake to reduce a person’s ability to make sense of
his world to biological processes. Avoiding this reduction requires a change
of focus. Specifically, in Vygotsky’s view, social factors operate within
biological frameworks and are compatible with them, but they can’t be
reduced to them (p.21). In the complexity of the human mind, no single
explanation is adequate in explaining the process of making meaning.
Biological processes work hand-in-hand with sociological processes in the
immediate sense and cultural processes in the broader sense.

It is therefore quite clear that students in chemistry class construct
meaning in terms of their surroundings, in light of social, institutional
phenomena. For example, as the child communicates and interacts with the
adult, internalization occurs and the child learns. The social therefore creates
the conditions, the context, in which the mind is formed and therefore self
concept is constructed. By "mind," I mean the set of personal constructs one

develops as he/she grows up in society and culture.
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“Mind” is a term denoting a class of skills, propensities, capacities,
tendencies, habits; it refers in Dewey’s phrase to an “active and eager
background which lies in wait and engages whatever comes its way.”
And, as such, it is neither an action nor a thing, but an organized
system of dispositions which finds its manifestation in some actions
and some things (Geertz, 1973b, p.59).

The mind is a system of dispositions that is manifested in meaningful
actions and things; mind is dependent on culture as it also forms culture. It is
not only manifest in action, but also in things or cultural artifacts. Language,
scientific descriptions or theories, technological objects or tools are cultural
products of minds that also go on to influence the evolution of minds.
Geertz goes on to say that not only is one’s mind made up of thinking and
acting, but also of how people feel about things. Thus, mind, which forms
and is formed by culture, includes thinking, acting, and also feeling.
Therefore, Ethnographers not only try to understand what a person knows
and to understand meaning in behavior, but ethnographers also ask about
how participants feel about things if they are to learn about what is in
participants' minds. All of these things are part of and reflective of culture
and help us understand students making sense of their world under social,
cultural influences.

Geertz considers society built on emotions and individuals put
together (p. 449). There is a cultural ethos that is shared and personal; both
public and private. “The culture of a people is an ensemble of texts,
themselves ensembles, which the anthropologist strains to read over the
shoulders of those to whom they properly belong” (p. 452). Therefore, in
culture, all people have standard of logic and also empirical standards for
assessing the validity of propositions. Customs are behaviors with purpose

and viability in the context of common sense and public meaning.
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As Singer (1988) explains, Goodenough'’s theory “ignores such broader
aspects of culture as traditions, existential axioms, root metaphors, beliefs,
attitudes, world view, and values” (p.3). It seems that membership in a
culture includes much more than demonstrating competent action and
assuming a viable role. For example, there are also necessarily material
manifestations of a person’s ability to successfully assume a viable role.

Individuals cannot be separated from their cultural context, and
epistemological access to high school subjects depends on socially-developed
constructs and the filters of cultural influences. More specifically, the
newness of chemistry in many ways conforms to, but also runs up against
traditional constructs of schooling and school learning. Through
communication with others and interaction with institutional processes,
students develop personal constructs of meaning. These are socially derived
meanings and therefore, the analysis model places the individual student in
the center of concentric cultural spheres. Each sphere represents a cultural
influence through which the individual student views her world and how
the world works. Because the subject of study is chemistry, the larger context
in which this cultural influences exists is the world of chemistry disciplinary
knowledge. Ideally, chemistry class and chemistry learning provide a student
with epistemic access, the ability to know and understand this world
(Danziger, 1990). Although there may be many beneficial, tangential things
learned, epistemic access is, of course, the central expressed purpose of
chemistry courses. However, this access is limited by a veiling or filtering
process of the cultural influences of peers, family, popular culture, teachers
and institutions.

According to Goodenough (1976) to find out how things work in
culture, a competent ethnographer enters a culture, interacts with the people



34

conversant and competent there, and learns to understand them. The
researcher attributes concepts, beliefs, and principles of action and
organization.
The culture of any society is made up of the concepts, beliefs, and
principles of action and organization that an ethnographer has found
he could attribute successfully to the members of society in the context
of his dealings with them. ... His competence is indicated by his ability

to interact effectively in its terms with others who are already
competent (p.3).

In Goodenaugh'’s perspective, public meaning is still significant and
should be the subject of study. Goodenough goes farther than Geertz to
explain cognitive and emotional factors which make it possible for the novel
event to be meaningful. If culture is in the individual mind, students can
experience novel events and make them meaningful. Under Geertz, we have
a hard time accounting for these. Students in schools meet novel events in
chemistry and perhaps, as stated before, these are what make chemistry
problematic and uncertain. But students do make meaning and learn
culturally appropriate attitudes, feelings and behaviors. They learn how to be
culturally successful. Along with Goodenough, I take a perspective in my
model that culture centered in the mind of the individual and the individual
makes sense of his life in cultural context. Therefore, self is in the conceptual
center of the concentric cultural spheres of influence.

It is not that these spheres of influence are the same in every cultural
situation or in every school. School life varies from place to place, from
school to school and from classroom to classroom. Each setting has its own
cultural constructs for action and beliefs. And in schools, culture is learned
and practiced in context of the watchful, evaluative eyes of administrators

and teachers. The teacher establishes, often through negotiation with
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stakeholders, the standards for appropriateness and also measures a students’
success in attaining these standards. At the same time this process is
evaluative, it sets incentives for leaning culture. This process is multifaceted,
complex and not necessarily easy to learn. Some of which needs to be learned
and demonstrated is straightforward, and other things are hidden, implicit or
written between the lines of interaction. As Singer (1988) explains, cultural

differences require very basic, situation-specific standards for behavior.

There are indeed considerable differences between cultures as to how
one appropriately conducts oneself in interacting and communicating
with other people: How one gets the floor in conversation, how one
shows attention or respect, how one makes a point or indicates
concurrence or disagreement, how one asserts oneself or defers to
others, how one indicates approval or disapproval--all of these very
basic aspects of classroom life vary from culture to culture” (Singer,
1988, p.4)

Human behavior is purposeful and people learn from consequences of
past actions. They place value on things and things learned, depending on
their goals and purposes, and this effects the decisions they make regarding
future actions. Thus, acting together, people establish customs and customary
behavior. Students in chemistry develop standards of logic and learn to
assess the validity of that logic in interaction with others. Student behavior,
as it gains associated meaning and relates to success in chemistry thus
becomes part of customary practice.

Thus, in examining the content of culture we must take into account
the entire range of phenomena that is part of the chemistry student’s
experience and that become the subject matter of learning in chemistry but
also the culture of school chemistry. There is no solid precedent set for this in
educational research. In fact, there are relatively few studies of the content of

secondary school culture from the insiders’ perspective (Cusick, 1973; McNeil,
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1986; Peshkin, 1978; Solomon, 1992; Willis, 1977). There are fewer studies of
student perspectives and the culture of secondary school science.

Personal Meaning in School is Socially Constructed

Culture, then, consists of standards for deciding what is, standards for
deciding what can be, standards for deciding how one feels about it,
standards for deciding what to do about it, and standards for deciding
how to go about doing it (Goodenough, 1963, p. 258).

High schools each have their own culture or standards for meaningful
action that enable a person to be successful in that culture. Competence in
school chemistry is a construct; it is defined, learned and must be understood
culturally. Standards for competence are often set by or at least passed on to
others by persons already competent in a particular culture. The novice
entering a culture learns these standards from these experts. Teachers could
be considered competent in school chemistry, and their students are novices.
Primarily, teachers set personal competence standards for their own
classroom and also for the study in their discipline. The successful student
learns what is needed to become competent according to these set standards.
Learned competence is more or less accurately measured and evaluated by
this already-competent teacher. Peers, parents, and other representatives of
the institution also make significant contributions in terms of cultural
influence, but the teacher is the local expert. The culture of a science
classroom, and a person’s ability to become culturally competent (successful)
depends on these interrelationships between experts, novices, and other
cultural influences.

The cultural influences working in schools have been largely ignored

in educational research, especially the multilevel meanings students form in
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the most ordinary taken-for-granted events. This omission leaves us
searching for common sense meanings associated with daily life in schools
and descriptions of schooling.

Okey (1990) and Fine (1986) studied dropouts, their families, and
cultural meaning in action. Okey came to the realization that rural students
and their families made decisions regarding schooling and academic work in
the context of symbolic interaction. Students often adopted their parents’
conceptions of school and school learning because they worked for them.
Dropping out made perfect sense within this environment of cultural
influence. Fine’s research involved a very different student population but
came to similar conclusions about student decisions. She describes their
dropping out through their eyes and meaning is revealed in their words.
They also made decisions that made perfect sense to them in the context of
their environment. In both of these studies, many economic, social factors
and structural features of schools contribute to the sense making and self
concepts of adolescents. It is clear that students live and make meaning in the
context of cultural influences.

Coleman and Hoffer's Public and Private High Schools: The Impact of
Communities (Coleman, 1987) was an important and controversial study that
compares public, parochial, and private sectors of American education. They
conclude that family influence is the most important factor in determining a
student's propensity for success in school. Factors like SES, minority status, as
well as absence of one or more parent, parental attitudes toward education,
and whether or not parents work all play significant roles in determining
whether or not a student will get along well in school or rate highly in
academic achievement. In another study, Rappoport (1977) also found that
family influences are significant in student decisions regarding school work.
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His focus was on the characteristics of family such as career aspirations, and
family relationships with the life of work. Delgado-Gaitan (1988) did an
interesting study of Chicano families and found that for those who were
successful in school, a strong home support system that values education was
vital. In a study of poor black children, Clark (1983) concluded that it is the
overall quality of the family's life style, instead of other measurable factors
(number of parents in the home, parents' marital status, status, etc.) that
determines whether or not a child succeeds in school. According to Clark, the
overall quality of family life is determined by the family members' beliefs,
activities, and overall cultural style (p.1-2). According to Clark, the family's
ability or desire to support a student in school depends on the family socio-
cultural history and expectancies. "A family's ability to provide a home
environment that prepares its children for future success, including success
in school, develops out of past experiences with cultural tasks and social
rewards” (p.x).

Other studies were more general ethnographies of the lives of students
of high schools as institutions. Many years ago, Philip Cusick walked the
halls of an urban high school and found that students’ behavior has personal
and social meaning. Cusick’s focus was on how their action makes sense to
them and to the observer in the context of schools as institutions (Cusick,
1973). More recently, in The Educational System, (Cusick, 1992) he refines his
conceptions of these institutions by saying that the educational system is
composed of a set of “overlapping collectivities” where social reality meets
social ideals. The purposes that schools are assigned often fly in the face of
social reality. Because of the conflict between collectivities, the school

system'’s purpose is reduced to control.
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The first collectivity is society with all of its differences that it sends
into school with its children and that show up in the way children
behave. The next collectivity is the students and teachers, the former
exhibiting their diversity, the latter charged with channeling the
diversity into more narrow lines (p.68).

According to Cusick, the school system is actually established and
maintained to control students. Because of this, control is the central
problem in American public schools. He came to this conclusion by
observing and listening to students and their parents, and reviewing other
studies which focus on students' lives in the socio-cultural context of schools
and schooling.

There are other important studies of schools as institutions and the
cultural influences in and around them. Several of these studies focus on
student perceptions and socially constructed meaning in context. Willis’
(1977) “Lads” found schooling counterproductive to social goals and they
understandably resisted. In his schools, socialization and compliance seem to
be the curriculum. McNeil (1986) also comes to the conclusion that student
experience in schooling is shaped by the tensions between the school goals for
education and the persistent, institutional need to control students. These
and many other studies give special attention to discrepant behavior and
personal action that sets the student up for failure or perhaps even voluntary
and involuntary removal.

An especially helpful and wonderful book about life and learning in
schools, Lives on the Boundary (Rose, 1989), is a personal commentary about
literacy and those who struggle in the American educational system. Rose

tells the stories of class and cultural barriers.

...language and human connection, literacy and culture, and it focuses
on those who have trouble reading and writing in the schools and the
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workplace. It is a story of abilities hidden by class and cultural barriers

(p. xi).

In schools, we test, grade, and measure students and then we group and
label them. Rose focuses on those who live in the “educational underclass.”
He calls his book a “vignette and a commentary, reflection and analysis”
(p-xii) of lives in schools and m American education. As he tells stories of
himself and other people struggling with literacy, class and culture
boundaries are established between people and between people and their
potential. If we are to break down these boundaries, Rose asserts that we will

need to reform education:

To have a prayer of success, we'll need many conceptual blessings: A
philosophy of language and literacy that affirms the diverse sources of
linguistic competence and deepens our understanding of the ways class
and culture blind us to the richness of those sources. A perspective on
failure that lays open the logic of error. ... Finally, we’ll need a revised
store of images of educational excellence, ones closer to egalitarian
ideals— ones that embody the reward and turmoil of education in a
democracy, that celebrate the plural, messy human reality of it (p.238).

One set of rather recent ethnographies done by Peshkin focus on
participant perspectives and institutional tensions. For example, Peshkin
(1986) studied the students' views of structural and social factors at work in a
private Fundamentalist Christian school. His school presented a context for
rather intense cultural influences across people and institutions. He
described school rituals and related understandings as well as conflicts
between constituents and their school. The school was set up to meet
individual and community needs. In a complementary way, individuals
made sense of their situation in terms of what was going on around them.

Peshkin’s work has been instrumental in my thinking about focus and

research questions. In Growing Up American: Schooling and the Survival of
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Community, Peshkin (1978) tells the story of how he entered Mansfield High
School, a school at the center of small-town America, to study student life in
American high school education. The high school is a “top notch school for
this community” because it fits cultural expectations and society goals. His
focus is on those who hold positive views of school and schooling in their
community. He went there to study the relationship between school and
community. Although there may be many questions about the quality of the
education, he found an ethos that mutually benefited the school with its
participants and society in Mansfield.

Mansfield’s ethos, the guiding belief... the spirit that motivates the

ideas...or practices of people has been formed partly in response to the

realities of small-town rural life and partly in reaction to the
predominance of urban society (p.193).

Mansfield High School is a school that belongs in Mansfield. It is
successful because a majority of its students feel successful. But as Peshkin
explains, success in Mansfield only has meaning in social and cultural
context. A school's success and the success of its students depends on how
well the culture of the school dovetails with the culture of its constituency.

In Cusick’s words, the problem schools face is for students “to mesh their class
and cultures with the school” (Cusick, 1992, p.69)— not necessarily an easy or
often rewarding task.

By talking to seniors in reflection about their high school careers,

Peshkin learned something about their conceptions of success.

It seems that the school experience often provides more than those
who do not intend to go to college want, but no more than the college-
bound wish to work for. Somewhere between these modest points
Mansfield’s teachers pitch their tents, accommodating themselves to a
level of success with which most participants learn to be comfortable
(p-180).
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This negotiation happens in American schools as students construct
meaning in relation to their social and cultural situation. Their action,
choices and conceptions of schooling make sense to them in context. To be
successful then, the student must understand social norms and social
constructs. “[S]ocieties, like lives, contain their own interpretations. One has
only to learn how to gain access to them” (Harre, 1994). Access to societal
norms can often be gained by learning to negotiate common experience.
Because fellow students share common experiences and a shared social unit
or structure, these processes and constructs of schooling have common- sense
character. Or, in other words, they share a folk psychology—- according to
Bruner, an ethnopsychology.

Bruner (1990), explains that “Folk psychology... is a culture’s account of
what makes human beings tick...I should call it ‘ethnopsychology’” (p.15). In
fact, he claims that institutions like schools enforce folk psychology and that
“culture shapes human beings to its requirements” (p.15). In trying to
understand how common sense or folk psychology works in high schools, it
is significant that culture enforces and therefore shapes folk psychology. A
student brings his own constructs or meanings to the situation but the

situation, in turn, interactively influences the making of meaning.

[Folk psychology is a] reflection of culture, it partakes in the culture’s
way of valuing as well as its way of knowing. In fact, it must be so, for
the culture’s normatively oriented institutions—its laws, its educational
institutions, its family structures-- serve to enforce folk psychology.
Indeed, folk psychology in its turn serves to justify such enforcement
(Bruner, 1990, p.14).

What students value and know in relation to subject matter, their

common sense of it, is directly related to and in fact, dependent on cultural
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norms. These norms are established outside of the individual with the
individual’s cooperation if not support. The shaping is done interactively “in
situ” as a student enters an historically developed and established culture and
further shapes it through personal influence. Thus the student both adopts a
common sense and contributes to it. The student cannot be apart from this
cultural process and still be part of his class.

Common sense or folk psychology historically is a product of the
cognitive revolution. Harre (1994) even gives Kant much of the credit for
the beginnings of the cognitive revolution. The cognitive revolution helped

us shift our focus to the human mind:

The philosopher par excellence of this move in psychology. ... He [Kant]
went beyond Hume and the early empiricists to emphasize the need to
take seriously the rational structure of the mind and the way that the
mind synthesized or ordered experiences on the basis of its cognitive
capacities (p. 16).

It's not that Kant used present paradigm terminology, of course, but he
used similar rules of understanding. In Kantian philosophy, the human
mind uses rules of understanding to negotiate the cultural domain. Much
later, according to Harre (1994, p.13), rule following came to the center of
attention again during Bruner and Miller’s first cognitive revolution. Rule
following implies uniform, orderly, mechanistic forms of behavior. More
recently in the cognitive revolution, the emphasis has been more on
meaning than mechanistic rule following. A person attributes meaning on
events and thus develops personal constructs through which he comes to

know his world. This is still in the context of normative accountability.

Instead of roles and rules, which are rigid concepts, we substitute the
notion of “position of speaker” for “role.” Instead of citing rules to
account for the structure of a discursive interaction—say, a
conversation-- we use the idea of narrative conventions. ... A narrative
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convention is simply an expression of the ways in which we tell stories
in our culture (Harre, 1994, p. 34).

Students do not merely learn the rules of their culture or the norms of
schooling for success. They also learn certain attitudes, practices or
performances that make common sense, or work in practical ways and hold
personal rewards. And some practices and attitudes do not. This places
students in control of, but also under the control of right and wrong
performances. To be deemed successful, one needs to have the common
sense but also needs to be able to perform or act in certain culturally
appropriate ways. In other words, a student must know what behaviors and
performances are appropriate—what rights and duties necessary--for success in
culture and then act accordingly. At the same time, students are agents in
forming these norms and appropriate actions because the construct formation
is an interactive process. Rights and duties are on-going, somewhat flexible,
and negotiated in social context.

A recent interpretive study of the culture of school physics and student
perspectives of knowing, learning and cultural appropriateness was
conducted by Roth and associates (1994). The researchers found that students
“pieced together” their conceptions of appropriate action from classroom
experiences and cultural cues. They called the classroom a “dynamic cultural
ecology that involves the various social and cultural forces that students and
teachers exemplify” (p.6). Student conceptions and views of their situation
are thought to have a significant effect oh student learning. It is vital
therefore that the cultural ecology of the classroom is most conducive to
learning. Educators have traditionally not understood or paid enough
attention to this complex cultural ecology of schools. In response, the

researchers call for a new epistemology of school culture and a re-
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conceptualization of the ecology of learning. Prerequisite to this is the

understanding of student views.

Before we can expect significant shifts in the epistemology of school
culture, we must understand all the three components of classroom
culture: students, teachers and the context of learning. Once the
myths, metaphors, and conceptual framework of all of these
components are known, they can serve as a powerful foundation of
meaningful learning in a re- conceptualized ecology of teaching and
learning (Roth, 1994, p.7).

According to Roth, culture plays crucial roles in determining student
views of appropriate behavior and views of the nature of knowledge. When
the author and assistants attempted to elicit student views on the nature of
scientific knowledge, they found that students generally use an objectivist
conduit metaphor (Roth, 1994, p.26) of science knowledge in which
information is sent from the transmitters of knowledge, teachers and
textbooks, to the receiver, the student’s brain. Under this conception,
communication amounts to the teacher feeding and filling hungry and
mainly empty student heads. Laboratory exercises are “cookbooks” and have
little relation to scientific discovery or inquiry. Teaching from a
constructivist epistemology is therefore risky because it does not fit student
conceptions of knowledge and of doing school. Although this study is a start
in understanding the culture of school science, the authors admit it is very
limited. One of the most disturbing limitations is related to the fact that the
study was conducted in an all-male school. Therefore, the findings lack the
character and complexity of a more typical, co-ed high school classroom
setting. It also is a study of a rather non-traditional “open-inquiry”

framework for physics education.

[Sltudents were free to decide which phenomena to investigate (within
topics prescribed by the (Canadian) ministry of education), which
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research questions to frame, how to design the set-up, and how to
collect the data” (Roth, 1994, p.8).

It is quite clear to Roth that physics students' perspectives and meaning
are socio-culturally derived. The author, in a derived model or “grounded
theory," describe student-held physics knowledge has having two major
aspects, cultural and individual. In the cultural aspect, and from the student’s
point of view, mathematical and conceptual frameworks are culturally
mediated and presented to them by teachers and texts [usually in textbooks] in
the form of lectures, notes, and additional readings (Roth, 1994, p.24-26).
Although directional arrows represent how these factors relate, their model
seems to place individuals, peer groups, and teachers outside and aside from
culture. The authors are not very clear about what they actually mean by
culture. Therefore, what “cultural cues” are and how these can influence a
person’s physics knowledge or conceptions of schooling is also not clear.
Perhaps this uncertainty about cultural influence is due to the nature of the
research design. The data was collected through questionnaires and student
written responses to questions. Some interviews of students were attempted,
but after a total of 11 student interviews were conducted, the process was cut
short because the researchers felt the “additional information was largely
redundant” (Roth, 1994, p.10).

Personal Meaning in the Context of Chemistry Class

If we adopt Forgas’ (1981) definition of cognition in the “broader
sense”, student sense making, or the formation of meaning, is “intrinsically,
inevitably and profoundly social” (p.2). Therefore, knowing chemistry, or
gaining epistemic access, is socially structured and develops continually

through a person’s educational life. In other words, constructs regarding
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schooling and chemistry develop socially and culturally as the student grows,
relates and becomes more educated. By the first day of high school chemistry
class, a student has built strongly-held conceptions of chemistry and attitudes
about chemistry. Of course, as the school year in chemistry class progresses,
“knowledge is socially structured and transmitted” (p.2) even farther.

This is a socially interactive process where student and other cultural
influences negotiate meaning in context. This interactive negotiation process
in Chemistry class, in relation to chemistry itself, is not individualistic but
social and collective. As Danziger (1990) explains, a student of any discipline
will not develop disciplinary knowledge only through an individual, lone
interaction with nature. Instead, epistemic access, the beginnings of
developing knowledge of the discipline, is social in nature and must be
mediated by social conditions.

If , however, we think of reality as a domain that exists independently

of empirical constructions, then the question of access to such a

domain cannot be decided on the level of a particular empirical

investigation. That would imply an epistemic individualism
according to which knowledge is the product of an interaction between
an individual investigator and nature. But epistemic access to the

world is collective—it is always mediated by the social conditions under
which groups of investigators work” (Danziger, 1990, p. 195).

Danziger is discussing the discipline of psychology, but his position also
clearly applies to any discipline including chemistry. The “however” in the
quote above, follows his thoughts about the “cult of empiricism” and its
Humean view or reality taking control of the discipline of psychology. He
points out that the limits of access to psychological reality are often decided on
a technical level. However, there is an ontological reality, and a personal
access to it cannot depend alone on personal, empirical investigation. This is

contrary to the positivist view that would limit reality to the observable, to
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empirical evidence and to individualistic, personal reality as we come to
know and understand the world.

But to say that epistemic access is collective suggests something
different than that evidence is assigned collectively. Evidence is a social
construct when a scientist is involved in disciplinary discourse. Scientists
usually do not work alone and if they do, they need to also partake in
disciplinary discourse. Scientists need others to criticize, confirm, relate to
and react to what they think they see in data. Since epistemic access to this
world of science is collective, the only way a student can come to know in the
discipline is through social means—through socially constructed meaning. In
the case of this research, the investigator is not only trying to understand
chemistry knowledge, but also trying to investigate personal constructs
concerning rights, duties, performances, and attitudes in culture that can
contribute to success.

In one Kuhnian and optimistic sense, students are socially constructing
knowledge of the discipline. Thus the chemistry discipline is the outermost
context for this model. But as the student voices were heard in this research,
it became quite clear that their understandings of chemistry are more often
about knowing how to perform the tasks and performances required in
school. Therefore, the chemistry the student comes to understand, and the
epistemology gained, is not necessarily congruent with what a chemist or
expert in the discipline would know. Cognition is not necessarily about
chemistry as if students were the “little scientists." Understanding chemistry
in the epistemological sense often seems far removed from daily norms and
routines. In students words, chemistry often remains “out there somewhere”

and out of conceptual reach.
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Success: Earned Through Conventional School Performances

Introductory Chemistry teachers often proceed as if there were a
consensus as to what to teach and how to teach it. According to Steven
Hawkes (1992) and others, a common cliché survives that students must
learn the “fundamentals” so that they can be equipped for bigger and better
things in later science classes. Too often, a list of fundamental principles are
presented to students with hope that some, as they get smarter, will be able to
make real-world connections. The hope is that later, when they are up to the
task, their knowledge will become relevant and meaningful. However,
Hawkes proposes that in reality “[N]obody knows what aspects of introductory
chemistry are actually valuable to students or which of many ‘fundamental’
concepts they will find most useful” (p. 178). Not only is there no consensus
of which fundamentals, it appears that “we have chosen to teach
fundamentals that are of little value to the student while neglecting
fundamentals of greater value” (p. 179). He points out that instructors and
researchers should carefully examine areas of student interest and world
applications to discover content with relevance and therefore greater value.
Because this is not often done, many students respond with dislike or
contempt for the chemistry they encounter. He laments the fact that even in
his own introductory chemistry classes, he “wasted millions of student-
hours” (p.181).

In traditional chemistry classes, instead of focusing on “real chemistry”
(Barrow, 1991), instruction and learning is actually focused on paper, where
symbols become the reality and traditional performances provide a path
toward students’ success. Barrow states persuasively that this chemistry is not
chemistry at all. What is being passed off as chemistry in introductory
chemistry classes, he says, is a “fraud and a sham” (p. 449). Typically, on-paper
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chemistry does not meet the needs of students and contributes little to
scientific literacy. He states that although most students manage to do what is
required to be successful, few know what chemistry is all about. They are thus
not only left unprepared for further study in science, they also most often lack
an enjoyment and satisfaction of basic understandings, inquiry and discovery
in the discipline. For example, problems are too often solved with the factor-
label method and the periodic table is a display of information rather than an
organizational tool. Barrow laments the fact that traditionally, “principles of
chemistry” or “problem-solving” alternatives to chemistry are presented in
American classrooms instead of real chemistry. The result is that few
students in introductory courses even experience chemistry as science and
few see any practical value or applications for what they learn. Certainly
then, few graduates of the typical high school chemistry classes are chemistry

literate.

Substances and their transformations, the proper subject matter of
chemistry are in no part of the students’ background and are not part of
the experience provided by the course. Students memorize what the
teacher and the textbook tell them and base the answers they give on
what they have been told. They do calculations according to accepted
rituals. Very little of the course material is based on or even related to,
anything students have seen or experienced (p.451).

Gallagher and his students provide further evidence that science is not
what it should be in high school classes (Gallagher, 1991). Between 1984 and
1987 Gallagher’ team conducted an ethnographic study of 27 secondary science
teachers and found that teachers virtually made “no reference to the scientific
method and the objective character of science or to the means by which
knowledge being studied was formulated” (p. 125) They found that there was
virtually no time devoted to the nature of science, how scientific knowledge

develops or how scientists validate knowledge. Instead, the major focus was
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on what the teachers know best--on the body of facts and information to cover
in their course. Although they know the facts and concepts of chemistry,
most teachers have little knowledge of the history, philosophy, sociology or
even the processes of science. For the typical science teacher, symbols are the
reality and their focus is often directly on paper. Gallagher suggests that this
is understandable because too often, teachers’ academic preparation does not
include these perspectives and they are never challenged to develop a deeper

relationship with their discipline.

None had experienced an advanced course in science, such as a senior
seminar, to aid in integrating the knowledge learned in twenty or more
separate discipline-based courses that compromise the undergraduate

major in science (p. 126).

It is not surprising that teachers regularly miss opportunities to lift
their eyes and minds off paper and make their subject apply to their students’
real lives and world. The teacher is an authoritative presenter of facts and
rituals to memorize and learn to repeat on examinations because that is the
only science teachers know themselves. Teachers will tend to replicate the
science they learned themselves in their own academic preparation to teach.
Therefore, there seems to be a discrepancy between some of the rhetoric and
the practice of teaching in college-level chemistry courses. College-level
professors often complain about quality and the understandings of the
students who enter their introductory chemistry classes, but they seem to
forget that the high school students learn from teachers who learned science
in college chemistry courses (see Ch. 6).

It is not that these high school teachers teach poorly. Instead, if student
success is a measure of good teaching, the chemistry that teachers know and

require of their students seems to be taught very well. Since chemistry
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teachers have very limited backgrounds in real chemistry and fail to really
comprehend many of the chemical events in the natural world, the
consequence is often inaccurate and inappropriate chemistry taught quite well
(Gallagher, 1991, p. 132). According to Gallagher and his colleagues, teachers
often present science from a positivist viewpoint, have little knowledge
about integration and applications to real life and seldom portray science as a
process of formulating and validating knowledge. “Failure to characterize
scientific knowledge as tentative, and scientific work as creative, are two
important inaccuracies in science teachers’ work” (Gallagher, 1991, p.132).
Gallagher identified only two science teachers from their sample who
had a significant depth of understanding about the nature of science and the
historical development of knowledge. However, both teachers were only able
to provide a limited and “sketchy” understanding of the philosophy of
science. Although both see science as tentative, creative and developmental
as new questions are asked and new information is collected, “neither clearly
articulated an understanding of the processes by which scientists formulate
new knowledge, or the controversies among philosophers of science about
those processes” (p.127). Consequently, their students do not have any idea of
how scientific knowledge is generated or validated and few experience
attitudes that help form the ethos of science. It is not very surprising that
even in these classes, teaching and learning is limited to an on-paper
collection of facts, concepts and procedures that are presented, memorized,
and repeated on examinations. This is an epistemological issue and there is
little appreciation or understanding of the origin and development of ideas

and knowledge about the natural world.
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The Cultural Spl f Infl Model: Its Birth and Evoluti

As I observed them in their chemistry classes, in their daily lives in
school, and engaged them in conversations, I began to realize that most
students face certain pressures regarding academic success. They experience
pressures to succeed and other pressures that operate against success. Most of
this positive and negative pressure seems to be related to grades. This rings
true for me because as I stated before, during my teaching experience, I found
it very difficult to engage students in learning for its own sake. Now, from a
researcher’s perspective, I understand in different ways that students are
caught in a dilemma of grade consciousness on the one hand and on the
other hand, the nagging realization that success would be sweeter if one could
only understand chemistry.

As I heard student conversations and observed them in their daily
lives, I needed a model that would provide a framework that would help me
sort out and conceptualize the things I saw and heard. I began to think that
students were trying to live in two parallel, coexisting, linear dimensions. I
therefore developed a parallel dimension model as an analysis plan. In the
first dimension of this model, the grade is the goal, the prize won. Students,
in very practical ways, find a formula for doing what it takes to get good
grades and go about the business of getting them. Doing what it takes to get
good grades seems to have little to do with real chemistry or comprehending
how things work in the natural world. Instead, it is more about doing the
work, coming to class and cooperating with the teacher. Day-to-day life in
school often seems quite full and preoccupied with getting good grades and
the associated, rather mundane behavior. It is hard enough to find the time
and energy in busy lives to do homework, study for tests, and write lab

reports. Since the grade is the goal, this sometimes cultures a spirit of
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gamesmanship in doing what it takes to succeed in the least amount of effort
and emotional expense.

The second linear dimension of the parallel dimension model
involves a more epistemological approach to chemistry. Students sometimes
talk about knowing and understanding chemistry as something different
from and quite unrelated to getting good grades in Chemistry class. They
often find it difficult to describe what they mean by understanding chemistry
but most of them know that success would be sweeter and more personally
rewarding if some sort of understandings could be gained. They would like to
know how what they are learning relates to the real world and to their
futures. Often, when the conversations included what it means and what it
takes to understand chemistry, it became difficult for students to articulate
their feelings and difficult for this researcher to know what they meant. They
talked of understanding chemical substances and transformations almost
simultaneously with “understanding” in ways that resulted in good grades on
tests. In the former, they seemed to be talking about real atoms and
molecules and understanding chemical concepts and ideas. In the latter use
of “understanding” they seemed to be describing what they need to know in
order to be a good test taker. In other words, “understanding” is merely
anticipating and knowing whatever will be on the next test-"1 understand
what I need to know or memorize for the next test."

This parallel-dimension model required students to live in two
dimensions and it would seem that student life would be filled with
contradictions and conflict. Perhaps on the other hand, some students would
be able to live in one dimension and when practical, switch to the other for a
time. I increasingly became uncomfortable with this model because in talk
and behavior, students seemed to inhabit these dimensions simultaneously,
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interrelating them and co-occupying them more than this model could
represent.

As is usually the case, discussion with others sheds different light on
any situation. I presented this model to several fellow educators and
researchers. As Dr. James Gallagher and I discussed it, I began to see that
perhaps these two worlds, life according to each dimension, were not parallel
and linear at all. Perhaps the student’s attitudes, values, beliefs, and
corresponding behavior could be understood better in terms of concentric
cultural/social spheres of influence instead of parallel, coexisting dimensions.
In this new model, instead of struggling and waffling between two different,
parallel dimensions of success, students look out at their world through
concentric spheres of influence. They thus make sense of their situation in
Chemistry class (and schooling) and act accordingly. I'll call this new model
the “Cultural Spheres of Influence Model."

The Conceptual Model

As I heard participant voices, it increasingly became clear that students
were making sense of their situation within different but interrelated socio-
cultural influences. As the research progressed and the analysis unfolded, the
Cultural Spheres of Influence Model evolved as a conceptual device to help
me understand how students described and perceived their situation. It
represents the ways in which the individual high school student makes sense
of his/her life and world in school--specifically of high school chemistry.
These are American middle-class, college-bound students but this model
could apply to many adolescent high school learners in a majority of

suburban schools. This model uses vision as a metaphor to represent how
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students make sense of their life in high school chemistry in terms of the
social and cultural influences surrounding them. Using this visual
metaphor, perceptions depend on the light traveling to the eye. The light is
affected by the nature of the medium through which it passes. In an effort to
understand this model, the reader should place himself or herself
metaphorically in the center, in the place of the student, and look out
through the different concentric, spatial spheres at the chemistry discipline as
it appears from that vantage point. Concentric, shaded spheres represent
interdependent, dynamic, and cultural influences that taken together,
construct the cultural milieu.

Fred Erickson (1982) provides a conceptual model to represent the
categories of data that a person requires and relationships among them as the
learner makes sense of his/her situation (See Figure #1). In his model, “the
lines between the individual, the immediate environment, and the wider
socio-cultural context are left broken to show the reflexive nature of the
relationships between these three levels of organization and functioning”
(p-159). The individual’s thought and action helps to constitute the
immediate environment in which action is taken and the environment both
influences and is influenced by wider socio-cultural contexts.

Erickson’s emphasis is not only on the playing out of “learned cultural
expectations” (p.158) or “frames” but on the creation of frames and
expectations within social interaction. “Learning is viewed theoretically as
interaction between the individual and the environment in real time”

(p-158). He states that any written description of what is going on should:

1. Account for the actions of the individual learner.

2. Account for relevant features of the environment (including the
intentions of the teacher...).
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3. Show specific change in the individual-environment interaction
across time, from before learning, through during learning, and after
having learned (p.159).

Social-academic task environment
(including intensions of the teacher(s)

P i 22 .
.

-,
\o

4 \‘\

! Teacher and Student '\
Action, Thought, Y

Feeling :

Social and cultural
influences from
outside the
encounter

Before

Figure #1 Erickson's model.
(Erickson, 1982, p. 159)

It is significant that Erickson puts the individual in the center of the
cultural milieu as the individual responds to and creates his/her own sense
of the world. It is crucial that the narrative account (For an example, he uses
a narrative account of Helen Keller’s learning as reported by Sullivan) gives
evidence of the state of the learner’s mental life before the learner encounters

a new learning experience. Next, any interventions (such as a teacher’s)
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must, according to Erickson, help the reader understand the change in the
learner’s thinking through time as one reacts with the environment. Finally,
the account should describe the learner’s action in interaction with the
environment after the new learning occurs. All this points to the conclusion
that the immediate environment of learning is vital in trying to understand
the learner’s thought and action. In accepting Vygotsky’s perspective on the
face-to-face encounters between the individual and the environment, ,

Erickson explains that we can:

[Ulnite the analysis of the study of socio-cultural patterns in the world
beyond the encounter together with the study of (1) individual thought
and action and of (2) the acquisition across time by the individual of
new and more complex capacities for thought and action” (p.166). This
is an ecological theory of the individual-environment interface as a
pedagogical encounter. As in other kinds of ecological theory, the unit
of analysis is the individual organism in transaction with its
immediate surround, not the individual organism or the surround
considered separate from each other (p. 166).

Each cultural sphere colors, shapes, and influences the individual
student’s perception of the other spheres as well as perceptions of self. The
first cultural sphere, the one closest to the student, has the most direct,
immediate and profound influence. This is because adolescent high school
students are usually, in daily life, most keenly aware of and most concerned
with the influence of peers. Peer-related social factors take priority over
factors further removed. The classroom sphere is not shaded because it
represents the space and time, the context, into which students bring these
social constructs and conceptions of self. The teacher’s sphere is
metaphorically between the classroom and the chemistry subject matter

because of the nature of the teacher’s influence. The teachers are vital
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components of this model as they brings their own personal chemistry and
expectancies to the classroom context.

The boundaries between these spheres are dynamic and flex with
different priorities and events. The order of the spheres may be different for
individuals depending on socio-cultural influences. For example, when
parents linked a student’s driving privileges to the grade on the next test,
parental influence was certainly, at least temporarily given priority over the
other spheres. Different dimensions of experience can and do exist
simultaneously, overlap and continuously interact. Therefore, it is not
realistic to isolate a student’s perceptions and behavior in relation to only one
or another cultural influence. In reality, the person’s perceptions of the world
around him or her depend on interaction of all the concentric, cultural

spheres together.

The Inner-most Sphere

The inner-most sphere represents the individual student. At the core
of this study is the individual who perceives and makes personal sense of
what it means to be a good student in high school chemistry. We will look at
the cultural and social world around the student through his or her eyes and
attempt to hear individual voices. It is from this vantage point that we seek
to understand the cultural and social factors which influence a student’s sense

making, perceptions and decisions regarding chemistry and academic work.

The First Cultural Sphere: Peer Culture
The first cultural sphere of influence represents the most pressing and
powerful social influence in the high school student’s daily sense making and

behavior. This influence is very complex and comes in many forms. Peers
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form culture together and most of them learn to think and act appropriately
in this context. Individuals consider their reputations among peers vitally
important. Peer groups have their own micro-social orders, rights of passage
and norms for behavior. Peer influence occurs in classrooms, in school
hallways, at social events and extracurricular activities in daily life in and out
of school. Students usually watch the same television shows, read the same
things and respond to popular culture together. Students deal with societal
influences such as perceptions of science, scientists, chemistry, and school
success. For example, reformists struggle against the societal messages that
chemistry is not very important for females and that science is for unpopular
students. Students struggle to agree or disagree with these influences. They
come to chemistry class together, sit together, do their homework together.
The nature of influence of the other cultural spheres is therefore partially
determined, at least somewhat dependent on how this first sphere colors
one’s vision and perspectives. It is the first and most significant sphere of
influence the individual considers when making sense of his situation. It is
primary in the social construction of meaning and the resultant constructs of

schooling which a student or group of students bring to chemistry class.

The Second Cultural Sphere: Family Influence

This sphere represents the cultural influence of parents and other adult
family members. Parents were not the most common topic in conversations
but when they were, the story was usually consistent among participants.
Parents of college preparatory students expect their children to do well and
there are usually consequences if they do not. Therefore, parents are perhaps
the most significant members of this second cultural sphere. Most chemistry

students’ parents took chemistry when they were young and assume that
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their children should also. For example, two student participants in this
study, Jeff and Paul, both belong to families of engineers. They both feel very
specific pressure and family expectations to both go on to a career in
engineering, but also to succeed in chemistry as “one step along the way.”

The Third Cultural Sphere: Institutional Influence

This sphere of influence represents schools as institutions and the
associated adults [other than the teacher] that affect a student’s perceptions
and decisions. The school as institution exerts pressure on college-bound
students explicitly through academic counselors and through subtle
expectations. For example, although there are no official policies requiring
chemistry in the college-bound track, it is made clear to these students that
success in chemistry is definitely expected of them. Participants speak of
institutional pressures both at the high school and college levels and these

pressures effect a student’s perspectives and action.

The Fourth Cultural Sphere: Teacher’s Cultural Influence

whether the scene of learning is inside or outside of school, what the
teacher knows is part of the learning environment for the learner,
including the teacher’s implicit and explicit knowledge and beliefs
about what learning is, how it should take place, and how the
particular learner at hand is getting along in learning what the teacher
intends to be learned (Erickson, 1982, p.173).

The teacher's cultural influence is related to the other adult and
institutional influences. The teacher not only represents the educational
system, but also represents chemistry as a discipline. It is almost impossible

for most of these students to think about chemistry apart from their teacher’s

influence. This gives chemistry teachers such significant power that they
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require their own cultural sphere, separate from the institution in which they
work. The teacher’s influence exists at least on two levels. First, the teacher is
ultimately in control of the requirements and expectations necessary for
attaining a grade. Secondly, the teacher essentially controls the information
and processes presented and available to students in chemistry class. Success
in chemistry depends on the cooperative efforts of students and teachers who
jointly determine the character of the chemistry learned and understood in

the classroom.

The Fifth Cultural Sphere: Chemistry Subject Matter

This sphere of influence represents chemistry as knowledge and action
within the discipline before it is acted upon or filtered by teachers or the other
cultural influences. As I will explain (see Arrow #2 below) some students
make attempts to bridge or transcend the teacher and the other cultural
influences in order to develop a personal relationship with chemistry. This is
quite rare and seems to exist in fleeting moments of student epistemological
awareness and interest. More typically, the teacher interprets or translates the

students’ exposure to and experiences with chemistry subject matter.

Chapter S Knowing Chemist { Knowing S
This research model places the individual high school college-bound

chemistry student and individual cognition in context of cultural influences
which effect what cultural products are formed and operational in chemistry
classrooms. Cultural influences were identified in student conversation and
narrative. These conversations not only informed this research but also, in

the process, helped the participants assign meaning to action and thus
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understand their own situation better. The cultural products of most concern
are the construct “success” and the nature and methods of epistemic access.
As the research model demonstrates, the relationship a student is able to
develop with chemistry is influenced and determined by cultural spheres of
influence. The next chapters of this dissertation examine student

perspectives and the influence of the cultural milieu.



Figure 2. Cultural Spheres of Influence Model
(American College-Bound High School Students)



CHAPTER 3
Hearing the Voices of Successful Chemistry Students

The task of interpretive research then, is to discover the specific ways
in which local and nonlocal forms of social organization and culture
relate to the activities of specific persons in making choices and
conducting social action together (Erickson, 1990, p.106)

In this chapter, I describe the methods and procedures followed in
order to hear the voices and stories of young people concerning their high
school chemistry education as it is experienced. I locate these voices and
stories in the tapestry of their social environment and interactions. Since the
method was explained in chapter one, in this chapter, I will continue where I
left off and explain in more detail, the practical and theoretical aspects of field
methods and analysis. The record of student voices are very limited in
educational literature. Yet as Hawkins (1974) and others have explained, the
"], thou, and it" play together to construct the warp and woof of social
structures and educational experiences. This has always concerned me
because students, their families, teachers and peers play vital roles in the
success or failures of educational efforts. Student perspectives of peer and
other social influences will not only open windows on present events and
meanings, but also will be useful in constructing the historical picture of
social, cultural structures. For example, I assume the parents' attitudes
toward science and learning were products of their schooling experiences and
in turn, were passed on in some form to their children. Generational
experiences place personal lives in the context of historical and social worlds.

65



Theoretical Framework

It is imperative that the research design be best fit for the purposes and
aims of the research. Ethnographic fieldwork provided the framework to
enter the world of chemistry students as participant observer and participant
in conversation. The purpose was to go into secondary schools to find out
what students believe and how they make sense of their situation both
individually and as members of a social structure. As Cusick (1983) suggests,
field study enables the researcher to study a particular event or cultural
situation and thus make valuable contributions to others attempting to make

sense of similar situations.

A field study, after all, is only an individual's attempt to unravel
and explain a human event giving particular attention to the
collective understandings of those who created the event. If the
event is significant, and that account is intelligible and plausible,
then the result can be of value to those interested and involved
in similar events (Cusick, 1983, p. 135).

More specifically, the purpose of this research is to answer questions
concerning student perspectives on what it means and takes to succeed in
high school chemistry. The perspectives of the participants are the object of
study. A perspective is a mental relation of individuals to one another and to
the social structure in which they live and breathe. They respond and relate
to the objects, events, people and structures around them. They make sense
of their world in their own individual, social and cultural ways. They then
make decisions regarding school and school work in relationship to these
developed perspectives. It behooves me to consider the angle of observation
of all the primary actors in the situation. I consciously add the angle of view

of teachers, administrators and parents as other forms of triangulation on the
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situation. Thus, in this research, perspective is a many-faceted thing but
primary focus is from the students' particular point of view.

Throughout this research, I choose the word participant instead of
informant for a specific, deliberate reason. The school is a social system and
the classroom is a micro-social component or subsystem (Parsons, 1963, pp. 9-
11) As explained in Chapter 2, students are insiders in their own world,
make personal sense of their world and act accordingly. They are both
individuals and conformists as members of a group of peers with similar
goals and beliefs. In contrast, informants give information or supply personal
analyses of situations as if this information is personal information and
didactically given, not constructed in social interaction. The word,
informants, also has a negative connotation in our culture in part because
mass media treats informants as those who reveal the secrets of their friends
and turn on their peers.

As researcher, I am an actor in the situation and therefore essentially
add another way of looking at the world. The researcher’s perspective,
according to Schatzman and Strauss (1973) is an "angle of observation” (p.53)
in the study of individuals and their interactions with others. I bring my own
history, attitudes and beliefs, my own bias to the situation. However, because
I enter the situation as participant observer, I attempt to look at the situation
from the participants' angle, taking on their perspective as much as possible.
The goal is to understand their world through their eyes—their

understandings of their world as they understand it.

A central element in the method is the researcher's gradual taking on
of the perspective of the participants, the sharing in their lives in those
places to understand their world as they understand it, the adoption of
the interpretations they use to make sense of events around them and
construct their lives accordingly. To the degree one is successful in that,
so he can describe the event and account for it just as would the
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participants where they to collectively explain their world. That is the

goal of the participant observation as a research method (Cusick, 1983,

p-133).

Because the system itself is a participative venture, participant
observation is generally recognized as appropriate in studies of social systems
and subsystems. Systems are “"created and sustained by the members as they
pursue their endeavors” (Cusick, 1983, p.132). At the same time I recorded
fieldnotes, recorded observations and kept records of interactions, I also
participated in the making of the system by just being there. The result is not
just objective observation, but rich description and on-going analyses and
interpretations of the events from participants’ points of view.

In addition to participant observation, informal interviews and group
conversations are central to this research. Although participant observation
places the researcher into the situation in search of shared meaning,
conversation adds the opportunity for participants to explain themselves and
their situations collectively. I also participated while audio recording these
conversations, recording fieldnotes, and paying particular attention to social
interactions and non-auditory forms of communication.

There are other background or supplementary sources of data that
helped me understand this social situation in all its complexity. Cultural
products and artifacts are physical manifestations of culture and therefore
help reveal the nature of the situation. According to Geertz (1983), they are
part of culture itself. For example, in the examination of student writing,
there are clues to assessments, expectations. In this study, student writing,
textbooks, student tests, the physical setting and any other products or artifacts

were considered important sources of data.
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Table 1. Data Collection-Question Matrix & Guiding Questi
Question Participant Interviews & Conversations Written
Observation Phase1l Teacher Phase 2 Artifacts
1 X X X X
2 X X X
3 X X X X
4 X X X X
5 X X X
6 X X X X
7 X X X X X
8 X X X X X
9 X X X X
10 X X X X
1 X X X X X
12 X X X X X

The following are questions which informally guided interviews and
conversations. Each should be considered from the students’ perspective.
When science education or academics are mentioned, they refer to a person’s
history of science education in general and chemistry in particular.

1. What academic choices are there concerning science education?

2. How do family members define their roles in relationship to science
education in the school? When and under what conditions will
parents intervene? What form would the intervention take?

3. How do peers contribute to academic decisions?

4. What are the academic goals of the student? How do these compare
to parental goals for the student?

5. What is the family history of science education in this school?

6. What ethnic or cultural values, values and beliefs affect attitudes
toward chemistry?
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7. How, when and why do teachers contribute to students coping with
or learning to defend themselves against academic challenges?

8. What is the teacher’s role in science education? The Textbook? The
school as institution?

9. How do social lives and lives in sports contribute to academic
success?

10. What attitudes are displayed about gender roles and science
education?

11. How is success measured in chemistry education?

12. What is difficult about chemistry learning? How are these
difficulties related to the value of what is learned in chemistry?

Table 2. Data Collection Time Table
Participant 4 days each week, September-January.
Observation 8 days, February--April.
Average of 3-4 days each week in May.
Phase 1 Schedule corresponded to participant observation
Field Procedures schedule.
Phase 2 Each focus student was interviewed 3 times
Field Procedures, during the first semester and once during the
conversations second semester. Students frequently engaged
and Interviews in conversations with the researcher.
[Teacher Frequent, informal interviews between classes
Interviews and after school according to participant
observation schedule.
Scheduled, formal interviews and conversations
twice during the first semester and twice
during the second semester.

Field P i for Data Collecti
The situation was quite familiar because I have a long personal history
in chemistry classrooms and in schools which are similar to these research

sites. As the field research progressed, the assumed perspective soon made
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the familiar strange. This research put me literally and metaphorically at the
opposite end of the classroom. It also was new and strange to sit in the back of
the classroom or amongst the students as teaching was going on. Not
unexpectedly, I discovered that the social/cultural situation looked very
different from this perspective. It also afforded the opening of the
perspectives of others. It is very significant, as I made very clear to the
participants, that I, as researcher did not intend to criticize, grade or assume
any authority over anyone in any way. Discussions and interviews were at
the participants' convenience and explicitly voluntary. I never taught,
avoided any teacher-like roles, and throughout the process, avoided donning
authority’s hat. For example, during laboratory exercises, although I
participated in conversations and asked students questions, I deferred any
questions of procedure or questions about "right answers" to the teacher. It is
important to note that my role was rehearsed in other research and in the
pilot study. In past research of my own teaching, I always felt that because I
was in authority and I was grading students' performance, they felt a need to
perform or "give me what I wanted to hear.” In this research, all such
implied coercion and its associated baggage was actively avoided. The
participants seemed to feel relatively safe and trusted that I would not reveal
any secrets to authorities. Although there was obviously a generation gap,
the students seemed very free to talk openly and honestly.

The inquiry progressed and evolved as it gained a life of its own. In the
rest of this section, I will describe this evolution of method, describe the
research procedures and discuss their practical and theoretical fit to the
research questions. This chapter concludes with a brief description of

procedures employed in the analysis of the data.
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Field Procedures--Phase One: The Choice of Setting and Gaining Access

Based on what was learned in the pilot study, there were two main
criteria for deciding on the best setting for the major study. First, I looked for
college-bound chemistry students who had a history of academic success and
now, at least in the beginning, expected to succeed in chemistry class. In the
ideal setting, students should be interested in getting a good preparation for
college, the administration should take pride in the quality of education, and
parents should be somewhat involved and care about the quality of education
their children receive. The second criterion for the setting choice was a
teacher who enjoys a reputation in his/her school and community for good,
effective teaching and takes pride in teaching for understanding. Ideally, this
teacher would understand, relate to, and be able to talk about the
fundamental constructs underpinning my research questions.

I was successful in satisfying each of these criteria. (The settings are
described in greater detail in chapter four.) In the beginning of my search for
a research setting, I found myself also concerned about the basic and practical
matters. For example, it was important that the school or schools were nearby
and accessible so that I could concentrate appropriately while not letting my
other work suffer. Realistically, this is one of the first concerns of most
university researchers with busy schedules. These practical concerns did not
compromise the work and neither did they mean the choice of settings was
less than ideal. In fact, in my efforts to survey all the high schools within
driving distance, I quickly narrowed the list to two schools, both of which
would be excellent settings for this study.

The search procedures were quite simple. I first made a quick survey of
the neighborhood and a visual inspection of the school. After getting official

permission from the school district offices and school administrations, I
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entered the schools, walked the halls and observed. I was trying to get a feel
for the place and physical, neighborhood context of the school. Many schools
in this state draw their students from the neighborhoods in the school district
and I made the assumption that the setting, the neighborhoods and the social
structures found there would contribute to the ambiance and ethos of the
school. During this first visit to the high school, I talked to individuals in the
halls or in this school office in order to get a first impression of the social
setting. Because high schools are familiar places to me, a first reconnaissance
seemed useful at least for the first part of the selection process. It gave
preliminary indications of the mixture of students, whether or not the school
is a pleasant and friendly place, and if students generally take their school
work seriously. I looked for physical clues like cleanliness, the nature of the
pictures on the hallway walls and bulletin boards. I wanted to know what the
physical appearance of the place could tell me about the atmosphere and
priorities there. The trophy case, its location as well as its contents can tell its
own story about student life. Physical objects are culture and cultural
products and can reveal much about a place and its people (Geertz, 1992).
There would be evidence for assertions about what is important to the people
who spend their time there. I tried to characterize the school spirit in terms
of sports, academics, the arts and the social lives of the people who reside
there. I felt it important that the people seemed happy, pleasant, friendly to a
stranger who walked the halls between classes. These are important factors
since this is a study of culture and cultural influence in participants' lives.

Two schools in different school districts survived the first cull and
reached the next stage in the selection process. The next step was to visit the
office, informally interview the principal, and all preliminary things

considered, begin the process of gaining access. It was important to have
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friendly, supportive and helpful academic counselors and other office
personnel as well as legal access privileges. I found principals who were very
interested in my subject, who wanted to learn with me and offered their
services and office support. In both of these schools, the principals boasted
about the quality of their educational system in general and specifically about
their chemistry teaching staff. At one of the schools, a chemistry teacher
enjoyed an especially good reputation within her district and also in the
larger educational community. At the other school, the principal and other
science teachers strongly recommended their own General Chemistry teacher.
They said he was an excellent teacher, his students were very well prepared
for Advanced Placement Chemistry, and "the kids love him." In this way,
the selection process gained its own momentum and a life of its own. It was
almost as if the site selection process was taking care of itself through interest
in the topic and the reputations of the teachers. Although I anticipated
difficulty in gaining access, I soon found myself enthusiastically welcomed at
each location.

To gain more information and to confirm these preliminary choices, I
went to the school district offices to collect demographic data (see Chapter 4)
and to get official access privileges. In this state, the school district office is the
gatekeeper for legal access. A written, formal request is required. Once legal
access was gained, I met with school counselors to discuss the character of the
student population. I also arranged to meet the recommended teachers and
to visit their classes. In one school, the principal introduced me to the teacher
and together we discussed my project and research questions. In the other
school, I made my own preliminary contact and introductions. Both teachers,
after an initial conversation responded positively and gave me their consent.

The stories they told about their students and concerned parents
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demonstrated their understanding of my questions and their concern for the
issues. In other words, the proposed research rang so true to their experiences
and their serious concerns that they actually described my study for me as if
they already had read my research proposal. They both expressed a desire to
participate in this study. I then knew that both teachers, although very
different from each other, closely fit my criteria in different ways and would
be extremely valuable participants in this research.

Because I originally wanted the sample to include only one school and
one teacher, I not only needed to choose between these two schools, but also
needed to be sure that the final choice of teacher and class was ideal. The only
way to make an informed decision was to immerse myself in each situation
and spend considerable time in each school. The plan was to visit all the
chemistry classes in both schools taught by these and other teachers for a trial
period of 3-4 weeks. While doing this and through sharing my preliminary
observations with others, another choice soon presented itself. Both of these
schools offered Advanced Placement Chemistry classes. Since the pilot study
was done in introductory chemistry classes, I wanted to be sure this was the
best choice in the context of these two schools. To answer this question, I also
became a participant observer in A.P. Chemistry classes to find out what life
was like there. I also wanted to develop relationships with the students and
teachers in A.P. classes because even if I decided to stay with introductory
chemistry, these students were veterans of the program, had been students of
these same teachers and were therefore potentially valuable participants. I
soon found that most A.P. students' conceptions of success was mostly and
explicitly preoccupied with the Advanced Placement Test held in the spring.
They were already the most successful veterans of introductory chemistry so

that now, they were rather entrenched in this pursuit and were not
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necessarily struggling with the same issues as students experiencing high
school chemistry for the first time. Although this is a very interesting arena
for future study, it was not the study I wanted. Because General Chemistry
offers students their first experiences with high school chemistry, it fit my
objectives much more closely.

Most importantly in the selection process, because this study is about
student perspectives, I searched for the best social combination of chemistry
students. To make this decision, I had to know more about them. I
informally talked to many students in classes, in the halls and in the school
cafeterias. After several weeks of reconnaissance and observations, several
interviews and conversations with teachers, students and other school
personnel, I decided to concentrate on one General Chemistry class in each
school. Although I intended to study only one school, both of these schools
seemed ideal and both teachers were very willing and able to contribute to
this research. I did not want to choose between them so I decided to include
both. There were of course positive and negative effects of this decision. This
decision increased the size of the study and more than doubled the amount of
data available. And, although these two settings were very similar, each was
unique. For example, the teacher is one of the most influential cultural
factors and each teacher had very different educational backgrounds and
experiences in education. Another important difference was that one teacher
was male and the other female. Two settings instead of one thus encouraged
comparative analyses of two very different cultural situations as it enriched
and informed this study.

The next task was to narrow the study to one focus chemistry class of
participants in each school. My criterion for this choice at first seems
deceptively simple: the students should be interesting. In reality, the choice
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would also be determined by a combination of this criterion and more
practical concerns. Of course “interesting” is a personal construct and it is
difficult to explain. The concept has meaning in terms of my personal history
and also in light of the pilot study. Interesting students are especially willing
and able to participate in this research because they would be very thoughtful,
quite articulate, very willing to talk to an adult and with each other about
their lives in chemistry. To add another facet, they should also be interested
in the topic of my research. In one school, the focus teacher taught only one
introductory chemistry class so there was in effect, no choice. This was not a
problem because the students were very interesting. In the other school, one
teacher taught several sections of introductory chemistry so the selection was
more difficult. Since I had to be in the other school in the afternoon, the list
of classes was narrowed to morning sections. The students and the ethos that
was developing in the third-period session seemed most interesting and
better tuned to my needs. They were very vocal in class, regularly asked
questions in class, and seemed willing to engage the subject matter. The
teacher also suggested third-period chemistry because he felt these students
would be the best choice for my research. He explained that of all his classes,
third period students seemed responsive to his teaching, interested in the
subject while several were struggling with whether or not the rewards were
worth the personal investment of time and energy. I also received the
warmest welcome in this class session and from the first day I arrived, several
of them expressed an interest in being participants.

The next step was to narrow my list of students to a focus group of
students within each of these classes through a process of observation and
interview. During classroom observations and informal interviews, I made a

list of students who seemed interesting. I also talked to their teachers to get
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their input and advice about my choice. The teachers suggested individuals
who, in their opinion, were getting good grades and yet struggled with
chemistry in varying ways and were uncertain about what it means to be a
good student. From this preliminary list, I began to schedule informal
interviews with groups of two or three students each. The scheduling process
itself eliminated several students in each class. These meetings were strictly
optional and since a few students seemed somewhat reluctant, they were first
to be eliminated from my list. They knew that interviews would happen
during their lunch time or after school and some students were not able or
willing to invest their time. Others simply did not return their parental
consent forms (A legal university requirement when working with human
subjects) and thereby eliminated themselves. A couple students expressed
concerns about being far too busy in school to be involved in such a project.
The remaining students on the preliminary list became my focus group. This
choice was interactive and these individuals chose themselves almost as
much as I chose them. Several asked me if they could be involved and
several, after preliminary and very informal interviews asked if they could
"do this again sometime." These focus students were therefore the most
available but also the most willing to take part in the conversations which
were to follow. They also had taken a personal interest in this project and
were willing to invest their time and energy. In other words, when the
culling process was complete, I was left with the most willing, interested and
able students. All of these focus students continued to participate for the
duration of this project.

It was very important that the students and teachers in this study were
willing, even excited about participating in this research. They willingly

brought me into their world, into their school and essentially co-constructed
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the research experience. Several of them explained that this was an
opportunity to talk about their world, to learn from each other, from me, and
the experience. It was common for students to write notes to share with me,
engage me in conversations, and to thank me for my interest in them. One
student explained that “adults just don’t talk to us about our lives.” They
seemed to value and appreciate the interest I had in them as well as feeling
they were being served by the research.

Once the settings were chosen, access gained, and as the focus students
were selected, I continued to position myself in the research. Positioning self,
a very important concern for any fieldwork, the researcher develops a
relationship with those being studied that is conducive to the objectives of
the study.

The relationship...entails a delicate act of fence-straddling that is the
responsibility of the participant-observer. The fieldworker as
participant observer is required to maintain a distance of the critical
observer as well as the intimacy of the insider participant. The formula
for working out the distance-intimacy quotient is based upon the way
fieldworkers conceptualize the relationship between the self and the
other and how that relationship is consummated (Camitta, 1990)

Any researcher has a physical and psychological presence and will
effect the situation simply by being there. The participant observer walks a
delicate line between too much involvement and not enough. The task was
to participate but not to interfere, to be a part of conversations but not to
manipulate or evaluate, to lead conversations but not to overpower, to be
useful and sensitive to participants' needs while not taking control. To
develop relationships it was necessary that I gain the trust of the students,
teachers, and other school people. I needed to affiliate with participants in
order to learn with them and from them about their situation, their beliefs

and meaning of action. Yet at the same time, the researcher must remain at a
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distance to afford a critical stance. The process is quite deliberate, constant and
it evolves temporally. Especially at the beginning, I physically positioned
myself in the back of the room. Physical placements have psychological
meaning and purpose. In this case, it at least gave me a new and different
perspective. As a veteran teacher, I am very familiar with a front-of-the
room, teacher's perspective. For this research, it was necessary that I seek the
opposite perspective. Later in the study, after my position was better
established and understood, I frequently took the vacant seat of any absent
student in order to gain a slightly different perspective. During more formal
class sessions, I rarely participated in the conversations. During laboratory
exercises, and in the halls and other locations, I was free to walk around and
engage students and teachers in brief conversations about what they were
doing. On several occasions, informal conversations occurred over lunch
both in the schools and at a local fast-food restaurant that students would
frequent. I resisted the urge to teach, to be an answer giver, or to assume an
air of authority because these roles would have changed my identity and
altered my position negatively. At the beginning of class sessions, students
regularly acknowledged my presence. If I missed a class session, they usually
asked me about it the following day. They seemed to ignore my presence
during class sessions. I always made it a point to arrive during between-class
breaks and stay for a short time after class. Students and/or teachers as they
filed into class, would engage me in conversations. Students often told me
that they enjoyed talking to an adult who demonstrated respect for their
opinions, listened to their stories, and who was generally very interested in

them.
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To summarize Phase One field procedures, I spent a lot of time
choosing the best setting, identifying participants for research, positioning
myself and continually, interactively collecting data. After I chose the
research sites and gained access in two classrooms in two different schools, I
intentionally positioned myself and took on the role of participant observer. I
recorded field notes, conducted informal interviews and engaged participants
in conversations. I recorded daily, expanded fieldnotes in a research journal.
My objectives for this phase included access, positioning self and getting to
know the situation, the students, and their lives in science education. I also
began the process of identifying a focus group of students in each school for
participation in the Phase Two research. As it did in the pilot, Phase One
continued throughout the entire academic year of study. Consistent with
theoretical sampling techniques (Glaser, 1970), observations were continually
made and assertions evolved. Although these phases of research evolved

concurrently, Phase One informed Phase Two research.

Field Procedures—-Phase Two Interviews

Phase One research continually and concurrently informed the
subjects, content, and objectives of the interviews of Phase Two. Phase Two
research consisted of conversations and interviews with participants. First,
each focus group afforded a manageable and greater reliance on recorded
interviews and conversations. Very informal conversations and interviews
occurred between classes, in hallways, cafeterias, and even in restaurants after
chance meetings. For more formal conversations, private conference rooms
with comfortable chairs and a table were reserved. It was important that the
conversations could be private, neutral and away from science classrooms.

Conference rooms provided a place to meet and It seemed to make the
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students feel special. There was no evaluation here, no performances for a
grade, and every effort made for confidentiality. Students usually considered
it a privilege to talk to the "university guy" about what was important to
them. Students, on several occasions expressed their appreciation of the role
they were given as participants in this research as well as an appreciation for
"sitting down and talking about these things.” They seemed to want to talk
about their lives in school. They occasionally canceled or failed to appear,
which I took as evidence that they understood the voluntary character of
their participation.

During the pilot study, I had found students were more open and
willing to talk when they were interviewed in small mixed-gender groups of
2-3 students than if interviewed individually. Meeting in small groups
encouraged relaxed conversation as students interrelated with each other and
the researcher. On the other hand, when interviewed individually, students
would tend to answer questions very briefly and then act as if there was
nothing more to say. Therefore, individual interviews seemed too restricted,
too formal and often regressed into question and short-answer sessions.
Conversations were more relaxed and more subjective than more formal
interview protocols. Students understood my research objectives and often
took control of the conversations. Participants were quite free to reveal their
judgments, feelings, and evaluations of their situations. They felt a
membership in a group and articulated a satisfaction, ownership or sense of
honor in being actual participants in this research. Group conversations are
also important for social construction of meaning. Small-group
conversations were much more collaborative, encouraged group sense
making and also solicited stories (see Chapter 2). Sense making is social

construction so small group conversations were expedient and ideal for this
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type of research. Also, in the same way, the researcher's understanding is
socially constructed.

Of course there were also negative aspects of mixed-gender groups. For
example, during one conversation, it was clear that Brad’s stories were being
flavored by the fact that he was talking with Amy, a student he apparently
wanted to impress. Although he certainly colored the truth for his own
purposes, he was also very reluctant to talk when I attempted to interview
him alone. However, in fieldwork, if care is taken in the analysis, this
negative effect can be turned to good. In the analysis of this conversation, it is
probably more significant to understand why a story is told or a personal
position taken than what actually was said (Bruner, 1990) . Both for the pilot
and for the major study, I decided that the positive effects of mixed groups far
outweighed the negative. Students were able to tell each other stories, ask
each other questions as well as confront one another. In a sense, the presence
of peers kept students more honest as well as providing different perspectives
in conversation (Belenky, 1986; Tannen, 1990). Group conversations also
allowed the researcher to maintain his position by more or less fading into
the background, entering only to ask questions, carefully guiding the sessions
toward research objectives or to seek clarification.

Focus groups provided a subset or smaller group of "special
respondents” (Gordon, 1987) with which the researcher was able to develop a
special relationship. It was not possible to develop these closer relationships
with the entire classes. A focus group also allowed a continuity to the
interviews and because of limited time and resources, a manageable limit to
the necessary number of interviews. Because interview tapes were
transcribed, coded, and partially analyzed between interview sessions, the

conversations gained a continuity and a continuance as questions evolved



84

and assertions were formed and tested (Ives, 1974). Successive interviews
also seemed to be more relaxed and students seemed less intimidated by the
process. Therefore, interviewing a select group several times was more
beneficial than interviewing more people less often.

All scheduled interviews or extended conversations were tape
recorded, face-to-face interactions in order to bring the reader in personal

contact with the participants.

The best results are obtained when a good informant and a good
interviewer get together and the narrative is the product of the
conscious or unconscious collaboration of the two. Or when the
interviewer succeeds in eliminating himself entirely and the reader is
brought face to face with the informant. (Kirshenblatt-Gimblett, 1989)

Because of this, the conversations themselves were considered
primary data sources while my fieldnotes and transcriptions were secondary
sources (Gordon, 1987; Ives, 1974). During coding and further analyses, the
transcriptions were read and coded while the tapes were played back. This
playing back of the interview tape brought the event back to the present while
allowing consideration of voice, inflection and other important observations
not evident in the transcriptions alone. The journal and other written
artifacts also helped triangulate the data and bring the events back to life in
the analysis. For example, it was helpful to have a copy of a student's lab
report on the table during analysis while the played-back conversation dealt
with that laboratory exercise.

The stories elicited in conversations were considered the author's
version of reality and a personal version of their situation (Bruner, 1986).
Stories give the researcher understanding as they gain a life of their own. The
researcher must be cognizant "of what is involved in the telling and

understanding great stories and how it is that stories create a reality of their



85

own" (p.43). Of course, this is the central objective; to understand their
perspectives, the nature of the teller as well as the reality in which the teller
lives (Erickson, 1986). It is important that the atmosphere created in repeated
conversation sessions was conducive to narrative. Stories in conversation
are powerful research tools because they provide pictures of real people in
real cultural situations, struggling with real-life problems (Noddings, 1991).
Once told, as Ives suggests, stories are "set pieces” and "fixed in their structure
and detail” (Ives, 1974, p.68). Yet they are not static and necessarily set for the
record out of context. "Personal experience stories live in the telling" (Allen,
1978, p.6). Thus, they live in the analysis and help us construct meaning as
they helped the participants construct meaning in situ. And their meaning is
dependent on the situation in which the teller lives and breathes. Stories are
social forms of sense making in which personal perspectives reside.
Therefore, research sessions that stimulate or provide a forum for narrative
are powerful tools in understanding people and are invaluable

methodologies for this research.

Meaning, thinking, memory, knowledge, and belief are not the names
of mental entities residing privately in people's heads. They are rather,
the names of socio-mental practices that extend beyond the skin to
include the world and society. In regard to human cognition, the
proper unit of study is not, I believe, the individual mind/brain, but
people engaged in social forms of life our in the world" (Gee, 1992, p.1).

It is imperative that the researcher is situated, immersed in participant
observation and in context in order for the personal and group narratives to
reveal their meaning. In other words, "you had to have been there.”
Extensive use of quotations and the participants’ own words will help bring
the narrative home to the reader but lifeless transcriptions are inadequate for

the reader to gain understanding. The account of the narrative given in the
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analysis (Chapter 4) is written by someone who was there, present at the
telling. The analysis is of course once-removed from the telling because it is a
personal revisiting or sense-making effort. It is therefore twice-removed for

the reader, but the next-best thing to being there.

One way of looking at this research is by characterizing it as an
examination of the common sense or folk psychology of high school
chemistry. I came to know what meaning students form in relation to their
social situation and what meanings are viable. I came to know and
understand these meanings through conversations and narrative. As The
Cultural Spheres Model suggests, students construct meaning and gain
epistemological access to chemistry interactively in social and cultural
context. Narrative is both a window into that meaning and a way meaning is
socially constructed by the participants. Even though, in the scientific
community, “[w]e have been taught to treat such ‘said’ accounts as
untrustworthy, even in some odd philosophical way as untrue” (Bruner,
1990, p.16), we can and should use conversations and narrative for searching
for meaning. Not that we should take what students say at face value, but we
should think about context, why they said it, and what meaning is beyond or
underneath the saying. Bruner calls an individual’s action “situated action”
(p-19), the intentionally-based counterpart to behavior. Through discourse we
can learn about why and how a person makes sense of his situation,
negotiates his way and makes choices. Again, it is an interactive process

because meaning is both made and understood in the telling.

Our culturally adapted way of life depends upon shared meanings and
shared concepts and depends as well upon shared modes of discourse
for negotiating differences in meaning and interpretation... the child
does not enter the life of his or her group as a private and autistic sport
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of primary processes, but rather as a participant in a larger public
process in which public meanings are negotiated. And in this process,
meanings are not to his own advantage unless he can get them shared
by others (Bruner, 1990, p.13)

The word “negotiated” is especially interesting here. It suggests that
students, teachers and others participate in the formation of public meanings.
If success in high school chemistry is the prize to be won, success is also
something to be negotiated socially and must be assigned public, or social
meaning. In schools, like other institutions, and in chemistry classes in
particular, establishing certain rules, rights, and responsibilities--“Local moral
orders” (Harre, 1994)- are part of common sense psychology. In order for the
adoption of a public meaning of success to be an advantage to the individual,
or viable, it must be a product of social agreement-- a common ground or
understanding. Because conversation and stories both help us construct
meaning and reveal meaning, narrative is a window to socially influenced
and determined meanings. These are common-sense meanings or folklore.

[Flolklorists are concerned with briefer, more loosely organized

accounts of personal experience. These stories are often embedded in

conversation and may be conceptualized and conveyed by their tellers
as “information” rather than “art.”

These kinds of stories often depend heavily upon the social context of
interaction for their sense and meaning. They are rarely monologues
but are rather constructed in and around conversational exchange.
When removed from that immediate context they may prove pointless
and eminently forgettable ...these stories can work to define, maintain,
enhance or transform a social situation. Stories, generally... are formed
up for just the audience and just the occasion for their occurrence.”

(p-6)

Other Sources of Data
Other sources of data also informed this research. As Geertz teaches
(Geertz, 1992), a culture can be observed and analyzed in its products. The
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culture of school and of chemistry class is also evidenced in written
documents and artifacts. Assessments, classroom and school policy
statements and expectations, and other artifacts were collected and analyzed
for clues to informants' thinking and practice. Assessments were especially
important because they are usually the major, sometimes only source of
student grades. Grades are very important to college-bound students and are
the object of the bargaining process. The methods of assessment and grading
were often specific referents during student conversations.

It was also important to analyze these documents and artifacts for ways
in which they were used to facilitate or frustrate student coping and
defending strategies. For example, chemistry problems are often written and
graded in such a way that an algorithmic approach to "getting the correct
answer" is provided. This form of "problem solving" would tend to support
students in the avoidance of challenges in otherwise difficult problems.

School policy statements and expectations were also considered
important in framing student decisions. For example, even though
chemistry often is officially an elective, the counselors and administrators of
these schools strongly recommend it for college-bound students. In fact, for
many of these students, chemistry was the first "elective" college-bound
students took. Some felt coerced, all felt pressured into taking chemistry for
different reasons and from different fronts, but there was always a nagging
option of dropping out of chemistry. This option is significant because it was
always there, haunting them as if it were a ghost of failure. It also became a
bargaining chip (Sedlak, et al., 1986). Teachers are vested in their desire to
keep students satisfied if not happy, and in class. They did not want students
to fail and they did not want too many people dropping out of their classes.
In addition, students might feel chemistry is important on their transcripts
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but they might not feel that understanding chemistry is important or
necessary. Several described their struggle to decide whether or not the effort
and emotional stress involved in chemistry was worth the grade on their
transcript. It is interesting that few actually chose to drop out. A couple
students at Suburban High changed their schedule at semester break in order
to “get an easier teacher.” All of these factors certainly contributed to the
culture of these settings and influenced students’ lives dramatically.

Theoretical Samoli { the Formation of the Model

Theoretical sampling is done in order to discover categories and their
properties and to suggest their interrelationships into a theory. ...The
researcher who generates theory need not combine random sampling
when setting forth relationships among categories and properties.
These relationships are suggested as hypotheses pertinent to direction
of relationships, not tested as description of both direction and
magnitude” (Glaser & Strauss 1970, p.106).

The selection of schools and participants was certainly not random and
no effort was made to make them random. Theoretical sampling techniques
are a closer fit to the research objectives. As explained above, it was not my
objective to make these site-specific situations explicitly generalizable to a
larger sample or population. In theoretical sampling, it is only necessary that
the phenomena be evidenced at the sites (Cusick, 1992, p.134). Because this
study is based in my professional experience and because it was informed by a
pilot study, I began with a conception of what I was looking for and held
plausible reasons to assume the research questions would apply to the
situation at these two schools. I developed assertions and these evolved in

research in an ongoing analysis. I began to develop a model in order to help
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me understand the cultural context and the influences under which students
made sense of their world. (see Chapter 2)

The development of the research model helped in understanding the
meaning of these events and interaction. The model has its own
developmental history and evolution as does any substantive theory (Glaser
& Strauss, 1965). I frequently communicated with fellow educational
researchers and anthropologists who were interested in this work.

Data Analysis Procedures

Once I chose the sites and identified the participants, data collection
through participant observation and the other methods proceeded
throughout the entire academic year. During this entire time, analysis was
on-going and centered in fieldnotes and expanded fieldnotes which were
keyed to participant observation and interviews/conversations with
participants. Secondary sources included transcriptions of audio tapes, audio
tapes of class sessions, cultural products and artifacts. The pilot study analysis
served as a trial run and the same coding techniques were used because they
proved effective. Transcriptions of audio tapes were coded as they were
examined. To improve accuracy and to catch as much of the flavor of the
communication, I often played the audio tapes concurrently with coding.

Field notes and cultural artifacts served as triangulation for data. One
limitation of this data for analysis purposes is that I could not return to the
real event of the interview or class session. The tape recordings, fieldnotes
and other cultural artifacts were only a record of those events. This is why I
played back the tapes and used other data sources to triangulate on those
events. There was much more to each written transcription or text than
words. For example, inflection in voice and emphases on words and phrases

were captured in audio tapes. I also made note of other forms of non-verbal
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communication including eye contact and body language in fieldnotes and
expanded fieldnotes. In other words, I analyzed events in as many ways as
possible as I attempted to take a variety of perspectives.

For example, when Kyrsten describes impossible things like electrons,
her facial expressions, body language, hand motions, and inflections of voice
tell as much or more than her words. All of these forms of communication
were captured as much as possible in the analysis of this interaction. Analysis
must also be informed by who Kyrsten is, what she cares about, and what her
relationship is with others present at the telling. Probably more important
than what is said is why she might have said this at this time. Of course there
is no limit to the depth of analysis or the different perspectives that could be
taken on this event but I tried to capture it in as much detail and rich
description as possible. The richness as well as the value of this analysis
depends on all these considerations and perspectives. It is a very complicated
matter.

Reflecti Methodol Why did I do what I did?

In the first place, I did what I did because it needed to be done. The
record of voices and stories of young people are very limited in educational
literature. In the social constructivist perspective, families, peers, teachers,
and institutions have vital cultural roles in a student's education. Student
perceptions and shared meaning will open windows on these social, cultural
influences and relationships. Therefore, in order to hear student voices, the
methods of inquiry were interpretive and relied mainly on participant
observation, field notes and interviews. The method fit the questions

Perhaps more importantly, the method fits me. My personal history
and personality are bound in and related to what I study and what I want to
study. They also fund the means I use, the assertions I make and the sense I
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make of the situation and its actors. Peshkin’s work has been especially
influential in the personal justification of this perspective (Peshkin, 1978;
1982; 1985). For me, he said it is fine to choose a research design that is
personally significant topic and a method that “suits me” (Peshkin, 1982).
Personal taste is of great significance and who I am predisposes me to this
method. These predisposing factors are important and relevant. “I am a
fieldnote.” (Jackson, 1990) Fieldnotes “symbolize what journeying to and
returning from the field means to us: The attachment, the identification, the
uncertainty, the mystique, and, perhaps above all, the ambivalence.” (p.33)
And, I am a creator of the method as I go along. The literary style seems
natural and comfortable and it allows me to attempt to illuminate concepts
and relationships that are incredibly complex and convoluted psychologically,
culturally and socially. It allows the participants to use their own words and
experiences to teach us about themselves and what influences their actions
and decisions. I make the assumption that their actions are purposeful and
that they make sense to the actors in context. Mainly though conversation,

the meanings begin to reveal themselves.

Evaluating the Design
Goetz (1984) writes that the quality of an ethnographic design can be

recognized but articulating and defining the dimensions of a good design is
more difficult. She identifies five attributes that contribute to the overall
merit of an ethnographic study. Although exceptional studies also include
creativity, uniqueness and other desirable attributes, her five are often used by
journal referees, paper reviewers, and publisher’s consultants. These are
appropriateness, clarity, comprehensiveness, credibility, and significance.

Rather than holding a personal standard for each of these, the primary
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referent should be the intent of the investigator and the research questions he
claims to address. In other words, is the method used the best method for the
questions asked?

In reflecting on whether or not the methods employed in this research
are the best methods, I prefer to summarize these criteria in the form of two
constructs and measures of scientific research. Is the study reliable? Is the
study valid? Ethnography or fieldwork tends to beg the first question and rely

heavily on the second.

Some Notes C ing Validitv and Reliabilif

"In the cultural sciences, the knowledge of the universal or general is
never valuable in itself” (Weber, 1949, p.80.)

Validity is attained when the assertions ring true, conform to fact, or
at least are plausible. This research is located in time, place and in specific
social circumstances. The talk was about the common experience students,
teachers and participant observers had together. They all shared common
experiences while each constructed personal meaning of the situation. Field-
generated assertions were continually tested and modified to make a closer fit
to the particulars of the situations and the consensus between the two
research sites. The sites were chosen deliberately and yet pragmatically.
Informed by my experience in schools and with the lessons of the pilot study,
rather typical public high schools were chosen where a significant percentage
of the student populations are college-bound and elect introductory
chemistry. Although there were many similarities between them, even if it
were possible, it was never a concern to sample two schools that are exactly
alike. Although similar data could be collected almost anywhere there are
high school, college-bound students taking chemistry, this study certainly
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provides site-specific information and rich descriptions of events. This is
perhaps its greatest strength. ."..[Plarticipant observation is among the most
valuable types of social research because it does include a great deal of site-
specific information. That is its appeal” (Cusick, 1992, p.134).

Reliability or in other words, generalizability, consistency or
repeatability is a concern for any educational research. There is a social reality
shown in the study of these students in these two specific sites. The students
live in these situations, make sense of their words in the context of these two
institutions and the social structures in and around them. Therefore, there is
a generalizability that rests not in the promise of scientific laws generated
with a lot of numerical data, but in the general "sociological assumption that
since behavior is bound up with structure, then behavior that occurs in a
particular setting may also occur in a similar setting” (Cusick, 1992, p.134.).
The stories of students in both of these research sites and how they tell about
science education should ring true for the reader if he or she is familiar with
the typical American high school with College Preparatory Programs. It is
reasonable to assume that schools of similar size, programmatic structure,
and constituency will exhibit similar student attitudes and social structures.
But after all is said, it is also the responsibility of the readers to test these
described situations to see if they are similar to their own experience in other
situations. If readers find this description sounds familiar, then a certain
amount to validity and reliability has been reached. A field study, after all, is
only one individual's attempt to unravel and explain a human meaning and
action giving particular attention to the collective, social and cultural
understandings of those who live and act there. “If the event is significant,
and the account is intelligible and plausible, then the result can be of value to

those interested and involved in similar events” (Cusick, 1992, p.135).



CHAPTER 4

The Setting and Participants: Two Schools, Two Chemistry
Teachers and Their Successful Students

The following descriptions of the settings are derived from field notes,
expanded field notes, and other data. For the class session descriptions, each
session was selected from pages of field notes and selections were then
examined to see if it was quite typical of all class sessions observed in each
situation. In both cases, I felt the first choice was quite representative. The
reader can get a feel for the typical class session in the lives of these
introductory Chemistry students. All quotes are from field notes and audio
tapes of the class sessions.

Both schools are suburban, Midwestern public high schools with a
mainly Caucasian, middle class constituency. I chose these two schools for
this research because they are quite typical of American suburbia which takes
pride in high academic standards and a high percentage of students pursuing
higher education after graduation. I wanted to look at success in settings
where being successful was considered the norm and was expected. The front
doors of the school remain unlocked all day, there are no hall guards and no
one to check hall passes. All chemistry students intend to go on to college,
several to prestigious institutions. In both schools, Chemistry is strongly
recommended, though not required for the college-bound student. From the
data summarized in Table 3: Summary Data on Two School Research Sites,
84% and 87% of the students in these schools enter college after graduation.

95
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Perhaps these schools could be called academically elite because of their

emphasis and pride in academic standards. Students here are understandably

concerned with grade point averages and earning their diploma. None of the

students observed in this study could be called disengaged with their

Chemistry work. All of the focus students are very motivated to succeed and

are considered good students by teachers and the administration. Therefore,

these students in these situations can perhaps be considered examples of the

American educational system’s successes. These are examples of students

who go about the business of school as good students; who have goals and

high career expectations. Each has a personal history of success in school

work and expect to succeed in chemistry as well. They are not extraordinary,

and although they are a small group living in a specific time and place, they

do not seem very different from the students one could find anywhere in

mainstream, suburban America.

Table 3: Summary Data on Two School Research Sites

Setting Characteristic (1993) Green Lake | Suburban
Total school population 653 1180
Graduating seniors 138 271
| % of seniors entering college (fall 1994) 84% 87%
SES— % family income above... $50,000 $60,000
| 38.9% 57%
SES-- % family income below... $25,000 $24,000
29.3% .04%
Educational expense per pupil (district, 1991) $4564.89 $5383.75
| Mills of property taxes (district, 1991) 41.2 38.8
Race (1992)
Caucasian-American 95% 72%
Afro-American .02% .05%
Asian-American .02% 10%
_gthél‘ _ 5% 18%
Graduation requirements—total Graduation 22 credits | 21 credits
requirements-—science 2 credits 2 credits
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The Setti 1 Participants: G Lake High School

9:30 AM. Driving from this Midwestern city of 127,321 people (1990
census), I turn at a busy intersection and travel past the K Mart, the large
shopping mall and the restaurants to residential suburbia. Down the road,
workers are demolishing a barn and preparing the farmland for some sort of
commercial development. Just past this development project, about a mile
past the shopping mall, as the neighborhood changes to suburban residential,
there is a small sign announcing Green Lake High School. The sign serves
also as a small billboard to advertise the upcoming weekend football game.
The school drive continues between the sprawling, single-story school on the
left and eight fenced in tennis courts on the right. There are no other signs or
directions to guide the visitor to the front door or to the office so even
someone very familiar with suburban high schools wonders if turning left in
front of the building is the way to the front door. An American flag in front
of the building is a good clue as is the single row of cars parked along the
drive opposite the school. Past this flag and parking area, trucks and other
work vehicles are parked and the sounds of construction fill the air. I
remember thinking that this is a sign of prosperity and a typical focus on
athletics as these construction workers build a new addition. The most
prominent part is a new gymnasium.

There are two front doors with the school office between them.
Entering the school, the first thing I see is a large, trophy case on the wall
opposite the door.

To the left, glass doors and glass walls isolate the school office. A
hallway also leads to the right and another, straight ahead. Behind the glass
doors of the school office, a few students stand at a long counter talking to a
person who appears to be a secretary. I know it is expected that I enter that
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office, state my business, and “check in.” Everything seems quiet and peaceful
at first. Suddenly, a bell rings and almost before it stops, the mood changes as
students stream through classroom doors into the halls. Student traffic
moves at an almost intimidating, rapid pace shoulder to shoulder. Most
seem to be on their way to their lockers and there is a lot of noise, laughter,
and talking.

9:45-9:50AM. The students have five minutes between classes. During
this time, they usually travel from their classroom to their lockers and then
to their next classroom. Banks of lockers are located along some of the
hallway walls and there seems to be a spirit of congeniality or friendship near
the lockers. After students arrive at their lockers, they put some books and
notebooks in and take out others. They either stand and talk to each other for
a few minutes or they begin to walk toward the classroom where their next
class is to meet. The traffic is very heavy as two opposing streams of students
move throughout the halls. I move with the traffic while being constantly
alert for students cutting across the stream to enter classroom doors along the
length of the hall. It seems like a friendly place. As I move down the hall, it
is not unusual for several students to smile and utter a brief “hi." Students
do not usually seem to be in a hurry until the bell is about to ring. They seem
to have this timed quite well because few panic during the last minutes and
few are left in the halls after the tardy bell rings. Jack Honderd’s chemistry
students head down the hall and around the corner to the “chemistry lab." I

follow them.

The Participants: Jack Honderd and a Typical Day
There were several important reasons I chose Jack Honderd’s

classroom as a site for this study. First, I was interested in finding a suburban
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school where a considerable proportion of students are college bound and
goal driven. Green Lake High is close to the university where I work and
therefore accessible. The principal was very interested in my work and very
cooperative so he willingly granted access after I received district approval.
Honderd has been teaching all the introductory chemistry classes and
has been teaching chemistry for his entire professional career of 7 years. He
has a good reputation in this school district, seems to have a good
relationship with his students, and according to the principal and AP
Chemistry teacher, is very successful at preparing future AP chemistry
students. I was introduced to Honderd and we discussed my research. He was
very interested and offered his services. I began to observe several of his
classes the following day. Gradually, we decided that his third-period
Chemistry class would offer the best informants for my research. All of these
students were college-bound, seemed very interesting, willing to participate,
and were motivated to successfully complete Chemistry class.
Jack Honderd expects his students to be in their room before the bell begins to
ring. Once in the chemistry lab, students make their way to single-person
tables (called desks by teacher and students). There are 5 rows of 4 tables in
each row and two rows of 3 tables facing the front of the room (see Figure 3
below). At the front of the room, there is a demonstration table with a sink
and the teacher’s desk at its end. There is a set of sliding chalk boards on the
front wall of the room and a rather large periodic table hanging on the West,
or left-hand (facing the front of the room) wall. An overhead projector on its
cart is normally pushed against the West wall. There is an arrangement of

“lab tables” permanently attached to the floor in the back half of the room.
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There is only one lab stool available and students do not usually sit at these
lab tables. The preceding sketch represents Honderd’s classroom.

The students make their way into the room and the seats gradually fill
up. They have chosen their own seats in the beginning of the year. Honderd
passed a “seating chart” around the room for them to fill out, and since then,
they are required to return to their places each day. Honderd takes attendance
as they take their seats and vacant places help identify missing students. If
students enter the room after the bell, they are marked tardy unless they hand
Honderd an excuse. It is school policy that for the third tardy and each
additional tardy after the third, the student must serve a one-hour detention.
Usually, they serve this detention during the “Saturday Session”, a time
reserved for this purpose from 8:00AM till noon on Saturday at the school.
No one was tardy or absent today.

9:50 Honderd is sitting on his stool behind the demonstration table
and casually talks and jokes with a small group of boys who have taken their
seats directly on the other side of the demonstration table. The topic of
discussion is Suburban football, but it is unclear what the specifics of the
conversation are. The bell rings to announce the beginning of the class and
Honderd stands up, walks over to the overhead projector and turns it on.
The objectives for Chapter 9 show on the screen in the front corner of the
room. Honderd announces that there will be no school the next day and that
they will be having a test on chapter 8 and 9 on Thursday of this week. He
mentions that they should be sure to study these objectives in preparation for
the test. At the same time, and it seems in competition, a female voice is

heard from a speaker attached high on the front wall (an
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intercommunication system which delivers messages from the school office)
making morning announcements.

9:55 Honderd moves to the front chalkboard and as he moves, he talks
extremely fast (An attention-getting strategy I called “Fast Talk" in my
fieldnotes.) about the fact that there is “so much to cover today so let's get
busy.” The boys in the front of the room joke about Honderd drinking too
much coffee today and many of the students who hear this, laugh briefly. As
he speaks, he writes the “electron dot” formulas for several elements: Li, Be,
B, C, and N on the chalk board. He then reviews how students should use a
“diagonal rule” to determine which electron orbitals “fill up." He says that if
they “have any trouble with this, just go ahead and do the orbital filling
diagram." Honderd explains that the orbital filling diagram is actually
reporting the pairing of electrons in atoms. Honderd then uses carbon as an
example and describes it as having only two bonds possible because carbon
exhibits the following: (he writes this on the chalk board)

XX
x C x

Honderd picks up a meter stick from the demonstration table and then
asks his students if there are any “trends” on the periodic table regarding the
filling of electron orbitals. (This is a review question because this material
was covered last week.)

Jill answers: “You add one electron for each atom as you go from left to
right." Honderd nods his head in assent.

Honderd waits for a few seconds, there are no more trends offered and
Honderd then explains that “this is the way they designed the (Periodic)
table.”
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Another student, Joe, offers another trend by stating that in the “left
column” (the Alkali Metals) there is one electron in the S orbital. Honderd
tells him he is correct.

Honderd then describes the significance of the Roman Numerals I and
II written above the first two “groups” on the periodic table. He points to the
first two groups with his meter stick and tells his students that these represent
energy levels and then uses his meter stick to point to Boron as an example of
group III. This is followed by a discussion on periodic trends. During this
discussion, several students, Kurt, Troy, Craig (Jeff is absent today) and other
regular participants ask questions and respond to Honderd’s questions. First,
Kurt asks a couple questions about the positioning of He on the periodic table.
He wonders if He is “out there because” it is a gas and because its outer-most
orbital is filled.

Honderd then goes on to describe the positioning of the transition
elements and how the “d orbitals” are filled in the He group. Troy brings the
discussion back to why certain elements are positioned where they are when
he notices boron “at the top of the group” and asks “Is that why B is there?”

As I wonder about Troy’s use of the word “why”, Honderd answers
him: “Follow your diagonal rule-- it is incredibly important." (The "diagonal
rule" is a commonly-used algorithm for calculating electron configurations.)
And then he states that the periodic table is really organized around two
things:

1. Rows in increasing atomic number.

2. Electron configuration.

Honderd implies that if a student just remembers these two things,
they will be able to answer these “why” questions. He then reminds them

about the “octet rule” he taught them during their Introductory Physical
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Science course one or two years ago. He writes the words “octet rule” on the
chalk board and says: “You definitely need to know this. There is a magic
number of electrons every atom wants and that number is 8." He then
mentions that there are two exceptions: He and H. He then uses his meter
stick to point to He and then pulls the ruler down through the family: “now
notice He and these elements-- they are called Noble Gases." A brief
description of inhaling He effectively provides comic relief. Honderd mimics
the effect as he briefly explains why He changes one’s voice and students
laugh. He then asks: “Why don’t the noble gases react?”

Craig: “They follow the octet rule."

Todd looks at Craig and answers “Yes." Then, Honderd turns to the
class and asks: “Now do you now know how the periodic table works?”
Evidently to review and to give them practice, he then asks them to call out
numbers which correspond to elements. One or two students at a time call
out numbers and Honderd sketches the electron dot diagrams on the chalk
board. As he writes, he counts the number of electrons in the outer shell.

After this brief session of calling out numbers and Honderd'’s
responding, Honderd does a brief “fast talk." This seems to serve as a
transition to the next item on Honderd’s agenda for today.

10:25 Honderd says: “Take out a scrap of paper. We'll see how fast you
can do this.” He quickly writes the following numbers on the board: 17, 26,
39, 50, 37. About half of his students begin to write in their notebooks or on
pieces of paper in their desks. They evidently know he wants them to write
the symbols for the last energy level in the electron configuration for each
numbered element.

10:28 Honderd begins to go over these examples and reminds his
students that they should never call the periods “rows." It was not clear
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whether he was responding to something he heard as the students were
working or if he just thought he should say that now. Having said this, he
then asks students to call out the answers to the numbered examples written
on the board. He does not call on any students individually, several at a time
just call out the numbers of electrons they believe are in the outer energy
level. It seems that some students are just randomly picking numbers or
guessing numbers that could be correct. Honderd then takes the meter stick
again, walks over to the wall, points to F and pulls the meter stick down the
family. “These guys have how many?” Students call out the number 7.
“How many electrons do they need?” They respond with the number 8.
“How many do they want or need to pick up?” Several students respond by
calling out the number 1. The tone of this last interplay is light and joking.
Honderd’s questions are asked in a way that makes his students laugh. I
wrote in my field notes that he is role playing in order to keep their attention.
His antics seem effective.

When Honderd asks about element number 26, the answer he gets
from his students, 3d6, is evidently the one he is looking for and would have
gone on. However, Kurt points out that he asked for the last energy shell so
the answer should be 4s2. Honderd looks at Kurt and says: “I asked for the
last set of quantum numbers.”" He then seems to confirm Kurt by saying “But
that’s right Kurt." Kurt does not respond.

10:35 Whether or not this satisfies Kurt, Honderd brings on another
transition by saying “OK, you will have to do some memorization and the
diagonal rule doesn’t work perfectly all the time— but we’ll treat it as if it does.
That will create less confusion." Then Honderd points to the chalk board
where the assignment for today is written: Rd 167-172 Q’s 2,3,5,6. P.177.

These page numbers and questions refer to their textbook and he points out
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that this work is due Thursday. The students therefore have three days to
complete their homework assignment. Honderd then gives his students the
rest of the period to work on their assignments. Few actually work on this
assignment however. Most students merely turn to each other and talk in
small groups of 2-3. Honderd again talks to a few boys in the front of the
room and everyone remains seated.

10:40 The bell rings to announce the end of third hour and the
students file out of the room.

The Participants: Jack Honderd’s Chemistry Students

Troy Troy likes to think of himself an artist and musician. He enjoys
playing the trumpet in the school band and in his church’s orchestra. His
favorite sport is soccer and he plays on the school team. In the spring, Troy is
on the tennis team. It wasn’t until after the second semester began that he
started an after-school job at a local fast-food restaurant. He complained about
being too busy without a job and now is worried about this new time
commitment. However, he also explains that he needs to save for college and
needs some spending money.

During my first interview with Troy, talked about his desire to be a
good student. He explained that his tendency to procrastinate often stands in
the way of a higher grade. He seems to have a rather laissez-faire attitude
about his school work. He accepts his 3.0 grade average and is quite satisfied
with it. He is rather quiet, most often attentive and seems interested while in
chemistry class.

Over all, he is quite satisfied with the education he is receiving, but
also thinks there should be opportunities for some courses his school doesn’t

offer—courses that might prepare him for a life of service to others. He plans
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to attend a Bible college that has a good music department in which he can
major and develop his talents to serve. He explains that it is therefore
important to him that to be part of a band or music group while at college. He
will also consider a Protestant seminary but is not yet sure he is called to the

ministry. He seemed more sure of his calling later in the school year.

Paul Paul works at Flowerland where he does odd jobs, stocks shelves
and waits on customers. He tries to keep his hours down to about 18-20 hours
each week but also likes the money he takes home. He worked 35-40 hours in
the weeks immediately before Christmas vacation selling trees. He explained
that the money he earned was nice but it made it especially difficult to spend
time or find energy for doing his school work. During their seasons, soccer
and golf also compete for his time. Even out of season, he says he is very busy
when he is not in school and finds it difficult to find time for his homework.

He likes mathematics and the mathematical part of the sciences but
explains that grades take much of the enjoyment out of school subjects. Like
Troy, Paul explains that B grades are fine but A’s are better. Paul spends most
of his time in chemistry listening quietly. However, when something catches
his attention and seems interesting, he initiates a question-and-answer
session with his teacher. These brief episodes happen about once each day
and often involve two other students, Kurt and Jeff. I asked Paul why he asks
questions like these and why he tries to engage his teacher in conversation.
He said that it is because he wants to make the subject more interesting and
challenging. He explained that this means he wants to understand in deeper
ways. He explains that the questions come to his mind when he thinks he
understands, and the material covered in class seems redundant. To show

that he is describing his way of defeating boring redundancy, Paul uses what
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happens in English Literature as an example: “How many times can you sit
down and write the same essay” (Interview, 10/19/93)?

He likes school and likes to think about practical applications for the
information he is gaining because he wants to pursue a future in engineering.
Paul’s father and several other people in his family are electrical engineers.
He says that there is a family expectation that he enter this or a related field.
He explains that this is fine with him because he wants to go on in science
and math anyway and it would be nice to follow in his father’s footsteps. He
knows college is necessary for him as is learning as much science and math as

he can.

Kurt When I asked the person who was transcribing some of my
interview tapes what she thought of what she was hearing, she immediately
said: “Kurt is an interesting person. I would really like to meet him
sometime.” I asked her why she thought this, and she began to describe him
as someone who seems able and willing to stand on his own socially and that
he also seems very intelligent and articulate. Jack Honderd agrees that Kurt is
interesting but also “an enigma.” “Kurt will find more ways of offending
social groups of people than anyone I have ever seen. No social skill at all.
Very bright--extremely bright" (Interview, 5/10/1994).

Kurt also has a very difficult home life and as Honderd explains, this
effects his academic performance. According to Jack Honderd, Kurt often does
not do his school work. Kurt explains his lack of focus differently. In the
beginning of the year, he explained that he did not have much use for school
learning that is not practical. He still thinks there are some interesting things
about what they do in his classes, but often sees no real lasting value for what
he is expected to learn. When I asked him why he elected chemistry, he
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explained that he wanted to be in Mr. Honderd’s class. He had the privilege
of having Honderd for Freshman Science and enjoyed him very much. Even
though he enjoys his chemistry class, he has a difficult time finding
motivation to work hard on school work. He considers his lack of
motivation his biggest problem and not ability or the difficulty of chemistry.
This helps explain Kurt’ behavior in school. He seems to be struggling
between mundane tasks and interesting, though more difficult subject matter
understanding. This struggle is evidenced in his participation with Paul and
Jeff in the question-and-answer sessions described above. Kurt and these
other two boys ask probing questions about chemistry content that interests
them. I asked Kurt why he asks those questions in class. He said that “[W]e're
not satisfied." Kurt seems to consciously push himself conceptually. He and
Paul explained that it is due more to the fact that they get bored and want to

make the subject more interesting.

Andrea Andrea likes to think of herself a poet. Poetry is one of the
ways Andrea thinks about her world. She explains that poetry is also a way
out of boring classes. “I start thinking about other things-- like poetry.” We
laughed because then chemistry has some value because it stimulates poetry.
A