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ABSTRACT

This exploratory study investigated 11th grade high
school chemistry students' understandings of the science
concepts of chemical symbol, formula, equation, reaction,
reactant, and product. It also investigated students' ideas
about the meaning of plus sign, reaction sign, subscript,
and coefficient.

In addition, It attempted to assess the

impact of students' prior mathematical knowledge on their
understanding of these fundamental concepts.
A combination of quantitative and qualitative methods
were employed in a two-stage approach involving a
preliminary study and a main study over one academic school
year (1990 - 1991). The cooperating high school chemistry
teacher was an active participant consultant throughout the
research process. Three open-ended essay questions were used
in conducting the preliminary study in two chemistry
classes.
The findings of this first stage were used to sharpen
the focus of the main study. Clinical interviews were used
in conducting the main study on the teacher-selected sample
which represented three achievement levels. Three activities
that were presented to the students involved chemical
substances, chemical apparatus, three actual chemical
vi

reactions which were represented on cards, and a follow-up
interview. The tape-recorded interviews were conducted using
an established interview protocol focusing on three major
chemical concepts. Content analysis and preestablished
criteria as well as two group of experts were used in the
data analysis process for the purpose of validity and
reliability.
The findings indicated that about one-third of the
interviewed students held common prescientific conceptions
and the remainder of the students (two-thirds) held unique
concepts. The identified prescientific conceptions were
common and prevalent among the students regardless of
achievement level, sex, interest, age, and prior knowledge.
Moreover, these prescientific conceptions seemed to have
different causes/sources, characteristics, and prevalence.
Based on these findings, recommendations are made and
implications are suggested for high school chemistry
teachers, curriculum developers and chemistry education
researchers.

vii

CHAPTER 1
INTRODUCTION

The primary objective of this chapter was to present an
overview of the study regarding purpose of the study,
factors that impede chemistry learning, prescientific
conceptions' research, problem of terminology, significance
of the study, and research questions.

Purpose of the Study
The purpose of this study was to investigate llth-grade
high school chemistry students' understanding of the
concepts of chemical symbol, formula, and equation.
investigation

also

The

assessed the impact of students' prior

mathematical knowledge on their understanding of these
concepts.

Background
It has been found that American high school students
and teachers regard chemistry as one of the most difficult
subjects in the high school curriculum.

This difficulty has

been attributed to various factors or reasons.

Anderson and

Smith (1983), Andersson (1980), and Fisher and Lipson (1986,
1988) concluded from their studies that the presence of
students' and teachers' prescientific conceptions was a
source of students' difficulties in chemistry.

Farragher

and Szabo (1986) also pointed out that the lack of
integrating new concepts within existing concepts
contributed to students' prescientific conceptions.
Moreover, Gabel and Samuel (1986), Kolb (1978), and
Kouba (1989) assumed that students lack the basic concepts
they need to connect chemical and mathematical information
meaningfully.

Similarly, Ben-Zui, Eylon, and Silberstein

(1988a, 1988b); Bradley and Brand (1985); Johnstone (1982);
Dierks, Weninger, and Herron (1985a, 1985b); Reif (1987);
and Sumfleth (1988) assumed that students' deficient
understanding of the very basic chemical concepts, the
complex interplay between the macroscopic and microscopic
levels of thought and discussion, and the new way of looking
at chemical substances all contributed to students'
difficulties.
Furthermore, Dierks (1981) believed that the following
points were sources of students' difficulties in chemistry:
(a) students use mathematical laws in a manner which
contradicts their previous experiences in mathematical
instruction,

(b) students are unable to apply the

mathematical reasoning to chemical situations, and (c) often
students do not recognize chemical terms and are unable to
apply their knowledge.

Other researchers (Chandran,

Treagust, & Tobin, 1987; Gabel, Samuel, & Hunn, 1986, 1987)
concluded that the lack of formal reasoning ability
considerably affected students' achievement in chemistry.
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In light of all of the aforementioned factors, this
study will focus on students' conceptual difficulties of
chemical symbols, formulas, and equations.

Prescientific Conceptions' Research
Science educators and researchers have been
investigating students' prescientific conceptions about
natural and technological phenomena for some 100 years
(Browning & Lehman, 1988).

There was a wide interest in

prescientific conceptions in the first half of this century,
then it declined in the 1960s and 1970s (Trembath, 1983;
Trembath & Barufaldi, 1981).

The existence of students'

prescientific conceptions in children's thinking was
documented as long ago as 1920 by Piaget (Hewson, 1985), but
science educators and researchers have seriously considered
this issue in only the last decade (Browning & Lehman,
1988).

Currently, it is an extending field, booming,

flourishing, developing, and increasingly recognized
(Anderson, 1986; Duit, 1990; Reif, 1990).

Also, it is one

of the most prominent areas of concern in science education
which has exhibited dramatic and worldwide growth (Bliss,
1988; Duit, 1989; Gunstone, White, & Fensham, 1988);
Hashweh, 1986; Preece, 1983).

As the research continues,

papers are increasingly being delivered in meetings, and the
results of studies are being published more and more
(Wandersee, Mintzes, & Arnaudin, 1989).

The corpus of

prescientific research in science education exceeded 2,400
studies (Wandersee, 1992).

The reasons for the sudden

growth vary from one author to another (Bliss, 1989).
example, Duit (1990) indicated two reasons:

For

dissatisfaction

among science educators with curriculum development through
the '60s and early '70s, and a turn in psychology to
cognitive science.
Most of the work that has been done on students'
prescientific conceptions in chemistry was done in the 1980s
(Nakhleh, 1992) and has been increased, although to a lesser
extent than in physics and biology (Garnett & Treagust,
1992; Nakhleh, 1992).

Problem of Terminology
It should be noted that the term " prescientific
conception" is not the only term, label, or descriptor used
to describe students' ideas or conceptions in science; there
are over 100 terms that have been used in science education
research. The following are some of the terms commonly used:
misconceptions (Good, 1988 and

Wandersee, 1985);

alternative conceptions (Wandersee, Mintzes, & Novak,in
press);

alternative frameworks(Driver & Easley, 1978);

children's science (Osborne & Freyberg, 1985); children's
ideas (Driver, Guesne, & Tiberghien, 1985); preconceptions
(Hashweh, 1988); naive theories (Resnick, 1983); and
prescientific notions (Reif, 1987).

Future research and publications will have more new
terms, and the problem of selecting the most meaningful and
useful terms remain unresolved (Albimola, 1988).

Gunstone

(1989) argued against the use of a single descriptor to
describe students' conceptions in science while Albimola
(1988) argued for the use of a single descriptor.
debate goes on.

And the

For more information about the terminology,

see Albimola (1988); Franklin (1992); Gauld (1987); Good
(1991); Gil-Perez and Carroscosa (1990); Gunstone (1989);
Hill (1989); McClelland (1984); and Wandersee, Mintzes, and
Novak (in press). These terms do not have the same meaning
and indicate different perspectives among science educators
and researchers. This will lead to ambiguous interpretations
and their meaning may elude the novice researcher.
Throughout this study, the term "prescientific
conceptions" will be used.

The researcher has chosen this

label in terms of the following points:

(a) it is more

comprehensive, (b) it does not carry a negative connotation,
(c) it can apply to adults as well as children and (d) it is
specific to science (Good, 1991). For a complete list of the
terms that have been used in prescientific conceptions
research , see Appendix I .

Significance of the Study
The major benefits of the proposed study are that it
will add to our knowledge of students' chemistry

conceptions, contribute to the literature on students'
prescientific conceptions and contribute to chemistry
instruction and chemistry textbooks development.

Despite

suggestive evidence of students' difficulties and
prescientific conceptions of chemical symbols, formulas, and
equations, this researcher has not found direct and
confirming evidence related to these concepts. The related
studies were done on students' conceptions of advanced
chemical concepts, assuming that the students mastered the
basic and prerequisite chemical concepts, used only
quantitative research as a research method, did not consider
students' prior knowledge, and did not have theoretical
frameworks for their research.
The range of chemistry concepts which have been
investigated, relating to students' prescientific concepts,
is not extensive and future elaboration seems appropriate
(Griffiths & Preston, 1989). Also, it is pointed out that
few researchers have attempted to investigate students'
conceptions and identify prescientific conceptions of
chemistry concepts(Pfundt & Duit, 1988; Peterson & Treagust,
1989; and Yarroch, 1985). Consequently, students'
prescientific conceptions in chemistry represents a fertile
field for investigation (Duit, 1990; Nakhleh, 1992).
The importance of identifying students' prescientific
conceptions has been expressed widely in the recent science
education research (Griffiths & Grant, 1985).

It is assumed

that still much research is needed before we will be able to
make the required changes in chemical education (Herron,
1990) .

Also, it is important to understand adequately

various aspects of students' preexisting knowledge and take
them into consideration (Reif, 1990).
Moreover, this study will have implications for
chemistry teachers, curriculum developers, and future
research (Glynn, Yeany, & Britton, 1991; Wandersee, 1985).
Once students' prescientific conceptions are identified, the
chemistry teachers will have a better chance to teach
students meaningfully (Gilbert, Osborne, & Fensham, 1982);
Good, 1988; Hynd & Alverman, 1989; Osborne & Wjttrock, 1983,
1985; Resnick, 1983; Treagust, 1988; and Wandersee, 1985).
Also, based on the findings, science curriculum developers
might address the findings in modifying the sequence and the
presentation of the chemistry textbooks in order to
facilitate meaningful learning and overcome students'
conceptual difficulties (Conner, 1990; Driver, Guesne, &
Tiberghien, 1985; Gilbert & Watts, 1985; Northfield &
Gunstone, 1983).

For example, they might clarify the

similarities and differences between the mathematical and
chemical use, manipulation, relationships, significance, and
so forth, of the concepts of chemical/mathematical symbol,
formula,

equation and other related concepts.

Finally,

future research can replicate this study on a large scale in
order to seek more generalizable results.

Research Questions
Prior to chemistry education in high school, students
have been exposed to and taught some basic mathematical
concepts ( such as symbol, formula, exponent, coefficient,
subscript, parentheses, plus sign (+ ), arrow sign (->),
equation, etc.) in elementary, junior, and senior high
school education. Also, it is generally required that high
school students complete algebra I with a passing grade as a
prerequisite for chemistry.

According to the

constructivist's views, students use these concepts as prior
knowledge to build on in their chemistry education.
However, mathematicians and chemists view these
concepts differently to some extent, namely in terms of the
application, manipulation, significance, meaning,
quantitative and qualitative representation and their
interrelationships and so forth. (Dierks, 1981; Dierks,
Weninger, & Herron, 1985a, 1985b; Kolb, 1978; Kouba, 1989).
These inconsistent views might affect students' achievement
and cause conceptual difficulties and lead to rote learning.
Therefore, this study intends to answer the following
questions:
1.

Does mathematical prior knowledge and everyday

experiences interfere with high school chemistry students'
understanding and
concepts?

application of certain

basic chemical

2.

What are the qualitative and quantitative natures

of the conceptual difficulties students experience in
applying, distinguishing, and identifying these concepts
(symbol, formula, equation, reaction, superscript,
subscript, coefficient,

plus sign (+ ), reaction sign (-»),

reactant, and product).
3.

How do students represent a chemical reaction in

balanced chemical equation?
4.

Do students differentiate between selected

mathematical and chemical concepts that have the same name
but different meanings and uses?
5.

What are the possible causes/sources and

characteristics of students' conceptual difficulties?

CHAPTER 2
REVIEW OF LITERATURE

The purpose of this chapter is to review related
studies in order to develop a theoretical base for this
study and to give a clear picture of the findings of
previous research. This review will demonstrate that this
study is based on related studies and goes beyond former
attempts to explain students’ conceptual difficulties in
understanding certain basic chemistry concepts.

Theoretical Base for Research
Introduction
Prescientific conceptions are quite different from
those generally accepted in science and extremely resistant
to change during formal instruction, especially to
traditional teaching (Gilbert, Watt, & Osborne, 1988; Glynn,
Yean, & Britton, 1991; Heller & Finley, 1992; Resnick, 1983;
Treagust, 1988). Also, prescientific conceptions are held in
common students of different ages, abilities, content areas,
and countries and cover a large range of science concepts
(Confrey, 1990; Gilbert & Watts,1983;

Heller & Finley,

1992; Helm & Novak, 1983; Hesse & Andersson, 1992). Some of
the prescientific concepts are valid in the history of
science and deeply rooted in society (Ben-Zui, Eylon, &

10
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Silberstein, 1986; Browning & Legman, 1988; Reif, 1990);
Solomon,1983).
Students often revert to prescientific conceptions even
after they have successfully completed science courses; They
are reluctant to give up their conceptions because these
conception make better sense to them than anything else
(Fisher, 1985; Hashweh, 1981; Hewson, 1981; Perkins &
Simmons, 1988; Reif, 1990; Resnick, 1983). However,
prescientific conceptions interact with the information
being taught in such a way that new prescientific
conceptions can be created; therefore, affecting students'
learning goals and methods (Cho, Kahle, & Nordland, 1985;
Hashweh, 1986; Mintzes, Trowbridge, Arnaudin, & Wandersee,
1991; Reif, 1990).

Relationship of Prior Knowledge to Prescientific
Conceptions
Research on students' prescientific conceptions is not
very well developed, and exactly how students arrive at
these conceptions is not known (Duit, 1991; Herron, 1990).
Also, there is relatively little consensus within the
research community

about their origins, nor is there

a

well-formed theory (Fisher & Lipson, 1986). Also, There are
over 100 terms that have been used to indicate students'
ideas in science. These terms do not have the same meaning
and indicate different perspectives among science educators
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and researchers. This will lead to ambiguous interpretations
and their meaning may elude the novice researcher.
However, it is consistent in the literature that
students' prior knowledge is one of the main sources/causes
of students' prescientific conceptions in science. Students
understand new concepts with the help of their preexisting
concepts( prior knowledge). Consequently, when students
connect irrelevant concepts they generate prescientific
conceptions (Abraham, Grzbowski, Renner, & Marek, 1992;
Linn, 1986; Reif, 1990; West & Fensham, 1979). Moreover,
there is almost a complete consensus among science educators
and researchers that students' prior conceptions are
markedly different from the intended new concepts, are very
resistant to change, and are held tenaciously as
prescientific conceptions (Andersson, 1986; West & Pines,
1985).
Nevertheless, there are some consistent sources that
emerge from related literature which are assumed to
contribute to students' prior knowledge. Some studies
indicated that most formal science instruction introduces
scientific theories and concepts without any regard for the
students' prior knowledge (preexisting concepts). Science
teachers often misdirect analogies in their teaching and
evaluation of the students (Bodner, 1986; Browning & Legman,
1988; Champagne & Bunce, 1991; Fisher, 1985; Glassman, 1967;
Griffiths & Preston, 1989; Linn, 1990; Strauss, 1981; Reif,

1990; Wandersee, 1985).

Researchers have indicated that

many words which express scientific concepts have different
meanings and have inconsistent and imprecise use in everyday
language, in science, and in mathematics. Therefore,
substantial numbers of students do not understand many
common words used in science ( Cassell & Johnstone, 1980;
Gardner, 1972; Fisher, 1985; Stavy, 1991). Other researchers
have concluded that scientific concepts (in the current
science curriculum) are often specified implicitly by
examples, vague analogies, and/or descriptions without
procedural specifications of how they are to be interpreted
and related (Anderson, 1986; Cho, Kahle, & Nordland, 1985;
Glassman, 1967; Hashweh, 1988; Linn, 1990; Stepans, 1991).
Furthermore, it is pointed out that science teachers
may themselves have prescientific conceptions which

may be

transferred to their students and/or may interact with

the

students' prescientific conceptions to produce new
conceptions. Also, science teachers often are not aware of
the students' prescientific conceptions so they do not use
that information in their teaching and evaluation methods
(Claxton, 1989; Duit, 1991; Fisher & Lipson, 1988; Gilbert &
Silberstein, 1985; Gilbert, Watts, & Osborne, 1985; Hashweh,
1986; Heller & Finley, 1992; Stepans, 1991).
However, as previously mentioned in chapter 1, the
major

purpose of the study was to investigate high school

chemistry students' conceptions of certain basic chemical
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concepts and to assess the impact of students' prior
mathematical knowledge on their understanding of these
concepts. It is implicitly known that prior to chemistry
education in high school, students have been exposed to and
taught some basic mathematical concepts (symbol, formula,
coefficient, subscript, equation, plus sign, arrow sign,
etc.) in elementary, junior, and senior high school
education. Also, it is generally required that high school
students complete algebra I with a passing grade as a
prerequisite for chemistry.
According to constructivist views and Ausubel's
learning theory, chemistry students use their prior
knowledge (e.g., their mathematical understanding and their
everyday experiences) to

understand a new concept.

The

students may well use their mathematical and everyday
conceptions as a foundation for their chemistry education.
Consequently, it is reasonable that prescientific
conceptions might develop unless the students undergo
fruitful conceptual change and are able to distinguish
between the application of mathematical concepts and the
potentially conflicting chemical concepts.
Mathematicians and chemists view these concepts
differently to some extent; namely, in terms of the
application and meaning (Dierks, 1981; Dierks, Weninger, &
Herron, 1985a, 1985b; Kolb, 1978; Kouba, 1989).

These

inconsistent views held by mathematicians and chemists about
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basic mathematical concepts and apparently similar chemical
concepts might affect high school chemistry students'
conceptions, cause conceptual difficulties, and lead to rote
learning and/or incorrect conceptions.
It is well established in the literature that students'
prior knowledge is often inconsistent with the scientific
knowledge they are expected to learn; therefore, the new
scientific ideas and existing prior knowledge need to
undergo some modification to fit and to insure that
meaningful learning takes place ( Glynn, Yeany, & Britton,
1991; Smith, 1991; and West & Fensham, 1979). What makes
this change problematical is, in part, the role played by
prior knowledge which often consists of loosely interrelated
knowledge fragments (Reif, 1990 and

Smith, 1991). West and

Fensham (1979) indicated that:
Meaningful learning occurs when the learner's
appropriate existing knowledge interacts with the new
learning. Rote learning of the new knowledge occurs
when no

such interaction takes place ...depending on

the nature of the learner's existing knowledge and how
it interacts with the new knowledge so there will be
varying degree of meaningful learning...there is a
chance that the learner will, in fact, embark on a
process of subsuming the new learning but using
concepts from his prior knowledge that are not

16
relevant... a likely outcome would be misconceptions,
(pp. 63-70)
Despite suggestive evidence of students' conceptual
difficulties and prescientific conceptions of chemical
symbols, formulas, and equations, this researcher has not
found direct and confirming evidence related to these
concepts. The related studies were done on students'
conceptions of advanced chemical concepts assuming that the
students mastered the basic and prerequisite chemical
concepts (prior knowledge). In addition, these studies
assumed that the students were able to distinguish between
chemical concepts and the similar mathematical ones. It
seems premature to investigate students' understanding of
more complex or advanced chemical concepts until chemistry
educators understand how to teach the basic concepts well.

Constructivist Views and Ausubel's Learning Theory
Research on students' understanding of various science
concepts has been conducted using constructivist views and
Ausubel's learning theory (Bodner, 1986; Duit, 1991;
Lythcott & Duschl, 1990; Novak, 1988;

Preece, 1986; West &

Fensham, 1974; Wheatley, 1991). This proposed theoretical
framework helps to explain why students bring prescientific
conceptions to the science classroom and why these
conceptions are resistent to instruction (Bodner, 1986;
Dreyfus, Jungwirth, & Eliovitch, 1990; Driver & Easley,
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1978; West & Fensham, 1974; West, Fensham, & Garrard, 1985).
Moreover, constructivism

has proven to be a powerful and

valuable driving force of research on students'
prescientific conceptions (Black, 1989; Duit, 1991; Hewson,
1985).
According to this theoretical framework, learning
science is an active process of construction and
reconstruction of knowledge and is heavily dependent on
prior knowledge, students try to understand new concepts
with the help of existing concepts (Bodner, 1986; Braathen,
1987; Braathen & Hewson, 1988; Head, 1982; Millar, 1989;
Resnick, 1983; Scott, Dyson, & Gater, 1987; Wheatley, 1991).
Prior knowledge affects students' comprehension (Champagne &
Bunce, 1991), determines what information will be selected
(Glynn, Yeany, & Britton, 1991), influences what students
remember (Champagne & Bunce, 1991), and is one of the most
important variables that affect learning science (West &
Fensham, 1979).
Resnick (1983) indicated that "learners try to link new
information to what they already know in order to interpret
the new material in tex-ms of established schemata" (p.447).
The constructivist view of learning perceives students
as active learners who come to science lessons already
holding ideas about natural phenomena which they use to make
sense of everyday experiences.

Learning science, therefore,

involves students in not only adopting new ideas but also in
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modifying or abandoning their preexisting ideas (Scott,
Dyson, & Galer, 1987).

So learners construct understanding,

they do not simply mirror

and reflect what they are told or

what they read.

Learners

look for meaning and will try to

find regularity and order

in the events of the world, even

in the absence of full or

complete information (von

Glaserfeld, 1984). However, Ausubel's theory is
constructivist in nature (Braathen & Hewson, 1988), and
constructivist views are highly compatible with and
complementary to his learning theory (Novak, 1985).

Related Studies
Introduction
It is well established in the literature that American
high school students and teachers regard chemistry as one of
the most difficult subjects in the high school curriculum.
Many students take and pass chemistry courses, often with
high grades, without understanding the chemical concepts
underlying the content (Hesse, 1987).

This difficulty has

been attributed to various factors. Some researchers
concluded from their studies that the presence of students'
and teachers' prescientific conceptions was a source of
students' difficulties in chemistry (Anderson &

Smith,

1983; Ben-Zui, Eylon, & Silberstein, 1982, 1987; Bodner,
1986; Duit, 1990;

Herron, 1990;

Nakhleh, 1992; and

Vosniadou, 1991).

Other researchers pointed out that the

19
lack of integrating new concepts within existing concepts
contributed to students' prescientific conceptions(Farragher
& Szabo, 1986; Kleinraan, Griffin, & Kener 1987; McDermott
1988; and West & Fensham 1979).
Furthermore, some studies

assumed that students'

deficient understanding of the very basic chemical concepts,
the complex interplay between the macroscopic and
microscopic levels of thought and discussion, and the new
way of looking at chemical substances all contributed to
students' difficulties (Ben-Zui, Eylon, & Silberstein, 1982,
1987, 1988;

Gabel, Samuel, & Hunn, 1987;

Johnstone ,1982; Krajcik, 1991; and
Likewise, other studies

Herron, 1990;

Nakhleh, 1992).

found that students lack the basic

concepts they need to connect chemical and mathematical
information meaningfully and they rely on algorithmic
methods-G-nly (Gable & Samuel, 1986; Gable & Sherwood, 1984;
Gabel, Sherwood, & Enochs, 1984; Herron, 1990; Kolb, 1978;
and Kouba, 1989).
Moreover, it is pointed out that the conflict between
students' prior knowledge and chemical knowledge is a source
of students' difficulties (Claxton, 1988; Herron, 1990;
Osborne, Bell, & Gilbert, 1983; and West & Fensham, 1979).
Also, it is known that students rely on memorization to a
great extent (Beck & Loyters, 1991; Dierks, 1981; Herron,
1990; Krajcik, 1991; and Vosniadou, 1991). In addition, it
is found that the lack of students' formal reasoning ability
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considerably affected students' achievement in chemistry
(Ben-Zui, Eylon, & Silberstein, 1988; Chandran, Treagust, &
Tobin, 1987; Gabel, Samuel, & Hunn, 1987; Herron, 1990; and
Ward & Herron, 1980).
Furthermore, it is assumed that the common ways of
teaching scientific concepts contribute to students'
conceptual difficulties (Gabel, Samuel, & Hunn ,1987;
Labudde, Reif, & Quinn, 1988; and McDermott, 1988).
Similarly, a group of researchers found that the students'
poor visualization of chemical events and concepts was a
source of difficulties (Gabel, Samuel, & Hunn, 1987;
Kleinman, Griffin, & Kerner, 1987; and Nakhleh, 1992).
Another group of researchers concluded from their
studies that students are often overwhelmed by complex
problems (e.g., greater M-demand of the task, the lower the
success in chemistry)

(Ben-Zui, Eylon, & Silberstein, 1988;

Herron, 1990; Johnstone & El-Banna, 1986; and Niaz, 1987).
Also, Dierks (1981) concluded from

his study that

the

following factors contributed to students' difficulties in
chemistry:

(a) students use mathematical laws in a manner

which contradicts their previous experiences in mathematical
instruction,

(b) students are unable to apply the

mathematical reasoning to chemical situations, and (c) often
students do not recognize chemical terms and are unable to
apply their knowledge. Finally Beck and Loyters (1991)
concluded that most of their students were lacking in
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abstractions and with their mathematical manipulation.
Herron (1975) and Schmidt (1984) indicated in their studies
that the students do not have any conception of the
difference between H+, H, and H2 nor between 0 and 02.

Chemical Formulas.

Students' difficulties, as related

to chemical formulas, appear to have multiple causes.
Students are not aware of the similarities and differences
between chemical and mathematical formulas (Brown, 1984;
Dierks, 1981).

Also, they do not differentiate between

subscripts of chemical formulas and coefficients in chemical
equations (Lazonby, Morris, & Waddington, 19 82; Schmidt,
1984, 1990; Yarroch, 1985).

Moreover, many students

perceive a chemical formula as representing one unit of a
substance rather than a collection of molecules.

This,

then, leaves them not understanding the meaning of
subscripts and symbols (Ben-Zui, Eylon, & Silberstein, 1986,
1988a, 1988b).

Also, Niaz and Lawson (1985) and Savoy

(1988) believed that students do not understand the meaning
of formulas and simply attempt to memorize everything.

Chemical Equations.

Alber (1991) said, "chemists tend

to think that chemical equations are unique to chemistry,
and they are not used to thinking of chemical equations as
the mathematical equation they really are" (p. 984).
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Kolb (1978) believed the term chemical equation is
misleading and confusing.

She indicated the following

points :
... a mathematical equation is an expression
of equality involving at least one variable
number. What is on the left side of the =
sign is truly equal to what is on the right.
In a chemical equation, what is on the left
is not really equal to what is on he right.
There is equivalence in mass and in the
numbers
and kinds of atoms, but the right
and left sides of a chemical equation cannot
be transposed, as they can in a mathematical
equation
because
they
are
chemically
different in the strictest sense.
The term
"chemical equation" is actually a misnomer.
A chemical equationis really just a concise
statement describing a chemical reaction,
expressed
in
chemical
symbolism
. . .
strictly speaking one does not "balance an
equation," since if it truly is an equation,
it is already balanced. Perhaps we can think
of
unbalanced
chemical
statements
as
incomplete equations, (pp.184-185)
A number of researchers pointed out students'
conceptual difficulties as they relate to chemical equations
in the writing, understanding, manipulation, and balancing
of chemical equations.
(1987), and Ross (1989)

Ben-Zui, Eylon, and Silberstein
assumed that understanding,

balancing, and interpreting chemical equations depend on

understanding the structure and physical state of the
reactants and products, the dynamics nature of particular
interaction, the qualitative relationships among the
particles, and the large number of particles involved.
Nakhleh (1992) attributed students' prescientific
conceptions of chemical equilibrium to the lack of chemical
knowledge concerning how to regard and apply symbolism of a
chemical equation.

Hesse and Andersson (1992) pointed out

that the lack of mastering conceptual ecology of chemistry
contributed to students' difficulties. Staver and Jacks
(1988) found that students' understanding of chemical
formulas significantly influences overall equation balancing
performance.
Savoy (1988), Schmidt (1984, 1986, 1989), and Yarroch
(1985) concluded from their studies that many students do
not differentiate between subscripts of chemical formulas
and coefficients in chemical equations.

Also, they possess

a poor understanding of those two concepts and are willing
to violate the chemical equation balancing rules.

Other

researchers (Savoy, 1988) believe that the lack of knowledge
of valency numbers and a failure to understand concepts,
such as atomicity, use of brackets, and the significance of
subscripts and coefficients, contribute to students'
difficulties.

Gabel, Samuel, and Hunn (1987) and Yarroch

(1984, 1985) concluded that the lack of performing simple
arithmetic operations involved the lack of understanding the
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chemical concepts and their significance as well as
students' inability to read and interpret scientific
language; all contributed to students' difficulties in
chemistry.

Moreover, Staver and Jacks (1988) found that

students' understanding of chemical formulas significantly
influences overall chemical equation balancing performance.
Filgueiras (1992) found that the beginning student equates
chemical equations with actual reactions.

Balancing Chemical Equations.

Researchers and science

educators found that varied factors contributed to students'
difficulties about balancing chemical equations.
(1991)

Krajcik

found that most of the students master the technique

of balancing a chemical equation by picturing a chemical
equation as a mathematical puzzle in which the number of
atoms on each side of the equation has to equal each other.
Also, understanding the underlying chemical concepts
represented in elementary chemical equations requires
students to have an integrated understanding of chemical
concepts.

Creenbowe (1984) and Nakhleh (1992) indicated

that many students perceive balancing chemical equations as
strictly algorithmic.

Yarroch (1985) found that the

majority of students view chemical equation balancing as
mechanical manipulation of symbols.

Savoy (1988) concluded

that the students' lack of understanding the basic chemical
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concepts contributed to their difficulties in balancing
chemical equations.

Chemical Reactions.

Anderson (1986) examined several

studies concerning students' understanding of chemical
reactions.

He categorized students' answers into five

categories:

(a) “it is just like that," (b) displacement,

(c) modification,
interaction.

(d) transmutation, and (e) chemical

He concluded that these explanations indicate

that these ideas occur to the students during chemistry
lessons.

Nakhleh (1992) believed that all Anderson's

categories, except the last, represent responses that show
that the student lacks an understanding that matter is
composed of particles which are in constant motion and can
react with each other by breaking or forming bonds.

Herron

(1990) indicated that all Anderson's categories of students'
understanding of chemical reactions are rational and correct
for many events.

He said, " . . .

rather than criticizing

students for giving such 'naive' explanations, we need to
understand how they derive them so we can suggest more
powerful explanations in an intelligible manner" (p. 45).
Driver (1985), Andersson (1986), and Hesse and Anderson
(1992) concluded from their studies that many students
explained chemical change using ideas from their life
experiences.

Many students have an additive model of

chemical reactions rather than an interactive model (Ben-
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Zui, Eylon, & Silberstein, 1987).

Ben-zui, Eylon, and

Silberstein (1987) and Krajcik (1991) pointed out that
students do not visualize chemical reactions in ways
consistent with a chemist's understanding.

Glassman (1953)

and Hesse and Anderson (1992) found that students did not
differentiate between physical and chemical changes.

Coefficients and Subscripts.

Ben-Zui, Eylon, and

Silberstein (1987); Hackling and Garnett (1985); Savoy
(1988); and Yarroch (1989) found in their studies that
students lacked understanding of the significance and
function of coefficients and subscripts in formulas and
equations.

Besides, Lazonby, Morris, and Waddington (1982);

Savoy (1988); Schmidt (1984); and Yarroch (1985) concluded
from their studies that students confused stoichiometric
coefficients in equations with subscripts in formulas.

Arrow Sign (->) .

Yarroch (1985) indicated in his study

that the first group of students believed that the reaction
symbol (-») had the same connotation as a mathematical equal
sign (=) and more than just an equal sign.

The second group

of students described the chemical reaction symbol as simply
a mathematical equal sign.

Weninger (1982) addressed the

inconsistencies in the way various symbols, such as equal
sign (= ) and arrow sign (-*), are used in chemistry classes.
He called for more precise use of symbolic language.
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Summary
The findings are evidence that high school chemistry
students exhibit prescientific conceptions and conceptual
difficulties about even very basic chemical concepts ( e.g.,
symbol, formula, equation, coefficient, subscript,
superscript, parentheses, plus sign (+ ), arrow sign (->),
reaction, reactant and product and so on). Despite this
evidence the researcher has not found a single study devoted
to the investigation, in depth, of students' prescientific
conceptions of these basic chemical concepts.
The majority of the studies were indirectly related,
conducted based on problem-solving research's point of view
rather than prescientific conception research's point of
view, used a small sample with little description of the
students' background, relied on quantitative research, and
ignored the findings of related studies. It is consistent in
literature that qualitative understanding of a problem is a
central role of solving that problem.
studies

Also, most of these

were conducted on volunteer students who might not

be good problem solvers and do not represent other students.
Consequently, investigating students conception of basic
chemical concepts should be done first
should be used as a base for

and the results

problem solving research.

Moreover, these related studies ignored, to some
extent, the role of students’ prior knowledge in
understanding the selected chemical concepts. These studies
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were conducted on students1 understandings of advanced
chemical concepts (balancing chemical equation, chemical
equilibrium, chemical reaction, molarity, mole, chemical
change, particulate nature of matter, etc.)*

These studies

assumed that the students in their samples implicitly
mastered the basic and prerequisite

chemical concepts

( atom, molecule, symbol, formula, equation, coefficient,
subscript, superscript, parentheses, plus sign (+), arrow
sign (->), reaction, reactant and product and so on). There
is almost a complete consensus among science educators and
researchers that students' prior knowledge is one of the
most important factors that affect students' understanding
and learning science.
Likewise, some of these studies lack a theoretical
basis for their research.

Howe and Thompson (1989) and Linn

(1987) indicated that a theory to guide the effort is useful
for understanding and improving science education— how to
proceed, what to observe, what data to collect, what to do
with the data, and how to interpret them. Also, some of
these studies have different conclusions and findings about
the same chemical concept.
The distinct feature of this study that it investigated
in-depth students' conception of certain basic chemical
concepts with a special emphasis on the role of students'
prior knowledge as one of the factors which contribute to
students

prescientific conceptions. Also, it took

into

consideration all the identified weakness of the previous
related studies: It was conducted in two stages( the
preliminary study and the main study), it a had theoretical
basis, conducted on students' understandings of certain
basic chemical concepts, it was done over one academic
school year, it combined quantitative and gualitative
research methods, the sample( 9 males and 9 females)
represented three achievement levels (high, middle,and low),
the high school teacher was involved throughout the research
process , the interviewed student were involved in actual
chemical reactions, the research was conducted from
prescientific conception research point of view, the
interviews were semi-constructed and based on interviewing
protocols,

and two established criteria were used in data

analysis process. It seems premature to investigate
students' understanding of more complex or advanced chemical
concepts until chemistry educators understand how to teach
the basic concepts as well. Consequently, the findings of
this study should be used as abase for investigating
students' conceptions of advanced chemical concepts.

CHAPTER 3
MATERIALS AND METHODS

The main objective of this chapter is to discuss
materials and methods used to conduct this study. It is
divided into three main parts. The first part, introduction,
justifies the methods used. The second part presents the
preliminary study and how it was used as a base for the main
study. The third part presents the main study regarding
classroom teacher, sampling, clinical interview, data
collection, and data analysis.

Introduction
Literature related to the proposed study indicates that
various approaches have been used to investigate students'
prescientific conceptions (Gilbert, Watts, & Osborne, 1985;
Peterson, Treagust, & Garnett, 1986; Wandersee, Mintzes, &
Arnaudin, 1989).

Research on students' cognition has

emphasized the use of qualitative research methods (Lythcott
& Duschl, 1990).

As a result of using qualitative research

rather than quantitative research, many empirical data,
theoretical models, and practical applications have emerged
over the past ten years (Garrard, 1987).
The most common methods for probing students' concepts
are interviews and/or open-ended responses to questions on
specific scientific concepts (Haslam & Treagust, 1987;
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Osborne & Cosgrove, 1983; Osborne & Gilbert, 1980b; Peterson
& Treagust, 1989; Sutton, 1980; Viennot, 1979; Wandersee,
Mintzes, & Arnaudin, 1989).

Therefore, a combination of

qualitative and quantitative methods were used to conduct
this study in two stages.

First, open-ended essay questions

were used in the preliminary study.

Second, clinical

interviews were used in the main study.

Additionally,

throughout the study, the classroom teacher was an active
participant in the research process: choosing the
activities, sampling, forming the interviewing questions,
and helping in data collection and analysis.

Classroom

teachers are in an excellent position to contribute to a
research program on error analysis, especially for certain
types of qualitative research (Good, 1988; Kyle & Shymansky,
1988; Linn, 1987) .

The Preliminary Study
The major purpose of the preliminary study was to
provide preliminary information about students' conceptions
of the concepts chemical symbol, formula, and equation.

The

findings from this study were the framework for the
development of the main study.

The students' conceptual

difficulties and possible prescientific conceptions
identified in this study were the focus of the main study.
The preliminary study was conducted in two chemistry
classes (42 students, 11th grade at LSU's Laboratory High
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School) during the fall semester of 1990.

Immediately after

the chemistry teacher taught the concepts chemical symbol,
formula, and equation, three open-ended essay questions (see
Appendix A) were given to the students in three consecutive
periods.

The use of open-ended questions in this study was

intended to elicit as many free responses from the students
as possible.
The students’ answers were typed and then analyzed
using content analysis.

The researcher examined nine high

school chemistry textbooks to establish criteria
to evaluate students' answers (see Appendix F ) .

in order
The

criteria established are the conceptual and propositional
knowledge statements about the concepts chemical symbol,
formula, subscript, coefficient, plus sign (+), arrow sign
(-»), and equation.

These criteria are the correct

scientific knowledge and the content boundaries for the
selected concepts.

Besides, these criteria will be used in

the process of data analysis to determine the scientific
accuracy and acceptance of students' responses.

These

criteria were taken into consideration during the analysis
of students' responses.

The researcher used content

analysis (this method was recommended by Finley, 1984) to
examine the students' responses carefully and to identify
and assess their possible conceptual difficulties for each
chemical concept.

In addition to the analysis by the researcher, the
students' answers and their conceptual difficulties were
given to two groups of experts for the purpose of
establishing validity and reliability.

The first group

consisted of two science education professors and a
chemistry professor.

The second group consisted of two

science education graduate students and the chemistry
teacher.

These experts were consulted regarding data use

and analysis.

The first group gave some suggestions.

For

example, they suggested the use of content analysis, the
established criteria, the established conceptual inventory,
and the classification of students' answers into categories,
etc.
Moreover, the experts' ideas and the established
criteria were taken into consideration regarding the final
data analysis.

The students' propositional statements

relating to each chemical concept were categorized and
summarized in tables (see Appendix B).

These tables show

the indicators of possible prescientific conceptions and
their prevalence among students.
Some of these indicators will be discussed here
briefly:
1.

Students' propositional statements as related to
chemical symbols (see Appendix B, Table 1).

The

findings are classified into 11 categories
according to students' responses:

For example,

category number two indicates that 18 students out
of 42 believed that the chief use of chemical
symbols is to save time, or room.

These ideas are

based on the use of symbols in their daily life
and influenced by their mathematical background.
Category number three indicates that 15 of 42
students believed that chemical symbols are
intended to represent charges, electrons, or ions.
They confused chemical symbols with ions and
thought chemical symbols gave more information
than they really do.

For example, charge,

properties, or position in the periodic table are
confused with the concept of chemical symbol.
Students' propositional statements as related to
chemical formulas.

The findings were classified

into fourteen categories according to students'
responses.

For example, category number two

indicates that fifteen students believed that
chemical formulas show charges or predict
reactions.

These responses suggest that students

are confused between chemical formulas and
equations.

Also, they confused chemical formulas

with chemical radicals.
Category number two shows that more than half
of the students had vague answers, they did not
have a clear concept of chemical formula (e.g.,
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representation, significance, or of quantitative
and qualitative relationships).

They believe

chemical formulas are mixtures of substances and
also believe that chemical formulas should be
balanced.

They confused chemical formulas with

chemical equations.
3.

Students' propositional statements as related to
chemical equations.

The findings were classified

into thirteen categories.

For example, category

three indicates that ten students assumed that
chemical equations are merely a mixture of
chemicals or solutions.

The students did not

differentiate between a chemical reaction
(chemical equations) and a mixture or a solution.
Category number three indicates that twelve
students believed that chemical equations are
simply a combination of elements or chemicals.
Most students do not understand even the basic
chemical concepts.

Their answers indicate that

they might have prescientific concepts transferred
from their mathematical background and their daily
life.
The researcher concluded from these findings (see
Appendix B) that a large portion of the students' responses
were vague, confusing, and suggested the existence of
prescientific conceptions.

This indicates that more than
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half of the students had little understanding of these basic
chemical concepts.

The students were not aware of the

chemical application, the use, the significance, or the
quantitative and qualitative relationships.

Also, the

findings show that some students did not distinguish between
the mathematical and chemical use and meaning; some of the
students responded to the questions from a mathematical
point of view.

The Main Study
The main study was the second stage of this research
project.

It focused upon the findings from the preliminary

study and was conducted on the teacher selected sample (18
students) at the same high school.

The clinical interview

approach was used as a research method throughout this
study, the subjects' chemistry teacher was an active
participant, and content analysis was used for data
analysis.

Classroom Teacher
The teacher's participation in science education research
has been recommended by a number of educators and
researchers.

Good (1988) indicated that classroom teachers

are in an excellent position to contribute to a research
program on error analysis, especially for certain types of
qualitative research.

Kyle and Shymansky (1988) pointed out
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that good research on science teaching and learning begins
with classroom teachers.

Also, Hurd (1986) argued that a

teacher should be an effective participant in science
education research.

Sampling
This study was conducted in The Louisiana State
Laboratory School which is a public institution for grades
k-12.

The school was established by the College of

Education of Louisiana University and has operated under its
auspices for the past seventy-eight years.

This

coeducational school exists as an independent system to
provide training opportunities for pre- and in-service
teachers, to serve as a demonstration center and as a center
for education research, and to provide a " model "
educational program for the students who attend grades k-12.
Being a part of the LSU system, students who attend the
school are required to pay tuition.
The school population is derived from a pool of
applicants from Baton Rouge and surrounding communities.
The school actively pursues diversity in the student
population, recognizing that the applicants are seeking a
college preparation curriculum.
Helen Headlee was the school chemistry teacher who has
been teaching chemistry at this school for the past four
years. She assigned Modern Chemistry

by Holt, Rineheart,
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and Winston as a textbook, and relied on lecture,laboratory,
individual practice, daily quizzes, individual quizzes
grades, homework assignments, laboratory grades, and large
tests as teaching and evaluation methods. She devoted about
15 class periods for teaching chemical symbols, formulas and
equations with special emphasis on understanding. Also, she
devoted special attention to these concepts throughout the
school year.
The sample was chosen from the same students (42
students, 11th grade at LSU's Laboratory High School) who
participated in the preliminary study.

The chemistry

teacher chose a sample of 18 students out of 42 students.
The members of the sample were representative of the strata
to which they were assigned (see table 1 ) and

this

Table 1
Samplina Process

Student's Level

Male

Female

Total

Upper Level

3

3

6

Middle Level

3

3

6

Lower Level

3

3

6

occurred immediately after the beginning of the second
semester of the year 1991.

The chemistry teacher classified

into three groups (upper, middle, and lower groups) based on
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their chemistry course achievement during the first semester
of the school year 1990.

The representative and stratified

samples were drawn from two sections of 11th grade high
school chemistry.

The sample was partitioned according to

students' gender and their achievement in high school
chemistry (see table below).

This process helped the

researcher to give the intended interviews to small
homogenous groups (Borg & Gall, 1989).
Lythcott and Duschl (1990) stated that sample size is not a
criterion of qualitative research beyond the capacity of the
researcher to process the voluminous, complex, and rich
data.

Clinical Interview
The

clinical interview is a modern research method

used to investigate, probe, and study students' ideas indepth (Gilbert, Watts, & Osborne, 1985; Haslan & Treagust,
1987; Hashweh, 1988; Osborne, Bell, & Gilbert, 1983).

It

has been successfully employed in prescientific conception
research (Novak & Gowin, 1989; Rowell, 1978; Stewart, 1980;
Wandersee, Mintzes & Arnaudin, 1989). Also, an individual
interview is a fruitful means for researchers to identify
students' prescientific conceptions in science (Haslam &
Treagust, 1987).
The primary purpose of the interviews was to
investigate, in depth, students' conceptions of the basic
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chemical concepts as well as the rules and laws required for
application and manipulation.

Each individual interview was

taped and lasted about 20-30 minutes (depending on the
student and the task).
Science education researchers have turned to the
interview as a research tool because it has proved to be a
remarkably powerful way of getting to know how students
describe and explain the world around them (Lythcott &
Duschl, 1990).

The interview situation allows students to

ask questions, to clarify actual ambiguities before
answering, and also gives flexibility in discussing reasons,
or lack of reasons, for particular answers (Gilbert,
Osborne, & Fensham, 1982).

White (1985) commented on the

use of interviews as a method of research.

He said

The most subtle, fine-grained techniques use interviews
in one form or another . . . the interview techniques
promise to give us great insights into how people share
and recall knowledge and use it in thinking.

They

provide so much information, however, that there is a
danger of drowning in a sea of uninterpretable data.

A

single one of Pine's interviews, for instance, is so
rich in information that it can keep an investigator
occupied for weeks, and two of them produce enough data
for dissertations.

(pp. 51-52)

In current science education research, the qualitative
research method used most often for gathering data about

what children know is some variation of a clinical interview
(Lythcott & Duschl, 1990).

The clinical interview developed

by Piaget was used since it is recognized as a superior
method for detecting students' conceptions and conceptual
change (Stepans, 1991).

Current technigues use modification

of the classical interview.

The two most commonly used

procedures are interviews about instance and interviews
about events (Lythcott & Duschl, 1990; Osborne & Cosgrove,
1983; Treagust, 1988).

The clinical interview method and

its modifications have proved to be the most fruitful for
generating rich data (Lythcott & Duschl, 1990).

Data Collection
Three activities presented to the students involved
chemical substances, chemical apparatus, three actual
chemical reactions and their corresponding cards, and a
follow-up interview card.

Finley (1984) indicated that in

clinical interviews, students are presented with objects,
events, and situations they are to describe and explain what
happened.

For each activity, students were asked to explain

and answer each question in their own words.
The researcher used the clinical interview method for
data collection.

The interviewing process was pilot-tested

with the first three students and the resulting feedback
used to make the necessary revisions in the following
interviews.

The clinical interviews were conducted using an
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established interviewing protocol (see Appendix C) and
process (see Appendix D) and focused on the basic chemical
concepts

(see Chapter l).The real value of an interview

instrument lies in its ability to expose the nature of
students' prescientific conceptions (Novick & Menis, 1976).
Moreover,

the researcher involved the students in

three activities (three chemical reactions):
1.

Activity No. 1:

Magnesium burns in air (combines

with oxygen) and forms magnesium oxide.
2Mg + 02 •» 2MgO
2.

Activity No. 2:

Sodium reacts with water to

produce hydrogen and sodium hydroxide.
2Na + 2HZ0 -> 2NaOH + H2
3.

Activity No. 3:

Copper replaces silver in a

solution of silver nitrate, producing copper (II)
nitrate and silver.
Cu + 2AgN03

Cu (N03)2 + 2Ag

Moreover, each of these activities was represented by
its corresponding card (see Appendix E) at the end of the
reaction for each interview.
Each student was interviewed three times.

Each time,

the researcher demonstrated a different chemical reaction
and presented the corresponding interview card.

Each

interview was tape-recorded and lasted approximately 20-30
minutes (Novak & Gowin, 1989).
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The interviewing protocol was designed to conform to
the ideas, recommendations, and procedures pointed out by
Osborne and Freyberg (1985), Novak and Gowin (1989), and
West and Pines (1985).
The main purpose of the interviewing process was to
answer the research questions and to assess students'
understanding of the following basic chemical concepts:
1.

Chemical symbol:

recognition, application,

deriving, writing, and significance.
2.

Chemical formula:

recognition, application,

writing, significance, role of parentheses, role
of subscript, and quantitative relationship.
3.

Chemical equation:

recognition, manipulation,

writing, balancing, the meaning of plus sign (+)
in each side, the meaning of arrow sign (-»), role
of coefficient, the relation between subscript and
coefficient, and the quantitative and qualitative
relationships.

Data Analysis
The data collected consisted of the students'
interviews (verbal responses), students' written responses,
and the researcher’s comments.

Each tape for each student

was played twice and then transcribed verbatim and combined
with his/her written responses and the researcher's
comments.

A record file was established for each of the
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interviewed students.

It consisted of a student's profile,

interviews, written responses, the researcher's comments,
and the transcripts.

The process of data analysis was based

on the suggestions, recommendations, and methods addressed
by Finley (1984), Gilbert, Watts, and Osborne (1985), Novak
and Gowin (1984), Patton (1990), and Wandersee (1983).
Finley (1984) stated that the interview data are
complex as a result of three factors:
1.

Interview data result from speech in which

student statements are constructed from a network of
propositions and presented serially.

AS a result of

the serial presentation, the network-like relationships
among concepts are not immediately apparent and must be
reconstructed by the researcher.
2.

Each student statement may include a number

of separate propositions.

For example, the statement

that molecules of hot water eventually slow down
includes information about the state of the water
(hot), water being made up of molecules, and a change
that molecules undergo over time.
3.

Statements using different words and sentence

structures can be used to express the same underlying
meaning.

(p. 810)

The overall process of data analysis is presented in
Figure 1.
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The main purpose of this study is to identify students'
indicators of conceptual difficulties and possible
prescientific conceptions about the basic chemical concepts.
So, the Figure 1 shows the overall flow of the data analysis
process.

This analysis was done according to established

criteria in order to ensure reliability and validity of the
findings.

There were two criteria used as a basis for the

data analysis process:

The first established criterion

referred to (see Appendix F), conceptual and propositional
knowledge about chemical symbols, chemical formulas,
chemical equations, chemical reactions, subscripts,
coefficients, reactants and products, plus sign (+) and
arrow sign (-»).

The second criterion was the points

addressed by Greeno and Gardner (1990):

the lack of ability

to use the concept(s) correctly, to recognize the
concept(s), to manipulate the concept(s), to represent the
concept(s), and to use specific language and explanations.
Based on these criteria, the researcher examined each
student's transcript and analyzed the data according to the
following stages:
1.

Content analysis was used to examine each

student's transcript in order to establish a conceptual
inventory

of the students' ideas (Wandersee, 1983).

Each

statement was considered as a single proposition on a small
scale of related propositions (Finley, 1984).

The ideas
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Student's record files: Student's profiles, taped
interviews, written responses, and researcher's notes.
i
i

Student's transcripts:

Transcribed the clinical

interviews combined with the student's written
responses and the researcher's notes.
i
i

Student's conceptual inventory:

Categorized student's

ideas into eleven basic chemical concepts.
i

i

Student's conceptual indicators:

Tallied/collated the

number of the students who had relevant
ideas/propositions about a single chemical concept.
i

i

The findings: Tabulated

students' possible

prescientific conceptions.
Figure 1.

Flow diagram of data analysis process.
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that deviated from the established criteria were identified,
listed, and then classified into eleven categories
corresponding to eleven basic chemical concepts:

chemical

reaction, chemical reaction representation, chemical symbol,
chemical formula, chemical eguation, reactants and products,
plus sign (+ ), arrow sign (-»), balancing chemical equation,
subscript, and coefficient.
2.

The students' conceptual inventories were combined

in order to collate all the students' relevant ideas under
the same categories.

The students' propositional statements

relating to the eleven key chemical concepts were organized,
tallied, and classified.

The resulting categories contained

not only the most common and prevalent ideas but also the
most relevant, related propositional statements.
Subsequently, all the findings (the students' conceptual
indicators of possible prescientific conceptions)

for each

concept were presented in a separate table (see Appendix H ) .
3.

The final stage of data analysis yielded a

descriptive discussion, theoretical interpretation, and
summary of the findings related to each concept.

Also,

selected representative excerpts from the students'
transcripts were used to support the findings.

CHAPTER 4
RESULTS AND DISCUSSION

This chapter is divided into two main parts.

The

purpose of the first part (students' conceptual categories)
is to present and discuss the most common results within the
proposed theoretical frameworks.

The purpose of the second

part (inclusive profiles) is to give a more comprehensive
yet concise picture of six students' performance and to
monitor their conceptual consistency throughout the research
process.

Part I:

Students' Conceptual Categories

This part consists of eleven sections corresponding to
the students' conceptual categories which emerged from the
data analysis:

(a) chemical reactions, (b) chemical

demonstration representations,

(c) chemical symbols,

(d)

chemical formulas, (e) chemical equations, (f) reactant and
products, (g) plus sign (+ ), (h) arrow sign (-»), (i)
balancing chemical equations, (j) subscripts, and (k)
coefficients.

Each section reflects the following pattern:

discussion of the purpose of the interview questions,
presentation of the most common indicators of prescientific
conceptions and their prevalence, extractions in the form of
quotes from students' oral and written responses (Lythcott &
49
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Duschol, 1990), discussion of the results and comparisons
with other studies, and identification possible
causes/sources of the students’ conceptual difficulties.
For a complete list of the students' indicators of possible
prescientific conceptions, see Appendix D.

Chemical Reactions
The purpose of this section is to present the students’
recognition and conceptions of the concept of chemical
reaction.

Basically, all the interviewed students (nine

males and nine females) were asked the same questions
germane to the demonstration of specific chemical reactions.
The results indicated that the students held possible
prescientific conceptions, the indicators of which varied
from one chemical reaction to another.

The following tables

(Tables 1-3) present the most common indicators of students'
possible prescientific conceptions related to three chemical
reactions.
Table 1 shows that the students revealed a number of
indicators of possible prescientific conceptions related to
the reaction of magnesium and oxygen.

When the students

were asked about burning the magnesium ribbon, eight
students (five males and three females) described this
chemical reaction as burning.

For example, a student (male)

from the upper group (high achievement) said, " . . .

the
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Table 1
The Reaction of Magnesium and Oxygen

Prevalence
Indicators of Possible
Prescientific Conceptions

M

F

T

1

The magnesium burned.

5

3

8

2

We got white stuff.

2

3

5

3

The magnesium is flammable.

3

1

4

4

We got ashes.

2

3

5

5

The magnesium reacted with the fire.

2

2

4

No.

Note.

M = Male

F = Female

T = Total

magnesium ribbon burned when it got the fire because I guess
it is highly flammable . . . ."
Moreover, five students (two males and three females)
described the product (magnesium oxide) as white stuff.

For

example, a student (female) from the lower group (low
achievement) said, " . . .

the magnesium burned and formed

white stuff . . . the magnesium burned easily . . . ."
Also, five students (two males and three females) described
the product (magnesium oxide) as ashes.

For example, a

student (female) from the middle group (middle achievement)
said, " . . .

the magnesium converts like ashes . . . the

magnesium in a great way is affected by heat and it reacts a
lot with heat . . . magnesium is very combustible."
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Also, four students (three males and one female)
believed the magnesium ribbon is flammable and that is why
it was burning.

For example, a student (female) from the

middle group said, " . . .

magnesium reacts a lot with

. . . magnesium is very combustible . . . ."

heat

Also, four

students (two males and two females) indicated in their
answers that the magnesium ribbon reacted with f i r e .
example, a student from the middle group said, " . . .

For
the

magnesium turned white . . . it is all flaky . . . its
property and has physical changes . . . the heat reacted
with the magnesium and burned . . . ."
Table 2 includes the indicators of students' possible
prescientific conceptions relating to the reaction of sodium

Table 2
The Reaction of Sodium and Water

Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

F

T

1

The sodium is dissolving.

2

3

5

2

The sodium released smoke.

3

3

The sodium reacted with water
because they do not mix.

2

1

3

The sodium burned.

2

1

3

4

Note.

M = Male

F = Female

T = Total

3

and water.
Table 1.

These indicators are different than those in
Five students (two males and three females)

indicated in their answers that the sodium was dissolving in
the water when it was spinning and diminishing.

For

example, a student (male) from the upper group (high
achievement) said, " . . .

I think the sodium is dissolving

in the water but it released something . . . looks like
smoke . . . ."

Three students (males) pointed out in their

responses that the piece of sodium was releasing smoke.

For

example, a student (male) from the lower group said, " . . .
the sodium just spins around the water . . . after a while
turns to fire and flame . . . there is a lot of smoke
because the sodium is burning . . . ."
Moreover, three students (two males and one female)
believed that the piece of sodium reacted with the water
because they don't mix.
middle group said, " . . .

For example, a student from the
they don't mix so the water is

able to make a reaction when they react with each other when
the sodium in water . . . they mix after the reaction is
over they mix together . . . . "

Three students (two males

and one female) pointed out in their answers that the sodium
itself was burning.

For example, a student (M) from the

middle group said, " . . .

the sodium got burned by the

chemical change . . . sodium and water don't mix . . . looks
like that a lot of electrons from the water and the sodium
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just spin around the water, after a while turns to fire and
flame . . . ."
Table 3 presents possible indicators of students'
prescientific conceptions relating to the chemical reaction
of copper and silver nitrate.

These indicators are varied

and differ from those in Table 1 and Table 2.

Four students

(one male and three females) described the products copper
nitrate and silver as some stuff.

For example, a student

(female) from the upper group said, " . . .

the copper

oxidized . . . changed color and the copper is not smooth
and little particles are coming up . . . there is some stuff
right here . . . ."

Four other students (two males and two

females) described the products copper nitrate and silver as
some rocks.

For example, a student (female) from the upper

group said, " . . .

copper surface slightly loses its color,

changing color . . . there is a different color and
different something . . . blue . . . the silver nitrate
became blue . . . there is a little rock . . . ."
Furthermore, four students (three males and one female)
believed that the product was some leftover/residue.

For

example, a student (male) from the middle group said,
" . . . after the reaction, residue or something is left
over from copper when it was neutralized by silver nitrate
. . . ."

Four students (one male and three females) pointed

out in their answers that the copper was dissolving in the
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Table 3
The Reaction of Copper and Silver Nitrate

Prevalence
Indicators of Possible
Prescientific Conceptions

M

F

T

1

We got some stuff.

1

3

4

2

There are some rocks.

2

2

4

3

We got some leftover/residue.

3

1

4

4

Copper dissolved in silver nitrate.

1

3

4

5

The silver nitrate ate the copper
away.

-

2

2

The copper went to ashes.

1

1

2

No.

6
Note

M = Male

F = Female

silver nitrate solution.

T = Total

For example, a student (female)

from the upper group said, " . . .

It looks like that

silver nitrate dissolved it . . . the copper dissolved at
least the top layer . . . the color went to ashes . . . ."
Two students (males) believed that the silver nitrate
solution ate the copper away.

For example, a student

(female) from the lower group said, ” . . .

getting dirty .

. . because the silver nitrate is eating the copper . . .
got rocks . . . ."

we

Two other students (one male and one

female) indicated in their answers that the copper piece
went to ashes.

For example, a student (male) from the lower

group said, " . . .

It is in the bottom dissolved and fine
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particles, it looks like ashes . . . looks like you burned
it and converted it into liquid . . . reacted with the
copper to form ashes . . . ."

Discussion.

The three preceding tables (Tables 1-3)

show the students' indicators of possible prescientific
conceptions relating to the concept of chemical reaction.
It is consistent (through the three interviews) that those
students used analogies from their everyday experiences,
everyday language, social world, and prior knowledge to
understand, describe, and explain a chemical reaction.
The students used words such as burning, went to ashes,
eating away, dissolving, smoking, mixing, and so on, to

describe the chemical reactions.

Also, they used words such

as white powder, white stuff, ashes, residue, leftover, and
rocks to describe the products.

chemical names:

They failed to use the

magnesium oxide, copper nitrate, hydrogen,

sodium hydroxide, and silver. Driver (1985) concluded from
her study that many students explained chemical change using
ideas from their life experiences such as burning, rusting
and combustion.
The students relied on the macroscopic level as a base
for their conceptions.

They described what they

saw/observed (observable properties) and lacked the
microscopic level (atomic molecular level) of understanding
in their explanations.

For example, some students did not
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consider the role of the fire/heat and the presence of
oxygen and its necessity for the reaction of magnesium and
oxygen.

Hesse and Anderson (1992) investigated one hundred

high school students' conceptions of chemical change.

They

found that many students focused on some visible aspects of
the changes, applied conservation reasoning that was more
appropriate for physical change, demonstrated a preference
for explanations based on everyday analysis, and used fancy
words.

The authors concluded that many students regularly

used common sense thinking in place of scientific concepts,
analysis of everyday phenomena provided a common basis for
explanation.

Besides, Andersson (1986) and Krajcik (1991)

indicated in their studies that students avoid using atoms
and molecules in their explanations of a chemical reaction
and the students did not develop an understanding of
chemical reactions similar to that of chemistry.
Those students lacked a basic scientific language and
had poor understanding of the concept chemical reaction.
Their prior knowledge seemed to have a negative impact on
their conception of a chemical reaction, conseguently
contributing to their conceptual difficulties.

That might

explain the indicators of the students' possible
prescientific conceptions.
In addition, the students' conception of a chemical
reaction seems to depend on the following points:
state of the reactants (solid with gas, solid with

(a) the
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liquid/solution, etc.); (b) the state of the products (solid
and gas, solid and liquid/solution); and (c) the chemical
reaction conditions.

Possible Causes/Sources:
1.

The students used their prior knowledge (everyday
language and everyday experiences) to understand
the chemical reactions.

2.

The students often used the macroscopic level to
understand what they saw/observed.

3.

The students depended on invalid analogies to make
sense of chemical reactions.

4.

The students seldom considered the microscopic
level of a chemical reaction.

5.

The students confused everyday language with
scientific terms.

6.

The physical properties/attributes of the
reactants and the products affected students'
conception.

7.

The condition required for a chemical reaction.

8.

The students confused the chemical changes with
the physical changes.

Chemical Demonstration Representation
The purpose of this section is to explore the students'
conceptions of representing a chemical reaction in a formula

equation, and their abilities and skills to write and
manipulate a correct formula equation.

Each student was

asked to represent three chemical reactions (magnesium and
oxygen, sodium and water, and copper and silver nitrate) in
a formula equation.
The most common indicators of the students' possible
prescientific conceptions are presented in the following
three tables (Tables 4-6).
Table 4 illustrates the most common indicators of
students' possible prescientific conceptions.

These

indicators are related to representing the reaction of

Table 4
The Reaction of Magnesium and Oxygen

Prevalence
Indicators of Possible
No.
1

Prescientific Conceptions

M

F

T

They added up/combined the reactants to
get the products.

2

2

4

2

They concluded heat/fire was one of the
reactants.

6

6

12

3

They wrote incorrect equation.

6

6

12

4

They ignored the oxygen as one of the
reactants.

5

7

12

They confused word equation with formula
equation.

1

2

3

5

Note.

M = Male

F = Female

T = Total
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magnesium and oxygen (burning the magnesium ribbon) in a
formula eguation.

It is clear that the students exhibited a

variety of conceptions.
Four students (two males and two females) indicated in
their answers that the product was Mg02.

They added

up/combined the reactants (Mg and 02) when they completed
the formula equation.

For example, one student (male) from

the upper group wrote the following equation:
Mg + 02

heat

> Mg02

Twelve students (six males and six females) indicated
in their responses that the heat was one of the reactants.
For example, a student (male) from the upper wrote the
following equation:
Mg + 02

heat

Mg02

Most of the students (five males and seven females)
ignored the presence of the oxygen as one of the reactants
but considered it in the product.

For example, a student

(male) from the middle group wrote the following formula
equation:
Mg + heat -> Mg02
Three students (one male and two females) wrote a
combination of word equation and formula equation to

represent the chemical reaction.

For example, a student

(female) from the middle group wrote the following equation:
Mg + heat -» Mg ashes
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Table 5 shows the most common indicators of the
students' possible prescientific conceptions.

These

Table 5
The Reaction of Sodium and Water

Prevalence
Indicators of Possible
Prescientific Conceptions

M

F

They added/combined the reactants to get
products.

2

1

3

2

They wrote NaO, Na20 or Na02 as products.

3

3

6

3

They wrote incorrect equations.

5

7

12

4

They wrote incomplete equation.

-

3

3

NO.
1

Note.

M = Male

F = Female

T

T = Total

indicators are related to representing the reaction of
sodium and water in a formula equation.

It is obvious that

the students held a diversity of conceptions.
Three students (two males and one female) added
up/combined the reactants sodium (Na) and water (H20) to get

NaH20 as a product in the formula equation.

For example, a

student (male) from the middle group wrote the following
chemical equation:
Na + H20 -» chemical reaction NaH20
One-third of the students (three males and three
females) indicated in their formula equations that NaO, NazO
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or Na02 was one of the products.

They broke the water

molecule (H20) into H2 and 0.

They believed that the

products were sodium oxides.

For example, a student

(female) from the lower group wrote the following chemical
equation:
Na + H20 -> NaO + H2
Two-thirds of the students (five males and seven
females) wrote incorrect equations.

Also, three students

(females) could not complete the equations.
Table 6 presents the most common indicators of the
students' possible prescientific conceptions.

These

indicators are related to representation of the reaction of

Table 6
The Reaction of Copper and Silver Nitrate

Prevalence
Indicators of Possible
NO.

Prescientific Conceptions

M

They added up/combined the reactants to
get the products.

1

1

2

2

They wrote CuN03 as a product.

5

5

10

3

They wrote incorrect equations.

7

10

17

4

They wrote AgN03C as a product.

-

2

2

5

They wrote N03 as a product.

-

2

2

1

Note.

M = Male

F = Female

T = Total

T

F
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reaction of copper and silver nitrate in a formula
equation. It is

the apparent that those students had varied

ideas representing copper and silver nitrate in a formula
equation.
Two students (one male and one female) believed that
the CuAgNOj was the reaction product.

For example, a

student (female) from the middle group wrote the following
equation:
Cu + AgN03 -» CuAgN03
More than half of the students (five males and five
females) indicated in their answers that the chemical
formula of copper nitrate was CuNOz.

They ignored the role

of the valency in writing a chemical formula.

For example,

a student (male) from the upper group wrote the following
formula equation:
Cu + AgN03 -> Ag + CuN03
Moreover, nearly all the students (seven males and nine
females) could not write the correct formula equation.
Those students did not master chemical formulas and symbol
writing nor their significance.

Consequently, they had

conceptual difficulties writing a correct formula equation.
Furthermore, two students (females) pointed out in
their answers that the reaction product was AgNO^C.
students violated the law of conservation of matter.

Those
For

example, a student (female) from the lower group wrote the
following equation:

AgN03 + copper -» AgN03C
Those students believed that the symbol C stands for copper.
They had poor understanding of the chemical symbol
derivation, therefore confusing the copper symbol with the
carbon symbol.
Also, two students (females) used a combination of
chemical formulas and ions to write a formula eguation.
Those students did not differentiate between ionic eguation
and formula eguation.
chemical formulas.

They confused the chemical ions with

A student (female) from the upper group

wrote the following eguation:
AgN03 + Cu -> AgCu + NQ3

Discussion.

The previous tables (Tables 4-6)

illustrate that the interviewed students exhibited varied
indicators of possible prescientific conceptions
representing three chemical reactions (magnesium and oxygen,
sodium and water, and copper and silver nitrate) in formula
eguations.

Also, those tables indicate that the students

had poor understanding and their conceptions were
undeveloped.

It seems that the students used their prior

knowledge and experiences to represent a chemical reaction

in a chemical formula.

For example, the students added

up/combined the reactants to complete the chemical

equations.

The students transferred their prior

mathematical conception of the plus sign (the addition sign)

to the chemical equations.

It seems that those students

treated the plus sign (+) in a chemical equation as an
addition sign (+).

Also, they confused its meaning and

significance in a mathematical equation/formula between the
reactants and between the products.

They were not aware

that a chemical reaction involves bond breaking and bond
forming.

They viewed the chemical reactions as an additive

process rather than an interactive process.

For example,

they were not aware that the reaction of magnesium, Mg, and
oxygen, 02, involves breaking bonds of the oxygen molecules
and forming new bonds between the magnesium atoms and the
oxygen atoms to form magnesium oxide, MgO.

Some related

studies indicated similar results but different
explanations.

Ben-Zui, Eylon, and Silberstien (1987)

concluded from their studies that 15-year-old students
exhibited prescientific conceptions regarding chemical
reactions.

Also, these authors found that many students

have an additive model of chemical reactions rather than an
interactive one and the students visualize chemical
reactions as reactants adding together to form the products.
Ben-Zui, Eylon, and Silberstien (1986) believed that the
students' intuitive notions about the atom lead them to an
additive conception of chemical reactions.
Moreover, a large number of the students could not
write correct formula equations .

They did not master the

chemical equations' writing, manipulation, and significance.

They had difficulties writing chemical symbols and chemical
formulas (they ignored the role of the valency in writing

the chemical formulas) and failed to consider unseen
reactants and products.

For example, they ignored the

oxygen as one of the reactants and considered it in the
product.

Also, they confused the condition/catalyst of the

chemical reaction with the reactants.

For example, they

misplaced the catalyst (heat) in the reaction of magnesium
and oxygen.
findings.

Hesse and Anderson (1992) pointed out similar
They found that four students consistently

ignored both the existence and the substantive nature of
gaseous products or reactants.

Also, the students violated

the law of conservation of matter and wrote a combination of
a word equation and a formula equation to represent a
chemical reaction.
The students had consistent ideas about representing a
chemical reaction in a formula equation.

That might explain

the possible indicators of the students' possible
prescientific conceptions.

Possible Causes/Sources:
1.

The students used additive/accumulative
strategy/approach to complete a formula equation.
They transferred their mathematical conception of
the plus sign (+) to a chemical equation.
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2.

The students' representation of a chemical
reaction in a chemical formula depended on the
state of reactants, the state of products, and the
condition of the reaction.

3.

The students had little understanding of writing
and manipulating a chemical formula.

They

did not

master the role of chemical symbols and valency in
writing a chemical formula.
4.

The students confused the catalyst with the
reactants and the products.

Consequently, they

misplaced the catalyst.
5.

The students ignored unseen reactants and/or
products when they wrote a formula equation.

6.

The students did not differentiate between
formula equation and ionic equation and/or

a
word

equation, therefore wrote a combination of both
equations.
7.

They did not consider the microscopic level of a
chemical reaction.

Chemical Symbols
The purpose of this section is to investigate the
students' recognition, manipulation and conception of three
chemical symbols (Mg, Na and Cu) and their significance.
Basically, all the interviewed students were asked the same
questions relating to these chemical symbols.
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The most common indicators of the students' possible
prescientific conceptions are presented in the following
tables (Tables 7-9).
Table 7 demonstrates that the students held a diversity
of ideas related to the chemical symbol Mg.

Four students

(two males and two females) indicated in their answers that
the chemical symbol Mg represents a chemical.

For example,

a student (female) from the upper group said, " . . .

A

chemical symbol represents the chemical . . . it is a short
way to show how chemicals react together . . . ."
Also, four students (one male and three females)
pointed out in their answers that the chemical symbol Mg
represents the element magnesium only.

For example, a

student (female) from the middle group said, " . . .
chemists use chemical symbols to know what they are talking
about . . . shorthand . . .

Mg represents the whole

magnesium . . . ."
Moreover, half of the students (six males and three
females) assumed in their responses that the symbol Mg is a
kind of shorthand writing.

For example, a student (female)

from the upper group said, " . . .

a chemical symbol is just

a shorthand method of writing an element's name . . .
instead of writing magnesium, they just write Mg . . . much
quicker . . . ."
Besides, one-third of the interviewed students (four
males and two females) believed that the main use of a

69
Table 7
The Chemical Symbol Mg

Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

F

1

A chemical symbol represents a chemical.

2

2

4

2

The symbol "Mg" represents all magnesium. 1

3

4

3

Mg is shorthand writing.

6

3

9

4

The chemical symbol saves time.

4

2

6

5

I got Mg from the periodic table.

4

6

10

6

A chemical symbol makes it easier to
write a chemical equation.

6

8

14

Note.

M = Male

F = Female

chemical symbol is to save time.

T = Total
For example, a student

(male) from the lower group said, " . . .
are the short version . . .

T

chemical symbols

to save time and paper . . . you

can do it quick . . . ."
Furthermore, about half of the students (four males and
six females) indicated in their answers that they got the
chemical symbol Mg from the periodic table.

For example, a

student (female) from the lower group said, " . . .

I write

chemical symbols from the periodic table . . . ."
In addition, most of the students (six males and eight
females) pointed out in their answers that chemical symbols
make it easier to write a chemical equation.

For example, a

student (female) from the middle group said, ". . . t o make
it easier . . . you don't have to write everything when you
write an equation . . .

Mg represents the element magnesium

ii

•

•

*

•

Table 8 explains the students' most common ideas about
the chemical symbol Na.

These ideas are varied and might

contribute to the students' possible prescientific
conceptions.

About half of the students (five males and

five females) pointed out in their answers that they got the
chemical symbol Na from, the periodic t a b l e .

For example, a

student (male) from the middle group said, "I came up with

Table 8
The Chemical Symbol Na

Prevalence
Indicators of Possible
Prescientific Conceptions

M

F

T

1

I got Na from the periodic table.

5

5

10

2

Na represents the little piece we used
in the demonstration.

3

6

9

3

Symbols are easier to use.

5

7

12

4

A symbol is a shorthand writing.

3

3

6

5

Na represent the whole sodium.

3

3

6

6

Chemical symbols are used to save time.

2

2

4

No.

Note.

M = Male

F = Female

T = Total
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the chemical symbol Na from the periodic table."
Furthermore, half of the students (three males and six
females) assumed in their responses that the chemical symbol
Na represents the sodium piece used in the demonstration
(the reaction of sodium and water).

For example, a student

(male) from the middle group said,

. . Na represents the

piece of sodium we used in the reaction (sodium and water)
. . .

Six students (three males and three females)

indicated that the chemical symbol Na represents the element
sodium (the whole sodium).

For example, a student (female)

from the lower group said, " . . .

the chemical symbol Na

represents the whole sodium . . . ."

Those students were

not aware of the chemical symbol's significance.
Similarly, two-thirds of the students (five males and
seven females) assumed that chemical symbols are easier to
use.

For example, a student from the lower group said,

". . . chemists use chemical symbols because it is easier
and faster . . . ."

One-third of the students (three males

and three females) believed that the chemical symbol Na is
just a shorthand writing.

For example, a student (male)

from the middle group said, " . . .

a symbol is a shorthand

method for elements . . . ."
Four students (two males and two females) pointed out
in their responses that chemical symbols are used in
chemistry to save time.
middle group said, " . . .

For example, a student from the
chemists use chemical symbols
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because they don't have to write out the word, and to save
time . . . ."

Table 9
The Chemical Symbol Cu

Prevalence
Indicators of Possible
NO.
1

2
3
4

Prescientific Conceptions

M

F

T

The chemical symbol Cu stands for the
small piece of copper used in the
demonstration.

5

5

10

Cu represents all copper (the element
copper.

3

4

7

All chemical symbols come from the
periodic table.

3

7

10

Chemists use chemical symbols because
they are easier.

3

4

7

Note.

M = Male

F = Female

T = Total

Table 9 illustrates the students' common conceptions
relating to the chemical symbol C u .
varied possible indicators.

These conceptions had

About half of the students

(five males and five females) believed that the chemical
symbol Cu represents the small piece that was used in the
demonstration.

For example, a student (male) from the upper

group said, " . . .

the chemical symbol Cu stands for the

copper piece we used . . . ."

Also, seven students (three

males and four females) pointed out in their responses that
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the chemical symbol Cu represents all copper.

For example,

a student (female) from the lower group said,

. . Cu

stands for the whole copper . . . ."
Additionally, more than half of the students (three
males and seven females) believed strongly that chemical
symbols came from the periodic table.

For example, a

student (male) from the middle group said, " . . . Cu stands
for all the copper . . .

I got Cu from the periodic table .

. . Cu is only for copper . . . chemists use symbols because
it is briefer and easy to use . . . ."
Moreover, about one-third of the students (three males
and four females) indicated in their answers that the
chemist uses chemical symbols because they are easier.

For

example, a student from the middle group said,
" . . . chemists use chemical symbols to make it easier for
them instead of writing the whole names . . . ."

Follow-up Interview.

The purpose of this interview was

to investigate students' recognition of a chemical symbol in
formula eguations.

At the end of the third demonstration,

each student was presented with a sheet of paper which had
the following chemical equations:
2Mg + 02 -» 2MgO
2Na + 2H20

2NaOH + H2

Cu + 2AgN03 -> Cu(N03)2 + 2Ag
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The interviewed students were asked to circle each chemical
symbol in these formula equations.

The students' most

common ideas of a chemical symbol are presented in the
following table (see Table 10).
Table 10 shows the students' recognition of chemical
symbols.

Their ideas have different indicators.

The

majority of the students (five males and eight females)
believed that the formulas 02 and H2 were symbols.

In their

views, a chemical formula consists of two or more different
chemical symbols.

Consequently, they considered 02 and H2

as chemical symbols.
Also, there were some students who confused a chemical
symbol with a chemical formula.

For example, two students

(one male and one female) circled MgO as a chemical symbol;
four students (one male and three females) circled H 20 as a
chemical symb ol ; four students (one male and three females)

circled NaOH as a chemical symbol; four students (one male
and three females) circled AgN03 as a chemical symbol; and
four students (one male and three females) circled Cu(N03)2
as a chemical symbol.

Nearly half of the students circled the chemical
symbols in the chemical formulas when they were asked to

identify the chemical symbols.

For example, eight students

(three males and five females) circled the Mg then 0 in MgO;
eight students (three males and five females) circled Hz
then O in H20 ; seven students (three males and four females)
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Table 10
Follow-up Interview about Chemical Symbols

Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

F

T

1

02 is a chemical symbol.

5

8

13

2

H2 is a chemical symbol.

6

7

13

3

MgO is a chemical symbol.

1

1

2

4

H20 is a chemical symbol.

1

3

4

5

NaOH is a chemical symbol.

1

3

4

6

AgN03 is a chemical symbol.

1

3

4

7

Cu (N03)2 is a chemical symbol.

1

3

4

8

MgO are chemical symbols.

3

5

8

9

H20 are chemical symbols.

3

5

8

10

NaOH are chemical symbols.

3

4

7

11

AgN03 are chemical symbols.

3

5

8

12

Cu (N03)2 are chemical symbols.

3

6

9

Note.

M = Male

F = Female

T = Total

circled Na then 0 then H in N a O H ; eight students (three

males and five females) circled Ag then N then

°3

in AgNOz/

eight students (three males and five females) circled Cu
then N then 03 in Cu(NQ3)2.

Those students considered the

structure of the chemical formulas and, therefore, viewed
each chemical symbol in a chemical formula as a part.

76
Discussion.

The preceding tables (Tables 7-10) show

the students' indicators of possible prescientific
conceptions about the concept of chemical symbol.

The

students were interviewed about the chemical symbols Mg, Na,
and Cu.

It is clear that the interviewed students had

different ideas about these three chemical symbols.

It

seems that they did not master the main significance of the
chemical symbol.
The students believed that a chemical symbol represents
a chemical, the little piece used in a chemical reaction,
the quantity of a chemical, and/or the element used in a
chemical react io n .

Also, they assumed that a chemical

symbol is shorthand writing, saves time, and saves space.
Related studies indicated some of these findings.

Glassman

(1967) found in his study that the students had persistent
ideas of the use of symbols for saving time.
These ideas are valid and applicable nearly on chemical
symbols, mathematical symbols, everyday symbols, etc.

It

seems that the students' prior mathematical knowledge
contributed to their conceptual difficulty about the concept
of a chemical symbol.

They transferred their conception of

the concept symbol from their prior knowledge .

They had

vague and too general an understanding of the concept
symbols.

They confused the concept symbol in mathematics

and everyday life with the concept chemical symbol.

They

were not aware that each chemical symbol was assigned to
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certain elements and indicates specific knowledge.

For

example, a chemical symbol stands for an element, a single
atom of the element, and stands for a mole of the atoms of
the element, derived from the element's English or Latin
names, etc.

They gave no indicated of the microscopic

representation of a chemical symbol.
was limited.

Their understanding

Those students believed that the chemical

symbols were derived from the periodic table.

They had

little understanding of the significance of the periodic
table and the derivation of the chemical symbols.
vague notions of the periodic table's use.

They had

Also, they

confused the chemical symbols with chemical formulas.

They

believed that a chemical formula must consist of two or more
different chemical symbols.

Consequently, they believed

that 02 and H2 are chemical symbols.

They had poor

understanding of the role of the subscript in a chemical

formula.

Other researchers found similar results but had

different conclusion.

Werner (1981) believed that the

customary and initial use of chemical symbols to
characterize substances seems to hamper the process of
comprehension on the part of the learner.

Gabel, Samuel,

and Hunn (1987) found that the students did not understand
the symbols chemists use to represent the macroscopic and
microscopic levels.
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Possible Causes/Sources:
1.

The students believed that a chemical symbol
represents a chemical.

They had a general

conception.
2.

The students assumed that a. chemical symbol
represents an element only.

3.

The students believed that a chemical symbol
represents the piece/amount of the element used in
a chemical reaction.

4.

The students confused chemical symbols with
mathematical/everyday symbols and chemical
formulas.

5.

The students transferred their prior knowledge of
the concept symbol to understand a chemical
symbol.

6.

The students had a poor and limited understanding
of the chemical symbols in a chemical formula.

7.

The students believed that a chemical formula must
have two different symbols.

For example, they did

not view 02 as a chemical formula because it has
the same atoms.
8.

The students believed that the periodic table is
the main source for writing and deriving chemical
symbols.
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9.

The students relied on the macroscopic level of
understanding.

Also, they gave no indication of

the microscopic level of a chemical symbol.
10.

The students memorized chemical symbols without
understanding their main significance.

Chemical Formulas
Roughly, all the interviewed students were asked the
same question relating to the chemical formulas 02, MgO,
H20, H2, AgN03 and Cu(NQ3)2.

The objective was to explore

students' conceptions of a chemical formula's significance,
recognition, manipulation, and writing.

The most common

indicators of the students' possible prescientific
conceptions are presented in the forthcoming tables (see
Tables 11-14) parallel to the three demonstrations.
Table 11 shows the students' ideas of the chemical
formulas 02 and MgO.

It is clear that the students held a

variety of conceptions.

Four students (three males and one

female) indicated in their responses that they use a
chemical formula to write a chemical equation.

For example,

a student (male) from the upper group wrote, ". . . 1 use
chemical formulas to write equations . . .

A formula can

change and represent the whole thing . . . ."
Three students (one male and two females) believed that
a chemical formula shows that something occurs.

For

example, a student (female) from the upper group said, ". .
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. a formula is . . . shows something occurs . .. something
is done . . . ."
Nearly half of the students (five males and three
females) conceived a chemical formula as a chemical
equation.

For example, a student (female) from the middle

group wrote,

. . Mg + heat -» Mg02 is a chemical formula .

II
•

•

Three students (one male and two females) assumed that
a chemical formula is used to equate the problem.

For

example, a student

(male) from the middle group said, ".

a chemical formula

is used to equatethe problem . . . "

..

Table 11
The Chemical Formulas 02 and MaO

Prevalence
Indicators of Possible
Prescientific Conceptions

M

F

A chemical formulas are used to write a
chemical equation.

3

1

4

A chemical formulas shows something
occurs.

1

2

3

3

A chemical formulas is an equation.

5

3

8

4

A chemical formula is used to equate
the problem.

1

2

3

No.
1
2

Note.

M = Male

F = Female

T = Total

T
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Table 12 clarifies the students' most common notions of
the chemical formulas H20, NaOH, and H2.

The students held

nearly the same conceptions as in Table 11.

Table 12
The Chemical Formulas H2Q . NaOH and H-.

Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

F

1

A chemical formula is much easier.

2

3

5

2

A chemical formula is a chemical
equation.

3

8

5

T

H20 represents the water we used in this
beaker.

2

3

5

4

H20 is a chemical symbol.

1

3

4

5

A chemical formula stands for a chemical
reaction.

1

3

4

3

Note.

M = Male

F = Female

T = Total

Five students thought that the chemical formulas are easy to
use.

For example, a student (female) from the middle group

said, " . . .

chemists use chemical formulas because they

are universal, easy to use . . . and I really know what they
mean . . . ."
About half of the students (five males and three
females) indicated in their answers that the chemical
formula is a chemical equation.

For example, a student

82
(male) from the upper group wrote, "H20 + Na

h2

+ NaO is a

formula."
Five students (two males and three females) assumed
that the chemical formula H20 represents the amount/quantity
of the water which was used in the chemical reaction of

sodium and water.

This is too general an understanding.

For example, a student (female) from the lower group said,
" . . . H20 stands for the water in this beaker.

We use

chemical formulas so we can remember how things
happen . . . ."
Four students (one male and three females) pointed out
in their answers that H 20 is a chemical s y m b o l .

For

example, a student (female) from the middle group said, " .
. . H20 is a symbol for water . . .
in general . . .

it represents the water

a formula represents the elements combined

to make the reaction . . . ."

They confused chemical

formula with chemical symbol.

Four students (females) assumed in their answers that a
chemical formula stands for a chemical reac ti on .

For

example, a student (male) from the middle group said, " . .
. a chemical formula shows exactly what happened in the
experiment . . .

a chemical formula stands for a chemical

reaction."
Table 13 demonstrates students' notions about the
chemical formulas AgN03 and Cu(N03)2.

The students held

approximately the same notions as in Table 11 and Table 12.

Five students (three males and two females) pointed out in
their answers that chemists use chemical formulas because it
is easier.

For example, a student (female) from the middle

group said, " . . .

chemists use chemical formulas because

it takes too much time to write the words . . . it is an
easier way to write it down . . . . "
One-third of the students (four males and two females)
indicated in their answers that the chemical formula AgN03
stands for the silver nitrate solution which was added to
the copper piece.

For example, a student from the lower

group wrote, " . . .

AgN03 represents the drops of silver

nitrate we used in this reaction."

Table 13
The Chemical Formulas AqNO, and Cu(N03)2

Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

F

It is easier to use the chemical
formulas.

3

2

5

AgN03 stands for whatever was added to
the copper.

4

2

6

3

AgN03 stands for silver nitrate solution.

1

3

4

4

The chemical formula shows what happens.

3

1
2

Note.

M = Male

F = Female

T = Total

T

3
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Three students (males) indicated in their responses that a
chemical formula shows what happens.

For example,

a student from the middle group wrote, " . . .

chemical

formulas show what happens when you add two things together
and what you get . . . ."
At the end of

the third interview, each student was

presented with a sheet of paper which had the following
equations:
2Mg + 02 -» 2MgO
2Na + 2H20 -> 2NaOH + H2
Cu + 2AgN03 -> Cu (N03)2 + 2Ag
They were then asked to underline each chemical formula.
The students’ ideas are summarized in the following table
(Table 14).
Table 14 illustrates the students' recognition of a
chemical formula.

It is clear that the students had a

variety of conceptions.

Only two students (one male and one

female) out of eighteen believed that 02 and H2 were
chemical formulas.

That means that the rest of the students

(eight males and eight females) did not accept 02 and Hz as
chemical formulas.

About one-third of the students indicated that H20,
NaOH, AgN03 and Cu(N03)2 were chemical formulas.

This means

that two-thirds of the students could not recognize these
chemical formulas in the given chemical equations.

Table 14
Students1 Recognition of the Concept Chemical Formula

Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

F

1

02 is a chemical formula.

1

1

2

2

H-, is a chemical formula.

1

1

2

3

MgO is a chemical formula.

7

6

13

4

H20 is a chemical formula.

4

2

6

5

NaOH is a chemical formula.

3

3

6

6

AoNO, is a chemical formula.

4

3

7

7

Cu (NO,}- is a chemical formula.

4

3

7

8

MgO + 0. is a chemical formula.

4

5

9

9

Na + H.,0 is a chemical formula.

4

5

9

10

Cu + AoNO, is a chemical formula.

4

4

8

11

NaOH + H, is a chemical formula.

3

4

7

12

Cu(NO,)„ + Ao is a chemical formula.

3

5

8

13

Mg + 0,

-

1

1

14

Na + H,0 -» NaOH + H, is a chemical
formula .

-

1

1

-

1

1

15
Note

MgO is a chemical formula.

Cu + AoNO,
C u f N Q , + Ao is a
chemical iormula.
M = Male

F = Female

T

T = Total

Nearly half of the students assumed in their answers
that the reactants Mg + 02, Na + H20 and Cu + AgN03 were
chemical formulas.

They confused the concept reactant with
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the concept formula.

Also, about half of the students

assumed that the products NaOH + H2 and Cu(N03)2 + Ag were
chemical formulas.

Discussion.

It is apparent from the preceding tables

(Tables 11-14) that the interviewed students held consistent
and varied indicators of possible prescientific conceptions
relating to the concept of chemical formula.

The students

were interviewed about the chemical formulas 02, MgO, H20,
NaOH, H2, AgN03, and Cu(N03)2.

Their ideas indicate that

they had vague, poor, and confusing understanding of the
concept chemical formula's significance, guantitative and
qualitative aspect , manipulation , and writing.

The students

believed that the main significance of a chemical formula is
to write a chemical equation and is easier to use.

Also,

they confused the concept chemical formula with the concept
chemical symbol , the concept chemical equation , the concept
reactants , and the concept products.

Besides, they

indicated that a chemical formula stands for the chemical
reaction and whatever is used in the beaker.

They assumed

that a chemical formula is used to equate a problem and to
show something o cc ur ri ng .

different results.

Some researchers indicated

Eylon, Ben-Zui, and Silberstein (1987)

found that 25% of chemistry high school students were unable
to represent a chemical formula for a simple molecule
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formula as representing one unit of a substance rather than
a collection of molecules.
It seems that the students relied on their prior
conceptions of the concept formula.
those conceptual difficulties.

Consequently, they had

The students assumed the

presence of the plus sign (+) in the chemical formula.
Therefore, confused the concept of chemical formula with the
chemical equations, the reactants, and the products.

Also,

the students assumed that a chemical formula must have two
or more different chemical symbols; therefore, considered 02
and H2 as chemical symbols.

They confused the role of the

subscript in chemical symbols and formulas. Glassman (1967)
found similar results.

He indicated that the students

believed that a chemical formula tells in some way how to
perform an experiment.

Also, he indicated that the students

believed that a chemical formula was an abbreviation for a
name, and only compounds have formulas.

Possible Causes/Sources:
1.

The students had poor and vague understanding of
the main significance of a chemical formula.

2.

The students lacked an understanding of the role
and meaning of a chemical symbol in a chemical
formula.

3.

The students confused chemical formula with
mathematical formula and/or equation.

They

assumed the presence of the plus sign (+) in a
chemical formula.
4.

The students confused chemical formulas with
chemical equations and chemical symbols.

5.

The students believed that a chemical formula must
have different chemical symbols.

6. The

students confused a chemical formula with the

reactants and the products.

They confused the

significance of the plus sign (+).
7.

The

students believed that a chemical formula

represents the quantity (in a macroscopic level)
used in the reaction, such as a piece of sodium,
the amount of the water in a beaker, etc.
8.

The

students transferred their prior mathematical

knowledge and everyday experiences to understand
the concept chemical formula.
9.

The

students transferred prior conceptual

difficulties of the concept of chemical symbol.
10.

They confused the significance of the subscript in
a chemical formula.

11.

The students did not master the quantitative and
qualitative aspects of a chemical formula.

12.

The students were not aware of the microscopic
representation of a chemical formula.
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Chemical Equations
Practically all the interviewed students were asked the
same questions relating to the chemical equations 2Mg + 02 -»
2MgO, 2Na + 2H20 -> 2NaOH + H2, and Cu + 2AgN03 -> Cu(N03)2 +
2Ag.

The purpose was to explore the students' conceptions

of the chemical equation's significance, recognition,
manipulation, and writing.

The findings were evidence that

the students held a varied number of possible prescientific
conceptions.

The most common findings are presented in the

following tables (Tables 15-17).
It is apparent from Table 15 that the students
possessed a varied number of ideas regarding the chemical
equation 2Mg + 02 -» 2MgO.

Half of the students pointed out

in their answers that a chemical equation helps to see what
happened.

For example, a student (female) from the lower

group wrote, " . . .

chemists use chemical equations so they

can see without doing the experiment, to see the symbols and
what they yield and write it down without doing it really
. . . ."

Those students believed that chemical equations

are used to predict the reaction.
Five students (three males and two females) assumed in
their answers that they use chemical symbols to write a
formula equation.

For example, a student from the upper

group said, ". . . 1 use chemical symbols to write chemical
equations.

. . you always take your symbols whatever you
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Table 15
The Chemical Equation:

2Mg + 0= -» 2McrO

Prevalence
Indicators of Possible
No.
1
2
3
4
5

Prescientific Conceptions

M

F

A chemical equation helps to see what
happened.

4

5

9

I use chemical symbols to write a
chemical equation.

3

2

5

A chemical equation explains better than
words.

2

2

4

A chemical equation is a way of shorthand
writing.
1

2

3

A chemical equation shows you how much
of something you need.

-

2

Note.

M = Male

F = Female

2

T

T = Total

start out with then add whatever you added to it, whatever
•

•

•

•

Four students (two males and two females) assumed that
a chemical equation explains better than words.

For

example, a student (female) from the upper group said,

.

. a chemical equation is a way of shorthand writing . . .

it

explains better than words."
Four students (one male and three females) pointed out
that a chemical equation is a way of shorthand writing.
example, a student from the upper group said, " . . .
just use equations to show shorthand.

For

they

I guess a chemical
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equation represents things added together and that they
yield without, say, the experiment."
Moreover, two students (males) pointed out in their
answers that a chemical equation shows you how much of
something you need.

For example, a student (male) from the

middle group said, " . . .

a chemical equation represents

the reaction without actually doing it . . .

I understand

from a chemical equation how much of something you need to
make the reaction right by balancing it . . . ."
It is evident from Table 16 that the students held a
number of conceptions regarding the chemical equation 2Na +
2H20 -» 2NaOH + H2.

Five students (two males and three

Table 16
The Chemical Equation: 2Na + 2H20 -» 2NaOH + H2

Prevalence
Indicators of Possible
Prescientific Conceptions

M

F

1

A chemical equation tells what happens.

2

3

5

2

From a chemical equation I can tell what
the chemical elements are.

1

1

2

When there are things put together they
form something new.

1

1

2

Chemists use a chemical equation to
predict what will happen.

2

-

2

NO.

3
4

Note.

M = Male

F = Female

T = Total

T
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females) indicated in their responses that a chemical
(female)equation tells what happens.
from the middle group said, " . . .

For example, a student
a chemical equation

shows you what happens, what is there, and what you get
. . . ."

Also, two students (one male and one female)

believed that from a chemical equation they can identify the
chemical elements.

For example, a student (male) from the

middle group said, " . . .

from a chemical equation . . .

you see what you started out with and you see what happened
it

•

•

•

•

Two students (one male and one female) assumed that a
chemical equation resulted from things being combined to
form something else.

group said, " . . .

For example, a student from the middle
when these things are put together,

added together, it formed something new . . . ."

Also, two

students (males) pointed out in their answers that chemists
use chemical equations to predict a result.

For example, a

student (male) from the lower group said, " . . .

chemists

use a chemical equation to predict what is gonna happen
II
•

•

•

•

It is also evident from Table 17 that the interviewed
students held a number of conceptions relating to the third
equation Cu + 2AgN03 -» Cu(N03)2 + 2Ag.

Three students (one

male and two females) believed that it is a lot easier for
chemists to use chemical equations.

For example, a student
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Table 17
The Chemical Equation:

Cu + 2AoN0; -» Cu(NO,K + 2A q

Prevalence
Indicators of Possible
Prescientific Conceptions

M

F

1

A chemical equation is a lot easier.

1

2

3

2

You can tell what you start with.

1

2

3

3

You can tell what happened.

-

3

3

4

To show you what chemists use.

1

2

3

No.

Note.

M = Male

F = Female

T

T = Total

from the upper group said, " . . .

chemists use chemical

equations because it is a lot easier than writing it
out . . . ."

Three students (one male and two females)

assumed that the significance of a chemical equation is to
show what was started with.

For example, a student (male)

from the lower group said, " . . .

from a chemical equation

you tell what elements, what things are mixed together and
what was done to them . . .

if they were heated or it was

cold or whatever . . . ." is a combination of two or more
things and what they produce when they are combined . . . ."
Also, three students (one male and two females) assumed in
their responses that the use of a chemical equation is to
show what chemists use.

upper group said, " . . .

For example, a student from the
chemists use chemical equations to

show what you used and how much each yields . . . ."
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At the end of the last interview, each student was
presented with a sheet of paper with the following chemical
equations,
2Mg + 02 -» 2MgO
2Na + 2H20

2NaOH + H2

Cu + 2AgN03 -» Cu (N03)2 + 2Ag
then asked to draw a rectangle around each chemical
equation.

The purpose was to investigate the students'

conception and recognition of the concept chemical equation.
The findings regarding the students' ideas are presented in
the following table (see Table 18).
Table 18 illustrates that 15 of the students (six males
and nine females) recognized the presented chemical
equations and three of them (three males) could not.

Those

few students can be divided into two groups regarding their
conceptions:
reactants

The first group believed that the chemical

(the left side of a chemical equation) were a

chemical equation ; for example, three students believed that

Mg + 02, Na + 2H20, and Cu + 2AgN03 were chemical equations.
The second group assumed that the chemical products (the
right side of a chemical equation) were a chemical equation .
For example, three students (one male and two females)
believed that 2MgO, 2NaOH + H2, and Cu(N03)2 + 2Ag were
chemical equations.
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Table 18
Students1 Recognition of the Concept Chemical Equation

Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

F

T

1

2Ma + Ct -» 2MaO is a chemical ecruation.

6

9

15

2

2Na + 2H^0 -> 2NaOH + H, is a chemical
equation*".

6

9

15

Cu + 2AoN0, -» Cu (N03K + 2Aa is a chemical
equation.
6

9

15

4

Ma + 0, is a chemical equation.

1

-

1

5

Na + 2H^0 is a chemical equation.

1

-

1

6

Cu + 2AqN0, is a chemical equation.

1

-

1

7

2MoO is a chemical equation.

2

1

3

8

2NaOH + H, is a chemical equation.

2

1

3

9

C u f N O , + 2Aq is a chemical equation.

2

1

3

3

M = Male

Note

F = Female

T = Total

Discussion. The preceding tables (Tables 15-18) show
the students' indicators of possible prescientific
conceptions regarding the concept chemical equation.

The

students were interviewed about the chemical equations 2Mg +
02 -» 2MgO, 2Na + 2H20 -> 2NaOH + H2, and Cu + 2AgN03 -> Cu(N03)2
+ 2Ag.

It seems that the students did not master the main

significance of a chemical equation.

Their answers were

vague, incomplete, and lacked important ideas.
(1967) found similar results.

Glassman

He indicated that students
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had difficulties writing and using chemical equations,
confused chemical equations with chemical formulas, and had
naive and vague conceptions of chemical equations.
It seems that the students had

poor understanding of

the quantitative and qualitative aspects of a chemical
equation. The students believed that chemical symbols are
only used to write a chemical equation.

A chemical equation

explains better than words, a way of shorthand writing, it
shows you how much of something you need, tells what
happens, identifies the chemical elements, things being
combined to form something else, a lot easier, shows what
was started with, predicts what happens, and shows what
chemists u s e .

studies.

These findings are supported by other

Yarroch (1985) pointed out that the students

ignored the law and theories that give meanings to chemical
symbols and transferred equation writing into a mathematical
game of getting the symbols to add up on both sides of
imaginary equal sign.

Nakhleh (1992) concluded from his

review that the students' prescientific conceptions of
chemical equilibrium indicated that the students lacked
extensive or securely-based knowledge concerning how to
regard and apply to symbolism of a chemical equation.
Those ideas indicate that the students did not master
the concept of chemical equation.

It seems that prior

chemical knowledge (their conceptual difficulties of the
concepts of chemical symbol, chemical formula, the

reactants, and the products) and their prior mathematical
knowledge (their mathematical conception of the concept of
equation) contributed to their conceptual difficulties of
the concept of chemical equation.

Possible Causes/Sources:
1.

The students' prior mathematical conception of the
concept equation contributed to their conceptual
difficulties.

2.

The students confused the chemical equation with
reactants, the left side of the chemical equation.

3.

The students confused the chemical equation with
the products, the right side of a chemical
equation.

4.

The students had vague understanding of the main
significance of a formula equation.

5.

The students used their everyday experience to
describe and understand the concept chemical
equation.

6.

The student confused the chemical equation with
the chemical formula.

7.

The students had poor understanding of the
quantitative and qualitative aspects of a chemical
equation.
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8.

The students transferred their conceptual
difficulties of the concepts of chemical symbol,
chemical formula, the reactant, and the product.

Reactants and Products
Basically, all the interviewed students were asked the
same questions regarding the concept reactants (Mg + 02, Na
+ H20 and Cu + AgN03) and the concept products (MgO, NaOH +
H20 and Cu (N03) + Ag) .

The purpose was to explore the

students’ recognition and conception of these concepts.

The

related results indicated that the students exhibited a
variety of ideas.

Tables 19 and 20 illustrate the most

common indicators of the students' possible prescientific
conceptions.
Table 19 explains that the students held a variety of
notions regarding the reactants Mg + 02, Na + H20 and Cu +
AgN03.

Seven students (five males and two females) assumed

in their answers that the chemical reactants are what you
start out with.

For example, a student (male) from a middle

group said, " . . .

the left side of a chemical equation is

what you start out with . . . the chemicals that were used
. . . ."

Four students (three males and one female) pointed

out in their responses that the chemical reactants are
things that are combined.

For example, a student (female)

from the lower group said, " . . .

the left side of a

chemical equation is something combined together . . . the
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right side is the reaction . . .

Two students (females)

believed that the reactants are what is added together.

For

example, a student (female) from the upper group said, "
. . . the left

Table 19
The Reactants Mg + Ct, Na + H-,0, and Cu + AqNQ3

Prevalence
Indicators of Possible
NO.

Prescientific Conceptions

M

F

1

It is what you start off with.

5

2

7

2

Things to combine to create.

3

1

4

3

It is the formula.

2

1

3

4

It is what is added together.

-

2

2

5

It is separate things.

2

-

2

Note.

M = Male

F = Female

T

T = Total

is added together and the right is what was produced from
the left . . .

Two students (two males) conceived the

reactants as separate things.

For example, a student

(female) from the lower group said, " . . .

the left side is

the two things separated and the right side . . . are
combined . . . ."
Three students (two males and one female) assumed that
the reactants are the formula.

For example, a student
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(male) from the middle group said, " . . .

the left side is

the formula and the chemical you used . . . ."
Table 20 clarifies the students' ideas about the
products MgO, NaOH + H20 and Cu(N03)2 + Ag.

Four students

(three males and one female) assumed in their answers that
the products are what you end up with.

For example, a

student from the middle group said, " . . .

the right side

of a chemical eguation is what you end up with . . . ."
Three students (two males and one female) believed that the
products are what you come up with.

For example, a student

(male) from the middle group said, " . . .

this side (the

left side of a chemical eguation) is what you first have

Table 20
The Products MoO, NaOH + EUO, and Cu(NO;)2 + Ag

Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

F

1

Products are what you end up with.

3

1

4

2

Products are the results.

1

2

3

3

Products are the combined chemical.

2

2

4

4

Products are the reaction.

2

1

3

5

Products are what you come up with.

2

1

3

Note.

M = Male

F = Female

T = Total

T
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. . . afterwards you combine these, this is what you come up
with . . . ."

Three students (one male and two females)

pointed out that the products are the results.

For example,

a student (female) from the middle group said, " . . .

the

left side shows us what happened, and the right side is the
result . . . ."
Four students (two males and two females) conceived the
products as combined chemical .

For example, a student

(female) from the upper group said, " . . .

the left side

found before the reaction occurs and the right side is the
combined . . . there are different, I guess, theoretically
not."

Three students (two males and one female) believed

that the products are the r e a ct io n .

For example, a student

(female) from the middle group said, " . . .

in this side

you have two chemicals you are combining them on the other
side . . . the reaction that happens . . . ."

Discussion.

The previous tables (Tables 19-20) show

the students' indicators of possible prescientific
conceptions about the concepts reactant and product.

The

students were interviewed about the reactants, Mg + 02, Na +
H20, and Cu + AgN03 and the products MgO, NaOH + H2, and
Cu(N03)2 + Ag.

It seems that the students confused the

basic chemical concepts with one another.

Also, their ideas

were not important, too general, and/or did not
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differentiate the concepts with one another.

Moreover, they

used their everyday language to express their conception.
The students assumed that the reactants are what is
added together, separate things, and the chemical formulas.
AIso,

they believed that the products were what you end up

w ith , what you come up wit h , the results, combined chemical,
and the reaction.

Hesse and Anderson (1992) indicated in

their study that some students listed substances such as
heat, cold or decay as reactants or products.

Also, they

found four students out of eleven consistently ignored both
the existence and substantive nature of gaseous or
reactants.
The students transferred their background of
mathematical knowledge and everyday experiences to
understand the concepts of reactants and products.

They

confused the concept of product with the concepts of
chemical formulas and reactants.

Also, their ideas were

based on the microscopic level of understanding.

Possible Causes/Sources:
1.

The students used their everyday language to
describe scientific knowledge.

2.

The students’ answers were too general, broad,
primitive, and/or restricted to the macroscopic
level.
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3.

The students confused the reactants with chemical
equations.

4.

The students confused the products with chemical
equations.

5.

The students believed that the reactant is a
chemical formula.

6.

The students' mathematical background contributed
to their conceptual difficulties.

7.

The students confused the concept of product with
the concept of reaction.

8.

The students had little understanding of the
quantitative and qualitative significance of the
reactants and the products.

Plus Sion (+)
Basically, all the interviewed students were asked the
same questions relating to the plus sign (+).

The purpose

was to investigate the students' conceptions of the plus
sign in a chemical equation.

The related results are

classified into two categories:

the students' ideas of the

plus sign (+) between the reactants, and the students' ideas
of the plus sign (+) between the products.

The following

tables (Tables 21 & 22) present the most common indicators
of the students' ideas.
Table 21 shows the students' thoughts about the plus
sign (+) between the reactants in a chemical equation.
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Those students held a variety of conceptions.

Most of the

students (six males and five females) read the + as a plus
sign.

For example, a student (male) from the middle group

said, " . . .

I read + on the left side + . . .

along with, together . . . ."

it means

Seven students (three males

and four females) pointed out in their answers that the

Table 21
The Plus Sign (+) Between the Reactants, On the Left Side of
a Chemical Equation

Prevalence
Indicators of Possible
Jo.

Prescientific Conceptions

M

F

T

1

+ is a plus sign.

6

5

11

2

+ means add to.

3

4

7

3

+ means added together.

2

4

6

4

+ is an addition.

1

1

2

5

+ means combine with.

3

5

8

6

+ means something going to react.

2

-

2

7

+ means the same in both sides.

1

1

2

Note.

M = Male

+ means added to.

F = Female

T = Total

For example, a student (male) from the

middle group said, " . . .

on the left side plus, add to . .

. and on the right side you read it the same . . . ."

Six

students (two males and four females) thought that the +
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means added together.

For example, a student (female) from

the middle group said, " . . .

together with, like plus,

adding them together to yield the answer . . . ."

Two

students (one male and one female) believed that + is an
addition sign.

For example, a student (male) from the upper

group said, " . . .

it looks like addition, more like

math . . . ."
The second group of the students had different
conceptions of the plus (+) between the reactants.

Eight

students (three males and five females) believed that the +
means combine with.

For example, a student (female) from

the lower group said, " . . .

on the left combine . . .

the right means combine . . . ."

on

Two students (two males)

thought that + means something is going to r e a c t .

For

example, a student (female) from the upper group said,
"...

added to something . . . means something is going to

react with these two chemicals and some reaction to yield to
the results . . . ."

Two students (one male and one female)

pointed out in their answers that the + meant the same in
both sides of a chemical equation.

For example, a student

(female) from the upper group said, " . . .
same.

They mean the

This is showing you the reaction occurring . . . this

is the result . . .

I read both plus . . . ."

Table 22 displays the students' notions about the plus
sign (+) between the products on the right side of a
chemical equation.

It is apparent that the students held

fewer ideas compared to the previous table (Table 21).

Two

students (two females) believed that the + is a plus sign.
For example, a student (female) from the lower group said,
"...

I read it plus and it means plus things together

. . . I don't know . . . ."

One student (female) believed

that the + had the same meaning in both sides of a chemical
equation.

For example, a student (female) from the lower

group said, " . . .

on the left means combine . . .

right means combine . . . ."

on the

One student (male) assumed in

his answer that the + means end up with.

For example, a

student (male) from the upper group said, " . . .

the +

means ended up with more than one product . . . ."

Table 22
The Plus Sign (+) Between the Products, On the rioh Side of
a Chemical Equation

Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

F

T

1

+ is a plus sign.

2

2

2

+ means the same in both sides.

1

1

3

+ means end up with.

1

1

4

+ means you get this as well as that

1

1

5

+ means leftover.

1

1

Note.

M = Male

F = Female

T = Total
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The other group had different ideas.

One student

(male) indicated in his ariswer that the + means you get this
as well as that.

For example, a student (male) from the

upper group said, " . . .

the plus sign on the right side of

this eguation means you get this as well as that . . . ."
Another student (male) assumed that the + means something
left ov er .

"...

For example, a student from the lower group said,

it means this and this and on the right side just

left over . ■ . . . "

Discussion. The preceding tables (Tables 21-22) show
the students' indicators of possible prescientific
conceptions relating to the plus sign (+), between the
reactants and between the products.

It seems that the

students confused the significance and meaning of the plus
sign (+) in a chemical equation (the plus sign (+) between
the reactants and the plus sign (+) between the products), a
mathematical equation/mathematical formula, and everyday
life.
The students assumed that the plus sign (+) between the
reactants means added to, added together, something is going
to react, combines, and the same in both sides of a chemical
equation .

(+).

Also, they believed that it is an addition sign

Moreover, the students had a few conceptual

difficulties regarding the plus sign (+) between the
products.

They believed it is a plus sign (+), means the
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same as the plus sign between the reactants, means end up
with, and means leftover.

These ideas are evidence that the students did not
master the meaning nor significance of the plus sign (+)
between the reactants and the products.

It seems that their

prior conception of the plus sign (+) contributed to their
ideas.

They transferred their mathematical/everyday

conception of the plus sign's (+) significance and meaning
to the chemical equation.

Possible Causes/Sources:
1.

The students' prior mathematical knowledge of the
plus sign (+) contributed to their conceptual
difficulties.

2.

The students’ everyday language and experiences

of

the concept plus sign (+) had a negative impact on
their conception.
3.

The students had a lack of understanding of the
significance of a plus sign (+) between the
reactants.

4.

The students had a lack of understanding of the
significance of a plus sign (+) between the
products.
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Arrow Sign (->)
Fundamentally, all the students were asked the same
questions regarding the reaction sign (->) in three chemical
equations:

(2Mg + 02 -> 2MgO, 2Na + 2H20 -» 2NaOH + H2, and Cu

+ 2AgN03 -> Cu (N03)2 + 2Ag) .

The purpose was to investigate

the students' conception of the reaction sign (-») in the
chemical equations.

The related results indicate that the

students had little conceptual difficulties concerning the
reaction sign (-»).

The majority of the students mastered

the meaning and use of the reaction sign (->) in the
presented chemical equations.

The following table (Table

23) illustrates the students' most common ideas regarding
the reaction sign (-») .
Table 23 shows the students' notions regarding the
reaction sign (-») .

Most of the students (eight males and

eight females) were aware of the use and meaning of the
reaction sign (-») in a chemical equation.
students had vague understanding.

The rest of the

For example, a student

(female) from the upper group said, " . . .

the arrow shows

two (Mg + 02) yield and there is a reaction . . . ."

One

student (female) believed that the -> is an equal sign.

For

example, a student (female) from the lower group said,
" ...

it is a symbol . . . it is like showing what

happened or yields, says this makes whatever, kind of like
an equal sign . . . ."

One student (male) assumed that the
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reaction sign (-*) means p r o d u c e .

For example, a student

Table 23
The Reaction Sian (->)

Prevalence
Indicators of Possible
Prescientific Conceptions

M

F

T

1

I read it yields.

8

8

16

2

It is an equal sign.

-

1

1

3

It means produce.

1

-

1

4

It means the reaction.

1

-

1

5

It means yields, creates.

-

1

1

6

It means results in.

2

-

2

NO.

Note.

M = Male

F = Female

T = Total

(female) from the lower group said, " . . .
yields, produce . . . . "
the (-») means the reaction.

I read (->)

One student (male) believed that
For example, a student (male)

from the lower group said, " . . .
what is yield over here . . . ."

it means the reaction,
One student (female) used

the words yield and create as synonyms to indicate the (-»)
meaning.
result in.

Two students (males) conceived the (-») as
For example, a student (male) from the upper

group said, " . . .

Discussion.

it is yield, results in this . . . ."

Table 23 shows the students' indicators of

possible prescientific conceptions relating to the reaction

Ill
sign (-»).

The students were interviewed about the arrow

sign (-») (the reaction sign (-»)) in three chemical
equations.

It seems that the students had a few conceptual

difficulties regarding the reaction sign (-») .

The

interviewed students believed that the reaction sign (-») is
an equal sign.

Also, they assumed that it means produce,

the reaction, create, and result in.

Yarroch (1985)

indicated in his study that the first group of students
believed that the reaction symbol (-») had the same
connotation as a mathematical equal sign (=) and more than
just an equal sign.

The second group of the students

described the chemical reaction symbol as simply a
mathematical equal sign.
It seems that the students' mathematical knowledge and
everyday conception

ofthe arrow sign (->) interfered in

their conception ofthe reaction

sign (-») to

some extent.

The majority of the interviewed students mastered the
meaning and significance of the arrow sign (-») in a chemical
equation.

Possible Causes/Sources:
1.

The students had vague understanding of the
significance and the meaning of the arrow sign (-»)
in a chemical equation.

2.

The students
knowledge

relied on their prior mathematical

ofthe arrow sign (-») .
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3.

The students relied on their everyday experiences
of the arrow sign (-»).

Balancing Chemical Equations
Roughly, all the interviewed students were asked the
same questions concerning three chemical equations:
02

(2Mg +

2MgO, 2Na + 2H20 -* 2NaOH + H2, and Cu + 2AgN03 -> Cu(N03)2

+ 2Ag) .

The objectives were to explore the students'

recognition and conception of a balanced chemical equation
and to study their process of a balancing a chemical
equation.
Table 24 illustrates that the students held a number of
ideas regarding balancing chemical equations.

Five students

(two males and three females) assumed that they balanced a
chemical equation to come up with the same number of
elements.

For example, a student (female) from the upper

group said, " . . .

to balance a chemical equation you make

the left side equal to the right side . . .you have to have
the same number of elements of what you are doing on the
right side . . . ."

Five students (three males and two

females) believed that the significance of balancing a
chemical equation is to have the correct reaction.

For

example, a student (female) from the middle group said," . .
. you have to show the things.

If the chemical equations

are not balanced it would have a different reaction . . .
will not balance and is easier to read . . . first of all,

it
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Table 24
Balancing the Chemical Equations 2Mq + 0= -» 2MqO, 2Na + 2H2Q
-» 2NaOH + H2. and Cu + 2AqN0: -» Cu(NQ3K + 2Aq

Prevalence
Indicators of Possible
No.
1
2
3
4
5

Prescientific Conceptions

M

F

To balance a chemical equation means to
have the same number of elements.

2

3

5

To balance a chemical equation means to
get the right reaction.

3

2

5

To balance a chemical equation means to
have the same amount.

1

1

2

To balance a chemical equation means to
have the same number of parts.

1

1

2

To balance a chemical equation means to
have accuracy.

1

1

2

Note.

M = Male

F = Female

T

T = Total

and explain how these parts are used and give them more
ratio . . .

Two students (one male and one female)

thought that to balance a chemical equation meant to have
the same amount.

For example, a student (male) from the

middle group said, " . . .

the same amount has to be the

same amount throughout the whole process . . . ."

Two

students (one male and one female) indicated in their
responses that to balance a chemical equation meant to have
an equal number of parts.

For example, a student (female)

from the lower group said, " . . .

to balance an equation

you can't lose it, part of the element, like you have two on
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one

side, you have to have two on the other side .. . ."

Twostudents (one male and

one female) pointed out in their

answers that to balance a chemical equation meant to have
a ccur ac y.

For example, a student (male) from the lower

group said, " . . .

to balance equations . . .

to have an

accurate reaction . . . because if it is not balanced then
you

don't know exactly how much you have . . . you have to

have what

is on the left side . . . the same as on the right

side . . . ."

Discussion.

Table 24 shows the students' indicators of

possible prescientific conceptions about balancing a
chemical equation.

The students were asked about balancing

three chemical equations.

It seems that the students had

vague and incomplete understanding of the concept balancing
chemical equations.

Also, their understanding was based on

the macroscopic level only.

Besides, they were not aware of

the law of conservation of matter in balancing a chemical
equation.

Other researchers indicated varied conceptual

difficulties.

Krajcik (1991) indicated in his review that

most of the students master the technique of balancing a
chemical equation by picturing a chemical equation as a
mathematical puzzle in which the number of atoms on each
side of the equation has to equal each other.

Also, Nakhleh

(1992) concluded that many students perceive balancing the
chemical equations as a strictly an algorithmic exercise.
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Yarroch (1985) found that the majority of the students were
not able to demonstrate that they knew anything more about
chemical equation balancing than the mathematical
manipulation of symbols.
The students believed that to balance a chemical
equation means to come up with the same number of elements,
to have the correction, to have the same amount, to have an
equal number of parts, and to have a c c u r a c y .

Those students might have transferred their prior
mathematics knowledge and used their everyday language and
experiences to understand balancing chemical equations.
They used words, such as elements, amount, parts, instead of
the word atom.

Also,

they ignored the law of conservation

of matter in balancing the chemical equation .

Possible Causes/Sources:
1.

The students relied on their macroscopic
understanding of balancing a chemical equation.

2.

The students relied on their prior
mathematical/everyday conception to balance a
chemical equation.

3.

The students relied on their everyday language to
express their conception.

4.

The students were not aware of the role of the law
of conservation of matter in balancing chemical
equations.
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5.

The students transferred their possible
prescientific conceptions of the basic concepts
(chemical reaction, chemical equation, chemical
symbol, chemical formula, etc.) to balance the
chemical equation.

Subscripts
Nearly all the interviewed students were asked the same
questions relating to the concept subscript.

The purpose

was to investigate the students' conceptions of the
subscript recognition, manipulation, and significance.

The

most common results relating to the concept subscript are
presented in the following table (see Table 25).
Table 25 shows the students’ most common notions about
the subscript.

It is clear that most of the student had

vague apprehensions of the concept subscript.

Two students

(one male and one female) believed that changing the
subscript will change the substance .

For example, a student

(female) from the upper group said, " . . .

2H20 . . . that

means two molecules of water and four molecules of hydrogen
. . . if I change the subscript it changes the substance."
Two students (one male and one female) thought that a
subscript is used when the elements are in their free state.
For example, a student (male) from the middle group said,
" . . . I use the subscripts when the elements are in their
free state . . . ."

Two students (one male and one female)
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indicated in their answers that they play with subscripts to
balance a chemical equation .

the middle group said, " . . .

For example, a student from
I play with the

Table 25
Subscripts

Prevalence
Indicators of Possible
No.
1
2
3
4
5
Note

Prescientific Conceptions

M

F

If I change the subscripts it will change
the substance.
1

1

2

I use subscripts when the elements are
in their free state.

1

1

2

I play with the subscripts to balance a
chemical equation.

1

1

2

I use subscripts when an element is
diatomic or triatomic.

1

-

1

Na2— the "2" means sodium is in its free
state.

-

1

1

M = Male

F = Female

T

T = Total

subscripts to balance a chemical equation . . . ."

One

student (male) pointed out in his response that a subscript
is used when an element is diatomic or triatomic.
student from the upper group said, " . . .

This

I use subscripts

when an element is diatomic or triatomic . . . ."

One

student (female) from the upper group wrote Na2 and believed
that the subscript 2 meant sodium in its free state.
said, " . . .

She

subscripts tell you which is the one you are
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said, " . . .

subscripts tell you which is the one you are

dealing with . . . Na2 the 2 means sodium in its free state
ti
•

•

•

•

Discussion.

Table 25 shows the students' indicators of

possible prescientific conceptions relating to the concept
of subscript.

It seems that the students did not master the

main significance and meaning of the concept of subscript in
a chemical concept.
conception.

Also, they generalized their

They believed that changing the subscript will

change the substance .

Also, they indicated that the

subscript indicates the element's free state.

Moreover,

they believed that a subscript is used to balance a chemical
equation.

The subscript indicates that the element is

diatomic.

Other researchers pointed out different

conceptual difficulties.

Schmidt (1984) and Lazonby,

Morris, and Waddington (1982) concluded from their studies
that students confuse the meaning of subscripts of a formula
with coefficients

in equations. Yarroch (1985) believed

that the students

were unable touse the information

contained in the coefficients and subscripts.

The students

lacked the understanding of the purpose of coefficients and
subscripts in formulas and balanced equations.
It seems that the students' prior knowledge
(mathematical and everyday experiences) contributed to their
conceptual difficulties about the use, meaning, and

119
significance of the concept subscript.

Their prior

knowledge was not consistent with the new knowledge,
consequently, they had those possible prescientific
conceptions.

Possible Causes/Sources:
1.

The students relied on their prior mathematical
conception to understand the concept subscript in
chemical concepts.

2.

The students relied on their prior experiences and
everyday conception to understand the concept
subscript in chemical concepts.

3.

The students confused the subscripts with the
coefficients.

4.

The students had a vague and limited understanding
of the concept subscript.

Coefficients
Nearly all the interviewed students were asked the same
questions concerning the concept coefficients.

The

objective was to explore the students' recognition,
manipulation, and significance of the concept of
coefficient.

The most common results are summarized in the

following table (see Table 26).
Table 26 illustrates the students' notions about the
concept coefficient.

It is apparent from this table that
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students (two males and four females) restricted the use of
the coefficient to balance a chemical equation.

For

example, a student (male) from the upper group said, " . . .
I use coefficients to balance the chemical equations
. . .

A student (male) from the upper group assumed the

use of the coefficient is to even everything else.

He said,

" . . . when I balance an equation you have to balance the
charges with the subscripts then use the coefficient to even

Table 26
Coefficients

Prevalence
Indicators of Possible
No.
1
2
3
4

Prescientific Conceptions

M

F

I use coefficients to balance a chemical
equation.

2

4

6

You use the coefficients to even
everything else.

1

-

1

The coefficient is what you write down
after you write the equation.

1

-

1

-

1

1

The coefficient tells you how many of
these you got.

Note.

M = Male

everything else."

F = Female

T

T = Total

Another student (male) defined the

coefficient as what is written last.

He said, " . . .

coefficients to balance chemical equations . . . the
coefficient is what you write down after you write the

I use
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equation . . . ."

Also, a student (female) from the upper

group believed that the coefficient tells you how many of
these you got.

Discussion.

Table 26 illustrates the students'

indicators of possible prescientific conceptions of the
concept of coefficient.

It seems that the interviewed

students had some conceptual difficulties understanding the
main significance of the coefficient in a chemical concept.
The students believed that a coefficient is used to balance
a chemical equation only, to even everything else, what is
written at last.

Also, they indicated that it tells you how

many of these you got.

Hackling and Garnett (1985) found

Australian high school students had prescientific
conceptions concerning chemical equilibrium.

The authors

believed that one of the reasons is that the students did
not understand the coefficient in a chemical equation.

Ben-

Zui, Eylon and Silberstein (1987) found that one student
believed that the coefficient was used to balance the
chemical equation only and did not mean anything
molecularly.
These notions are evidence that the students had vague
and limited understanding.

Also, their ideas were based on

the macroscopic understanding.

It seems that the students' prior mathematical
conception and everyday experiences of the concept of
coefficient contributed to their conceptual difficulties.

Possible Causes/Sources:
1.

The students confused the concept of subscript
with the concept of coefficient.

2.

The students relied on their prior mathematical
conception of the concept coefficient.

3.

The students relied on their everyday experiences
of the concept coefficient.

4.

The students had vague and limited understanding
of the concept of coefficient.

5.

The students did not master the relationship
between the concept of coefficient and the concept
of subscript.

The Relationships Between the Coefficients and
Subscripts
The following tables (see Tables 27-32) illustrate the
students' apprehensions of the relationships between the
subscripts and the coefficients when they were presented
with the following formulas and ions:
5Cu (N03)2, 3AgN03, 2C03/ and 4NHA.
classified into five groups.

10 H2, 2NaOH,

The students' ideas are
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The first group added up the coefficient(s) and the
subscript(s) to get the total number of atoms in a chemical
formula/ion.

Two students (one male and one female)

believed that 10 H2 has 12 hydrogen atoms.

Two students

Table 27
How Many Hydrogen Atoms 10 H2 Has

Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

F

1

10 H2 has 10 hydrogen atoms.

-

2

2

10 H2 has 12 hydrogen atoms.

1

Note.

M = Male

F = Female

1

T
2
2

T = Total

Table 28
How Manv Hydrocren Atoms 2NaOH Has

Prevalence
Indicators of Possible
No.
1
Note.

Prescientific Conceptions

M

2NaOH has one hydrogen atom.

1

M = Male

F = Female

T = Total

F
1

T
2
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Table 29
How Many Oxygen Atoms 5Cu(NO;K Has

Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

1

5Cu (N03)2 has 10 oxygen atoms.

2

5Cu (N03)2 has 11 oxygen atoms.

3

5Cu (N03)2 has 6 oxygen atoms.

Note.

M = Male

F = Female

F

T

2
1

2

2

3
1

1

T = Total

Table 30
How Manv Oxvaen Atoms 3AaN03 Has

Prevalence
Indicators of Possible
Prescientific Conceptions

M

1

3AgN03 has 6 oxygen atoms.

1

2

3AgN03 has 3 oxygen atoms.

No.

Note.

M = Male

F = Female

F
3

4
1

T = Total

T

1

125
Table 31
How Many Oxygen Atoms 2CO, Has

Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

F

1

2C03 has 1 oxygen atom.

-

2

2

2

2C03 has 5 oxygen atoms.

-

3

3

3

2C03 has 3 oxygen atoms.

1

1

2

4

2C03 has 2 oxygen atoms.

1

Note

M = Male

F = Female

T

1

T = Total

Table 32
How Manv Hvdroaen Atoms 4NH, Has

Prevalence
Indicators of Possible
Prescientific Conceptions

M

F

1

4NH+a has 8 hydrogen atoms.

1

4

5

2

4NH+a has 4 hydrogen atoms.

-

1

1

3

4NH+4 has 17 hydrogen atoms.

-

1

1

No.

Note.

M = Male

F = Female

T = Total

T
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(females) assumed that 2Cu(N03)2 has 10 oxygen atoms.

They

added up the parenthesis subscripts (2), the oxygen

subscript (3) and the coefficient (5) to get the total
number of oxygen atoms.

Four students (one male and three

females) pointed out that 3AgN03 has 6 hydrogen atoms.
Three students (females) thought that 2C03 has 5 oxygen
atoms. Five students (one male and four females) believed
that 4NHa has 8 hydrogen atoms.
The second group ignored the subscript (s) when they
counted the number of atom(s) in a chemical formula or an
ion.

Two students (females) assumed that 10 H2 has 10

hydrogen atoms; two students (one male and one female)
thought that 2C03 has 2 oxygen atoms; and one student
(female) believed that 4NH4 has 4 hydrogen atoms.
The third group ignored the coefficient(s) when they
counted the number of atoms in a chemical formula or an ion.
Two students (one male and ione female) believed that 2NaOH
has 1 hydrogen atom, one student (male) assumed that
5Cu(N03)2 has 6 oxygen atoms, and one student (female)
pointed out in her answer that 3AgN03 has 3 oxygen atoms.
The fourth group multiplied the parenthesis subscript
by the ion subscript then added the sum to the coefficient .
Three students (one male and two females) pointed out in
their responses that 5Cu(N03)2 has 11 oxygen atoms.
multiplied 2 x 3

They

then added the sum (6) to the coefficient

(5) to get the total:

5 + 6 = 11 oxygen atoms.
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The fifth group considered the i o n s ' charges when they
counted the number of atom(s) in an ion(s).

Two students

(females) pointed out that 2C03 has 1 oxygen atom.

They

subtracted the ion charge (-2) from the subscript (3) then
ignored the coefficient to get the total of one oxygen atom.
Three students (females) subtracted the ion charge (-2) from
the coefficient (2) to get the total oxygen atom of three in
2C03; one student (male) subtracted the ion charge (-2) from
the subscript (3) and considered the coefficient (2) to get
the total of two oxygen atoms in 2C03; and one student
(female) assumed that 4NH4 has 17 hydrogen atoms.

She

multiplied the coefficient (4) by the subscript (4), then
added up the ion charge (+1) to get the total hydrogen atom
number of 17.
The foregoing discussion (see Tables 27-32) illustrate
the students' ideas about the relationships between the
subscripts and the coefficients.

These ideas might indicate

the students' possible prescientific conceptions:

When the

students counted the number of atoms in a chemical formula
or an ion, they added up the subscript and the coefficient,
they ignored the coefficient, they ignored the subscript,
they added up the ion charge, and/or they subtracted the ion
charge.

Discussion.

The preceding tables (Tables 27-32) show

the students' indicators of possible prescientific
conceptions regarding the relationships between the
subscripts and the coefficients.

The students were asked to

calculate the number of a specific atom in the following
chemical formulas and ions:
2C03, and 4NH4.

10 H2, 2NaOH, 5Cu(N03)2, 3AgN03,

It seems that the students had conceptual

difficulties understanding the relationships between the
subscripts and coefficients in a chemical concept.

The

students added up the parenthesis subscript(s), ignored the
subscript(s), ignored the coefficient(s), multiplied the
subscripts and added up the sum to the coefficient,
considered the ion's charges, added up the subscript(s)
the coefficients, and ignored the coefficients .

these findings are supported by other studies.

to

Some of
Lazonby,

Morris, and Woddington (1982) noticed that many students
presented with 2Ag2Q are unsure which two meant what.

Also,

Savoy (1988) found that the students did not realize the
difference between Ca03 and 3CaC03 and K2 and 2K.

The

students had misunderstanding of the significance of
subscripts and coefficients.
It seems that the students confused the subscripts with
the coefficients and transferred their prior mathematical
knowledge of the relationships between the coefficients and
subscripts to the chemical concept.

They failed to

differentiate the relationships between and significance of
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the subscripts and coefficients in a chemical concept and
mathematical concept.

Possible Causes/Sources:
1.

The students transferred their prior mathematical
conception of the relationships between the
coefficients and subscripts to the chemical
concepts.

2.

The students confused the significance of the
coefficients and the subscripts.

3.

The students relied on their prior experiences of
the coefficients and subscripts.

4.

The students were not aware of the microscopic
level of the relationship between the coefficients
and subscripts.
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Part II;

Inclusive Profiles

This part presents inclusive profiles of six students
(three males and three females) who were selected to
represent three achievement levels (high, middle, and low).
The purpose is to give a more comprehensive yet concise
picture of those students' performance and to monitor the
students' conceptual consistency throughout the research
process.

The student's ideas collected from the interviews

were typed and presented to him/her in a follow-up interview
(clinical-interview form) at the end of the first semester
of the school year 1991-92.

These ideas were discussed

individually with the students to determine if they agreed
with the interviewer's interpretations.

The students were

asked to explain their ideas clearly, verify/confirm what
had been said, and to give some clear examples.

The follow-

up interviews were tape-recorded and then transcribed into
typed transcripts.

Subsequently, the student's ideas in

his/her transcript were compared and integrated with ones
previously identified.
Each profile reflects the following pattern:

a)

student's biography (age, sex, interest, and achievement
level); b) student's previous ideas (vague, not important,
not clearly correct, inconsistent with scientific point of
view, and/or too general); c) integration of a student's
previous ideas with the follow-up interview; and d) summary
and conclusions.

Profile of Student S3
The student's biography.
school, born on June 6, 1974.

S3 was a junior in high
He was interested in

chemistry and math courses and had a high achievement level.
The student's previous ideas.
Chemical Reactions:
1.

Magnesium and oxygen:

a) "It burned because

of the fire," b) "Magnesium is highly
flammable," and c) "We got residual."
2.

Sodium and water:

"Smoke came out when you

added the sodium."
3.

Silver nitrate and copper:

"The copper

broken down."
Chemical Demonstration Representation:
1.

Magnesium and oxygen:

"Mg + heat + 02 -»

burned Mg."
2.

Sodium and water:

"Na + H20 -» NaOH + H2."

3.

Copper and silver nitrate:

"Cu + AgN03 -»

C u N03 +."
Chemical Symbols:
1.

Mg:

a) "I use symbols to write chemical

equations"; b) “It is shorter than writing
the whole name out"; c) “You take chemical
symbols from the periodic table"; d) "The
symbol is just the plain Mg"; and e) "02, H2
are symbols."
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2.

Na:

a) "Na represents any quantity of

sodium," b) "Chemical symbols are universal,"
and c) "Shorter than writing out sodium."
3.

Cu:

a) "Cu is what is in the periodic

table," and b) "Cu stands for how much you
want."
Chemical Formulas:

a) "A chemical formula— like

for a compound or something," b) "A chemical
formula represents a combination of
elements," c) "2Mg + 02 -» 2MgO is a formula,"
and d) "A chemical formula is a short
presentation."
Chemical Equations;

a)

"I use chemical symbols

to write chemical equations," b) "It helps to
see what happened," c) "It is an easier way
of writing," d) "It does not have a
variable," e) "It is the same principle as a
mathematical equation," and f) "Represents
chemical reaction between two or more
chemicals."
Reactants:
Products:

"It is what you start off with."
"It is what you end up with."

Plus Sign (+):
1.

Between the reactants:

a) "Combines," b) "It

looks like addition, more like math," and c)
"You add these things together."

133
2.

Between the products:

a) "It means ended up

with more than one product," and b) "Means
you get this as well as that."
Arrow Sian /->):

"I read it yields."

Balancing Chemical Equations:

a) "To get the

right reaction," b) "You use the coefficient
to even everything else," c) "You use the
subscripts to do the charges," d) "You use
the coefficient to balance the charges," and
e) "You balance an equation to show that you
did not gain or lose any matter."
Subscripts:

"The subscripts are used to balance

the charges."
Coefficients:

a) "You use the coefficient to even

everything else," and b) "I use coefficients
to balance the chemical equation."

Integration of the student's previous ideas with the
follow-up interview.

The student's answers indicate that he

confirmed and explained some of the previous ideas and
rejected some other ideas.

He called the magnesium oxide

residual (ashes) because it is not pure magnesium anymore.
He described the hydrogen gas as smoke and steam.

Also, he

assumed that the magnesium ribbon burned and the silver
nitrate solution chopped the copper piece up.
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He believed that the equation Mg + heat -» 02--burned
Mg.

He confused the condition of the reaction with the

reactants and the formula equation with the word equation.
He could not balance the equation Na + H20 -» NaOH + H2.
This student could not complete the equation Cu + AgN03 -»
Cu N03 +.
Moreover, the student assumed that the main
significance of the chemical symbol is to write chemical
equations, shorthand writing, and to represent the quantity.
Also, he believed that the periodic table is the place where
you get these chemical symbols.

He confused the chemical

symbols with the chemical formula as when he believed that
02 and H2 are chemical symbols.

Also, he confused the

chemical formula with chemical equation.

He believed that

the chemical equation 2Mg + 02 -» 2MgO is a chemical formula,
and he assumed that a chemical formula represents a compound
and shows the reaction.
Furthermore, he indicated that the main significance of
a chemical equation is to see what happened and is an easier
way of writing.

Besides, he pointed out that he used

chemical symbols to write chemical equations.

Also, he

believed that the chemical equation has the same principle
as the mathematical equation, like 3 + 4 = 7 .

He described

the reactants as what you start off with and the products as
what you end up with.

This student believed that the plus

sign (+) between the reactants means combines, addition
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(like math), things together, and between the products means
and.
He assumed that it is not necessary to balance a
chemical equation, the subscripts are used to balance the
charges, and the coefficient serves to even everything else.

Summary and conclusion.

The student's answers indicate

that he still held consistent conceptual difficulties about
some basic chemical concepts.

It seems that the student's

prior knowledge contributed to his prescientific
conceptions.

The student used his mathematical prior

knowledge, everyday language, and the macroscopic level to
understand these chemical concepts.

He used words such as

residual (ashes), smoke, and results to describe the
products.

Also, he used words such as burned and chopped up

to describe the chemical reactions.

Moreover, he confused

the condition of the reaction with the reactants, the
chemical formula with the chemical equation and chemical
symbols, and the chemical equation with the mathematical
equation.
He believed that the plus sign (+) means mix and
addition, like math, and the periodic table is the only
source for chemical symbols, chemical symbols, stands for
how much, and it is not necessary to balance a chemical
equation.
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Profile of Student S6
The student's biography.

She was a junior in high

school, born on February 6, 1974.

She was interested in

chemistry and math and had a high achievement level.
The student1s previous ideas.
Chemical Reaction:
1.

Magnesium and oxygen:

a) "The chemical

evaporated," and b) "We got ashes."
2.

Sodium and water:

a) "Something in the

water," and b) "They are fighting because
they don't have enough amount of electrons."
3.

Silver nitrate and copper:

a) "Silver

nitrate dissolved the copper," and b) "The
color of the copper went to ashes."
Chemical Demonstration Representation:
1.

Magnesium and oxygen:

"Mg -» Mg + heat energy

-> ashes."

2.

Sodium and water:

"H20 + Na -» H20 + Na2."

3.

Copper and silver nitrate:

"Cu + AgN03 -» Ag

+ CuN03."
Chemical Symbols:
1.

Mg:

a) "Describes chemicals," b) "The

significance is to write out equations," c)
"Make it easier to write out," and d) "02 is
a symbol."
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2.

Na:

a) "Na represents the small piece we

used," and b) "It is easier to write down."
3.

Cu:

a) "I came up with Cu from the periodic

table," b) "Cu represents the copper we just
used," c) "Chemists use chemical symbols
because they save time," and d) "Easier to
write."
Chemical Formulas:

a) "A chemical formula is

letters," b) "NaCl3 -» 2NaCl is a chemical
formula," c) "A chemical formula shows which
chemical is positive and which chemical is
positive," d) "Formulas make up equations,"
e) "A formula like two chemicals together,"
f) "Chemical formula tells the part that are
in the things," g) "H20 represents the water
in the beaker," h) "A chemical formula needs
to be balanced," and i) "AgN03 helps me to
know what the metal is and what the nonmetal
is."
Chemical Equations:

a) "To explain what they do,"

b) "It is easier to write down," c) "It is
easier to write chemical symbols," d) "Just
to show shorthand," e) "It represents things
added together and what they yield," f) "You
can tell which things you were adding," g)
"You can tell how much you use from each
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element," and h) "I have to know what happens
to the elements."
Reactants;

a) "It is what you combined," b) "It

is the component of what makes up," and c)
"It is what's added together."
Products;

a) "It is the outcome," and b) "It is

what was produced."
Plus Sion (+):
1.

Between the reactants:

a) "Added to," and b)

"It means the same as on the right side."
2.

Between the products:

"It means the same as

on the left side."
Arrow Sign (-»):

"Yields."

Balancing Chemical Equations:

a) "To have the

same number of elements in both sides," and
b) "If it is not balanced it will have a
different reaction."
Subscripts:

a) "Subscripts tell you which is the

one you are dealing with," and b) "Na2 - the
"2" means sodium in its free state."
Coefficients:

a) "To balance an equation you use

coefficients," and b) "Added up the
subscripts and coefficients to get the number
of atoms."
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Integration of the student1s previous ideas with the
follow—up interview.

The comparison of the student's ideas

before and after the follow-up interview indicates that she
still believed the magnesium ribbon evaporated, burned and
turned to ashes.
experiences.

She used an analogy from her past

For example, she said,

the water like sugar and hot water."

"The sodium piece in
The copper piece

dissolved in the silver nitrate solution and went to ashes,
changed color.
She changed the chemical equation Mg -> Mg + heat energy
-> ashes to the equation Mg + 02 -» ashes.

that the magnesium turned to ashes.

She still believes

This student indicated

that the equation H20 + Na -» H20 + Na2 represents the
reaction of sodium and water.

She assumed that the water

should be in both sides of this equation because it's still
there.

Also, she believed the subscript "2" in Na2

indicates the free state, and she did not master the valence
concept.
This student believed that the periodic table is the
main source of chemical symbols, the chemical symbol
represents the piece, block or a quantity of a chemical and
the main uses of chemical symbols are to save time and they
are easier to write.

Also, she confused chemical symbols

with chemical formulas.
a chemical symbol.

For example, she assumed that 02 is

Moreover, she confused the chemical

formulas with chemical symbols, chemical formulas with
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chemical equations, and said H20 represents the quantity of
the water in the beaker.
She indicated that chemists use chemical equations to
explain what they do; a chemical equation is easier to write
down; it is just to show shorthand; also, to add and
subtract chemicals; chemical equations represent thinqs
(chemical symbols and stuff) you were adding.
Moreover, she had limited understanding of the concepts
reactants and products.
what you combined.

She assumed that the reactants are

The products are the results, the

outcome, and what was produced.

Besides, she still believes

that the plus sign (+) means the same in both sides of a
chemical equation and also means combine.

She did not have

difficulty understanding the arrow sign (-») .
This student assumed that to balance a chemical
equation means to have the same number of elements, and if a
chemical equation is not balanced the reaction would not
take place.

Furthermore, she thought that the subscript

indicates the free state.

You add up the subscripts and

coefficients to get the number of atoms.

Summary and conclusion.

The student's responses

indicate that her prior knowledge interfered with her
understanding of the selected chemical concepts.

Also, she

conceived some of these concepts based on the macroscopic
level.
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She explained the chemical reaction as burning and
dissolving and confused the formula equation with the word
equation.

Also, she did not have a clear understanding of

writing chemical equations.
This student assumed that the periodic table is the
only source of chemical symbols; the chemical symbols
represent quantities such as a piece, a block or amount of
the element; and confused chemical symbols with chemical
formulas and with chemical equations.
She described the reactants as what you combine or take
out in a chemical equation, and the products as the results
and the outcome.

Moreover, she believed that the plus sign

between the reactants and the plus sign between the products
means the same, the balanced chemical equation has to have
the same number of elements, and the subscripts indicate the
element's free state.
Profile of Student S7
The student's biography.

He was a junior in high

school, born on February 24, 1974.

He was interested in

chemistry and math and had a middle achievement level.
The student's previous ideas.
Chemical Reaction:
1.

Magnesium and oxygen:

a) "The magnesium

reacts with the fire," b) "Chemical reaction
causes the molecules to move faster," c) "The
chemical reaction causes the molecules to
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fall into parts so it converts like ashes,"
d) "The magnesium reacts with the heat," and
e) "Magnesium is very combustible."
2.

Sodium and water:

"The sodium reacted with

the water and turned into a gas."
3.

Silver nitrate and

copper:

a) "The copper

dissolved," and b) "Looks like ashes."
Chemical Demonstration Representation:
1.

Magnesium and oxygen:

"Mg + heat."

2.

Sodium and water:

"H20 + Na -* NaOH + H2."

3.

Silver nitrate and copper:

"Cu + AgN03 ->

Cu N03 + A g ."
Chemical Symbols:
1.

Mg:

a) "Chemists use

chemical symbols so

they don't have to write out the whole name,"
and b) "It is like shorthand method."
2.

Na:

a) "Chemists use

symbols because they

don't have to write out the word," b) "To
save time," and c) "Shorthand method."
3.

Cu:

a) "Cu is in the

periodic table," b) "It

represents the amount we added to the silver
nitrate," and c) "Chemists use chemical
symbols to make it easier."
Chemical Formulas:

a) "I use chemical formulas to

write chemical equations," b) "H2 is a
chemical symbol because there is no other
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element," c) "A formula is several chemical
symbols," d) "A formula is an equation to
represent two elements that are already
combined," e) "The formula is a shorthand
method of showing the reaction that already
occurred," f) "A formula is a shorthand
method like several elements put together,"
and g) "A formula represents a new substance,
just different elements."
Chemical Equations:

a) "Represents the reaction

without actually doing it," b) "It shows you
how much of something you need," c) "You
start off

with two things and then you

combine them," and d) "We use chemical
equations to learn to represent a chemical
reaction without doing it."
Reactants:
Products:

"It is what you start out with."
"Itis what you end

Plus Sian (+):
Arrow Sian (->):

up with."

"Itis plus."
a) "It is yield," and b) "I read

it yields."
Balancing Chemical Equations:

a) "Both sides have

to have the same number of elements," b) "You
use the coefficient to balance a chemical
equation," and c) "We have to have the same
number of each element in each side."
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Subscripts:

"I use subscripts when the elements'

are in their free state."
Coefficients:

"You use the coefficient to balance

the equation."

Integration of the student's previous ideas with the
follow-up interview.

It was clear from the student's

responses that he had nearly consistent conceptions related
to the selected chemical concepts.

He still believes that

the magnesium ribbon reacted with the fire . . . burned and
turned to ashes.

The sodium reacted with the water and

turned into gas or dissolved.

The copper piece was

dissolved in the silver nitrate solution.
equation Mg + heat -» to Mg + 02 heat MgO.

He changed the
He could not

balance the equation and had little understanding of the
valency rule.
This student believed that the main use of the chemical
symbol is to save time, easier to write, quicker, represents
the amount (how much), and to write chemical formulas.
Besides, he believes that H2 is a chemical symbol because
it's not reacting with anything else.
He confused chemical formula with chemical symbols and
equations.

Moreover, he thought that a chemical formula

represents elements only, a chemical equation represents a
chemical reaction without doing it, shows you how much of
something you need.

He described the reactants as what you
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start out with, substances you have to combine, and two
different things combined.

Besides, he described the

products as what you end up with.
Moreover, he believed strongly that the plus sign (+)
between the reactants and the products mean the same, plus.
Also, he used the word combine to described the chemical
reaction.

However, he mastered the significance of the

arrow sign (->) in a chemical equation.
He indicated that a balanced chemical equation has to
have the same number of each element on each side.

Also, he

assumed that the subscripts indicate that the element is in
its free state.

Summary and conclusion.

The student's answers show

that he still has conceptual difficulties with selected
chemical concepts.

He believed that the magnesium reacted

with fire and described the chemical reaction as burning and
dissolving.

Also, he described the products as ashes.

Besides, he had difficulties mastering and manipulating
the chemical equation.

He believed that the main

significance of chemical symbols is to save time, it's a
shorthand writing, is quicker, and represents the amount of
a chemical.

Also, he confused the chemical symbols with

chemical formulas and the chemical formulas with the
chemical equation.

He assumed that the chemical reaction is

combining only, the product is what you end up with, and the
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plus sign (+) has the same meaning between the reactants and
the products.

Also, he believed strongly that the

subscripts indicate the element's free state and a balanced
chemical equation has to have the same number of each
element on both sides.
These conceptual difficulties illustrate that this
student used his prior knowledge to understand and make
sense of those chemical concepts.

He confused everyday

language and mathematical knowledge with the chemical
concepts.

Also, he was not aware of the microscopic level

of the concepts.

Profile of Student S10
The student's biography.

S10 was a junior in high

school, born on April 16, 1974.

She was not interested in

chemistry and math courses, and had middle achievement
levels.
The student's previous ideas♦
Chemical Reaction:
1.

Magnesium and oxygen:

a) "It turned white,"

b) "Physical changes," c) "The heat reacted
with the magnesium," and d) "Turned to
white."
2.

Sodium and water:

3.

Silver nitrate and copper:
crawled away."

"The sodium caught fire."
"The copper
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Chemical Demonstration Representation:
1.

Magnesium and oxygen:

"Mg + heat -» Mg02."

2.

Sodium and water:

3.

Silver nitrate and copper:

"Na + H20 -» H2Na2 + 02."
"Cu + AgN03 -»

Cu N03 + Ag."
Chemical Symbols:
1.

Mg:

a)

"A symbol represents a chemical," b)

I write chemical symbols from the periodic
table," c) "Chemical symbols abbreviate the
name," d) "Chemical symbols are shorthand,"
and e) "Mg represents the whole magnesium."
2.

Na:
b)

a)

"I got Na from the periodic table,"

"Na in the equation stands for the piece

we used," c) "If Na by itself, Na stands for
all sodium," and d) "Chemists use chemical
symbols because it is easier and faster."
3.

Cu:

a)

"Cu is what is written in the

periodic table," b) "Cu represents the whole
copper," c) "Cu represents the small piece we
used," d) "Chemists use symbols to simplify
what the chemists write," and e) "It is
easier."
Chemical Formulas:

a) "Mg + heat -» Mg02 is a

chemical formula," b) "A formula, we put two
added together," c) "C + 02 is a formula," d)
"A chemical formula represents which thing,"
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e)

"H2 + H20 is a formula," f) "Chemical

formulas shows that you put in to get a
certain reaction," g) "It shows ingredients
you used," h) "AgN03 represents all silver
nitrate," i) "Chemists use chemical formulas
because it takes too much time to write the
words," j) "Chemical formulas show what
happens when you add two things," k)
"Chemical formula shows you what you get," 1)
"It is an easier way to write it down," and
m) "Mg + 02, Na + H20, Cu(N03)2 + Ag are
chemical formulas."
Chemical Equations:

a) "It shows you what

happens," b) "When these things are put
together they form something new," c) "It
shows what you put together," and d) "It
shows you what you get."
Reactants:

a) "It shows us what happened," b) "It

is what you start out with," and c) "It is
the formula and the chemical you used."
Products:

"It is the result."

Plus Sian (+):
Between the reactants:

a) "It means the

additional heat," and b) "Added to."
Arrow Sian (->) :

"I read it yields."
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Subscripts;

"H20.

I don't know how I came up

with the 2."
Coefficients:

"I play with the coefficients to

balance a chemical equation."

Integration of the student1s previous ideas with the
follow-up interview.

Basically, this student indicated in

her answers that she could not remember her previous ideas
because she was not interested in chemistry.

Subsequently,

she assumed that her previous ideas were correct.

She

believed that the heat reacted with the magnesium and turned
white as a result of the physical change, the sodium caught
fire and the copper went away.

She believed that the

equation Mg + heat -» Mg02 represents the reaction of
magnesium and oxygen.

She was not aware of the presence of

the oxygen in the left side and confused the role of the
condition of this reaction with the reactants; the equation
Na + H20 -» H2Na2 + 02 represents the reaction of sodium and
water.

She did not master the manipulation of a chemical

equation.
This student had vague understanding of the chemical
symbols.

She believed that a chemical symbol represents a

chemical, and the chemists get the chemical symbols from the
periodic table.

Besides, she assumed that the main

significance of the chemical symbol is the abbreviated name,
its shorthand writing, and it's easier.

Also, she believed
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that Na and Cu represent the two pieces we used in the
reactions.
She confused the chemical formulas with the chemical
equations and believed that a chemical formula must have a
plus sign (+).

She had a vague understanding of a chemical

equation, the reactants, the products, and the plus sign
<+ )•

Summary and conclusion.

The student's interest

reflected her conceptual difficulties.
chemical reaction based on what she saw.

She understood the
She was not aware

of the presence of the oxygen and believed that the heat
reacted with the magnesium ribbon and turned to white
because of the physical change.

Besides, she had little

understanding of chemical equation writing and manipulating.
Also, she did not master the concepts of valance, chemical
formula writing, and chemical reaction.
This student confused the chemical equation with
chemical formula, and the chemical formula with the
reactants and the products.

Moreover, she assumed that the

main significance of the chemical symbol is to save time,
its shorthand writing, and that it represents the quantities
used.

She didn't have a clear understanding of the plus

sign (+) nor the role of the coefficients and subscripts.
It seems that the student's prior knowledge (everyday
conceptions and mathematical knowledge) and her interest in
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chemistry contributed to her understanding of those chemical
concepts.

Profile of Student S15
The student's biography.

S15 was a junior in high

school, born on August 23, 1974.

He was not interested in

chemistry and math courses, and had a low achievement level.
The student's previous ideas.
Chemical Reaction:
1.

Magnesium and oxygen:

a) "The magnesium

burned," and b) "It formed white powder."
2.

Sodium and water:

"Sodium

3.

Silver nitrate and copper:

has energy."
a) "The copper

coated over," and b) "There was a little
powder on the copper."
Chemical Demonstration
1.

Representation:

Magnesium and oxygen:

"Mg + heat

2.

Sodium and water:

"Na + H20 -> NaO + H2."

3.

Silver nitrate and copper:

"Cu + AgN03 -»

Cu N03 + A g ."
Chemical Symbols:
1.

Mg:

a) "I use chemical symbols to write

equations," b) "Symbols are a short version,"
c) "Chemical symbols are used to save time
and paper," and d) "You can do it quick."
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2.

Na:

a) "I got Na from the periodic table,"

b) "Na represents the whole sodium," c)
"Using the chemical symbol Na is shorter,"
and d) "The chemical symbol Na is easier to
understand."
3.

Cu: a) "Cu stands for copper in general," b)
"Cu does not represent quantity," c)
"Chemists use chemical symbols because they
are shorter," and d) "They use symbols to
figure out what is gonna happen."

Chemical Formulas:

a) "A chemical formula would

be the final to balance out"; b) "The
significance of a chemical formula is to see
what you are doing to verify what you are
doing"; c) "A chemical formula tells people
how to try it and express what they don't";
d) "The significance of chemical formulas is
so that the same thing can be tried over and
over again"; e) "You can just look at [a
chemical formula] and what to do whenever you
try them"; and f) "Mg + 02, Na + H20, Cu +
AgN03— these reactants are chemical
formulas."
Chemical Equations:

a) "A chemical equation is

used to write out what happens"; b) "A
chemical equation shows how much and what

things chemists use accurately"; c) "I use
symbols to write chemical equations"; d)
"Chemists use chemical equations to predict
what is gonna happen"; e) "Chemical equations
are used for other people to know how to do
it"; f) "From a chemical equation you can
tell which things are mixed together"; and g)
"MgO, NaOH + H2, and Cu(N03)2 + Ag--these
products are chemical equations."
Reactants:

a) "It is what you start off with," b)

"It is separate things," and c) "They are
things that will react together."
Products:

a) "It is what you end up with," b) "It

is what is happening," and c) "It is what
comes out."
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Plus Sian (+):
1.

Between the reactants:

a)

"It is added to,"

and b) "This and this."
2.

Between the products:

Arrow Sign (^):

"It means left over."

a) "The reaction," and b) "I read

it yields."
Balancing Chemical Equations:

"You do it to have

accuracy."

Integration of the student's previous ideas with the
follow-up interview.

This student described the reaction of

oxygen and magnesium ribbon as burning and the product as
ashes.

He could not explain what happened to the sodium

piece in the water or the copper piece in the silver nitrate
solution.

He indicated that the copper piece coated over

with little powder.

This student wrote "Mg + heat =" to

represent the reaction of magnesium and oxygen and wrote "Na
+ H20 -» NaOH + H2"
water.

to represent thereaction of sodium and

He believed that the water

split up.

He indicated that the main significance of the chemical
symbols is to write equations, its short version saves time,
is easier to understand, and is used to figure out "what's
gonna happen."

Also, he confused the chemical formulas with

chemical equations.
significance of a

For example, he said,

"...

the

chemical formula is to see what you are

doing . . . tellspeople how to try it .

. . ."

Moreover,
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he confused the reactants

with the chemical formula.

example, he believed that

Mg + 02, Na + H20, and

For

Cu + AgN03

were chemical formulas.
Furthermore, he did not have a clear understanding of
the concept chemical equation.

For example, he said,

" . . . chemists use chemical equations to predict what's
gonna happen . . . from a

chemical equation you can tell

which things are mixed."

Also, hebelieved the products are

the chemical equation.

He pointed out in his answers that

MgO, NaOH + H2 and Cu(N03) + Ag are chemical equations.
He called the chemical reactants what you start off
with, separate things, and things will react.

Besides, he

called the products what you end up with, what is happening,
and what comes out.

He read the plus sign (+) between the

reactants "add to" and between the products "left over."

He

believed that the purpose of balancing a chemical equation
is to have accuracy.

Summary and conclusion.

The student's answers suggest

that he had consistent conceptual difficulties relating to
some chemical concepts.

He indicated that the magnesium

ribbon burned and formed ashes and that the copper piece
coated over with little powder.

He confused the reactant

with the condition of the reaction when he wrote "Mg +
heat."

Also, he used an additive process to complete the
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chemical equation.

For example, he wrote "Na + H20 -» NaO +

H2."
He was not aware of the main significance of the
chemical symbols, wherein his answers imply unimportant
ideas.

Also, he could not distinguish between chemical

formulas and the chemical equations, the reactants and the
chemical formula, the chemical equation and the products.
Besides, he did not master manipulating the chemical
equations nor their significance.

He used his prior

knowledge and the macroscopic level of matter to describe
and understand the chemical concepts.

Profile of Student S17
Thestudent's biography.
school, born

S17 was a

on April 29, 1974.

junior in high

She was not interested in

chemistry and math courses, and had a low achievement level.
The student's previous ideas.
Chemical Reaction:
1.

Magnesium and oxygen:

a) "The magnesium

burned off," b) "The magnesium reacted with
the fire," and c) "We got leftover."
2.

Silver nitrate and copper:

"I see little

pieces of something."
Chemical Demonstration Representation:
1.

Magnesium and oxygen:"Fire + Mg -» burn
Mg."

+

157
2.

Sodium and water:

"Na + H20."

3.

Silver nitrate and copper:

"AgN03 + Cu -* Ag

+ Cu N03."
Chemical Symbols:
1.

Mg:

a) "I use chemical symbols to write

chemical symbols," b) "A symbol represents a
chemical," c) "A chemical symbol is shorter,"
d) "Symbols are in the periodic table," e)
"Symbols are shorter," and f) "Symbols are
quicker."
2.

Na:

a) "Na represents the chemical sodium,"

and b) "Na represents the whole sodium in the
world."
3.

Cu:

a)

"Cu represents all the copper"; b)

"I got Cu from the periodic table"; c)
"Chemists use chemical symbols because they
are easier"; d) "Chemical symbols are
simpler"; and e) "02, MgO, H20, AgN03,
Cu (N03)2, NaOH, and H2 are chemical symbols."
Chemical Formulas:

a) "In a chemical formula you

combine the chemicals to yield a reaction";
b) "A chemical formula is when you combine
symbols"; c) "Chemical formula represents
chemicals"; d) "A formula is like something
that you always get"; e) "H20 represents all
water in the world"; f) "Using a chemical
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formula is easier"; g) "A chemical formula
shows what you combine"; h) "A chemical
formula shows what happens"; i) "A chemical
formula represents what your experiment was";
j) "A chemical formula represents what you
combined"; k) "A chemical formula is easier";
1) "A chemical formula is simpler"; and m)
"Mg + 02, Na + H20, NaOH +

h 2,

Cu + AgN03, and

Cu (N03)2 + Ag are chemical formulas."
Chemical Equations:

a) "Chemists use chemical

equations to see without doing the
experiment," b) "From a chemical equation you
can see what happened," c) "An equation is a
thing you can get," d) "From a chemical
equation I can see what chemicals you
combine," e) "I can see what things chemical
formulas did when they combined," f) "I can
see what chemicals are in chemical
equations," and g) "A chemical equation is
easier and simpler."
Reactants:

a) "The reactors," and b) “Something

that's combined together."
Products:

"The reaction."

Plus Sian (+):
1.

Between the reactants:

a) "It means

combine," and b) "It is plus."
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2.

Between the products:

Arrow Sian (->) :

"Combine."

"I read it as yields."

Balancing Chemical Equations:

a) "It loses

positive charges and negative charges so it
balances them out," b) "In a balanced
chemical equation the chemicals get
together," c) "In a balanced chemical
equation the chemicals react," and d) "If a
chemical equation is not balanced, the
chemicals do not react."

Integration of the student's previous ideas with the
follow-up interview.

This student assumed that the

magnesium burned because it reacted with fire and we got
white left over.

She indicated that she saw little pieces

in the silver nitrate solution.

She believed that the

equation "fire + Mg -» burn + Mg" represents the reaction of
magnesium and oxygen.

She confused the word equation with

the formula equation.

Also, she was not aware of the

presence of the oxygen.

This student could not represent

the second reaction in a chemical equation.

Also, she was

not aware of valency in writing the chemical formulas.
Moreover, she believed that the periodic table is where
the chemical symbol is found, the chemical symbol stands for
the chemical, the chemical symbol stands for how much, and
02, MgO, H20, Ag, NaOH, and H2 are chemical symbols.

She
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confused the chemical symbols with chemical formulas,
chemical formulas with chemical equations, and the reactants
with the products.

Besides, she believed the chemical

formulas represent chemicals.

She assumed that the chemists

use the chemical symbols and formulas because they are
easier and simpler.
She called the reactants "reactors" and called the
product the "reaction."

Besides, she believed that the plus

sign (+) between the reactants and between the product means
"combine."

She indicated in her answers that if a chemical

equation is not balanced, the chemicals do not react and in
a balanced chemical equation the chemicals get together.
She confused balancing a chemical equation with writing a
chemical formula.

Summary and conclusion.

The student's consistent

answers are evidence that she had conceptual difficulties
mastering those basic chemical concepts.

She viewed the

reaction of magnesium and oxygen as burning and described
the product of this reaction as "white leftover."

She could

not manipulate the chemical equation and confused the word
equation with the formula equation, the chemical formulas
with the reactants, and the chemical symbols with the
chemical formulas.

She was not aware of the significance of

the chemical symbols, formulas, and the role of valence in
writing a chemical formulas.

Besides, she assumed that the
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plus sign means combine only, and believed that if a
chemical equation is not balanced the reaction does not take
place.
These ideas are evidence that the student's prior
knowledge interfered with her ability to understand.
Besides, she did not master the chemical concepts and she
confused mathematical and everyday language with chemical
concepts.

Also, she viewed these concepts based only on the

macroscopic level.

CHAPTER 5
SUMMARY AND CONCLUSIONS
The main purpose of this chapter is to summarize the
study regarding the methods and materials of research and
the principal findings relating to the research questions.
Another objective is to make some recommendations and to
note some implications for high school chemistry teachers,
chemistry curriculum developers, and chemistry education
researchers.

Summary
This study investigated 11th grade high school
chemistry students' understandings of the concepts of
chemical symbol, formula, and equation.

It also attempted

to assess the impact of students' prior mathematical
knowledge on their understanding of these fundamental
chemical concepts.

A combination of quantitative and

qualitative methods were employed in a two-stage approach
involving a preliminary study and a main study.

The

cooperating high school chemistry teacher was an active
participant throughout the research process.

Three open-

ended essay questions were used in conducting the
preliminary study.

The findings of this stage were used to

sharpen the focus of the main study.

Clinical interviews

were used in conducting the main study on the teacherselected sample (18 students). Three activities presented
162
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to the students involved chemical substances, chemical
apparatus, three actual chemical reactions and their
corresponding cards, and a follow-up interview card.

The

interviews were conducted using an established interviewing
protocol focused on three major chemical concepts and taperecorded.

Content analysis and preestablished criteria as

well as two groups of experts were used in the data
analysis process for the purpose of validity and
reliability.

Findings
All of the interviewed students were asked the same
questions relating to 11 basic chemical concepts:

chemical

reactions, chemical demonstration representations, chemical
symbols, chemical formulas, chemical equations, reactants
and products, plus sign (+ ), reaction sign (-»), balancing
chemical equations, subscripts, and coefficients.

The

intent was to investigate the students' conceptions of
these basic chemical concepts and also to assess the impact
of students' prior mathematical knowledge on their
understanding of these concepts.
About one-third of the interviewed students held
common prescientific conceptions and the rest of the
students (two thirds) held

unique ones (see Appendix H)

throughout the research process.

These prescientific

conceptions were common and prevalent among the students
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regardless of achievement level, sex, age, interest, and
prior knowledge.

Also, these conceptions seemed to have

different causes/sources, characteristics( quantitative and
qualitative in nature), and prevalence.
The students' possible prescientific conceptions were
identified and classified into categories corresponding to
11 basic chemical concepts.

Chemical Reactions
The students were interviewed about three chemical
reactions:

magnesium and oxygen, sodium and water, and

copper and silver nitrate.

It seems that the students

relied on everyday language in their explanations and used
analogies from their everyday experiences and observations.
They used such words as burning, dissolving, smoking,
mixing, and eating instead of the word reacting.

Also,

they used words such as white stuff, ashes, residue,
leftover, and rocks to describe the products instead of
using scientific names.

Besides, they believed that the

magnesium was flammable and reacted with the fire.
It appeared that the students transferred their
everyday conceptions and experiences to make sense of those
chemical concepts.

Also, they used their everyday language

to express their conceptions.

They ignored the scientific

language and the microscopic level (atomic-molecular level)
of understanding in their explanations.

Moreover, the
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students' conception of a chemical reaction seemed to
depend on the following points:

(a) the state of reactants

(solid with gas, solid with liquid, etc.); (b) the state of
products (solid and gas, solid and liquid, etc.); and (c)
the condition of the chemical reaction.

Chemical Demonstration Representation
The interviewed students were asked to represent three
chemical reactions (magnesium and oxygen, sodium and water,
and copper and silver nitrate) in chemical equations.
Those students used their prior knowledge and experiences
to represent a chemical reaction in a chemical equation.
They transferred their prior mathematical conception of the
plus sign (+) (addition) to the chemical equations.
Consequently, the students added up/combined the reactants
to complete the chemical equations.

The students confused

the meaning and significance of the plus sign (+) in a
chemical equation with the mathematical meaning and
significance:

The students treated the plus sign (+) in a

chemical equation as an addition sign (+).

They were not

aware that a chemical reaction involves bond breaking and
bond forming.

Those students viewed the plus sign (+) in a

chemical equation as an addition sign (+).

Therefore, they

had an additive model of a chemical reaction rather than an
interactive one.

For example, the reaction of magnesium Mg

and oxygen 02 involves breaking the bonds of the oxygen
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molecules and forming new bonds between the magnesium and
oxygen atoms to produce magnesium oxide.
Moreover, a large number of the students could not
write correct formula equations.

They did not master the

chemical equation's writing, application, and significance.
Also, they had difficulties writing chemical symbols and
formulas and considering unseen reactants and/or products.

Chemical Symbols
The students were interviewed about the chemical
symbols Mg, Na, and Cu.

It is clear that the interviewed

students had different ideas about the meaning of chemical
symbols.

The students believed that a chemical symbol

represents a chemical, the little piece used, and/or the
element.

Also, they assumed that a chemical symbol is

shorthand writing, used to save time, and is derived from
the periodic table.

Also, they confused the chemical

symbol with chemical formulas.
It seems that those students did not understand the
main significance of a chemical symbol.

They were not

aware that a chemical symbol implies specific knowledge.
Also, they were not aware that the majority of the chemical
symbols were derived from their English names and the rest
from their Latin names.

Besides, they believed that a

chemical formula must consist of two or more different
chemical symbols.

Consequently, they believed that 02 and
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H2 are chemical symbols.

They had little understanding of

the role of the subscript in a chemical formula.

Chemical Formulas
The students were interviewed about the chemical
formulas 02, MgO, H20, NaOH, H2, AgN03, and Cu(N03)2.

The

students believed that the main significance of a chemical
formula is to write a chemical equation and/or it's easier
to use.

Also, they confused the chemical formulas with the

chemical equations, the reactants, and the products.
Besides, they indicated that a chemical formula stands for
the chemical reaction, stands for whatever is used in the
beaker, is used to equate a problem, and shows something
occurring.
It seems that the students relied on their prior
conception of the concept formula, and therefore had
possible prescientific conceptions relating to the concept
chemical formula.

The students assumed the presence of the

plus sign (+) in the chemical formula.

Consequently, they

considered the chemical equations, the reactants and the
products chemical formulas.

They transferred their

mathematical conception of the concept formula.
Moreover, the students assumed that a chemical formula
must have two different chemical symbols, therefore
considered 02 as a chemical symbol.

They were not aware of

the role of the subscript in chemical formulas and symbols.
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They did not master the main significance of a subscript in
chemical concepts.

It seems that the students' prior

mathematical knowledge and experience of the concept
formula contributed to their prescientific conceptions.

Chemical Equations
The students were interviewed about the following
chemical equations:

2Mg + 02 -» 2MgO, 2Na + 2H20 -» 2NaOH +

H2, and Cu + 2AgN03 -» Cu(N03)2 + 2Ag.

The following are

their possible prescientific conceptions.

The findings

indicate that the interviewed students did not have a clear
understanding of the concept of chemical equation.

They

believed that the main significance of a chemical equation
is to predict the reaction, to show what happened, to
explain better than words, to serve as shorthand writing,
and to be easier to write.

Also, they confused the

chemical equation with the reactants and the products and
believed that they use chemical symbols only to write a
chemical equation.
The students had conceptual difficulties understanding
the quantitative and qualitative aspects of a chemical
equation and its main significance.

They were not aware

that a chemical equation represents specific knowledge and
must comply

with the law of conservation of matter.
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It seems that the students' prior knowledge of the
concept of equation contributed to their prescientific
conceptions.

Reactants and Products
The interviewed students were presented with the
reactants Mg + 02, Na + 2H20, and Cu + 2AgN03, and the
products MgO, NaOH + H2, and Cu(N03)2 + Ag.

The students

indicated in their answers that they have some possible
prescientific conceptions about reactants and products.
They pointed out that the reactants are what you start off
with, things to combine to create, the formula, what is
added together, and separate things. Also, they indicated
in their answers that the products are what you end up
with, the results, combined chemicals, the reaction, and
what you come up with. It seems that the students' ideas
were not accurate, too general, and they did not exhibit a
significant understanding of the concept reactants and
products. Also, it seems that the students relied on their
prior experiences of the concepts reactants and products to
understand the chemical concepts reactants and products.
Also, they used their everyday language to explain and
describe these scientific concepts.
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Plus Sian (+)
The students were interviewed about the plus signs (+)
in a chemical equation.

They had the following possible

prescientific conceptions about the plus sign (+) between
the reactants: It means add to, it means added together, it
is an addition sign, it means combine with, means something
is going to react, it means the same in both sides of a
chemical equation. The students seemed to have a few
possible prescientific conceptions about the plus(+) sign.
They indicated that it is a plus sign, it means the same as
a plus sign, it means end up with, and it means leftover.
These ideas show that the students did not master the
meaning nor significance of the plus sign (+) between the
reactants and between the products.

It seems that their

prior conception of the plus sign (+) interfered in their
conception of the plus sign (+) in a chemical equation.
They confused the meaning and significance of the plus sign
(+) between the reactants and between the products with the
meaning and significance of the plus sign (+) in a
mathematical/everyday problem.

The Reaction Sign (->)
The students were interviewed about the concept arrow
sign (->) (the reaction sign) in three chemical equations.
It seems that a few students had possible prescientific
conceptions:

The interviewed students indicated that the
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(-- >) is an equal sign, means produce, means the reaction,
and means results in.
These students might have transferred their prior
conceptions of their mathematical and everyday life of the
concept arrow sign (-») to understand the chemical reaction
sign (-»).

Consequently, they did not have a clear picture

of the actual meaning nor significance of the chemical
reaction sign (-»).

Balancing Chemical Equations
The students were interviewed about the concept of
balancing chemical equations.

The following are their

ideas about the concept balancing chemical equations:

They

believed it means to have the same number of elements, it
means to get the right reaction, it means to have the same
amount, it means to have the same number of parts, and it
means to have accuracy.
It seems that the students have vague and incomplete
understanding of the concept balancing chemical equations.
The students' conceptions were based on the macroscopic
level (they avoided the microscopic explanation).

Also,

they were not aware of the law of conservation of matter in
balancing a chemical equation.
The students might have transferred their prior
conception of the concepts balancing and equation to
understand balancing chemical equations.
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Subscripts
The students were interviewed about the concept
subscript throughout the research process.

They seemed to

have possible prescientific conceptions about the concept
subscript. The students believed that changing the
subscript will change the substance, subscript indicates
the element's free state, changing the subscripts is
necessary

to balance a chemical eguation, and subscript is

used when

an element is diatomic or triatomic. These

students did
subscript

not master the significance of the concept

in a chemical concept.

Also, they confused the

concept subscript with the concept coefficient.

It seems

that the students relied on their prior conception
(mathematical and everyday life) of the concept subscript.

Coefficients
The students were interviewed about the concept
coefficient throughout the research process.

The students

seem to have the following prescientific conceptions:

They

believed that the main significance of the coefficient is
to balance a chemical equation only, a coefficient is used
to even everything else, the coefficient is what you write
down after you write the equation, and it tells how many of
these you get. These students had limited and vague
understandings of the concept coefficient.

Also, their

understanding of this concept was restricted to the
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macroscopic level only.

It seems that the students' prior

conception of the concept coefficient interfered with their
understanding of the coefficient in a chemical concept.

The Relationships Between the Coefficients and
Subscripts
The interviewed students were asked to calculate the
total number of specific element atoms in:
10 H2, 2NaOH, 5Cu(N03)2, 3AgN03,

2 COj2 , and 4NHl

The students had the following possible prescientific
conceptions:

They added up the coefficient and the

subscript to get the total number of specific element
atoms, they ignored the subscript and considered the
coefficient, they ignored the coefficient and considered
the subscript, they multiplied the parenthesis subscript by
the ion subscript and then added the sum to the
coefficient, and/or considered the ion charges in their
calculations.
These students used their prior knowledge
( mathematical and everyday experiences) of the
relationship between the concepts coefficients and
subscripts in these chemical concepts.

The students failed

to realize that the relationship between the coefficients
and subscripts are different in a chemical problem and a
mathematical/everyday problem.
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Conclusions
The findings of this study indicate that beginning
high school chemistry students hold possible prescientific
conceptions about the basic concepts even after one year of
instruction.

Also, the researcher was led to the

conclusion that certain patterns which emerged (key
findings),
1.

were common to all of the interviewed students:
Most of the interviewed students did not master
the main significance of the basic chemical
concepts.

2.

Most of the students avoided the scientific
language in their explanation,interpretation, and
conception; their everyday language was dominant
in expressing their understandings.

3.

The students seemed to confuse the basic chemical
concepts with the similar mathematical ones.

4.

Nearly all the students' answers and ideas were
vague, too general, not accurate, and did not
reflect a clear understanding.

5.

The students confused basic chemical concepts
with one another.

6.

These possible prescientific conceptions were
prevalent among the interviewed students
regardless of age, sex, achievement level,
interest, and prior knowledge.
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7.

It seems that the existence of some prescientific
concepts about a chemical concept would be
transferrable to other related chemical concepts
and create new prescientific conceptions.

8.

The students relied mainly on the macroscopic
level of understanding and explanation and
avoided the microscopic level.

9.

Some of the students used their prior
mathematical knowledge as a base for
understanding the basic chemical concepts.

They

treated some chemical concepts as mathematical
concepts.
10.

It seems mostly that the students' prior
knowledge (mathematical and everyday experiences)
contributed to their possible prescientific
conceptions.

11.

One-third of the students shared the same
prescientific conceptions and two-thirds had
their individual ones.

12.

The identified prescientific conceptions were
different in their quantitative and qualitative
nature and prevalence among the students.

13.

The students attempted to use analogies from
their everyday life and experiences in order to
express their understandings.
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14. The students had an additive model of a chemical
reaction.
15. The students ignored chemical laws and theories in
their answers and had inconsistent conceptions.

Implications
The findings of this study provide evidence that
beginning high school students hold prescientific
conceptions (misconceptions/alternative conceptions) about
even the most basic of chemical concepts.

Identifying

these ideas, their causes/sources, and characteristics
should have implications for chemistry instruction and
curriculum development.

Chemistry Instruction
It was discussed in Chapter 2 that science instruction
is one of the main sources/causes of students'
prescientific conceptions.

So, high school chemistry

teachers should bear that in mind and teach these basic
chemical concepts as the building blocks in the foundation
for understanding chemical knowledge meaningfully.
Consequently, chemistry teachers should help students to
master, integrate, and link these concepts to one another
and address the constant interplay between the macroscopic
and microscopic levels of understanding these concepts.
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Chemistry teachers should not underestimate the role
of students' prior knowledge, ideas, and theories in the
learning process.

Teachers should be aware that these

basic chemical concepts are often taught and introduced to
the students in a manner that will not be consistent with
their prior knowledge (mathematical and everyday
experiences).

Therefore, teachers should probe their

students' conceptions of each chemical concept in order to
evaluate the students' difficulties and comprehension
mastering that

of

chemical concept before introducing a new,

related concept. Also, chemistry teachers should develop
their teaching strategies for initiating conceptual change

Chemistry Textbooks
There is almost complete

consensus among science

educators and researchers that prescientific conceptions
contribute to students' difficulties and hinder the
learning process. Also, it was pointed out that the science
curriculum is one of the main sources/causes of students'
prescientific conceptions.

So, the sequence and the

presentation of high school chemistry textbooks should be
evaluated and developed in order to overcome the role of
the students' prior knowledge and

the textbooks as

sources/causes of the students' prescientific conceptions.
Curriculum developers should reduce the number of concepts
introduced to high school students in order to allow more
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time and emphasis on the basic concepts which are the base
for future chemical education. Curriculum developers should
elaborate on these basic concepts regarding their
significance, application , definitions, relationships,
microscopic and macroscopic representation, and so on.
Also, they should

clarify the similarities and differences

between the chemical concepts and potentially confusing
(relevant)

mathematical concepts.

For example, the

similarities and differences should be introduced to the
students and summarized in special tables or instructional
graphics.

Curriculum developers might also address

definitions, significance, applications, relationships, and
elaborations.

Limitations and Future Research
This exploratory study investigated 18 high school
chemistry students' conceptions of certain basic chemical
concepts. The findings provided evidence which suggests
that beginning high school chemistry students may harbor
prescientific conceptions regarding these basic chemical
concepts.

Consequently, it seems prudent to repeat this

study on different populations and on larger samples in
order to verify the findings and to seek more generalizable
results.
The limitations of this study were due mainly to the
use of the clinical interviews and the use of a small
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sample size to conduct the main study. Interview data
always present a unique challenging problem for data
analysis and generalizability of the results. The
interviewed students may have relied on their everyday
language and

macroscopic level of understanding to respond

to the interviewer's questions, in spite of the
interviewer's explicit search for scientific understanding.
Also, the possibility exists that students might not have
understood the interviewer's questions. In order to
minimize this problem, the researcher used a semistructed
interviewing process, and pilot-tested the interviewing
process with feedback. Also, the researcher conducted
follow-up interviews to clarify any ambiguity of the
students’ language and to probe students' current
conceptions. Each student was presented with a transcript
of his/her ideas to determine whether or not he/she agreed
with the interviewer's interpretations. In spite of these
safeguards, however, it is possible that the students'
responses were misinterpreted by the researcher. Having
independent checks for validity by more than one researcher
would help to reduce the effects of this problem.
Interpreting the meaning of language is always a difficult
task. In addition, concept mapping could be used to examine
students'

(and teachers') understanding of the concepts of

interest to the researcher. Self-constructed maps reduce
can the danger of misinterpretation and serve as a basis
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for follow-up interviews in which any problematic elements
of the map can be discussed with the concept mapper.
Further investigation of students' conceptions of
these basic chemical concepts may contribute to chemistry
education and curriculum development on a large scale. It
seems premature to investigate students' understanding of
more complex or advanced chemical concepts until chemistry
educators understand how to teach the basic concepts well.
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Student's Name:_________________________________________
Sex:_____

Age:______

Grade Level:______

School:_________________________________________________

Question 1.
Please explain, as completely as you can, what a
chemical symbol is and what makes chemical symbols useful
in scientific work?
Answer:
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Student's Name:_________________________________________
Sex:_______

Age:_____

Grade Level:______

School:_________________________________________________

Question 2.
Please explain, as completely as you can, what a
chemical formula is and what makes chemical formulas useful
in scientific work?
Answer:
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Student1s Name:________________________________________
Sex:_______

Age:_____

Grade Level:______

School:________________________________________________

Question 3.
Please explain, as completely as you can, what a
chemical equation is and what makes chemical equations
useful in scientific work?
Answer:
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Chemical Symbols

Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

F

T

A symbol is a letter that stands for
different elements.

1

3

4

The use of symbols saves time, room,
time and shorthand.

10

8

18

The use of symbols put charge or
electron together, ions.

8

1

9

A symbol is an abbreviation for
elements in the periodic table.

8

7

15

5

Symbols keep track of mixtures.

7

2

9

6

Symbols represent properties.

2

1

3

7

A symbol consists of two letters only.

2

2

4

8

Vague answers.

6

5

11

9

A group of letters.

1

3

4

10

A symbol is an element.

3

-

3

11

A symbol stands for a combination of
elements.

3

-

3

1
2
3
4

Note.

M = Male

F = Female

T = Total
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Chemical Formulas

No.

Indicators of Possible

Prevalence
_____

Prescientific Conceptions

M

F

T

3

-

3

1

A chemical formula is a group of
symbols or letters written to show
a combination of elements.

2

Chemical formulas show charges, reactions 10
or predict reaction.

5

15

3

Vague answers.

15

7

22

4

Chemical formulas are combination of
elements or chemicals.

5

Chemical formulas are combination of
different elements on the periodic
table.

6

Chemical formulas represent the
bonding of chemicals.

2

2

4

7

Chemical formulas are abbreviations of
chemical elements.

2

1

3

8

Chemical formulas are equations.

3

6

9

9

Subscripts are added to neutralize the
charges.

4

5

9

10

Subscript numbers are placed between
chemicals.

1

1

2

11

Chemical formulas are mixture or
solution.

-

3

3

12

Chemical formulas are mathematic
equations.

-

2

2

13

Chemical formulas should be balanced.

3

6

8

14

Chemical formulas save time.

4

5

9

Note.

M = Male

F = Female

T = Total

-

5

5

13

5
8
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Chemical Equations

Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

F

T

1

A chemical equation is a written out
formula.

1

2

3

2

A chemical equation is a form of
everything happened to the chemicals.

5

5

10

3

Chemical equations are mixture of
chemicals or solutions.

6

4

10

4

Chemical equations help to know the
chargeof elements.

2

3

5

5

Chemical equations are a combination
of elements or chemicals.

6

6

12

6

Chemical equations represent elements.

4

-

4

7

Chemical equations tell us about the
bonding.

3

-

3

8

Chemical equations are reactions.

2

1

3

9

Chemical equations are mathematical
or algebraic representation.

1

4

7

10

Vague answers.

7

7

14

11

Chemical equations require subscripts
to be balanced.

2

1

3

12

Chemical equations are short cuts and
saves time.

2

-

2

13

Chemical equations use chemical symbols.

2

4

6

Note.

M = Male

F = Female

T = Total
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Interviewing Protocol

At the beginning of each interview, a short period of
time will be set aside to become acquainted with the
student and to explain the objectives of the study (West &
Pine, 1985, p. 20):
------- first name
sex
-Biographic-

grade level
age
previous
science
greetings

Personal talk

-Introduction-

compliments
thanks, etc,
comments on
room

-Surroundings-

weather
situation

-The objective of the study
-The nature of the study
-The role of the interviewer
The study

-The role of the interviewee
-The confidentiality of the tape
-The role of the cards
-The role of the demonstrations
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The purpose of this interview is to find out more about
your understanding of basic chemistry concepts--nothing to
do with your assessment.

The Demonstration
The clinical interview method will be accompanied by
presentation of concrete phenomena:

The interviewer will

demonstrate a simple chemical reaction where the student
can see burning, changing color, or gas.

Each chemical

reaction will be accompanied by a card depicting the
following:
1.

The reaction apparatus labeled

2.

The chemicals used for the intended reaction
labeled

3.

The condition of the reaction

4.

The process of the reaction

APPENDIX D
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The Interviewing Process

Each interview lasted approximately 20 to 30 minutes.
The first question was an open-ended one.

The following

question proceeded from more familiar to less familiar
areas of subject matter and from broad to detailed
questions.

Introductory Questions
1.

Student
name:________________________________________________

2.

Birthday_________________

3.

Classification:
Freshman

Male_____

Sophomore

Female_____

Junior_______

Senior________
4.

Are you interested in taking chemistry courses in the
future?
Why?__________________________________________________

5.

Do you like math courses?

Yes

No_____

6.

How many math courses have you had in high school?

7.

What do you feel whenever you study chemistry? ___
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The main study questions
1. What do you think happens to these chemicals?

2.

How does that happen?

3. What can you tell me about this demonstration?

4. Is that all?

5. Is there anything else you can tell me?
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6. Can you explain to me how to represent this
demonstration (chemical reaction) in a chemical
equation?

_______________

7. How many formulas and symbols are in this equation?

8. Tell me more about chemical equations.

9. What are the differences between the right and left
sides of a chemical equation?

10. Is that all?

____________________
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11. How do you read the plus signs (+) on the left and on
the right sides of a chemical eguation?

_____________

12. What is the use of the arrow sign (->)?

13. What is the significance of a chemical equation?

14. Is this chemical equation balanced?

15. How do you balance a chemical equation?

16. Why do you think a chemical equation must be balanced?
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17. Could you tell me more?

18. When you write a chemical equation do you use chemical
symbols or formulas?

________________________________

19. Why did you say that?

20. What are the differences between chemical symbols and
chemical formulas?

21. What does a chemical formula represent?

22. How do you write a chemical formula?
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23. What does a chemical symbol represent?

24. How do you write a chemical symbol?

25. What is the significance of a chemical symbol?

26. What is the significance of a chemical formula?

APPENDIX E
THE INTERVIEW CARDS

218
Activity No. 1:
2Mg + oa - 2MgO

Tongs

Laboratory burner
Magnesium ribbon

Evaporating dish

Tongs

Evaporating dish

Laboratory burner

Activity No. 2:

2Na + 2HjO -» 2NaOH + H,

forceps

water

sodium

Beaker

Watch glass

forceps

sodium

water

Beaker

Watch glass

forceps

sodium

water

Beaker

Watch glass

Activity No. 3:

Cu + 2AgN03 -♦ Cu(N03)2 + 2Ag

copper wire
Tongs
Silver nitrate
(solution)
Beaker

Tongs

^

Silver nitrate
(solution)

Glass plate

copper wire

Beaker

Glass plate

copper wire

Tongs
Silver nitrate
(solution)

Beaker

Glass plate

Student’s Name
Activity No.:
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Conceptual and Propositional Knowledge Statements about
Chemical Symbols, Chemical Formulas, Subscripts,
Coefficients, Chemical Equations, Chemical Reactions,
Reactants and Products, Plus sign and Arrow Sign(->).

Chemical Symbols
1. Either a single capital letter, or a capital letter and
a small letter used together, as an abbreviation for
(a)
(b)
(c)

an element.
an atom of an element.
a mole of atoms of an element.

2. A one- or two-letter expression that represents an
element.
3. Each element is assigned a chemical symbol of one or
two letters.
4. Only the first letter of the symbol is capitalized.
5. In a chemical formula, symbols represent each element
present.
6. A letter or letters representing an element of the
periodic table.
7.

Chemical symbols are used in formulas to represent one
atom or one mole of atoms of an element.

8.

A chemical symbol denotesa letter or a pair
that represent an atom of an element and its
mass.

9.

of letters
relative

A letter orletters representing an atom of an element.

10.

Symbols are abbreviations the chemist uses to indicate
elements.

11.

Some of the chemical symbols are abbreviations of the
Latin names of the elements.

12. To avoid confusion with other notations, the second
letter of a two-letter symbol is never capitalized.
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13. The symbol for a given element nearly always consists
of the first letter of its English name, freguently
followed by one other letter.
14. For some elements an abbreviation of the name in
another language, usually Latin, is used.
15. No symbol contains more than two letters and the first
letter is always capitalized.
16. The second letter of a two-letter symbol is never
capitalized.
17. The chemical symbols of the elements are a form of
shorthand.
18. They take the place of the complete names of the
element.
19. A symbol may represent one atom of anelement.
20. A symbol may be used in place ofthename
element.

of an

21. The first letter of a symbol is always capitalized.
22. Note that the second letter of a two-letter symbol is
never capitalized.
23. Some symbols are abbreviations of the Latin names of
the elements.
24. The symbols in a formula identify the elements present
in the substance.
25. Symbols represent three things:
(a)
(b)
(c)

the name of an element,
one atom of an element, and
a guantity of the element egual in weight to its
atomic weight.

26. Each element is represented by a chemical symbol.
27. The first letter is always capitalized.
If a second
letter is needed, it must be lower case.
28. Some element symbols are derived from older Latin
names.
In those cases, the symbol is not always
consistent with the common name.
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29. Chemical symbols are used to write chemical formulas of
compounds.
30. The symbol of an element standing alone represents one
atom of that element.
Chemical Formulas
1. A formula is a shorthand method of representing the
composition of substances using chemical symbols and
numerical subscripts.
2. A chemical formula is a shorthand method of using
chemical symbols and numerical subscripts to represent
the composition of a substance.
3. Empirical formula is a chemical formula that denotes
the constituent element of a substance and the simplest
whole-number ratio of atoms of each.
4. A chemical formula is an expression that uses the
symbols for elements and subscripts to show the basic
make-up of a substance.
5. The chemical formula represents in concise form the
qualitative and quantitative composition of an element
or compound.
6. A chemical formula shows the various elements present
in the substance and the number of atoms of each.
7. A chemical formula is an abbreviated description of a
compound using chemical symbols which represent the
composition of the compound.
8. The formula may represent a complete molecule, as for
H20, or a ratio of ions or atoms as in the ionic
compound, NaCl.
9. The formula may also represent one mole mass of the
substance if the substance is molecular, or one formula
mass of the compound of it is ionic.
10. The formula does not explain how the atoms are arranged
in substance and gives no indication as to whether it
is ionic or covalent.
11. Formulas are used to indicate the composition of the
substances involved.
12. A chemical formula is shorthand notation representing
the composition of substance.
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13. A chemical formula represents the composition of a
substance, using symbols for the elements present in
the substance.
14. A compound is represented by a formula that indicates
the elements that it contains and the relative number
of atoms of each element.
15. A formula is asingle symbol or a group of symbols that
represents the composition of a substance.
16. A symbol in a formula identifies the elements present
in the substance.
17. A chemical formula is a combination of symbols which
represents the composition of a compound.
18. Formulas often contain numerals to indicate the
proportions in which the elements occur within a
compound.
19. From a formula we can determine two things: the
elements present in the compound and the relative
number of atoms of each element in the compound.
20. The formulas of compounds can be used to represent the
chemical changes that take place in a chemical
reaction.
21. Chemists use the formula of a compound to represent a
definite amount of that compound.
22. An empirical formula indicates the simplest whole
number ratio of atoms in a formula unit.
23. Chemical formulas represent compounds.
24. An empirical formula (simplest formula) gives the
simplest whole-number ratio of atoms.
25. A chemical formula also indicates the number of mole of
atoms in one mole of the compound.
26. A formula is a single symbol or a group of symbols
which represents the composition of a substance.
27. In order to write formulas, it is necessary to know the
valences of the elements that enter into the molecule;
otherwise, one cannot know how many atoms of one will
combine with those of another.
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28. A chemical formula is a shorthand method of using
chemical symbols to represent the composition of a
substance.
Subscripts
1.

A numberwritten below and to the side of a symbol.
at left, it represents the atomic number; if at the
right, it represents the number of atoms of the
element.

If

2. Numbers written below the normal line of letters.
3. Indicate how many atoms of each element are present in
one unit of the substance.
4. When the subscript is equal to 1, it is understood and
therefore not written.
5. The number of atoms for each element is shown as a
subscript.
6.

Subscripts are used to indicate the relative numbers
atoms of each type in the compound, but only if more
than one atom of a given element is present.

of

7. The subscripts in a formula cannot be changed to make
an equation balance.
8. Subscripts indicate a compound's atomic composition.
9. Whenever a symbol for an element has no subscripts, it
is understood that only one atom of that element is
present.
10. Subscripts are used in formulas to indicate the
relative numbers of atoms of each type in the compound,
but only if more than one atom of a given element is
present.
11. A subscript is not used when only one atom of a given
element is present.
12. You must not attempt to balance an equation by changing
the subscripts in the chemical formula of a substance.
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Coefficients
1. Number preceding a formula in a chemical equation;
specifies the relative number of units of a species
participating in the reaction.
2.

Coefficients are used to indicate the relative
quantities of reacting substances and products of
reaction.

3. The coefficients in a chemical equation indicate the
relative numbers of moles of atoms or moles of
molecules that react or are formed.
4. Coefficients are used to represent the number of
formula units.
5. Coefficients, not subscripts, may be changed to balance
an equation.
6. To conform with the law, the equation must be balanced
by introducing the proper number (coefficient) before
each formul
7. A coefficient is a small whole number that appears in
front of a formula in an equation. When no coefficient
is written, it is assumed to be 1.
8. The coefficient in a balanced chemical equation
indicates the relative number of moles of reactants and
products that react in a chemical reaction.
Chemical Equations
1. Combinations of chemical formulas that represent what
occurs in a chemical reaction.
2. Represent chemical reaction on paper.
3. Consist of two parts:
(a)
(b)

left has the substances (reactants) that are
changed in a chemical reaction
right part has the new substance(s) (products)

4. The total number of atoms is the same for both
reactants and products (balancing the chemical
equation).
5. The sentences in the language of chemistry.
6. A shorthand method of showing the changes that take
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place in a chemical reaction.
7. A symbolic representation of a chemical reaction.
8. Formula equation. The concise picture of a chemical
reaction showing the mass relationships between the
reacting substances and the products.
9. Chemists use a shorthand type of expression called a
chemical equation to describe the chemical change.
10. The formulas for the reactants are written to the left
of the arrow, and the formulas for the products are
written to the right.
11. In balancing an equation, we can change only the
coefficients. Never change the subscripts.
12. Never change the subscripts in a formula in a attempt
to balance an equation.
13. A correct chemical equation indicates what changes take
place.
14. A chemical equations shows the relative amounts of the
various elements and compounds that take part in these
changes.
15. Chemical equations are used to represent chemical
changes.
16. Reactants are the starting substances and products are
the resulting substances in chemical equations.
17. Reactants are written on the left side of chemical
equations; products are indicated on the right.
18. Balanced equations have the same kind and number of
atoms on each side.
19. To describe a chemical change, the chemist uses a
shorthand type of expression called a chemical
equation.
Symbols and formulas are used to indicate
the composition of each substance involved in the
change.
20. The writer of an equation must know what substances
react and what substances are formed as well as the
correct formulas for these substances.
21. The + on the right side of the expression is read as
"and"; it does not imply mathematical addition.
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22. When a + appears between the formulas for two reactants
on the left side of an equation, it implies "reacts
with."
23. The arrow is read as either "gives," "produces,"
"yields," or "forms."
24. A chemical equation has quantitative significance.
25. A chemical equation is a concise representation of a
chemical reaction.
26. Word equations are cumbersome.
27. A skeleton equation is a chemical equation that does
not indicate the relative amount of the reactants and
products.
28. Because a catalyst is neither a reactant nor a product,
it is written above the arrow in a chemical equation.
29. Sometimes when we write the formulas for the reactants
and products in an equation, the equation is already
balanced.
30. A balanced chemical equation obeys the law of
conservation of matter.
31. To represent chemical reaction correctly, equations
must be balanced so that they are quantitatively
correct.
32. Equations are the recipes that tell chemists what
amount of reactants to mix and what amounts of products
to expect.
33. Balanced equations allow us to calculate the quantities
of reactants and products in a reaction.
34. A chemical equation is the representation in brief
symbolic form of what takes place in a given chemical
reaction.
35. A chemical equation gives the composition and
proportions of the substances reacting and the
composition and proportions of the substances formed by
the reaction with an arrow between to indicate the
direction in which the reaction is preceding.
36. Equations are terse, graphic representations of what
takes place during chemical changes or transformations
of matter.
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37. Equations give a complete picture of the matter changes
involved in chemical reactions, but there is
considerable incidental information which they do not
give: reaction conditions, energy changes and the
completion of reaction.
38. Equations give qualitative and quantitative
information.
39. A word equation has only qualitative, or descriptive,
significance.
40. Balanced chemical equations are concise symbolized
expressions of chemical reactions.
41. The world equation simply states the names of the
substances that react (reactants) and the names of the
substances formed (products).
42. The world equation does not state the quantities of
reactants and products of the reaction.
43. Formula equations represent facts concerning reactions
that have been established by experiments or other
means.
44. Equations reveal nothing about the mechanism by which
the reactants are converted into the products.
45. If possible to write an equation for a reaction that
does not occur.
46. A balanced equation is required for a correct problem
solution.
Chemical Reactions
1. Change in matter in which one or more chemical species
are transformed into new or different species.
2. Involve the breaking and forming of chemical bonds,
causing atoms to become rearranged into new substances.
The new substances have different properties than the
original material.
3. The interaction of two or more substances, resulting in
chemical change in them.
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4. A chemical reaction is the process by which one or more
substances are changed into one or more new substances.
5. A chemical reaction may be presented by an equation.
6. To represent a chemical reaction by means of an
equation, we must perform correctly three principal
steps:
(a)
(b)

(c)

Determine exactly what the starting substances
(reactants) and the resulting substances
(products) are.
Write the reactants on one side of the equation,
usually on the left, and connect them with a plus
sign. Then, write the products on the other side
of the equation. The two sides are connected by
an arrow which indicates the direction of the
change.
Balance the equation. Balancing means making the
two sides equals. The same number and kinds of
atoms must be present on both sides of the
reaction.

7. In many chemical reactions, a catalyst is employed.
catalyst is a substance that speeds up a chemical
reaction.

A

8. In a chemical reaction, atoms are not created or
destroyed; they are simply rearranged.
9. By a chemical reaction we means a change in matter that
results in the formation of new kinds of molecules or
the decomposition into simpler substances of existing
molecules.
10. A chemical reaction is used interchangeably with
chemical change.

APPENDIX G:
THE FOLLOW-UP INTERVIEW CARD
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Student1s Name:

Follow-up Activity

Mg + 02

MgO

Na + H20

-»

NaOH + H2

Cu + AgN03

-*

C u (N03)2 + Ag

1.

How many hydrogen atoms does 10 H2 have?

2.

How many hydrogen atoms does 2 NaOH have?

3.

How many oxygen atoms does 5 Cu (N03)2 have?

4.

How many oxygen atoms does 3 AgN03 have?

5.

How many oxygen atoms does 2 CO"23 have?

6.

How many hydrogen atoms does 4 NH+a have?

APPENDIX H:
THE RESULTS OF THE MAIN STUDY
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Chemical Reactions
Table 1
The Reaction of Magnesium and Oxygen
Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

F

T

1

The magnesium burned.

5

3

8

2

We got white stuff.

2

3

5

3

The magnesium is flammable.

3

1

4

4

We got ashes.

2

3

5

5

The magnesium reacted with the fire. 2

2

4

6

The heat caused that.

-

2

2

7

We got residual.

2

1

3

8

It's physical change.

1

1

2

9

The heat makes the molecule move
faster.

1

1

2

10

The chemical evaporated.

-

1

1

Note.

M = Male

F = Female

T = Total
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Table 2
The Reaction of Sodium and Water
Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

F

T

1

The sodium is dissolving.

2

3

5

2

The sodium released smoke.

3

-

3

3

The sodium reacted with water
because they do not mix.

2

1

3

4

The sodium burned.

2

1

3

5

The sodium reacted with the oxygen
and hydrogen particle.

-

1

1

6

The properties of the water caused
the reaction.

1

1

2

7

The sodium combined with oxygen,
hydrogen and water.

-

1

1

8

They are fighting because they
don't have enough amount of
electrons.

1

1

2

9

The sodium turned into gas.

1

-

1

10

The sodium lost.

1

-

1

11

They gave sparks.

1

-

1

12

The sodium caught fire.

-

1

1

13

The sodium turned to light.

-

1

1

14

The sodium has energy.

1

-

1

15

White color left over.

-

1

1

Note.

M = Male

F = Female

T = Total
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Table 3
The Reaction of Copper and Silver Nitrate
Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

F

T

1

We got some stuff.

1

3

4

2

There are some rocks.

2

2

4

3

We got some leftover/residue.

3

1

4

4

Copper dissolved in silver nitrate.

1

3

4

5

The silver nitrate ate the copper
away.

-

2

2

6

The copper went to ashes.

1

1

2

7

The copper oxidized.

-

1

1

8

The little particle coming up.

-

1

1

9

The copper broken down.

1

-

1

10

There is white powder.

2

-

1

11

There is something growing.

1

-

1

12

The copper crawled away.

-

1

1

13

The silver nitrate decomposed the
copper.

-

1

1

14

The copper's coming off.

1

-

1

15

The copper coated over.

1

—

1

Note.

M = Male

F = Female

T = Total
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Chemical Demonstration Representations
Table 4
The Reaction of Magnesium and Oxygen
Prevalence
Indicators of Possible
NO.

Prescientific Conceptions

M

F

T

1

They added up/combined the reactants 2
to get the products.

2

4

2

The heat/fire was one of the
reactants.

6

6

12

3

They wrote incorrect equation.

6

6

12

4

They ignored the oxygen as one of
the reactants.

5

7

12

5

They confused word equation with
formula equation.

1

2

3

6

We got burned magnesium.

1

1

2

7

We got carbon.

1

1

2

8

We got white residue.

1

-

2

9

Could not write the chemical
equation.

1

1

2

10

They used the equal sign (=) instead 1
of the reaction sign (-») .

1

2

11

They wrote incomplete equation.

1

2

3

12

Did not balance the chemical
equition.

9

9

18

Note. M = Male

F = Female

T = Total
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Table 5
The Reaction of Sodium and Water
Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

F

T

1

Added/combined the reactants to get
the products.

2

1

3

2

Wrote NaO, Na20 or Na02 as products.

3

3

6

3

Wrote incorrect equations.

5

7

12

4

Wrote incomplete equation.

-

3

3

5

Did not balance the chemical
equation.

9

9

18

6

Wrote Na2 as a product.

-

1

1

7

Wrote H as a product.

-

1

1

8

Wrote 02 as a product.

-

1

1

9

Wrote Na as a product.

-

1

1

Note.

M = Male

F = Female

T = Total
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Table 6
The Reaction of Copper and Silver Hitrate
Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

F

T

1

They added up/combined the reactants 1
to get the products.

1

2

2

They wrote Cu N03 as a product.

5

5

10

3

They wrote incorrect equations.

7

10

17

4

They wrote AgN03C as a product.

-

2

2

5

They wrote N03 as a product.

-

2

2

6

Did not balance the chemical
equation.

9

9

18

7

They wrote CuAg as a product.

-

1

1

8

They wrote AgCu as a product.

1

1

2

Note.

M = Male

F = Female

T = Total
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Chemical Symbols
Table 7
The Chemical Symbol Mg
Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

F

T

1

A chemical symbol represen
a chemical.

2

2

4

2

The symbol "Mg" represents all
magnesium.

1

3

4

3

Mg is shorthand writing.

6

3

9

4

The chemical symbol saves time.

4

2

6

5

I got Mg from the periodic table.

4

6

10

6

A chemical symbol makes it easier to 6
write a chemical equation.

8

14

7

Mg represents the magnesium we used. -

1

8

Mg is a short way of handwriting.

1

2

9

Mg is just the plain magnesium.

1

-

10

Mg is used so chemists do not
hane to write the whole name.

1

-

11

Mg is easy to remember.

1

-

12

Mg abbreviates the name.

-

2

13

Mg represents something constant.

1

-

14

I memorized chemical symbols.

1

-

15

Mg is part of the formula.

1

-

Note.

M = Male

F = Female

T = Total
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Table 8
The Chemical Symbol Na
Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

F

T

1

I got Na from the periodic table.

5

5

10

2

Na represents the little piece we
used in the demonstration.

3

6

9

3

Symbols are easier to use.

5

7

12

4

A symbol is a shorthand writing.

3

3

6

5

Na represents the whole sodium.

3

3

6

6

Chemical symbols are used to
saves time.

2

2

4

7

Chemical symbols are used to write a 1
chemical equation.

1

2

8

A chemical symbol is much easier.

1

-

1

9

I memorized chemical symbols.

-

2

2

10

Chemical symbols are universal.

1

-

1

11

A chemical symbol is a way of
writing.

1

-

1

12

A chemical symbol is just an
abbreviation.

1

1

2

13

A chemical symbol is smaller.

2

1

3

14

Na represents the chemical sodium.

-

1

1

Note.

M = Male

F = Female

T = Total
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Table 9
The Chemical Symbol Cu
Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

F

T

1

The chemical symbol Cu stands for
the small piece of copper used in
the demonstration.

5

5

10

2

Cu represents all copper (the
element copper).

3

4

7

3

All chemical symbols come from the
the periodic table.

3

7

10

4

Chemists use chemical symbols
because they are easier.

3

4

7

5

I memorized chemical symbols.

-

2

2

6

Cu stands for how much you want.

1

-

1

7

Chemical symbols save time.

-

2

2

8

Chemical symbols are briefer.

1

-

1

9

Chemical symbols simplify writing.

-

2

2

10

Chemical symbols shorten words.

2

1

1

11

Cu does not represent quantity.

1

-

1

12

Chemical symbols are quicker.

-

1

1

13

Chemical symbols stand for chemicals

. -

1

1

Note.

M = Male

F = Female

T = Total

Table 10
Follow-up Interview About Chemical Symbols
Prevalence
Indicators of Possible
Prescientific Conceptions

M

F

T

1

02 is a chemical symbol.

5

8

13

2

H2 is a chemical symbol.

6

7

13

3

MgO is a chemical symbol.

1

1

2

4

H20 is a chemical symbol.

1

3

4

5

NaOH is a chemical symbol.

1

3

4

6

AgN03 is a chemical symbol.

1

3

4

7

Cu (N03)2 is a chemical symbol.

1

3

4

8

MgO are chemical symbols.

3

5

8

9

H20 are chemical symbols.

3

5

8

10

NaOH are chemical symbols.

3

4

7

11

AgN03 are chemical symbols.

3

5

8

12

Cu (N03)2 are chemical symbols.

3

6

9

NO.

Note.

M = Male

F = Female

T = Total
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Chemical Formulas
Table 11
The Chemical Formulas 02 and MaO
Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

1 use chemical formulas to write
a chemical equation.
A chemical formula shows something
occurs.
3

A chemical formula is an equation.

5

3

8

4

A chemical formula is used to
equate the problem.

1

2

3

A chemical formula represents the
whole thing.
A chemical formula tells you that
it is not just one atom.
A chemical formula tells you the
property and differences between
elements.
8

02 is a chemical symbol.

1

9

A chemical formula represents a
combination of something.

1

10

A chemical formula is a short
presentation.

1

11

A chemical formula is used to
come up
with something.

2

12

A chemical formula is better.

1

1

13

A chemical formula shows the
negative and positive chemical.

1

1

14

Chemical formulas make up equations. -

Table 11 (Continued)
15

A formula is like two chemicals
together.

16

H, is a chemical symbol because
there no element.

1

17

A chemical formula is several
chemical symbols.

1

18

A chemical formula represents
which thing.

19

A chemical formula means to cobine
something to get the right answer.

20

In a chemical formula you combine
chemicals.

21

In a chemical formula you combine
chemical symbols.

22

Chemical formula represents
chemicals.

23

A chemical formula is like something that you always get.

24

The reactants are the chemical
formula.

Note.

M = Male

F = Female

T = Total

1
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Table 12
The Chemical Formulas H20, NaOH and HL

Indicators of Possible
No.

Prescientific Conceptions

Prevalence
___________
M

F

T

1

A chemical formula is much easier.

2

3

5

2

A chemical formula is a chemical
equation.

5

3

8

3

HpO represents the water we used in
this beaker.

2

3

5

4

H20 is a chemical symbol.

1

3

4

5

A chemical formula stands for a
chemical reaction.

1

3

4

6

A chemical formula is part of the
reaction.

1

-

1

7

A chemical formula is a step in
the whole thing.

1

-

1

8

A chemical formula is for more
than two symbols.

-

1

9

Chemists use chemical formulas
because they are universal.

2

1

10

A chemical formula tells the
parts that are in the things.

-

1

1

11

A chemical formula needs to be
balanced.

-

1

1

1
3
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Table 12 (Continued)
12

A chemical formula represents
a new substance.

1

13

H20 represents all water.

1

14

Na is a chemical formula.

-

1

1

15

H2 + H20 is a chemical formula.

1

1

2

16

A chemical formula shows you the
ingredients you used.

-

1

1

17

P1V1 = P2V2 is a chemical equation.

1

-

1

18

A chemical formula tells you
the parts.

-

Note.

M = Male

F = Female

T = Total

-

1

2

3

1

1

250
Table 13
The Chemical Formulas AqN03 and Cu(N03)2
Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

F

T

1

It is easier to use the chemical
formulas.

3

2

5

2

AgNO, stands for whatever was added
to the copper.

4

2

6

3

AgN03 stands for silver nitrate
solution.

1

4

The chemical formula shows what
happens.

3

5

A chemical formula is a compound of
elements that combined.

6

A chemical formula represents
chemicals that are reacting.

7

A chemical formula helps you to know what the metal is and what the nonmetal is.

8

A

chemical formula is briefer.

1

1

2

9

A

chemical formula is easy to read.

1

-

1

10

A

chemical formula gives the answer.

-

1

1

11

A chemical formula stands for
elements put together.

-

1

1

3
-

1

4
3
1

-

1
1

1

1

Table 13 (Continued)
12

AgN03 stands for how many moles.

-

1

13

AgN03 stands for how many parts.

-

1

14

AgN03 is a chemical symbol.

-

1

15

The reactants are the chemical
formula.

-

1

Note.

M = Male

F = Female

T = Total
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Table 14
Students' Recognition of the Concept of Chemical Formula
Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

F

T

1

02 is a chemical formula.

1

1

2

2

H2 is a chemical formula.

1

1

2

3

MgO is a chemical formula.

7

6

13

4

H20 is a chemical formula.

4

2

6

5

NaOH is a chemical formula.

3

3

6

6

AaN03 is a chemical formula.

4

3

7

7

Cu INO,)o is a chemical formula.

4

3

7

8

MaO + 0, is a chemical formula.

4

5

9

9

Na + H.,0 is a chemical formula.

4

5

9

10

Cu + AaN03 is a chemical formula.

4

4

8

11

NaOH + H, is a chemical formula.

3

4

7

12

Cu (NO,) +

Ag is a chemical formula.

3

5

8

13

Ma + 0^ -» MgO is a chemical formula.

-

1

1

14

Na + HoO -> NaOH + Ho is a chemical
formula.

-

1

1

15

Cu + AgNO, -» CufNO, )o + Ag is a
chemical formula.

-

1

1

Note.

M = Male

F = Female

T = Total

253
Chemical Equations
Table 15
The Chemical Equation:

2Mq + 02 -» 2MqO
Prevalence

Indicators of Possible
NO.

Prescientific Conceptions

M

F

T

1

A chemical equation helps to see
what happened.

4

5

9

2

I use chemical symbols to write a
chemical equation.

3

2

5

3

A chemical equation explains
better than words.

2

2

4

4

A chemical equation is a way of
shorthand writing.

1

2

3

5

A chemical equation shows you how
much of something you need.

2

-

2

6

A chemical equation is just a type
of mathematical equation.

1

-

1

7

In a chemical equation you have
too many things.

1

-

1

8

1
A chemical equation mathematically
lays out what you use and what you get.

-

1

9

A chemical equation is easier in
writing.

1

2

3

10

A chemical equation represents
things added together.

-

1

1
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Table 15 (Continued)
11

A
chemical equation represents
the reaction without doing it.

1

-

1

12

A chemical equation is to figure
out what chemicals can do.

1

-

1

13

A chemical equation tells you what
changes to make.

1

-

1

14

I use chemical formulas to write
chemical equations.

1

-

1

15

An equation is the thing you canget.-

Note.

M = Male

F = Female

T = Total

1

1
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Table 16
The Chemical Equation: 2Na + 2H20 -» 2NaOH + H2
Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

F

T

1

A chemical equation tells what
happens.

2

3

5

2

From a chemical equation I can tell
what the chemical elements are.

1

1

2

3

When there are things put together
they form something new.

1

1

2

4

Chemists use a chemical equation
to predict what will happen.

2

-

2

5

A chemical equation shows you the
results.

-

1

1

6

A chemical equation does not have
a variable.

-

1

1

7

A chemical equation has the same
principle as the mathematical equation.

1

1

8

A chemical equation is easier
to read.

-

1

1

9

From a chemical equation you can
tell which things you were adding.

-

1

1

10

In a chemical equation you start
off with two things and then you
combine them.

—

1

1

11

A chemical equation is two things
put together by kind of reaction
or something.

—

1

1

12

A chemical equation is a document.

1

-

1
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Table 16 (Continued)
13

In a chemical equation two things
on the left make two things on the
right.

-

1

1

14

From a chemical equation I can see
chemicals.

-

1

1

15

A chemical equation is to combine
stuff.

-

1

1

16

Chemical equations and chemical
formulas are the same.

-

1

1

Note.

M = Male

F = Female

T = Total
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Table 17
The Chemical Equation;

Cu + 2AaN03 -> Cu(N03):, + 2Aq
Prevalence

Indicators of Possible
No.

Prescientific Conceptions

M

F

T

1

A chemical equation is a lot easier. 1

2

3

2

You can tell what you start with.

1

2

3

3

You can tell what happened.

3

4

To show you what chemists use.

1

5

From a chemical equation you can
tell what elements and compounds
came out of the reaction.

-

6

A chemical equation represents
1
elements combined to form compounds.

7

A chemical equation represents other 1
things to decompose to original parts.

8

A chemical equation represents a
chemical reaction without doing it.

1

-

1

9

A chemical equation is to separate
things.

1

-

1

10

A chemical equation is to pull out
what elements you used.

1

-

1

11

A chemical equation is to know how
much you used.

1

-

3

2

3
1

-

2

1

1
1

3

Table 17 (Continued)
12

From a chemical equation you can
tell how many elements.

-

1

1

13

A chemical equation shows you how
much yields.

-

1

1

14

A chemical equation is to figure out 1
how a chemical reaction happens.

-

1

15

A chemical equation is used to make
a solution.

-

1

16

From a chemical equation you can
1
tell which things you are mixing together.

1

17

I can see which chemicals are in a
chemical equation.

Note.

M = Male

F = Female

T = Total

1

-

1

1
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Table 18
Students’ Recognition of the Concept of Chemical Equation
Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

F

T

1

2Mcr + 0„
equation.

6

9

15

2

2Na + 2H„0 -* 2NaOH + H, is a
chemical equation.

6

9

15

3

Cu + 2AaN03
Cu (NO,)^ + 2Aa
is a chemica equation.

4

Ma + 0, is a chemical equation.

1

-

1

5

Na + 2H,0 is a chemical eauation.

1

-

1

6

Cu + 2AoN03 is a chemical equation.

1

-

1

7

2McrO is a chemical eauation.

2

1

3

8

2NaOH + EL is a chemical eauation.

2

1

3

9

Cu(N0,K + 2Ao is a chemical
equation.

2

1

3

Note.

M = Male

2MoO is a chemical

F = Female

T = Total

9

6

15
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Reactants and Products
Table 19
The Reactants Mg + 02, Na + H-,0, and Cu + AqNQ3
Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

F

T

1

It is what you start off with.

5

2

7

2

Things to combine to create.

3

1

4

3

It is the formula.

2

1

3

4

It is what is added together.

-

2

2

5

It is separate things.

2

-

2

6

The reactants are the same as the
products.

1

-

1

7

The reactants are on the left side.

-

1

1

8

The reactants show you the reactions’1
occurrence.

-

1

9

The reactants show you what happens. -

1

1

10

The reactants are the chemicals you
used.

-

1

1

11

The reactants are what you make
together.

1

-

1

12

The reactants are separate things.

2

-

2

13

The reactants are things that will
react together.

1

1

Note.

M = Male

F = Female

T = Total
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Table 20
The Products MgO, NaOH + HUO, and CufN03)2 + Ag
Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

F

T

1

Products are what you end up with.

3

1

4

2

Products are the results.

1

2

3

3

Products are the combined chemical.

2

2

4

4

Products are the reaction.

2

1

3

5

Products are what you come up with.

2

1

3

6

Products are on the right side.

1

-

1

7

Products show what these out side.

-

1

1

8

Products are the outcome; products
are what. was produced.

1

-

1

9

Products are what happens.

2

-

2

10

Products are the conclusion.

-

1

1

Note.

M = Male

F = Female

T = Total
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Plus Sign (+)
Table 21
The Plus Sian (+) Between the Reactants, On the Left Side
of a Chemical Equation
Prevalence
Indicators of Possible
NO.

Prescientific Conceptions

M

F

T

1

+ is a plus sign.

6

5

11

2

+ means add to.

3

4

7

3

+ means added together.

2

4

6

4

+ is an addition.

1

1

2

5

+ means combine with.

3

5

8

6

+ means something going to react.

2

-

2

7

+ means the same in both sides.

1

1

2

8

+ means along with.

1

-

1

Note.

M = Male

F = Female

T = Total

Table 22
The Plus Sign (+) Between the Products, On the Left Side of
a Chemical Equation
Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

F

T

1

+ is a plus sign.

-

2

2

2

+ means the same in both sides.

-

1

1

3

+ means end up with.

1

1

4

+ means you get this as well as
that.

1

1

5

+ means leftover.

1

1

6

+ means combine.

1

1

Note.

M = Male

F = Female

T = Total
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Arrow Sign (-»)
Table 23
The Reaction Sign

(-*)

Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

F

T

1

I read it yields.

8

8

16

2

It is an equal sign.

-

1

1

3

It means produce.

1

1

4

It means the reaction.

1

1

5

It means yields, creates.

-

6

It means results in.

2

Note.

M = Male

F = Female

T = Total

1

1
2
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Balancing Chemical Equations
Table 24
Balancing the Chemical Equations 2Mq + 02 -» 2MqO, 2Na +
2H20 -» 2MaOH + EL. and Cu + 2AqM03 -> Cu(N03l2 + 2Aq
Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

F

T

1

To balance a chemical equation
means to have the same number of
elements.

2

3

5

2

To balance a chemical equation
means to get the right reaction.

3

2

5

3

To balance a chemical equation
means to have the same amount.

1

1

2

4

To balance a chemical equation
means to have the same number of
parts.

1

1

2

5

To balance a chemical equation
means to have accuracy.

1

1

2

6

To balance a chemical equation
means to have the same amount
of stuff.

—

1

1

7

To balance a chemical equation
means to know how many chemicals
in each side.

1

—

1

8

To balance a chemical equation
means to balance the number of
chemicals.

1

—

1

9

To balance a chemical equation
means to have the same number of
molecules.

-

1

1
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Table 24 (Continued)
10

To balance a chemical equation
means to see exactly what happens.

1

-

1

11

To balance a chemical equation
means to have constant reactions.

1

-

1

12

To balance a chemical equation
1
means to know the amount of elements.

-

1

13

To balance a chemical equation to
make sure it is equal.

1

14

If a chemical equation is not
balanced, everything will be out
of order.

1

-

1

15

I use plus and minus, probably
the exponents to balance a chemical
equation.

1

-

1

16

I use subscripts and coefficients
to balance a chemical equation.

-

1

1

17

A chemical equation loses positive
and negative charges so it balances
out.

-

1

1

18

If a chemical equation is not
balanced the chemicals will not react.

1

1

19

In a balanced chemical equation the
chemicals get together.

1

1

Note.

M = Male

F = Female

T = Total

-

1

2
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Subscripts
Table 25
Subscripts
Prevalence
Indicators of Possible
T

No.

Prescientific Conceptions

M

1

If I change the subscripts it
will change the substance.

1

2

I use subscripts when the elements
are in their free state.

1

1

3

I play with the subscripts to
balance a chemical equation.

1

1

I use subscripts when an element
diatomic or triatomic.]

is

1

1
1

The "2" in Na2 means sodium is in
its free state.
6

The "3" in AgN03 is the oxidation
number of the oxygen.

7

The "2" in H20 represents the
hydrogen when it reacts.

1

8

A subscript is written in a part
of the formula.

1

The "2" in 2HpO means two molecules
of water and four molecules of hydrogen.
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Table 25 (Continued)
10

The subscripts tell you which ones
you are dealing with.

-

1

1

11

I put the "2" in H20 because the
hydrogen is in the water.

-

1

1

12

I call the "2" in H20 an exponent.

1

1

13

The "2" in H20 tells you that the
water needs two hydrogens.

1

1

14

I use the subscripts when we have
more than one molecule.

1

1

Note.

M = Male

F = Female

T = Total

-

-
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Coefficients
Table 26
Coefficients
Prevalence
Indicators of Possible
Prescientific Conceptions

M

F

T

1

I use coefficients to balance a
chemical equation.

2

4

6

2

You use the coefficients to even
everything else.

1

-

1

3

The coefficient is what you write
down after you write the equation.

1

-

1

4

The coefficient tells you how many
of these you got.

-

1

1

No.

Note.

M = Male

F = Female

T = Total
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Relationships Between Coefficients and Subscripts
Table 27
How Many Hydrogen Atoms 10 BL Has
Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

F

T

1

10 H2 has 10 hydrogen atoms.

-

2

2

2

10 H2 has 12 hydrogen atoms.

1

1

2

3

10 H2 has 20 hydrogen atoms.

8

6

14

Note.

M = Male

F = Female

T = Total

Table 28
How Manv Hvdroaen Atoms 2NaOH Has
Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

F

T

1

2NaOH has one hydrogen atom.

1

1

2

2

2NaOH has two hydrogen atoms.

8

8

16

Note.

M = Male

F = Female

T = Total

271
Table 29
How Many Oxygen Atoms 5Cu(N03)2 Has
Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

F

T

1

5Cu(N03)2 has 10 oxygen atoms.

-

2

2

2

5Cu(N03)2 has 11 oxygen atoms.

1

2

3

3

5Cu(N03)2 has 6 oxygen atoms.

-

1

1

4

5Cu(N03)2 has 30 oxygen atoms.

8

6

14

Note.

M = Male

F = Female

T = Total

Table 30
How Manv Oxvaen Atoms 3AaN03 Has
Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

F

T

1

3AgN03 has 6 oxygen atoms.

1

3

4

2

3AgN03 has 3 oxygen atoms.

-

1

1

3

3AgN03 has 9 oxygen atoms.

8

5

13

Note.

M = Male

F = Female

T = Total
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Table 31
2
How Many Oxygen Atoms 2CO3 Has
Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

F

T

1

2CO '2 has 1 oxygen atom.

-

2

2

2

2
2C0 3
' has 5 oxygen atoms.

-

3

3

3

2C03" has 3 oxygen atoms.

1

1

2

4

2 C032 has 2 oxygen atoms.

1

-

1

5

2
2C03 has 6 oxygen atoms.

7

3

10

2

Note.

M = Male

F = Female

T = Total
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Table 32
How Many Hydrogen Atoms 4NH^Has
Prevalence
Indicators of Possible
No.

Prescientific Conceptions

M

F

T

1

4NHl has 8 hydrogen atoms.

1

4

5

2

4NH4 has 4 hydrogen atoms.

-

1

1

3

4m l has 17 hydrogen atoms.

-

1

1

4

4m l has 16 hydrogen atoms.

7

3

10

5

4m l has 20 hydrogen atoms.

1

Note,

M = Male

F = Female

T = Total

1

APPENDIX I :
A LIST OF PRESCIENTIFIC CONCEPTIONS' SYNONYMS
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Terms used to label/describe students' conception in
science
Alternative conceivers' conceptions (Claxton, 1986)
Alternative conceptions (Waterman, 1983)
Alternative framework (Driver, 1984)
Alternative ideas (Stavy, 1991)
Alternative interpretations (Driver & Easley, 1978)
Alternative understanding (Gauld, 1987)
Child artificialism (Piaget, 1951)
Children's alternative conceptions (Claxton, 1989)
Children's funny ideas (Claxton, 1989)
Children’s informal ideas (Bliss, 1989)
Children's intuitive views (Preece, 1984)
Children's science (Gilbert, Osborne, & Fensham, 1982)
Common sense beliefs (Champagne, Klopfer, & Anderson)
Conceptual frameworks (Garrard, 1987)
Conceptual primitives (Clement, 1982)
Counter examples (Rowell & Dawson, 1983)
Erroneous belief (Vosniadou, 1991)
Erroneous concepts (Cho, Kahle, & Nordland, 1985)
Erroneous ideas (Champagne, Klopfer, & Anderson, 1979)
Erroneous ideas or misconceptions (Fisher, 1985)
Erroneous preconceptions (Cho, Kahle, & Nordland, 1985)
Everyday life (Sere, 1980)
Everyday conceptions (Anderson, 1986)
Everyday physical and chemical conception (Anderson, 1988)
Folk beliefs (Ralya & Ralya, 1940)
Implicit science (Garrard, 1987)
Incidental knowledge (Taiwo, 1976)
Individual's concepts (Novak, 1984)
Intuitions (Preece, 1984)
Intuitive belief (McKoskey, 1983)
Intuitive conceptions (Heller & Finley, 1992)
Intuitive ideas (Hawkins, 1978)
Intuitive notions (Driver, 1986)
Limited or inappropriate propositional hierarchies (Novak,
1983)
Misconcepts (Bodner, 1986)
Misconceptions (Ralya & Ralya, 1940)
Mistakes (Gowin, 1983)
Misunderstandings (Brumby, 1979)
Misinterpretations or misapplications (Driscoll, 1960)
Multiple private versions of science (McClelland, 1984)
Naive beliefs (Caramazza, McCloskey, & Green, 1981)
Naive conceptions (Champagne, Gunstone, & Klopfer, 1983)
Naive explanations (Herron, 1990)
Naive ideas (McDermott, 1990)
Naive knowledge (Champagne, Gunstone, & Klopfer, 1983)
Naive notions (West & Pines, 1985)
Naive phenomenalism (Hesse, 1987)
Naive principles (Caramazza, McCloskey, & Green, 1981)
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Naive schemata (Champagne, Gunstone, & Klopfer, 1985)
Naive theoretical model (Reif, 1990)
Naive theories (Resnick, 1983)
Noncannonical theories (Champagne & Bunce, 1991)
Persistent pitfall (Meyer, 1987)
Personal constructs or alternative frameworks (Olson, 1982)
Personal models of reality (Champagne, Gunstone, & Klopfer,
1985)
Personal theories and model (Glynn, Yeany, & Brintton,
1991)
Personal understanding (Krajcik, 1991).
Preconception (Ausubel, 1968)
Prescientific conception (Good, 1991 and Reif, 1987)
Prescientific notions (Reif, 1987)
Prescientific views (Wandersee, 1992)
Prior conceptions (Albimola, 1988)
Prior schemata (Albimola, 1988)
Private conceptions (Sutton, 1980)
Private concepts (Sutton, 1980)
Private models (Lawson, 1989)
Propositions (Heller & Finley, 1992)
Pupils' preconceptions (Andersson, 1986)
Pupils' strange answers (Anderson, 1986)
Respectable error (Schmidt, cited in Fladet, 1981)
Schemata or alternative framework (Ausubel, cited in
Nussbaum & Novick, 1982)
Scientific misconceptions (Reif, 1987)
Sophisticated errors (Kuethe, 1963)
Spontaneous knowledge (Pine & West, 1986)
Spontaneous reasoning (Viennut, 1979)
Spontaneous theories (Champagne & Bunce, 1991)
Student framework (Erickson, 1983)
Students' conceptual framework (Duit, 1991)
Students' descriptive and explanatory systems (Champagne,
Klopfer, & Gunstone, (1982)
Students' conceptions (Confrey, 1990)
Students' existing beliefs (Garrard, 1987)
Students' existing knowledge (Albimola, 1988)
Students' frames (Duit, 1989)
Students' ideas (Ross, 1989)
Students' intuitive ideas (Hashweh, 1986)
Students' personal theories and model (Glynn, Yeany, &
Britton, 1991)
Students' preinstructional conceptual frameworks (Duit,
1991)
Students' prior conceptions (Driver, 1989)
Students' prior theories (Resnick, 1983)
Students’ private understandings (West, Fensham, & Garrard,
1985)
Subsuming concept (Ausubel, 1963)
Superstitions and unfounded beliefs (Viclund, 1940)
Superstitious belief (Conklin, 1919)

Theories-in-action (Herron, 1990)
Underlying sources of error (Fisher & Lipson, 1986)
Unfounded beliefs and misconceptions (Hancock, 1940)
Untutored beliefs (Hills, 1989)
World knowledge (Gunstone, Champagne, & Klopfer, 1981)
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