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ABSTRACT 

The main aims of this thesis are twofold. First, 

to identify and describe misconceptions about chemical 

equilibrium held by Year-12 chemistry students in the 

Maldives. Second, to investigate the effects of using 

a computer-assisted instructional strategy in changing 

those misconceptions. 

A misconception idenfication test and an interview 

schedule developed by Garnett & Hackling ( 1984) were 

used to diagnose student misconceptions about chemical 

equilibrium. The remediation aspect of the study used 

a computer-assisted instruction (CAI) package. The 

package was designed in accordance with a model of 

conceptual change proposed by Posner, Strike, Hewson & 

Gertzog (1982). The CAI package consists of eleven 

modules. The conceptual change strategies, as 

implemented in the package, mainly used simulations to 

create cognitive conflict to assist accommodation. 

The resu,lts of the study indicate that 

inisCoilbeptioris abput chemical equilibrium are common 
--- ------ ~' - ' 
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amohg- Year 12 Chemistry students in1 the Maldives. In 

a'ddit1'0n, thes_e misconceptions were foUrid to be Simi-lar 

tO those reported by Hackling and Garnett (1985) which 

identified misconceptions among Western Australian 

students. 

Results also indicate that the remediation aspect 

of the study, which used tbe CAI package, produced 

significant and lasting conceptual changes in students 

holding the misconceptions. 
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CHAPTER 1 

Introduction to the Study 

Introduction 

Science educators and cognitive psychologists have 

shown a growing interest in the intuitive ideas of 

students about natural phenomena prior to, or following 

exposure to, instruction. A large number of studies 

have shown that many of these ideas are in marked 

contrast with the scientific conceptions they are 

expected to learn (Osborne & Gilbert, 1979; Osborne & 

Wittrock, 1985) . The alternative views are often 

referred to as misconceptions. 

Empirical studies also indicate that 

misconceptions are quite resistant to change and hinder 

the acquisition of scientifically correct conceptions 

(Posner, Strike, Hewson & Gertzog, 1982). students can 

successfully complete science courses while still 

clinging to misconceptions since they are often not 

revealed by traditional evaluation methods. Further, 

many students are known to view scientific knowledge as 

distinct and inapplicable to the realm of everyday 

experience (Novak, 1988). 

-Numer:ous studies have sought to catalogue 

- -, -' 
-:. '' _.-

,.-i > 
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topics. For exam'ple, chemical equilibr-ium has b_een 

,'f~~~rt;_i-f,ied as a topic· about which some students have 

m1sCoriCePt-i0rlS (D:biscoll, 1960; GusSarsky & Gorodet'sky, 

1·990; Hackling & Garnett, 1985). It is generally 

accepted that the unlearning of misconceptions might be 

the most crucial step in the subsumption of new 

knowledge. Various theories and models have been 

developed to foster conceptual change (Posner et al., 

1982). However, very few studies have sought to test 

these in experimental settings. 

Background to the study 

The literature on misconceptions can be usefully 

divided into three types: descriptive studies, 

explanatory studies and studies to foster conceptual 

change (Hashweh, 1988). Descriptive studies document 

misconceptions in various subject areas. Explanatory 

studies try to explain the reasons for conceptual 

stability and change, and studies to foster conceptual 

change use the theoretical basis of explanatory studies 

to engender conceptual change in students. This study 

was based on the descriptive study of chemical 

equilibrium misconceptions by Hackling and Garnett 

(1985) and the model of conceptual change proposed by 

Posner et al. ( 1982) . 

This model was used as a theoretical basis for 

the design and development of a computer-assisted 

in/:(~rUctforlcH ·P,aCka:·ge to change student misconceptions 

--' - \_ 

--· --~:.,_\~---- -- •" 

- ;, · .. " 
•_q-,•; 
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.CHAPTEK 1 

STUDIES 
ABOUT 

MISCONCEPTIONS 

I I 

Studies to 
Descriptive Explanatory Foster Concep-

Studies Studies tual Change 

Chemical Conceptual CAI on 
Equilibrium Change Model Chemical 
(Hackling & > (Posner > Equilibrium. 

Garnett, 1985) et al. , 1982) Proposed study 

FIGURE 1 

Proposed study in Relation to Previous Research. 

about chemical equilibrium. Some support for the 

ef-fectiveness of the model in exchanging misconceptions 

for scientifically acceptable conceptions has been 

demonstrated in studies which attempted to foster 

conceptual change (Fetherstonhaugh, 1988; Zietsman & 

Hewson, 1986). 

Figure 1 shows the place of this study within the 

existing literature. 

The Research Problem 

students·' misconceptionS about science topics have 
' 

;6~'eh --'a-~ ':·major 
::':"~~---:':~~~- \ ,_ ""\''-'-·' -._ 

corlCebl of ed:lt¢at0rs 
' 

because of the 
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.. d~'.f{~cUit_ies theY pose in 1·earning. Iii the area Of 

chtk;nis·trY '· misco"nceptidris about chemical equiiibriufu 
c 

can be expeCted t·a hamper acquisition of further 

chemistry concepts. 

Several conceptual change strategies have been 

proposed. However, the educational benefits of these 

strategies have not filtered through to the classroom. 

This could be because practical instructional 

strategies based on conceptual change theories have 

not been adequately researched and their curriculum 

implications not fully explored. This study is 

designed to evaluate a practical strategy for 

conceptual change. 

Rationale and Significance of the Study 

The crucial role misconceptions play in concept 

learning is now well-established. Many studies 

continue to document misconceptions in various science 

topics. However, very few explanatory studies have 

been conducted to investigate the nature of conceptual 

change and stability. Even fewer studies have utilized 

the results of these investigations in the development 

of teaching programmes. The proposed research makes a 

contribution to the literature in this area. 

Chemical equilibrium is recognized as one of the 

most difficult topics of chemistry at school level 
. ____ , ___ ' . 
(·Firil'ey, Stewart- & Yarroch, 1982-). Non-traditional 

4 
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5 

about this topic, especially the use of the computer, 

have yet to be pursued. This study may suggest useful 

ways of providing remedial instruction in this topic. 

Further, as this study evaluates a teaching 

strategy, it may lead to suggestions for improving 

classroom instruction in chemistry and curriculum 

materials. 

Purpose and Research Questions 

The proposed research is undertaken with two main 

purposes in view. First, to develop a computer­

assisted teaching strategy based on a model of 

conceptual change to challenge the previously 

identified misconceptions of chemical equilibrium. 

Second, to determine the effectiveness of the developed 

strategy in changing Year-12 students' misconceptions 

about chemical equilibrium. 

More specifically, the study will address the 

following research questions: 

(1) What misconceptions about chemical equilibrium are 

held by Year 12 chemistry students from the 

Maldives? 

(2) To what extent are misconceptions of chemical 

equilibrium changed by working through the 

computer-assisted instruction (CAI) programme 

based on a conceptual change strategy? 



'j 
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CHAPTER 1 

In addition, the study will also address the 

following subsidiary research question: 

(3) How does the incidence of chemical equilibrium 

misconceptions in Maldives' students compare with 

Western Australian students? 

The scope and Limitations of the study 

This study was designed to achieve the following 

objectives. 

(a) Identify the level and type of misconceptions 

about chemical equilibrium in the sample. 

(b) Draw comparisons between the misconceptions held 

by students in the Maldives and those in Western 

Australia. For this comparison, the results in 

Hackling and Garnett (1985) will be used. 

Comparisons will also be attempted with a broader 

collection of misconceptions about the topic 

gathered from previous research (e.g. Gorodetsky & 

Gussarsky, 1986). 

(c) Design and develop a computer-assisted 

instructional package based on a model of 

conceptual change to overcome rnisconcaptions. 

(d) Evaluate the effectiveness of the computer­

assisted instructional strategy in changing the 

misconceptions. 

The theoretical basis for the development of the 

computer-assisted instruction has been the model 

6 
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!>roppsed by Posner et al. (1982). However, their model 

rnocil:tied for computer-assis,ted instruction. 

,This ~Odifii::at-ion is slight and affects neither the 

structure nor the sequence of the steps they deeined 

necessary for conceptual chan·ge. 

the modifica:tions made. 

Chapter 3 outlines 

The instructional strategy takes the form of a 

computer package written in Basic for the BBC Master 

series computers as these were the ones available to 

the target population. The small size of the memory 

and the slow speed of these computers severely 

restricted the use of sophisticated heuristics and 

graphics that can be used in the package. However, the 

package incorporates and makes prolific use of those 

features that make a package user-friendly, easy to use 

and attractive, despite the memory and speed 

constraints. No previous experience with computers is 

necessary to use the package. 

The -package is menu-driven and consists of eleven 

m_odules. The modules address specific misconceptions 

and closely follow the instructional plan for 

conceptual change as proposed by Posner et al. (1982) 

and modified by the author. 

The non-portability of the package especially to 

IBM m1c_roc0mputers is a limiting factor. However, it 

not .an objective of this developmental study to 

7 



CHAPTER 1 

prepare a package sui table 

use. 

for widespread classroom 

The students who underwent the intervention 

programme were given two tests. The initial posttest 

was given three days after the intervention. The 

delayed posttest was administered thirty days after the 

initial posttest. However, the very long-term effect 

of the intervention is outside the scope of this study. 

A limitation is imposed on the external validity 

of the study by the use of the study sample from the 

Maldives. The sample of students who underwent the 

intervention in the Maldives may have characteristics 

different from those in other countries. Thus, 

generalizations must be made with care. 

8 



CHAPTER 2 

Literature Review 

Introduction 

Since the late 1970s, there has been a growing 

interest among researchers about students' intuitive 

ideas of natural phenomena. Further, these intuitive 

ideas, variously called misconceptions, preconceptions 

and alternative conceptions, are found to be resistant 

to instruction and impede acquisition of scientific 

conceptions (Cosgrove & Osborne, 1985; Rice & Feher, 

1987). 

A large number of studies have attempted to 

catalogue these misconceptions in various subject 

areas. Investigators have examined the nature of 

misconceptions, their acquisition, persistence, and 

change (Gilbert & Watts, 1983; Osborne & Wittrock, 

1985; Posner et al., 1982). 

However, despite the plethora of research efforts, 

the lack of coherence in the studies led Gilbert and 

Watts ( 1983) to comment that 11 there is no agreement on 

the aims of enquiry, the methods to be used, criteria 

for appraising data, the use to be made of the 

outcomes" (p. 61). These researchers described the 

state of research to be in a "pre-paradigmatic" phase. 

9 



CHAPTER 2 

Hashweh (1988) concurred with Gilbert and watts 

and a~1ued that many studies are still characterized by 

a misfit between the purpose of the study and the 

methodology used, by diagnosis and conceptualization 

problems and by validation problems. To illustrate, he 

stated that many descriptive studies which lack an 

explanatory model of conceptual change advocate certain 

instructional strategies for conceptual change. He 

contended that for change to be theoretically based one 

should be able to explain why a certain intervention 

should induce change. According to him a 

differentiation should be made between three kinds of 

studies of student misconceptions: descriptive 

studies, explanatory studies, and studies that attempt 

to foster change. Explanatory studies which form the 

bulk of the misconceptions literature attempt to 

id~ntify and describe misconceptions in various science 

topics. Explanatory studies aim to explain conceptual 

stability and change. The last kind, of which there 

are very few studies, attempts to test the explanations 

offered by explanatory studies and promote conceptual 

change. The author's research falls within this last 

category. 

This review first presents the definitions of key 

terms used, and discusses the origin and persistence 

of misconceptions. Descriptive studies of 

misconceptions about chemical equilibrium are then 

reviewed. It then outlines the constructivist 

10 
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perspective in science learning. This perspective 

holds that prior experiences of the student are 

important in learning. This is followed by a 

discussion of various strategies for bringing about 

conceptual change and their implications for 

instruction. Previous studies on conceptual change are 

summarized including those using computer-assisted 

instruction. Finally, a discussion of the 

methodological aspects of the study completes this 

review. 

Definition of Terms 

one of the reasons for the lack of an established 

paradigm of research is the confusion regarding the 

basic ideas: concepts and misconceptions. It is, 

therefore, essential at the beginning to define the 

meanings attached to these key terms. 

Concepts 

Traditionally, concepts were believed to be 

11universal statements" acquired from inductive 

generalizations of a large number of diverse events 

observed with an unPrejudiced mind and using 

unprejudiced sense organs (Osborne & Wittrock, 1985). 

In the 1940s this view of concept was attacked on the 

grounds of conclusive experimental evidence that showed 

observations to be theory-laden and marred by the 

Observer's personal experiences. New views of concepts 

11 
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CHAPTER 2 

take note of the fact that they may be subjective and 

contaminated by personal experience (Gilbert & Watts, 

1983) • 

Gilbert and Watts {1983) distinguished three 

distinct views of "concept" which they termed 

classical, actional and relational. The classical view 

holds that all concepts share common features and these 

feature.s alone are sufficient and necessary to define 

the concept. The 11actional 11 view of a concept supports 

the notion that conceptualizing is a kind of "doing". 

Learning is seen to be active, constructive and 

intentional. The learner actively constructs meaning 

by organizing and restructuring pre-existing 

information. The "relational" view is a composite 

notion containing features of both previous views. 

Specific instances are judged according to the degree 

of fit to a particular concept and the concept judged 

in terms of its relationship to other concepts. This 

notion stresses the importance of the relational 

organization of a concept within a network and the 

characterization of each concept by well-defined 

features. 

A careful consideration of the three views reveal 

that the distinctions between them are only 

superficial. Most researchers seem to subscribe to a 

view of concept that has characteristics of all three. 

For example, Novak (1988) defined concept as 11 a 

perceived regularity in events or objects designated by 

12 



CHAPTER 2 13 

a label" (p.82). White {1988) defined concept as "the 

collection of memory elements that are associated with 

a label and the pattern of their links 11 (p. 46). He 

stated that, 

since the concept is the set of related 
elements and these can be added to virtually 
without limit through new propositions and 
new episodes, it is really a zero-infinity 
rather than a zero-one situation. It is the 
elements that are possessed or not possessed; 
the concept is possessed to a greater or 
lesser degree. (p. 47) 

A similar definition of concept is given by Pines 

and Leith (1981). They defined a concept as "a locus 

of meaning - sort of summary of all the propositional 

relationships in which that concept participates" (p. 

15). They argued that human beings create concepts by 

slicing the world into objects and events that bear 

similarity. Concepts that are similar are then further 

categorized creating hierarchical conceptual 

structures. 

The following definition of concept by Hashweh is, 

perhaps, broad and general enough to appeal to a wider 

audience and contains the essence of all previous 

definitions: 

. • . concept is an abstraction, a 
representation of some portion of the world 
that is composed of elements, each of which 
may itself be another schema, and relations 
between these elements. (Hashweh, 198&, 
p. 231) 

In this view the notion of a misconception is 

attributed to a flaw in the schema. For example, the 
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concept of "density" is delineated in terms of critical 

properties or attributes th'at define it. A missing or 

irrelevant attribute would represent a misconception. 

Preconceptions. 
Misconceptions and Alternative Conceptions 

Confusion about terminology is not restricted to 

the term concepts alone. A generally acceptable term 

to describe existing concepts that differ from the 

accepted scientific knowledge has been a matter of 

contention for many years. "Wha ... _ the student knows 

prior to instruction'' has been described as 

preconceptions by Pines and Leith (1981, p. 18). 

Preconceptions is a neutral term, similar to existing 

conceptions, and prior schemata, which do not connote 

wrong knowledge. Those preconceptions that are 

different from the consensus scientific conceptions 

have been variously called erroneous concepts, 

misunderstandings, erroneous ideas, mistakes and more 

generally misconceptions (Abimbola, 1988). However, 

several researchers (Pines & Leith, 1981; White, 1988) 

contended that student misconceptions are well-

established, empirically verified and meaningful to the 

learners, hence misconceptions is an inappropriate 

term. Student misconceptions are not attributed to 

cognitive deficiency, carelessness or poor teaching 

but rather they are viewed as natural and inevitable in 

the learning process. Further, in many cases the 

concepts are complex and contain multiple links to 

14 
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CHAPTER 2 

other concepts within the cognitive structure. 

Therefore, Pines and Leith {1981) suggested the term 

alternative frameworks to describe those preconceptions 

that are discordant with the consensus scientific 

conceptions. 

Rowell, Dawson and Lyndon (1990) referred to 

misconceptions as errors in constructive 

generalizations. "By misconceptions, then, we shall 

mean both explanatory (i.e., theoretical) knowledge 

judged by 'experts' in the field to be limited, but on 

the right track and that judged to be wrong" (p. 167). 

However, Abimbola (1988), after considering the 

epistemological roots of various terms that have been 

used to describe student misconceptions, concluded that 

"alternative frameworks" was an inappropriate term to 

describe preconceptions different from scientific 

conceptions. According to him, 

alternative frameworks are just the 
undergirders that anchor ideas ••• 'frameworks' 
refer more to the organization of ideas 
rather than the ideas themselves. 
'Frameworks' then are not what are revealed 
to us in research about students' existing 
conceptions; they are what we infer ... 
(Abimbola, 1988, p. 181) 

He suggested "alternative conceptions" which he 

argued is more appropriate, applicable and inclusive. 

Despite the fact that the suggestion makes good sense, 

researchers have continued to use the term 

"misconceptions". In keeping with the tradition, in 
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this revieW misconceptions will be used throughout 

and should -be taken as synonymous with "alternative 

conceptions 11 • 

Origin and Persistence of Misconceptions 

Origin of misconceptions 

Several studies have shown that student 

misconceptions about scientific topics are 

extraordinarily similar (Eaton, Anderson & Smith, 1984; 

Stead & Osborne, 1980;). In a comparative study, 

Fetherstonhaugh, Happs and Treagust (1987) found that 

student misconceptions about light are almost identical 

across age groups and national boundaries. In another 

study, Shipstone et a!. (1988) gave the same test about 

basic electrical concepts to 15 - 17 year-old students 

in England, 

West Germany, 

France, 

and found 

Netherlands, 

that the 

sweden and 

between-country 

differences of misconceptions were quite small. 

The uniformity of the misconceptions suggests that 

well-defined causes must be responsible for their 

formation. Gilbert, Osborne and Fensham {1982) 

suggested four underlying reasons for the origin of 

misconceptions. First, many young children do not 

interpret natural phenomena in impersonal objective 

ways. Their anthropocentric views are coloured by 

common beliefs. Second, for a number of children, what 

is not observable does not exist. Third, children tend 

16 
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to en_dow objects with human qualities. Many children 

dO. not take statements such as 11 the electric current 

chooses the path of least resistance" as merely 

metaphoric. Finally, children think of abstract ideas 

such as momentum and velocity as physical entities. 

These views lead to a perspective which is quite 

different from the scientists' and a corresponding 

variation in the interpretation of reality. 

Similarly, Rowell et al. (1990) argued that the 

construction of misconceptions starts with the 

recognition of a knowledge gap of some kind. Depending 

on what is already known and on experience, the learner 

evaluates gap-filling possibilities from which a 

selection is made and often subsequently modified. The 

resulting misconception or knowledge is the best the 

individual can synthesize and would form the basis for 

generating future constructions. 

Many events of every day life do not betray the 

underlying scientific principles for their 

manifestation. For example, many students have the 

misconception that to keep a body in motion a force 

must always act on the body. Hewson (1981) argued that 

this Aristotelian view of motion is the natural 

experience of most students who have ridden bicycles. 

They know that to keep on riding faster one needs to 

keep on pedalling harder. The moment pedalling is 

stopped, the bicycle will decelerate. Observation of 

·almost all moving object on Earth would verify their 

17 
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misconception. Thus, by the time they go to school, 

mo'st ~tudents are firm believers in Aristotelian 

mechanics. 

Misconceptions are also derived from everyday use 

of language. Eaton et al. (1984) found that a common 

misconception among students is that colour is a 

property of an object not light. They argued that 

common statements such as "the book is red" rather than 

"the book is reflecting red light" imply colour to be a 

characteristic of the object and may lead to the 

formation of the misconception. Veiga, Pereira and 

Maskill (1989) also found that misconceptions were 

embedded in the linguistic metaphors and analogies used 

by teachers in discussions with students. They argued 

that misconceptions stand little chance of being 

eradicated since the knowledge they must use in order 

to communicate contains an implicit and serious barrier 

to understanding. 

Misconceptions can 

transfer of existing 

arise from 

knowledge to 

the incorrect 

explain new 

phenomena. Learners could try to to accommodate to new 

information by incorrectly synthesizing existing 

fragmented and inconsistent pieces of knowledge. 

Mohapatra (1988) found experimental evidence for 

induced incorrect generalization to be a generative 

cause of misconceptions. For example, Eylon and Linn 

(1988) suggested that since mass is generally important 

in determining motion students expect mass to be 



CHAPTER 2 

important in determining the rate of oscillation of 

pendulums. Other possible sources of misconceptions 

would include teachers and textbooks. Teachers could 

reinforce or create certain misconceptions by failing 

to discuss the concepts correctly. In one study, Eaton 

et al. (1984) found that the textbook students used did 

not explicitly mention that opaque objects are seen 

because of the light rays they reflect. This omission 

subtly reinforced the common misconception that bodies 

are seen because light "brightens" them. 

In summary, misconceptions can be formed from 

physical experiences, social experiences and invalid 

transfer of knowledge to new situations. 

The Persistence of Misconceptions 

Psychologists and educators differentiate between 

two types of knowledge, procedural and declarative. 

Hashweh (1986) suggested that misconceptions are 

similar to procedural knowledge, a feature which 

accounts for their persistence. Almost all researchers 

agree that misconceptions arise from the learner's 

interaction with the world. Through experience and 

repetition a stage will be reached when their use 

becomes unconscious and automatic. once this stage is 

reached, the knowledge may be termed as procedurally 

encoded. Procedural knowledge, like certain habits, is 

difficult to change and is automatically invoked when 

certain conditions are satisfied. 

19 
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Hashweh (1986) identified several classroom 

factors which abet the persistence of misconceptions. 

First, many teachers are unaware of student 

misconceptions. Second, evaluation methods do not 

reveal misconceptions. Finally, misconceptions are not 

addressed by the teachers even when revealed by 

students' answers. 

Other factors which contribute to the persistence 

of misconceptions include cultural beliefs and the 

tenacity of common-sense epistemology. Explicit 

cultural beliefs are often in conflict with scientific 

explanations of many phenomena. For example, religious 

views regarding the creation of humans conflicts with 

the scientific explanation of evolution. Many cultures 

still nurture common-sense epistemology because it is 

adequate for explaining many every day experiences. 

Because misconceptions are persistent and have 

been used again and again to interpret real world 

events, careful sequencing and explanation of new 

information are often not sufficient to lead to the 

acquisition of correct conceptions. Existing 

misconceptions must be directly addressed with 

innovative instructional strategies. 

Misconceptions about Chemical Equilibrium 

The topic of chemical equilibrium has long been 

'r~cogniied as presenting conceptual difficulties to I 
I 
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students. Finley et al., (1982) found that many 

teachers consider chemical equilibrium to be the most 

difficult topic in school chemistry. This is evidenced 

by the number of studies undertaken to comprehend 

learning difficulties and misconceptions about the 

topic (Driscoll, 1960; Gorodetsky & Gussarsky, 1986; 

Hackling & Garnett, 1985; Johnstone, MacDonald & Webb, 

1977; Wheeler & Kass, 1978). 

As far back as 1960, learning difficulties about 

chemical equilibrium have been reported in the 

literature. Driscoll (1960) noted that, in particular, 

Le Chatelier's Principle is misunderstood by many 

students and consistently led to incorrect predictions. 

He suggested several causes for the mistakened 

conceptions. These are briefly discussed below. 

(1) Statements of Le Chatelier's Principle in many 

textbooks are meaningless, 

Driscoll contended that a 

ambiguous and incorrect. 

suitable statement should 

differentiate between intensive properties 

(temperature, pressure, concentration) and extensive 

properties (enthalpy, volume and mole number). 

(2} students do not fully appreciate the factors 

affectng the position of equilibrium. For example, 

consider a flask containing a gaseous equilibrium 

mixture of A + B = c. Many students wrongly assume 

that if an inert gas such as neon is now introduced 

into the system at constant volume the forward reaction 

21 
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wOuld proceed to a greater extent. Driscoll argued 

that- ni.'ahy textbooks, by failing to mention that Le 

Chatelier's Principle is applicable only to systems 

where the chemical equilibrium is upset, tend to 

encourage students to apply the Principle to 

inappropriate systems. 

(3) Confusion regarding the extent and rate of 

reactions. Many students are not aware that Le 

Chatelier' s Principle cannot be used to predict 

anything about the rate of the reaction. 

( 4) Application of the Principle to systems not in 

thermodynamic equilibrium. The point needs to be 

stressed that Le Chatelier's Principle is applicable to 

changes in an equilibrium condition of a system already 

in equilibrium. 

(5) In systems where several equilibria are involved, 

students tend to ignore the effect of a particular 

change on all equilibria. Many textbooks do not 

contain examples of the application of the Principle 

when several equilibria are involved. 

Driscoll hinted that an unambiguous and correct 

statement of Le Chatelier's Principle could be helpful 

to students when making more difficult predictions. It 

is important to note that Driscoll did not report on 

how the above observations were made. 

Johnstone et al. ( 1977) investigated the nature 

and origin of conceptual difficulties experienced by 

' 

I 
I 
' 
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students. Misconceptions were diagnosed using a 

multiple choice test. The investigation revealed 

misconceptions previously not reported in the 

literature. In particular, it was found that 80% of 

the students in the sample tended to visualize 

equilibrium systems as consisting of two independent 

and separate compartments rather than one whole. 

Almost all the students were found to have the 

misconception that 

heating a system 

that increased pressure due 

at constant volume alters 

to 

the 

composition of a mixture in a manner which results in a 

reduction in pressure. The students were also found to 

have a variety of misconceptions relating to the action 

and effect of catalysts on reaction rates and 

concentrations. 

Based on the work of Driscoll (1960), Wheeler and 

Kass (1978) conjectured the prevalence of certain 

misconceptions in the topic of chemical equilibrium. 

Using a misconception identification test, their 

findings were, (a) the inability to distinguish 

between the concepts of mass and concentration, and 

between extent and rate, (b) uncertainty as to when the 

equilibrium constant is in fact a constant, (c) misuse 

of Le Chatelier's Principle, (d) inability to 

appreciate that certain substances display a fixed or 

constant concentration in certain chemical reactions, 

and (e) inability to consider all possible factors 

23 
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affecting the eq-uilibrium condition of a chemical 

sy!:;tem. 

One of the most comprehensive descriptive studies 

of chemical equilibrium was carried out by Hackling and 

Garnett (1985). They found that students generally had 

a poor understanding of the quantitative aspects of 

significant chemical equilibrium. The most 

misconceptions revealed by the study were: 

1. the rate of the forward reaction increases 

with time from the mixing of the reactants until 

equilibrium is established; 

2. a simple arithmetic 

between the concentrations 

products at equilibrium; and 

relationship exists 

of reactants and 

3. when a system is at equilibrium and a change 

is made in the conditions, the rate of the 

favoured reaction increases but the rate of the 

other reaction decreases. 

A total of fourteen misconceptions were 

identified. A complete list of the misconceptions is 

shown in Table 1. 

Gorodetsky and Gussarsky (1986) used different 

evaluative methods to identify problematic aspects of 

understanding chemical equilibrium. Their studies 

confirmed the existence of misconceptions in eight 

areas of the topic. Most of tnese misconceptions had 

previously been reported by Driscoll (1960) and 

Johnstone et al. (1977). 

24 
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TABLE 1 

.MoSt Common Misconceptions of Chemical Equilibrium 
(Hackling and Garnett, 1985) 

Approach to Equilibrium 
1. Forw"a.rd reaction rate increases as the 

reaction gets going. 
2. Reverse reaction rate is the same as the 

forward rate. 

Characteristics of Chemical Equilibrium 
1. There is a simple arithmetical relationship 

between the concentrations of reactants and 
products. 

Changing Equilibrium Conditions 
Effect on concentrations 

1. After the [NO]a is instantaneously 
increased the [NO] remains the same. 

Initial 
1. 

2. 

3 • 

effects on rates of reactions 
When the (NO] is increased the rate 
of the reverse reaction is decreased. 
When the temperature is increased the 
rate of forward reaction is decreased. 
When the volume is decreased the rate 
of the reverse reaction is decreased. 

Rates of 
1. 

reactions when equilibrium is re-established 
When equilibrium is re-established the 
rates of the forward and reverse 
reactions will be equal to those at 
the initial equilibrium. 

Effect on equilibrium constant 
1. When NO is added and equilibrium is re­

established the equilibrium constant is 
greater than under the initial conditions. 

2. When the volume is decreased and equilibrium 
is re-established the equilibrium constant is 
greater than under the initial conditions. 

3. When the temperature is increased and 
equilibrium is re-established the equilibrium 
constant is the same as under the initial 
conditions. 

Effect of a catalyst 
1. A catalyst can affect the rates of the forward 

and reverse reactions differently. 

Note. The study was 
nitric oxide (NO) and 
chloride (NOCl). 
. . a [NO] refers to 

oxide. 

based on 
chlorine 

reaction 
forming 

between 
nitrosyl 

the concentration of nitric 
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Maskill and cachapuz (1989) used word association 

tests (WATs) with 15-year old students studying 

chemical equilibrium to externalize the developing 

ideas of students while they were learning the topic. 

The study revealed that certain interfering 

misconceptions could block learning. They include 

notions of chemical equilibrium as static, equilibrium 

when everything is equal, and the idea of reversibility 

as a physical reversing of movement. A commonly-held 

misconception about chemical equilibrium is that the 

speed of a reaction is the factor which governs the 

position of equilibrium (Cachapuz & Maskill, 1989} . 

Camacho and Good (1989} conducted a study about 

chemical equilibrium to describe the problem-solving 

behaviours of experts and novices using think-aloud 

protocols. This study confirmed the prevalence of 

some misconceptions previously identified by earlier 

studies. The study also revealed that many students do 

not understand the fact that, in terms of energy 

content, all reactions are either endothermic or 

exothermic. The nature of equilibrium constant and the 

factors affecting it are also generally misunderstood. 

A number of suggestions have been made to deal 

with the misconceptions. Wheeler and Kass (1978) 

proposed emphasizing the limitations of Le Cha~elier~s 

Principle in teaching. Other researchers have 

.sUgg(i!sted using analogies arid graphicci..l representations 

~--~---·-·-------
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(Thiele, 1990). Some have argued for the complete 

abando.riment of the L·e Chatelier's Principl~ (JohnstOne 

et al., 1977). It is believed that static equilibrium 

so emphasized in physics may be responsible for some of 

the misconceptions in chemical equilibrium. Teachers 

need to be aware of misinterpretations of the concepts 

and tacit assumptions made by students. Because of its 

inherent abstract nature, chemical equilibrium will 

remain a difficult topic for students unless better 

ways of teaching are sought. 

The Constructivist Perspective in Science Learning 

Magoon (in Driver, 1986) described constructivism 

as "a perspective about human beings as purposive, 

active, adaptive, knowing, self-aware, social organisms 

which encompasses this range of concerns" (p. 1) . The 

constructivist perspective has its roots in the 

interpretive tradition in the social sciences which 

stressed the importance of personal experience in 

understanding actions. ' . 
Traditionally, some researchers have assumed that 

students come to school with a "blank minds" or tabula 

rasa and that they can be filled easily with teachers' 

science. Others assumed that whatever conceptions 

children bring to school are of no consequence to their 

learning. These views had dominated the Western 

education system for the greater part of this century. 

\-
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One of the first to suggest the importance of 

·per·s·i:ma"l experience in constructing new knowledge was 

Piaget. Although his name has been associated with the 

dev'elopment.al perspective, many researchers maintained 

that he was a constructivist (Osborne & Wittrock, 

1983). 

As far back as 1969, the importance of personal 

experience has been alluded to by Kelly (in Pope & 

Gilbert, 1983). Kelly proposed that people develop 

models of the world which represent it as they see it. 

These models are composed of interrelated hypotheses 

called personal constructs. These personal constructs 

are used by each person to describe present experience, 

predict future and assess past experiences. Kelly 

emphasized the uniqueness of each person's construct 

system which continually changes in order to make 

meaning of personal experiences. Kelly believed that 

successful communication depends not so much on the 

commonality of construct systems but on the extent one 

person can construe the construct system of the other. 

The implication of this idea for school learning is 

obvious, the teacher needs to develop an understanding 

of the existing frameworks of the students. 

According to Novak (1988) the first comprehensive 

effort to present a theory of learning that dealt with 

the role_ of meaning was David Ausubel' s ( 1963) 'The 

Psychology of Meaningful Verbal Learning' . In the 
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9pigraph to his 1968 book, 'Educational Psychology: A 

Co'g~ft:iy~ View', ~e stated, 

If I had to reduce all of educational 
psycholo-gy to just one principle, I would say 
this: The most important single factor 
influencing learning is ·~t.•hat the learner 
already knows. Ascertain this and teach him 
accordingly. 

Osborne and Wittrock (1983, 1985) identified three 

major findings identified after an extensive review 

of literature on science teaching and learning. 

( 1) Children have firmly held views about many 

science topics that are discordant with the 

consensus scientific views. These views are 

prevalent even before the formal learning of 

science. 

(2) Older children who have considerable exposure 

to science teaching continue to have views that 

are significantly different frnm scientists' 

views. Thus children's views are tenacious and 

resistant to teaching. 

(3) Traditional science teaching is ineffective in 

bringing about conceptual change. Osborne and 

Wittrock (1985) cited many instances where the 

proportion of children who held misconceptions 

increased from a lower age group to a higher age 

group. 

Driver (1986) identified a number of underlying 

assumPtions in the constructive perspective. According 
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to her, the kriowledge learners possess and their 

internal representations of the world have implications 

for their behaviours and interactions. She argued that 

students' alternative conceptions about natural 

phenomena are examples of mental representations. 

Driver (1986) delineated the process by which knowledge 

is constructed as a "process whereby schemes are 

brought into play (either tacitly or explicitly), their 

f~t with new stimuli is assessed and, as a result the 

schemes may be modified" (p. 5). She noted that to 

know something does not involve correspondence between 

our conceptual schemes and what they represent in the 

real world, but the construction of coherent and useful 

schemes. According to this view science as knowledge 

is rigorously tested constructions through which we try 

to interpret and understand our experiences. 

Osborne and Wittrock (1983) proposed a new model 

of learning consistent with the research findings. 

They called this model the Generative Learning Model. 

According to them, the model is central to the 

constructive perspective. This model stresses the all-

important role of the learner in processing 

information. 

The essence of the Generative Learning Model (GLM) 

is that people tend to generate perceptions and 

meanings that are consistent with what they already 

know. According to Osborne and Wittrock (1983) the 

-~s_en~o~y information received from the eQvironment 
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int_eracts with the stored memories and processing 

strategies .to actively construct meanings. The authors 

maintained that generation is a fundamental cognitive 

process in comprehension and differentiated it from 

semantic processing and "fitting information into slots 

or schemata". In their words: 

The generative learning model is concerned 
with the influ~1!nce of existing ideas on what 
sensory input is selected and given 
attention, the links that are generated 
between the stimuli and aspects of memory 
store, the construction of meanings from 
sensory input and information retrieved from 
long-term memory, and finally the evaluation 
and possible subsumption of constructed 
meanings. (Osborne & Wittrock, 1985, p. 64) 

Although the model can be used to successfully 

explain many observed phenomena such as the persistence 

of misconceptions, the authors (Osborne & Wit track, 

1985) accepted that the model of human learning is an 

oversimplification :Like any other model. 

Conceptual Change 

Because misconceptions are highly resistant to 

change, they are likely to persist into adulthood 

unless successful intervention strategies occur. In 

one study Novak ( 1988) followed a group of children 

from grade one through grade twelve and found that 

certain misconceptions persisted over ten years of 

schooling. 

Such studies of persistence of misconceptions have 

drawn the attention of researchers to the process of 
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hoW one set- of concepts change to another set, 

inCompatible with the first. There are several 

-possible lt/ays in which new knowledge· can interact with 

the old (Hewson, 1981; Pope & Gilbert, 1983). The most 

important two ways are briefly outlined below. 

(1) The new knowledge is "compatible" with the old. 

In this case, learning would proceed without 

difficulty. The new knowledge is intelligible, 

learner. It is fruitful and plausible to the 

readily integrated into the existing conceptions 

which become reinforced as a result. This type of 

learning has been called assimilation by Posner et 

al. ( 1982} and conceptual capture by Hewson (in 

Hewson & Thorley (1989). 

(2} The new conception is "incompatible" with the 

existing relevant conceptions. 

In this case the new conception is not 

plausible to the learner. The acceptance and 

integration of the new conception is then impeded 

by existing relevant conceptions. These old 

conceptions are often wrong and have to be 

restructured or revised. They form the basis of 

misconceptions which block learning. For learning 

to take place, the misconceptions have to be 

repudiated. It is only then that the new 

knowledge can be meaningfully integrated into the 

cognitive framework. This second type of 
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conceptual change which involves a re-organization 

of the conceptual framework, has been labelled 

accommodation by Posner et al. ( 1982) and 

conceptual exchange by Hewson (in Hewson & 

Thorley (1989)). 

The goal of much research in recent years has been 

to uncover the factors which can facilitate the last 

type of conceptual change. However, in spite of 

vigorous research activities, a widely acceptable 

explanation for conceptual stability and change has 

been rather elusive. 

Posner et al. (1982) proposed a model of 

conceptual change. This model comprises two major 

components, the conditions that need to be satisfied in 

order for a person to experience conceptual change and 

the person's conceptual ecology that provides the 

context in which the conceptual change occurs and has 

meaning. Both phases are believed to occur against the 

background of learner's current concepts called 

conceptual ecology. The selection of a new concept for 

subsurnption depends on the features of the conceptual 

ecology, such as anomalies (i.e. the characteristic 

weaknesses of existing concepts to explain new 

phenomena) and the learner's epistemological 

commitments (beliefs about the nature of knowledge). 

Anomalies provide the sort of cognitive conflict or 

dissonance that prepares the students' conceptual 

ecology for accommodation. 
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According :to Posner et al. (1982) four important 

conditions must be fulfille-d before -ac·coril~ociation could 

occur. 

( 1) There must be dissatisfaction with existing 

conception as a result of an accumulated store o'f 

unsolved puzzles and anomalies. 

(2) A new conception must be intelligible to the 

student. 

(3} A new conception must appear initially 

plausible, that is, it must be able to solve 

problems and be consistent with existing 

knowledge. 

(4) A new conception should lead to new insights 

and discoveries, that is, it should be fruitful. 

Accommodation which is a radical reorganization of 

a student's conceptual system cannot occur abruptly. 

The aUthors acceded to the view that accommodation is a 

slow process because concepts and misconceptions have 

been slowly constructed through experience. 

Hasweh (1986) disagreed with those researchers who 

suggested that conceptual change is mainly facilitated 

through conceptual conflict, discussion and dialec~ical 

processes. He proposed a model of conceptual change 

which stressed the conflict between misconception a·nd 

SC?ientific conception (which he called preconception 

and ·:Ppstconception, respecti vel~.> within .th~ cogn_i ~i: ~e 
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structure itself. Most res_earchers have emphasized the 

conflict between the misconception and a new .phenomenon 

.and igrlored the internal conflict between the new and 

old conceptions. In many cases misconceptions are 

special cases of scientific conceptions. This fact, 

though seldom recognized, is crucial in fostering 

conceptual change. Misconceptions are derived from 

scientific conceptions if generalities are ignored as 

when they arise from limited experience of the learner. 

As an example, Hashweh quoted the relativistic 

equations of motion which can be reduced to Newtonian 

equations at low speeds. According to him, it is the 

provision of synthesizing information that shows the 

relationship between the two sets of equations which is 

important in inducing conceptual change. Hashweh 

echoed the concern of other researchers to provide 

students with opportunities to reinterpret past 

experiences after the scientific conception is 

accepted, for example, in discussion and debate. 

Hewson and Hewson (1988) suggested that conceptual 

conflict leads to change only if the plausibility of 

the existing conceptions is decreased and the 

plausibility of the new conception is increased. Even 

then students may revert to the old conception. Happs 

(-1985) noted ·'that some conceptual change is transitory 

and regression to misconceptions is common over an 

extended time. Students tend to compartmentalize 

t~eir- -knowledge and form multiple conceptions for the 

,-, 
' 



' I 
) 

I 
j 

l 
l 
l 

I 

CHAPTER 2 36 

.·sa.mc:: phE:momenon. o~viously, .conceptual conflict is not 

-~uffici~nt to achieve change. 

Eylon and Linn (1988) reviewed literature on 

-co"nCeptual change and concluded that while conceptual 

conflict creates opportunity for conceptual change, it 

may not always lead to change. They suggested that 

conceptual change can be induced if teaching encourages 

coherent understanding while counteracting 

misconceptions. 

conceptual Change Instruction 

There is remarkable similarity among the 

pedagogical implications suggested for conceptual 

change by different researchers (Driver, 1986; Hewson & 

Hewson, 1988; Nussbaum & Novak, 1982; Osborne & 

Wittrock, 1985; Van Hise, 1988). The following list, 

based on Van Hise (1988) is representative. 

1. Provide opportunities to make student ideas 

explicit and give students opportunities to test those 

ideas. 

2. Confront students with situations where their 

misconceptions cannot be used as explanation, and let 

them become aware of the conflict. 

3 • Help students accommodate the new conception by 

providing opportunities to test them and experience 

~h~il:-.. -fr:ui tfuiries~. 
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