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-Ab§tr;c\t. s .
v " The{need to be avare’ of children’s existing ideas is
< A . exp:assed. ~by~‘hu!ubel (lsa'a. p. iv) in his well known
¥ ’ adeqe- "The most~ impartam: single factor influencing
Learnxng is whan the learner already knows; ascertain this
and teach him accordingly". . Many _of the ‘views and
conceptions held by learners differ from those commonly,

accepted by, scientists. These views .are often designated

“as msconcepuons or alternative conceptipns. - {(ﬂa in -
R . C ‘~recen':.. yeax‘s there has 'been a growing im-.e est in iy
e -'-’iaencrfyuag misconceptions, -the bulk of the studies

".i . regorte are relatea to physics, leaving many topics in

chg lstry lanqely ignored. 1In the present study, two duchw?,

5. ccncepts from the hrea of chemistry, namely mole_culas and
o ’ atoms,” vere ‘1nvest‘.iqated.
Three groups of ten stua'ents from grade 12 (16 - 17

. year olds) cons:i:ul:ad the total sample of 30 students.

w % Subjects were qrouped as Acadaluc-scitncq, Acadunic-Non-
DA Sciénce, and’ Non-Academic Non-Science according to their
participation in science and their overall average. A

semi-structured interview guide was developed and used to

élicit subjects’ conceptions relating, t¢' yfie fundamental
'cﬁaiacgetiscicn of molecules and atoms. ~Questions were
. asked relating to the structure, composition, size, shape:
weight,"p_;nding, and énergy of molecules using a water
. molecule as the example. A second group of questions -
. : » focussed on the strl;cture, shape, size, weight, and

Ny ) :
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v animism of ntons.’ .In .euch case, ﬁul;jacts' misconceptions

were .identified and then exadined to see how the

misconceptions differed among the three groups.

- . . ; 7~

.All interviews were tape-r and - ibed.
The 1ntewiguaéa served as the starting point for the
establishment of conceptual inventoris for individuals,
the construction of tables sumar;zinq the ' common
miscon&:eptions, an:i_;lescriptive summaries’ of .the findings
for each content area.

The data squast that students hold a.wide ~ranqa ot
misconceptions ralntinq tu the fundamental charactarlstics

of "molecules and’ atoma, apd' ' that many ot tha

"misconceptions identified parallel historical ideas of

. :science. Other outcomas of the study :lncluda the

observation .that many of.the misconceptions are ‘common’ to’

all three groups, that. the from the Ac c

Schence- group . exhibited the broadest- range . of °

misconceptions, but on average exhibited a lesser number

* of misconceptions. Overall, the Acadelic Science students

had a better d ing of the Lhwo].ved than

did the Academic Non-Science and Non-Aca@nic Non-Science
L 4
students. 3 <

* Misconceptions were  identified for each of the sub-

types relating to- molecules and atoms. -Specific

miscéncept«ionn ru]\.nﬁ}ng to molecules included: Water *

molecules contain components other than oxygen and

‘hydrogen; water nel.ct;las are large enough to be seen .wlth

iii
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‘the naked ‘eye; water moleculss have -différent sizes and
V26 ~ .

shapes; water molecules are large eénough to be physically

_r:eighed; and that temperature is the_factor which affects

atoms’ ipcluded the belief that_:' atoms are solid spheres

o
with all of their components inside, that all atoms weigh’

} ./the same, and that tHey are alive. -
ol 4
. w
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. "
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molecular shape. Specific misconceptions relating ‘to
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THE PROBLEM 8
L Intrpduction to the Problem
Y . .
gf‘,', Researchers and educators writing from a variety of

. . . i

L
o CHAPTER I S

}l theoretical perspectives have suggested that the most

lmportant‘ things that students bring to their classes are
<

their concepts. This includes writers from the ccqnitive\

perspective (Ausubel, Novak, & Hanesian, 1978), the
developmental perspective (Piaget, 1964; Shayer & Adey,
1981), the behavioral perspective (Gagne, 19’70), the
éonstructivis\: perspective (Kelly,‘ 1955; Driver, 1982;
Osborne & Wittrock, 19.83), and others.

° Hanée, knowledge ‘nf 1‘earners' conceptions and
misconcepgiqns is ‘'of p‘articular interest and may be‘ of
particular importance» to educator.s. In recent yearé, t;he
sciex;cé sdl;caticn literature has been replete with r‘eparts
of studies relating to the, identification, exploratign,

and amelioration of students’ difficulties in

ing science pts. Such difficulties have.

been characéering in various ways, for example, as
- miscan_cé‘p\iicxx‘s . (Fisher, 1983), alternative frameworks
(Driver & Easley, 1978), intui‘cive beliefs (McCloskey,
.1983), vpraconcepﬁtions (An’darson & Smith,- 1983),
spontaneoug reasoning (Vignnoc, 1979), chl?dren's science

."(osborne, Bell, & Gilbert, - 1983), and naive beliefs




(Caramazza, McCloskey, & Gréfn, 1981). In the presfsnt
« study the term miscon;:eption will be used and is defined,
as by Cho, Kahle, and Norland (1985) to include “any
conceptual idea whose meaning deviates from tha.ona
commonly accepted by' scientific consensus". ’
Misconceptions appear to arise in various ways. They
may arise prior to formal instruction as a result of the
variety of contacts students make with the physical and

social world (Strauss, 1981), or ,as a result of

lnteractiop with teachers (G! bersztajn, 1985).

However, they are often strongl tant to traditional
teaching (Driver & Easley, 1978) and form coherent, though
misl;aken, conceptual structures (Ellbert, Osbor;\e, &
Fensl;lam, 1982). '

The practicai_prcblem ‘facing science teachers and
educators is to t'\e].p .students to abandon inappropriate
alternative cor!ceptions.nf scientific phenoména, and to
get them to use scientifically‘ accepted conceptions in
interprqting. and understanding those phenomena.
Intervem':ion strategies must be developed which fcst’ar
conceptual change. There have been a number of reports of
studies in WRIch attempts ha‘re been made to promote
cenceptl;al .‘change 1‘n the classroom (Posne‘r & Gertzog,
1982; Nussbaum & i’lovick, 1981, 1982‘; Erickson, -1979;
priver & Oldham, 1986). The, t;achlng sequence proposed by
each. of these researchers"was meant ~ to achieve three
specific objectives: clarification of the pupils’




‘{\ ' i

existing views, modification of these views towards the
current scientific view, and finally consolidation of the
scientific view within the background experience *of the

pupils. The identification of the learner’s current ideas

or is e f 1 to 1 change.

The importance of ascertaining pupils’ misconceptions
as they relate to teaching is clear. Osborne and
Freyberg (1985), note "Unless ws.know what children think
and why they think- that way, we have little chance of
making any impact with our teaching no matter how
skillfully we proceed"' (p. 13), anq Aguirre and Erickson
. (1984), suggest that  "curriculum developers could
incorporate the results .of research findings int;; their
materi_als both by alerting teachers io the possible
p’resan;:e of students’ conceptions i;: ‘a given topic area
and by dav‘a‘lopinq instructional = strategies which
acknowledge the patentiai influence of such conceptions':.

Despite the advantages of being. aware of  students’
nisconceptioﬁs, the area- has usually- been ignored, or at

best inadequately’ considered, by classroom teachers

(Osborne & Freyberg, 1985)« are often of

their students’ part;cular mi ion (J g

Macdonald, & Webb, 1977; Hart, 1979; Simpson & Arnold,

1982). However, in recent years there has been a growing

interest in identifying these mi ions. As
and Freyberg (1985) show, t:hq bulk of reports on students’
particular misconceptions are related to physics. Many

-

\
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concgpts are yet to be investigated. The present study
focuses upon High School students’ updaz‘st»undi’nq of two

such  concepts, namely, the concepts of molecules and

atoms.

Ne: o; e s

Educators of chemistry w&_xfi generally agree that the
concepts of atom and molecule are fundamental in the .
learning of chenmistry. A qoZOd understanding of the
concept of the atom is\ essential to the learning of othHer,
ideas such as molecules, chemical bonding, chemical
reactions, ions, ané states of matter. 'rha‘ fundamental‘

importance of ur ing ‘the of ‘atoms. and

molecules is ‘reflected by its relative‘ly earl
introduction in the chemistry syllabus. . w‘

Various studies show that even after instruction
students) are "still confused about the multiplicity of
t?rms they hdve been exposed to, for example, particles,
atc;ms, molecules and nuclei--and their interrelationships"
(Osborne & Freyberg, 1985, p. 56). Anderson (1986, pw
553) suggests that_ "some tr_eaf. the at?mic world as an
ext;hpolation of the macroscopic one". Crds axjid Maurin
(1986), in a related study involving first-year university
students, repotte‘d -that.the constituents §t the at';om "were
either totally unkx‘u?w:p/or poorly parceive&" (p. ‘311)’.

While these studvles, and other related studies by
g v

4 ¢ :




schollum, 1982; Schollum & Happs, 1982; Osborne, Cosgrove,
& Schollum, 1982; and ‘Osborne and Cos’qrove, 1983, sugqes(t
that students do have difficulty with atoms and molecules
in a general way, none of the studies focused s@;f;cauy
on the concepys of molecules and atoms ‘and none of the
studies involved only High School subjects. Therefore a
stud); is needed, such as the present one, which focuses on

the fundamental characteristics of molecules and atoms

‘held by gradde 12 students from a variety of backgrounds in

science, and with a range of academic ability.
) As part of a pre-pilot study by the author, 10 high

N s
school students who were takify courses in chemisthywere

interyiewad'to probe their 3 ing ‘of ‘the

of atoms and molecules.  Several miscoriceptions were
identified: "Electrons have no mass, just a charge"; "All
the atoms-in molecules- are the same"; There isonly one

kind. Df'atm‘l\“: and "Protons have a mass .of one gram". The
subjects interviewed were generally of higher than average

ability. Given the nature and number of misconceptions

from this group, these findings supported the need for,
7 =~

further study.

From a broader, perspective, identifi'cation. of
misconceptions relating to atoms and * molecules might
contribute to the development of strategies ;;:ecced
toward conceptual change. This could ultimately -change
whﬁ,is,tauqht, and v‘the order in w_hich the- material is

presented.




The need for under: ing  omi ions
is a universal concern. In New Zealand che of “the major
aspects ‘of the Learning in Science Project (LISP, 1980)
was to understand children’s sclence. Several working
‘papers of that project reflect this focus (Stead - &
Osborne, 1980; Osborne & Gilbert, 1980; Stead, 1981). In
Great Britain, as part of the Britis‘h Science Teacher
Education Project (Jenkins & Whitfield, 1974), science
teachers were trained to pay attention to the nature of .
pupils’ misconceptions, and to detect possible
misconceptions. In Canada and the United States projects’
have been initiated' to design teaching strategies which
take into consideration children’s 'misconcep_tiens
(E)z'i’ckson,*lBBJ; Hewson & Hewson, ‘1983); The .present
study fits in with the current international interest tn
identifying and changihg students’ misconceptions. '

Concept learning rfpresents but one important outcome
of education. Hewe\ver, concept learnil\g.represants the
core of all learning. This is captu;éd, for example, by
Gagne (1977) who identifies five domains of learning,

5 |
namely the domaing of intellectual kills, verbal

knowledge, cognitive strategies, motor kills . and the

affective domain. According' to Gagne, |the domain of
intellectual skills is .most important| both for the
particular contént it em:ail's and /because it s
fundamental to learning 1;1 each other domain. The core of

the domain of intellectual %kills is/ the learning of




concepts. If, as has been above, X ’
existing conceptions and misconceptfions affect the
learning of new concepts then it is clearly important to

/
identify them prior to instruction of the new concepts.

e o d

The primary purpose of this‘study is to help meet the
abovVe need, and in particular to identify mié“conceptions
that grade 12 students have of molecules and atoms. A
secondary purpose is to compare the ty’p@;
misconceptions l‘1e1d by students: of different ability and
with different levels of interest in science. " The

ultimate goal is to provide teachers wich 1nfomation on

the ‘basis’ of which to improve the effecuveness of their -

instruction,

A

Definition of Terms

4
For clarification, the following glossary of terms

'frequentl\y used inrthis thesig is provided.

Acconmodation--a pirccéss which ‘involves changing the "

already axj;ting cognitive structure so as to integrate
new concepts. .
Assimilation--a process .whereby new material is

integrated into the ai\raady existincj cognitive st;-uctgre.
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Atom--the smallest unit of an element which can enter
wel into chemical change. Atoms aIa comprised of particles of
matter called protons, neutrons, and electrons.
¢ Conceptual framework--sets of expectations and
beliefs about a range of natural phenomena. 'r-‘rameworks
1 are constructed as a result of numerous encounters with
the environment.
. Conceptual inventory--an organized catalog including .
;ummarized expressions-of beliefs or explanations that or:e

has, related to a particular topic. '
i \

. 2 Mi ion--a ¢ p 1 idea whose meaning

deviates from the one commonly acceptéd by scientiéic
consensus. . ’ a .

i Holecuie--a groug’ of aEdms joined together by K
chemical bpnds to form ;:he smallest reéognizable particle T

of a compound or an element in a free state. \

Two quest‘ions were considered:

1.s ,zWhich ;oncepts relating to molecules and atoms
are misunderstood and therefore ' limit studen:s'
understandihg of the topics? E

2. How do .misconceptions differ among students who
have different levels of paﬁbicipation in sciénce, and
have different academic abilities?

r s
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Delimitations of the Study

Restriction of the sample to only grade 12 students
is an impo_rtant delimitation. Students who fall outside
this age range or those who have had exceptional
experience with the topics may ruspond"differently.
Generalizations outside the -age group may not be vglid.
Restriction to students who have €¢;Il|e tiu—ough the same
curriculum elperiences, from K-12, is a delimitation.
Different results may be found elsewhere. P

An  underlying -assumption of this study is that
students’ misconceptions are relatively stable over time.

While studies support t;his notion‘ there is the possibility

of it “not being anéirely correct. If the life of a-

;nisconception is shgrt there is a éood chance that many
misconceptions will go_unidentinedl.r % longitudinal study
would provide more reliable results.

The interviews are very situation-specific, and to
make generalizations outside the c’onteSct in which the
interviewing was done might no’he valid. Conducting in-

depth, interviews with such a narrow focus as was done in

lthis' stydy further reduces the: generalizability to

scientific concepts in general. é s &

~f




Despite the variety of techniéues available, findih?
out what E:hilqren really believe is not an easy task’
(Osborne & Freyberg, ‘1985)‘ Semi-structured interviews v
conducted iqdiv‘i\dﬁally with subjects were the principal
data-gathering method. Although the interviewing method
is flexible for the purpose of identifying miscomceptions,
it nevertheless places a heavy respansibili{:y ::n the
interviewer. A major limitation in this study, whic’h is
inherent in the method, is ‘the possible lack of
consistency "' across ' the . interviews. variationl in the
inter_viewer's tone of voice, ex‘préssion, emphasis and
intonation among interviews is inevitable. These
differences could prompt a variety of responses which are
not ‘truly authentic or cbnsistent. In effect, the
flexibility which is a strength of interviewing as a
technique is also a limitation in the@ degree of control
which can be ext’ended over data collection.

One would expeét an interviewer to improve over\ time.
While this is obviously advantageous it can preseRt a
problem. There is a greater likelihooq that students
were interviewed initially.may hold misconceptions which
were not uncovered. Unfortunately, when an interview is
finished - there is not a second chance. However, the
interviewer was thoroughly trained and conducted a number
9{ pilot interviews so as to minimize this type of error.

Despite this, it' is recqgnized that while ccnsistency'




: e!tect:iveness of initmctmn, will be made.

between interviews was achieved by using one interviewer,
it is possible that other interviews in other settings

might obtain different results.

smnmm_dsum ’

The importance of identifying misconceptions,
especially those related to the atom and inolecule, has
bee‘n presented. Thus, the major focus of this
investigation -will 1nvolvaﬁ revealing misconceptions whichs
grade 12 students with a variety of bacqucunds'have
concernlnq the atom and mc).acule. :Er. is hoped tha_r. some

qenarglizaticnl, which will ultimately improve the

Various prncedures have been developed to investigace
students’ miscuncaptions. Some of the;se procedures are
presented in the next chapter along with .a description of
the conceptual changa theory of learninq, and a discussion
on the nature of misconceptions. The experimental design
is presented in Chapter 3, and the analysis of the results
in Chapter 4. The study is summarized in the ;.inal
chapter, chapte‘r 5, along with recommendations for further

research. o - .
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« CHAPTER 2 -

RELATED RESEARCH -

Introduction 7

Over the pist few years a growing number of studies

have focu iR students' mi ions relating to
science concepts. To date these studies have produced a
wealth of information and a review of éhe literature is
now pnss_ible. ‘The purpose of this chapter is to review
the existing literature as. it relates to the questions
addressed in the present study. The chapter focusses upon
techniques which have been applied and substantive
findings which have ensued,

Current learning theories, for example-, those
espoused b& Gagné (1970), Piaget (1.964‘), Ausubel (1968),

and Novak (1977), emphasize that learning takes place

within the context of previously acquired knpqy.].fdge, and
¥ \

provide both a theoretical basis and a need for

misconception-;elated i:e'search. Students' minds are no
longer considered to be blank slates where there are no
prior conceptions and where learning would be jusi a mere
accunulation of new facts. The prior knowledge which an‘
individual brings to a new situation determines how the

individual will respond and what he will learn (Shuell,

1987). Learning is not, therefore, just a matter -of
‘adding to one's store of concepts. It involves a
/




13

transformation of existing concepts in some way (Strike &
Posner, 1982). It is important, as a staffing point in
understanding fearning and developing effective teaching
strategies, to be able to identify the learner's existing

ideas.

Nature and Origins of Mi on:

A review of the research relating to students',

'miscnnceptions of science concepts reveals that these

misconceptions have many common features. Misco_nceptions
may have the following chéructeristics:‘ 't'hey are at
variance with conceptions held b'y experts in the field;
éhey tend to be par:lasive; some have historical precedence
in that some erroneous ideas put forth by students today
mirror ideas espoused by past leaders in the- field. They
may appear to be incoherent to others but may work quite
I;ell in restricted settings for the individual, thereby
removing the need for a coherent view at that time
(Dri‘;er, Gresne, & Tiberghien, 1985).

Gilbert am:l Watts (1983) report that misconceptions
in - the form of expectations, beliefs and meanings for
words cover a large range of science concepts. M‘any of
these misconcepti®ws are highly resistant to change and
are very stable in spite of atéemst made by the teacher
to challenge them (Fisher, 1985; Driver et al., 1985). \

Students may ignore or i it in
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terms of their own ideas. Despite the pervasiveness of
misconceptions, there is more evidence of consistency of
scientifically correct frandborks than of alternative
conceptualizations (Engel & Driver, 1982). )
The 11te?acuxe offers many explanations to account
for the origin of students' science-related
miscn?l:eptigns. Preece (1984) argpes that many intuitive
ideas about physical phenomena, wn}.ch often take the form
of misconceptions, are built into the hardware of the

bfain and are triggered by the right expsriencas‘.

Alternatively, Fisher (1985) that mi ions *

v may. arise as the result of instruction in school or other
settings. It is also believed that many. miscnncaptlan§

}nay develop .as a result of experiences with the

envi « It is gg! ed that ' thinking is
often perceptually dominated, and that they often have a
tendency to limit their técus to the most obvious features
of the bhysical situation they are observing .(Novick &
Nussba ) 1981). For e);ample, students tend to'focus on
systems Yhich appear to be changing rather than on steady-
state situations. Such limited perspectives may lead

students to'develop i ions to c t for their

experier{ces. The importance of sense experiences as they
relate to the origin of misconceptions has been sug:;esced
by a number of researchers (Claxton, 1982; di Sessa, 1981;
Strauss, 1981; and Viennot, 1979):“

1
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' Another influence which may lead to misconceptions is
the use of language and available metaphor in that
children tend /to interpret words which havg mean\ings in
evei‘yday language differently from the accepted scientific
understanding (Gilbert, Osborne, & Fensham, 1982;
Schaeffer, 1979; Sutton, 1982).° For example, the word
‘sunrise® denotes a CoRNONFSSRSE: MOARLRG® WHICHY Is
different from the scientific .meaning. Other
misconceptions result from the human-centered ‘or
anthropocentric view .of the world wyhich many young
children have (Gilbert, Osborne & Fensham, 1982). This
may result iin students endowing‘\o):;jects with che.
characteristics of humans and an;mals. Finally, textbooks

have been identified as sources .of misconteptions for

students (Cho,. Kahle, & Norland, 1985). W&
; %,

Related Studies
= g » |

The literature containﬁ"’:numerous reports of studies’
in which students' misconceptions are described. Studies
in ‘ph‘ysics include those rgl‘{&ed\tc/force (Minstrell,
1982; Gardner, 1986); light (Anderson & Karrquist, 1983):
energy -(Dvit, i983; Watts, 1983) ;- ‘and electricity
(Shipstone, 1984). Studies in biology include réference

té misconceptions relating to topics such as

ph Y s ( , '1983); circulatory systems

« -
(Arnaudin & Mintzes, 1985); ttanslut_:ion (Fisher, 1§95),-
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and food-webs (Griffiths & Grant, 1985). Reports relating
to the area of chemistry include: chemical reactions
(Anderson, 1986); chemical equilibrium (Hackling &
Garnett, 1986); the mole (Duncan & Johnstone, 1979); and
the particulate nature t;f matter (Novick & Nussbaum,
1981). Much of the research doesn't fit singularly into
the various traditional divisions of science but rather
lies sometimes between separate categories (Gilbert &
Watts, 1983). The multifaceted nature and variability of
mlsconceptmns are reflected in the plurality of studi
of which the abcve is a small selection. i /?

. Numerous studies which have investigated students'
conceptions of matt‘ar indicate that students harbor
misconceptions relating to matter in ‘general and hold

particular misconceptions relating to molecules and atoms.

Novi-ck and 2 (1978) that may have
a pr’imitiv‘e continuous outlook on the physical world, as
opposed to the accepted particulate model. This view is
supported by Doran (1972), who contends that ‘the

continuous viey is common among students. Sheppard and

Renner (1982) ated that have difficulty
understanding solids and liquids. First year university
students' perceptions srelating to the constituents of
matter, specifically the atom and ’tha .molecule, have been
explored-by Cros and Maurin (1986). Cros and Maurin found
that the more complex the system was, for example

‘molecules compared with atoms, the more vague the students

-
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were in terms of describing the constituents. The pres‘e\nt
author believes that similar findings may result from
exploring grade 12 students' ideas of atoms and molecules.

Despite the fact that few studies may be identified
which relate to the characteristics of atoms and

ch éexist exhibit some interesting

findings.  Dow, Auld, and Wilson (1978) investigated
Scottish 12 to 13 year old students' ideas relating to the
nature of matter. As part of that study, students were
asked to draw diagrams showing the,shape, arrangement and
spacing of atoms/molecules in a typical solid, liquid and
gus. About half of the drawings showed that particles in
the liquid and qaseous state were smaller than those in
the solid state. They oconcluded that a popular
misconcept‘ioh is that molecular diameter vdecre?lses
progressive]:y‘ from solid to liquid to a gas for a giver
substance. They ' also found f‘rnm the drawings that

students underestimate the mean separation of particles in

.a gas, and imate the corr ing distance in a

liquid. - Another study by Brook, Briggs, and Driver (198h)
showed that students have a tendency to transfer changes
in macroscopic properties to the microscopic level. For
exumple,. students suggested that particl_.e:s can melt, and,
they can become hot or cold. This line of thinking is
directly rétlected from an excerpt from a student in the
same study, 'As the temperature ‘rises the particles get
smaller, so the ice melts'. Anderson (1986) also reports
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that students often treat the atomic world as an
extrapolation of the macroscopic one. Ander’so‘n
illustrates this point by reference to students'.
suggestions that some molecules burn up when wood burns.
Another example of such extrapolation of the macroscopic
world to the atomic world is tha{: students may think that
the particles of a substance which is in the solid state
become 'sloppy' in the liquid form and 'cloud-like' in the
gaseous form (Anderson & Renstrém, 1983). 2 7 P

Ault, Novak, and Gowin (1935)‘ reported that many
students entertained doubt about the universalit’y of
molecules, In his 'study one pupil said that he didn't

know “...if cells were made of molecules". In the same

studY'it was showrn that students have problems’

conceptualizing ‘molecules. For example, one student
thought that molecules were 'parts of air' and aner;ﬁer
student equated molecules with. 'visible dust'. Clea‘rly,
students have difficulty understanding fundamental
concepts such as molecules and atoms. ’ '

N
The literature also reveals numerous reasons to

explain why students might have problems understanding th‘e
A v

characteristics and functions of atoms and molecules.
osbnr:-ne ‘and Cosgrove (1983) suggest that scientific models
of the atom as typically taught can appear to be astract,
and hardly, if at all, relatable to everyday experience.
Ault et al. (1985) describe Vthe concépt of molecule as

having 'nearly limitless comﬁlaxlty'. They suggest that
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while student‘s may be able to grasé the abstract meanings
of molecules, ?t some level, their c9nceptual {?ttetns may
be imaqinati\;e and unconvention;l. Finally, textbooks
‘typically used by students from junior high to high school
present two conflicting models of the atom which may lead
to confusion for many students. The most common model
presented at the junior high level is the Bohr model in
which the atom is depicted as having a nucleus which is
surr;:nnded by) shells. At the high school level students
may be presented with a quantum mechanical model. These
:onfl‘icting views may be a source  of students'
miscenceptiens relating to. atoms. ¢

Findings from related s‘t:zdies'have provided direction

for developing the types of questions contained in the

interview ‘quide_ of the present study. For example,-it has [

been shown that stidents often have different connotations
for mass, which include volume and ueight" (Driver et al.,
1985). The weight of a piece of matter may_also be
associated with the notion, of density. These findings
have identified a need for a“series of questions relating
to tﬁe weight of a molecule existing in different phases,
which the present study addresses. )

Another line of ,questions which was developed for the
intex‘-viaw guide in the present sgudy e'xplored_ students'

perceptions of the changes in molecules between different

phases. The$é questions originated from previous findings

where students suggested that the characteristics of

5
=y J

>

~
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individual molecules differ from one phase to agother (Dow
et a}., 1978) . Another study, more directly relatgd to
the present one, reported that the m°5t. dominant model of
the atom held by students was the Bohr model (Cros,
Maurin, Amouroux, & Chastretle, 1986). Tl’;e present study
invé&igated whether the Bohr model was cdémmon by asking
each subject to make a sketch of an atom.

Novick and Nussba;‘m (1981) reported that students
often have difficulty .explaining cooling in terms of
decreased particle motion. If students don't explain this

process in terms of molecular motion then perhaps “they

" account for it in tems’ of changes within the molecules.

These possibilities were explored in the présent study by
asking subjects”® q‘ues‘tions relé_tinq to factors affecting
the speed of molecules in different phases. Novick and
Nussbaum (1981) also f’oupd- that subjects may think that
the particle model only holds for gases ;nd that liquids
are continuous.matter. The po’ssihility that students na’ve
the same not_:ion for solids is:also exploged ‘in the present
study. Finally, in a study by Ault et al. (1985) it was
reported that s’tudents may view a molecule as the smallesi
piece of something which is directly observable. The
present study ;ddresses the need for . further study into

students' notions related to the size of molecules and
9

. atoms.




?everal techniques r;ave been used to probe
individuals' knowledge about a particular domain. These
techniques include: clinical interviews with individual
pupils (Lybeck, "1979; Erickson, 1977); word association
tésks (Shavelson, 1974; Pr’eece, 1976) :
concept/propositional mapping (Champagne, Klopfer, Desena
& Squires, 1981; Fensham, Gerrard & Waét, 1981);
1nterview-about-instance§ (osb‘orne & Gilbert, 1980);
naturalistic studies (Tiberghein, 1979; Driver, 1983); and’
observational methods (Karmiloff-Smith & Inhelder, 1976).

Individual interviéws have'izeen found' . to be an
.extkemely useful, though  laborious .method to; identify
students'. miscon‘cap_t,io_ns’ (Brumby, 1984). "Hcﬁever,
students' ‘ideas relating to a variety of topics have been
explored using this methodology. These include aspects of

“heat (Driver- & Russell, 1,952’,-- - Erickson, 1979); air
) pressure (Engel, 1982); -light (Guesne, 1978); and the

particulate theory of.matter tNovick & Nu;sbauin, 1981) .

All of the interviewé ¥ in the miscor ion
area of resaarch have one purpose in common. In' effect,
the interviewer detamines the "nature and extent of an
individual's knowledge about a particﬁlar domain by
identi!ying the relevant conceptions he or she holds and
the perceived relationships among these conceptions" to
probs a student's cognitive structure in .a &rowly

‘

”
- circumscribed area (Posnex' & Gertzog, 1982, p. 195).
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The rationale for using interviewing for evaluating
cognitive structure rests on (l:ho numerous potential )
'advam:aqes the method offers. "The method is highly
flexible, allowing a skillful researcher to probe the
areas of the knowledge domain of particular 1n:.erast and
to let the subject speak freely, while constantly checking
.his or her spontaneous remarks for those which will prove
genuinely revealing" (Fosner & Gertzfg, 1982, p. 197).
Interviewing also allows for clarification and elaboration
of questions if necessary' (Schuster, 1983). . Borg (1963)
cites ‘many ‘advantages of using the interview method, with
its principal advantage being its adaptability. The
questio‘ns can be altered to proha. the student's responses,
and the interview meth'od_ permits greater depth \;hnn other
methods typically used. 5 Another advantage -of t’ha
interview is that the interviewer will usually get “some
sort of response to every question asked (Osborne &
Freyberg, 1989). A skilled interviewer, through careful

motivation of the r and mai of rapport,

can obtain information that the subject probably would not
revéal " under any other circumstances (Borg, 1963)."
Interviewing has the advantage of being able to present a
mixture .ot closed q\_lestlons, which are generally simple to
answer, and open 'questions, which are generally more
pene/trating (os‘barne “& Freyberg, 1985). Finally, the

questions can be deliberately imprecise and ambiguous to
-
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give “students the opportunity to criticize the question,
thereby revealing their understanding of the situation.
The interview technique suffers from several
disadvanéaqes, most of which can be overcome. Hoz (1983)
describes several difficulties. First, there is the
pGSsil;i/lit;y of inconqruencé with previous experience.
This may happen if the interviews deal with’a qualitative
understanding of the framework, and the subject is used to
dealinq with the concept in a quantitative way. Second,
the conceptual framework may change during the interview.
Unfamiliarity may cause the gstablished framework to adapt

to the new setting. Thlrd, learning and transfer may

occur if the questions are arranged in’ ascending order of

complexity or difficulty. Fourth, the subject may respond

to the perceived expectations ‘of’ the . interviewer,

therefore resultingv in inaccurate responses. Finally, if

questions are too difficult the subjects may feel very
.

anxious.

one of the biggest disadvantaged of the interview
method .is that it places -a heavy responsibility on the
inter\iiev(ar. The interviewer must be very skilléd in the
art of asking questions apd also knowledgeable in the
cqntent’aren under discussion. In order to obtain an
optimum set c't situations a lot of time piloting interview

schedules is réquired. aAs Borg (1963) Ppoints out,

)cunsid_arabl.a training is often required before an.

individual can reliably cari‘y out the in’terviews.




However, despite some of the weaknesses inherent in
the interview method some general principles can be used
in the construction and execution of the interview to help
rule out some of the threats cauysed by the above factors.
Hoz (1983) suggests standardizing the interview by
carefully 'structuring its schedule. Osborne and Freyberg
(1985) suggest repeating unanticipated responses back to
the student. This allows the student and the interviewer
time to think about the answer, and also improves 'wait-
‘time', giving the student a §ec‘ond chance to think abouﬁ
his answer. Interviewees should be made as comfortable as
possible when the interview situation is explainad to them
(Anderson, 1954; Borg, 1963) Effective communicatiun can
also be established by telling the respondent that his
statements will be ‘held in the strictest cc}fidence and
will be ™ used for research purposes only. Also, the

intervigwer should ask stions which show a ;enuine

interest in the responses given by the students so that
they w:.ll continue to resporﬁ (Osborne & Freybarq, 1985) .
Finally,” Borg (1963) suggests that it is necessary to
develop a guide containing questions to be usa‘ksuring the
interview. The guide lists the desired sequence in which

the ques-ticns will be asked.

A semi-structured interview, which 1is what was

adopted in the present study, has the advantage of- being
objective while still giving the opportunity to furt§er
brobe the' interviewee's conceptions with other questions.




In such an interview the questions are posed in a mixture
of an open and closed format.  The semi-structured
interview has been used successfully to investigate
student conceptions and misconceptions of a variety of
concepts, for example acids and bases (Cros et .al., 1986) ;
gaseous states (Seré, 1986); and states of water (Osborne
& Cosgrove, 1983).

' The literature sug that the of tape-

recording interviews outweigh the advantages offered by
other methods to record the data. ! Borg (st) lists three

good reasons for recording interview data with an audio-

. machine. First, the method reduces. the tendency of the

. | e e
interviewer to make unconscious selection of data which i

favours his ’b’i\ases. Second, _it is poss{ble to 'i'e-anaiyze
the taped interview data. Finally, it is' possiﬁ'fe./ for a
person other. than the 1ntex;vjewer Ato evaluate and classify
the responses. The m‘ain disadvantage of using th; tape-
recorder is that it changes the interview situation to
some - degree,  which may cause _ some interviewees to be
reluctant to express their feelings. However\ overall the ‘

advantages outweigh ‘the disadvantages.

’
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The purpose of this chapter was to review the
literature as it relates to the present study.- This was
accomplished by re\(iewing studies] relating to the nature
and forigin of misconceptiﬂn’s, and other studies relating
to misconceptions of matter. The final section of the
chapter focussed on relevant methodological tachnlq\a/es\.
Chapter 2 supports the need for the prs‘sent study and
pruvides’ the theoretical ax:nd practical background
necessary to carry out the study. Chapter 3, the next
chapter, discusses the design, interview g’uide, and

procedures of the study.
\

VR,
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CHAPTER 3

DESIGN, INTERVIEW GUI‘%E, AND PROCEDURES

luctios

The overall objective of the study was to obtain
information on students' ideas of molecules and atoms, in
a systematically reliable and valid manner. A pilot study
was incorporated in the design, primariﬁ as a ‘step
towards the development of an interview guide. The bulk
of £he inf&mation was collected through semi-structured
interviews which were centered around ‘a cormon interview
guide. A description of the interviewing procedure and
the methods used to assess its reliability and validity

are included in this chapter.

Sample -

The sample was composed of thirty Grade Twelve
students drawn from ten High Schools in three school
boards located on the Avalon Peninsula of Newfoundland.
The interviews were conducted with eightgen males and
twelve females .aqed sixteen to eighteen.” The sample was
divided into three subgroups as indicated beinw in the

section describing the design of the study.
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Desian

Research questions one and two, respectively, ask
"Which concepts relating to molecules and atoms are
“* misunderstood and therefore limit students' understa‘nding
of the topics?", and "How do misccncept}ons differ among
student; who have different levels of participation in
science, and have different academic abilities?" As has
been indicated already, in -the present study both
questions were addressed through collection of data 1_n an
interview format. The development ‘of the interview guide
which was used is describ’ed ‘in a following section. In
the preseéent section, in }espo,nss to research question two,
the procedures which were follc;v;led'to subdivide the sample
into three gfoups >according to ability ‘and degree of
science specialization are described.

First, the High school science offerings were divided
into two types, Type one and Type two. Type one courses
are those typically taken .by science-oriented students.
These include Biology 2201, Biology 3201, Chemistry 2’202,
Chemistry 3202, Physics 2204, Physics 3204, Earth Science
2203, Geology 3203. Type two courses include Science
1200, l;uvironmentai Science 3205, Physical Science 2205.
Based on their participation in Type 1 or Type 2 courses,
potential subjects were def&ned in Aoriem:at:icn as !oilows:

Group A (Academic--Science): This group wabk composed

of students who h.;d an overall average of 75 percent or

higher, and who had also completed or were attempting to
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complete a Level Three ‘course from Type 1 plus at least
one other course from Type 1 other than the prereq\;isite
for the level three course. Level Three courses represent '
those which are generally taken by subjects in grade 12,
and-"are identified as those courses which have a 3 as its
first digit in the course number.

Group B (Academic--Non-Science): This group was
composed of studénts who had an overall average of 75
percent or higher but who had not completed or attempted
to complete any‘ combination of science courses that would
GUELLEY ‘Ehan, 43 Baloiging €6 Gres Ne

Group C (Non-Academic--Non-Science): This group was
conpésed of students who had an overall average less than
75 percent and who had not completed ‘or attempted to
complete any combination of science cc;urses that would
qualify them as beionqinq to Group A. ‘

A stratified random sample was selected as follows:
Potential shbjectn from the grade twelve population of all
ten schools were labelled as belonging to one of Group A
or Group B or Group C on the ;aasis of the previously
defined criteria. All potential subjects belonging to
Group A were then pooled to form one list. The same was
done fo‘t potential szehjacts from Group B, and then for
Group C. Two subjects from each of Group A, Group B, and
Group C, for a total of six subjects, were then removed
from the lists, thare.hy, euﬁﬁnting any chance of them
participating iR the main study. Ten aubjec:.s ‘from each
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of Group A, Group B and Group C, for a total of 30
subjects, were then randomly chosen to participate in the
main study. A total of 36 subjects participated in the

pilot study and the main study.

Procedures

The process of collecting information took place over
two phases: a pilot study which involved interviewing
students using a partial-ly‘ structured interview guide, and
a final group of  interviews which used questions from the
developed i'nterviey guide. Both sets of interviews could

. be classified as being semi-structured although the pilot

study interviews were somewhat more open. All interviews

were tap and t ibed for further analysis.
A conceptual inventory was completed for each individual
involved in the pilot study. The data collécted from the
final study were fully analyzed using a three staq‘e
process which will be described later. ’

A clinical ‘Lnterviewing method was used throughout
this study. 1;he met)_\od was similar to that of Osborne ar'u:l
C\ilber\: (1980) in that it resulted in identification of

3 "

rellationships between concepts and events. However the
presént method differed in that students were not asked to
classity\ examples and ripn~examples of concepts. In the
present study, subjects were presented with descriptions
of events or phenomena which they were asked to describe

J B
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and explain.  Responses were judged relevant or
jrrelevant. If the response was judged irrelevant or was
unclear to the interviewer the question was re-stated in
order to elicit a ¥urther response. Further probing by
the intervle;der was often necessary until the response
given appeared consistent with the subject's predictions
or iéeas about an event or related concept. The
interviewer allowed the subject to talk freely, and then
probed to check the basis of his or her reasoning. The
goal was to get the learner's conceptions into the head of
the interviewer, and not get the interviewer's concepti;vans

into the head of the learner (Osborne & Freyberg, 1985).

The Interview Guide

The interview guide consisted of two major groups o/f
questions, one related to molecules and another related to
atoms. This is illustrated in Appendix A. Figure 1 shows
that the molecule:category consisted of the following sub-
categories which contained questions which were di:ectly
related to molecules: structure, composition, size,‘
.shape, weight, bonding, and energy). Figure 2 shows that-
the >atol-n gategory consisted of the following four sub-
categories which contained questions which were directly
related to the structure/shape, size, weight, and animism
of atoms. The questions relating_ to molecules focused on

molecules of .one substance, water. Restrictions to
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Structure

Composition

Weight

Figure 1. Content Areas of the Interview Guide
Rcl..nting to Molecules
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Structure/Shape
Size
o
a Weight,

Animism & %

Figure 2. Content Areas of the Interview Guide
Relating to Atoms




molecules of just one !suhstance provided consistency
across interviews. In addition to anuwar!_.ng questions
verbally, students were asked to illustrate thejr
understanding of structure, bonding and atoms by making a
sketch. The questions relating to molecules. and atoms’

were separated as much as possible to avoif confusion

between theg. Despite ‘the number of studies using the

interview method, the literature contains few samples of
‘the actual interview guides used. This makes it difficult
to com;ars the total number of questions, the dltflculty
level, and proportion of open and closed ‘questions asked
between this study and others. It dqas appear that most
interviews in other studies, as with this study, were
generally no longer than 30 minutes (Arnaudin & Mintzes,
1985; Tamir, Gal-Choppin, .& Nussinovitz, 1981).

The interview consisted of a balance between closed

questions, for example,. 'Do you think that electrons have

© a charge?', and open questions such as 'Why do you say
'

that?' as suggested by osbéme and Freyberg (1985). A
balance of open and closed questions, and simple and
difficult questions was used to maintain pupil confidence

and to clearly eétablish students' ideas.

B
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The interview guide was developed with the aim of

revealing students' ideas about molecules and atoms. The

final form of t;he interview guide was achieved through a
developmental process which consisted of 6 interviews
prior to the final study. The initial interviews
contained mostly open-ended quest‘ions. The interviews
were transcribed and. further ratinemfnts in the interview

guide were made after three or four interviews. The final

result was an interview guide which was ready for a pllnt\

study. By the time “the pilot study was conducted a
refined intgwiaw guide was in place. . )

Many of the uquéstiuns-'taund'iﬁ the literature for
conducting a good interview were also employed here. The

order of presentation of qu‘estions was deliberately chosen

and used consistently. were v to

express their views without feeling that they were being

judged against an 1ly defined d. -

were encouraged to 'think- aloud' so that some \ot the
reasons for sa‘yinq what they di& could- bé revealed.

‘ What the interviewer does from the first momentl of
contact -with -the subject through to the opening question
of the interview provides the immediate context of the
interview and can greatly affect communication (Gorden,

1975)-. .Decisions ‘were therefore made in advance

regarding: (a) how the interviewer should introduce’

.himself, (b) how the purpose of the interview should be
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explained, and (c) how and why the responde;lt' was
selected. The initial interaction was therefore
intentionally informal, nonthreatening, and warm. The
purpose of the interview was shared with the subject as a
means of 'breaking the ice' and also to help in creating
an open atmosphere. The objective and impartial manner by
which the subjects were selected was explained prior to
the interview. The necessity to have accurate information
about what the subject actually said, and hence the use of .
a tape-recorder was _explained to each subject. An
opening question which was relatively easy and useful for
selecting a single point of departure was used.

The interviews were held’ during school hours because
it was the most opport;ma time and it didn't conflict with
competing time demands of the subjects. The interviews
took place in a sequence thch\was determined primarily by
the availability of each subject. The isterviewer ;lvaya
attempted to allow sufficient wait-time for a .subject to
respond to each question before rephrasing the question or
moving on. Thg questions were read out loud directly from
the interview guide, except where probing was necessary,

as by and F (1985) so that all

atud‘ent,s‘. could be asked the same basic questions. The
‘interviewer attempted to be sensitive to possible

mi ions of or mi ings about the

initial question, unanticipated rolpoﬁaea, and self-

N &

contradictory statements by the pupil.




alys. d_Re] 54 tion of the Data
The literature reveals not only a variety af methods
for- exploring students' conceptions, for example
interviews, questionnaires and word association tasks, but
it also reveals numerous ways of analyzing and presenting
the findings. Methods include: producing a "conceptual
inventory (Erickson, 1979) which summarizes students'
conceptions; a "simplified de;cription" (Watts, 1983)
which is a "pithy" summary statement of each framework; a
D . * "frequency profile" (Sneidef & Pulos, 1983), which is a
ta!‘iyle showing frequency of misconceptions as a function of
age and grade{ and ‘"conceptual propositional analysis"
| JPines, 1977), in which interview results are transformed
z! into propositional format. A popular vmethod ‘of
summarizing ‘the ideas is to identify categories of
misconceptions revealed during the interviews and code
each of the responses in relation to the misconception
(Hackling and - Garnett, 1985). Pines (1977, p. 197)
- claims that "almost any child interviewed will exhibit
responses characteristic of many categories irrespective
of the category system used, and therefore this method has
o its shortcomings". A method was neeqed which captured
individual ideas but at the same time indicated the
pievalenée of the ideas across the three groups. A
“conceptual inventory" (Erickson, 1979) was used because
-— —777it provided an inventory of .ideas for each student which

could quite easily be subjected to further analysis. "The
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underlying assumptior‘l in this analysis is that children
have relatively stable patterns of Beliefs and that it is
possible to identify, with some degree of reliability, the
nature of these patterns" (Erickson, 1979, p. 223).

The transcribed tapes served as the starting point
for the analysis of the interview data. The analysis
followed a three-phase progess: establishing col"lceptual
inventories for individuals, constructing a table
summarizing the common mlsconceptxons found within the’
groups, and flna{‘y including a descriptive summary of-the
overall findings for each of the content areas o' the
interview. '

The aim of the first p;hase was to establish ‘a‘
conceptual inventory for each student interviewed. - The
transcripts were first analyzed to’identify each student's
misconceptions. Misconce‘ptions were placed in appropriate
content—oriented‘ categories. For example, ideas related
to the size ‘of the atom would be placed under the content
area 'size of the atom'.. A Combination of all of the
ideas for each of l:x:.é content domains formed the
' "conceptual inventory" for each student. ' The content
doBazns were predetermined :to add struéture and
organlzatxon for further analysis. Categories of
misconceptions were not predetermined.

The conceptual inventories were the‘n‘ used as the
basis for the second phase of‘the data analysis.~ The
common misconceptions were grouped under the same general
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content areas which were used in developing the conceptual
inventories. The most common misconceptions were
identified and presented in a table which indicated the
prsval;nce of each misconception for each group of
students. The table made it possible to make comparisons
‘between groups mare quickly and accurately.

The final phase of the data analysis involved a
descriptive summary of the overall findings for each of
the content areas. Each summary contains a number of

components. Extracts- in the form of quotes are sometimes

. taken from the transcripts to illustrate pupil's

miscqnceptions. At the end of each quote a letter
indicating the group to which the student bélongs is
incldded. For example, (A) means‘Athar_ the student belongs
to group (A). The extracts are often ungrammatical
because they are taken directly from the transcripts. A
series of dots (...) indicates a pause or an intentional
omission of irrelevant conversation. "Also included in
this section are comments about the ways in which the
common pisconceptions differ from orthodox conceptions. A
qualitative analysis of the prevalence of misconceptions
within each group is inc]{uded.

‘Phase one, compiling the conceptual inventories, was
carried out soon after the interviews. 'The final two
phases wére completed after a concepéual inventory was

established for all subjects. Each component' of the
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analysis was done by the author so that a level of

consistency would be preserved. 4

Pilot study

The primary purpose of the piiot study was to improve
the pértially constructéd interview guide which needed
some further refinement ‘and structure.

Pilot subjectsiuere interviewed individually with the ’
permission of the interviewee. The interviews were tape-
recorded and transcribed shortly after the interview. The
first phase of the data analysis process, construction of °
'a conceptual inventory for each sdbject, was then carried
out (see Figure 3). The pilot study was also useful to
see if students did actually have misconceptions relating
te molecules and atoms’, and whether or not they could be

represented with the intended method.

Final study

The final phase of the data-gathering process
,involved interviewing thirty students individually. The
quastioﬁs originated from the 1nt’erview guide and were
supplemented with probing questions which were developed
during the pilot study. The ‘questions were presented in a
relatively consistent sequence and at a language level

that was appropriate to elg‘ch subject. While digressions
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. ) Student Selection
. E Interviewing

Transcribing

4 Conceptual Inventory

Figure 3. Pilot Study Components
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from the questions were allowed, the dinterviews were
considered semi-structured because all students answered
all theé main questions from the interview guide.‘ The
in‘terviews were typically about 30 minutes in lengéh. No
more than three interviews were conducted in any one day.
The interviews were tape-recorded with the. permission of
the interviewee and were transcribed soon thereafter. A
conceptual inventory was then, constructed individually for
each student. These are repiesentfed in Appendix B. A

complete analysis of the data was done only after all
A

interviewing was completed.

. Reliability

The reliability of the interview, that is its
stability and consistency as an assessment device (Husen &
Postlewaite, 1985) was controlled . as par}: of the
experimental design. As Hoz (1983)/‘suggests, there are
three parts of the overall measurement pi‘ncess: the
interview which is condugted, the record (transcription)
of the interview, and .the inference (conclusion) -of
misconcepti’ons from the analysis of the transcriptions.
The ke‘y to the reliability of the study lies in
establishing thg reliability of the intars;iews. Hence
substantial efforts were made to control the reliability

of the interview procedure.
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Despite the importance of conducting geliable
interviews it appears that there is an absence of
reliability measures in .rep?rts of interview based
studies. The reliability of an interview is "...seldom
mentioned,. let alone estimated", (Shavelson, Webb, &
Burstein, 1986, p. 80), and “In the present state of the
research on conceptual frameworks reliability is a rather
neglected issue, @8espite its importance" (Hoz, 1983, p.
161). X ,

The uniqueness of the interview setting doesn't lend
itself to the applicat}on of traditional measures of
rali.ability. For example, an inter-rater measure of
reliability, that is the agreement of several individuals
interviewing the same subjects, is not useful because each
interviewer n;y create his(her) own data (Hoz, 1983; Husen

& Postlewaite,, 1985). Intra-rater methods (Husen &

Postlewaite, 1985) such as test-retest methods (Hoz, 1983) ’

or tol’lm{-up questionnaires (Parker, Wright, & Clark,
1957) aren't successful because within a short time-frame
;nemnry of previous performance and transfer of learning
are both highly probable, and in a .1ong time-frame real

changes in the conceptual frameworks might occur. Split-

half mat::heds or interfal consistency methods may not work

because itu is often difficult to identify equivalent parts

of the interview (Hoz, '1983). Furthermore, Hoz (1983)"
suggests that the,following student characteristics may
endanger the reliability of the interview: the abllity of

e o
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the student to retrieve speciﬂt‘: information pertaining to
the interview; the\ ability to memorize. and remember
arguments raised during the interview; and the speed of
p{&}essing the information presented in the interview.

Despite the problems involved with interviewing,
steps were taken as previously mentioned to enhance the
reliability of the interview, and an attempt was made to
measure reliability. The first' step taken towards
contrt;lling reliability was by using a standard il"n:erv'iew
guide for all the interviews as suggested by Parker et al.
(1957) . In addition to this a common administration
procedure was . followed which involved posing all the
'questiogs from * the interview guide in a consistent
sequence. The reliability was also enhanced by using an
interview guide which contained technically correct,
unambiguous clear questions. Improved consistency, and
hence reliability resulted from having only- one
- interviewer conduct all the interviews. As recommended by
Hoz (1983) the interviewer was thoroughly trained in the
use of the guide. Much of the training resulted trom.
interviewi‘rh numerous subjects during the pilot study.
Every effort was made to safequard reliability against its
many thr‘eats. )

An effort was also made to measure reliability‘by
observing' the consistency of response to a question which
was repeated twice during the interview. The question

which was repeated asked subjects to compare the size of
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an atom with the size of a molecule. In some cases
probing was necessary until the subjects responded with a
very incisive response, either that atoms were sm’ler
than molecules or that atoms were larger than mglecules.
For each subject a decision was made as to whether the

responses agreed with one another or disagreed with one

“ another. The calculation of .the reliability coefficient

was made using the following formula (Sulzer & Mayer,

1972)

no. ‘of X 100% = § of agreement:
no. of agreements + no. of disagreements

A reliability coefficient of .90 was established using the
results from all 30 subjects. Such a high reliability '
coefficient or percentage of agreement would suggest that

the responses from subjects are acceptably reliable.

alidity

\

The validity of the interviewing process, that is the
degree to which the process measures what it is supposed
to measure, was controlled. Several steps were first
ta)sen to develop a valid interview guide. At least twenty
subjects were interviewed before the interview guide was
complete. Each intarview_ guide was improved over the
previous one in terms of the quality of question.s because
each interview revealed a further differentiation in the

ncy and relevancy of the questions to the topics

studentg' ideas. Furthermore, the 1logical internal
consisé




was checked by having an experienced science educator
examine the interview guide.

Extérnu ‘vaudity was also considered during the
procedure. A stratified random sampling procedure was
used so that the subgroups could be represented in the
population in terms of the factors that have been used as
the basis for stratification.

Other actions taken by the interviewer during the
interview process further enhanced the overall validity.
Firstly, the interviewer took advantage of being able to
perindicau} check to see that the responses were based on
the content of the questions rather than on the
peculiarities of the particular question. In some
situations subjects were presented with the same qua.stion
which was worded slightly different. Answers which were
inconsistent or incompatible with previo‘us ideas were,
pointed out and an explanation was solicited. Also,
subjects were encouraged to make comments and ask for

clarification where necessary. This practice helped to

eliminate responses which might have arisen from either

incomplete perception or misinterpretation of the elémants
of the question (Hoz, 1983). '

In 4additiun to these measures, validity was further
enhanced by encouraging subjeéts to: (1) elaborate on
their ideas (ii) explicate underlying assump':i:ms, and
(iii) describe the ways in which their concepts related to

the situation. Finally, as suggested by Guba and Lincoln
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(1982), the interviewer would occasionally summarize what
a subject said and ask the subject if his ideas were

accurately represented. In summary every effort was made

to control validity.
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CHAPTER 4

RESULTS AND DISCUSSION

Introduction

Chapter 4 includes the final analysis of the data.
The final analysis represents a gradual reduction of the
total information for the purpose of relating it
specifically to the original research questions. The
first research -question is ‘Which concepts relating to
molecules and atoms are misunderstood and therefore limit
shuanks? undersi:andinq of these topics?’, and the sec‘ond
and final research question is ‘How do misconceptions
differ among students’ who have different levels of
participation in science, and who ‘have different academic

abilities?’.. sSamples of the various components

fundamental™ to the final analysis are included in

Appendices A, B, and C. Apéendix A includes the interview
guide, Appendix B fincludes the conceptual inventories for
30 subjects, and Appendix C includes a sample of the
transcript from each of the three groups.

For each of seven content areas relating to molecules
and fou:: areas relating to atoms, information is presented
in tabular form to indicate the particular misconceptions
and their prevalence. This is presented for each of the
three sub-groups in the sample. The content areas

rglating to molecules are introduced first, . with content
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areas relating to atoms following. Also included is a
written summary of the results for each of the content
areas.

The general pattern followed is that the question
which was presented to the subjects is introduced,
followed by a description of the misconceptions revealed,
including excerpts from, the interviews to illustrate the
nature of the misconceptions. Some suggestions ére made
to indicate pvussible sources of misconceptions and, where
appropriate, misconceptions are related to previously
accepted but now disf@rded notions in science. Some
misconcegticns, though not common, are presented because
of their potential iht‘:erest to ‘science educators..
Finally, suégestions are made to explain why some groups

hold different misconceptions from others.

Structure of Molecules

. The first six questions of the interview guide were
meant‘tc elicit students’ anderstandings of the structure
of molecules. Subjects were' first asked to sketch what
th%y would see )if they were to look at a molecule of water
under . a micros«.zvfxe so powerful that they could see all the
details of one‘ individuai molecule. Subjects were asked

to do this for waler molecules in all three phases, and

they were then asked to explicate the parts of the



50

molecules which they drew.- The most common responses are
represented in Table 1.

The most prevalent niscnnceptibn was 1.1, in which a
water molecule resembles a closed figure with no definite
shape. This idea was least common among subjects from
Group A and most common among subjects from Group C, with
an overall 27 percent of all subjects holding this belief.
Table 1 shows that the second most common misconception,
1.2, was that water molecules are spherical with particles

spread throughout. Subjects suggested a wide range of

‘ideas to indicate what the particles were. One- subject

5
suggested that the particles were "...organisms that used
to live inside of it" (B), while another believed that
there are "...different things inside...like a chlorine

molecule" (C), and another subject claimed that ..there

are little bits of oxygen and hydrogen inside" (C). Most
subjects who held Misconception 1.2 were from groups B and
c.

Table 1 also reveals that five subjects from Group A

and one from Group C held Misconception 1.3, namely that '

water molecules are composed of three solid spheres. It
is possible that the course followed by these academic
science students is such that they were axposea to more
models of a water molecule, -eil{her pictorially or
concretely, during their normal course of study than were

subjects from Groups B and C.
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Table 1

The Most Common Misconceptions Relating to
the Structure of Molecules

Prevalence
A
Misconception A B (o
1.1 A water molecule resembles a 1 3 4
closed figure with no definit
. shape, s .
1.2 A water molecule is spherical 1% 3 3
with particles spread throughout.
: 1.3 Water molecules are composed 5 = 1
*  of three solid spheres.
1.4 Water molecules are composed 2 - =
- of three solid spheres with e
the distance between the
spheres greatest in the gas
phase and least in the
solid phase.
1.5 Water molecules are composed 1 1 -
of several smaller spheres.
1.6 Water molecules are composed La" - i

of two solid spheres.
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only two subjects, both from Group A, held
Misconception 1.4, that water molecules are composed of
three solid spheres with the distance between the spheres
greatest in the.gas phase and shortest in the solid phase.
This finding is inconsistent with the findings of Dow et
al. (1978) who reported-that a popular misconception is
that the molecular diameter decreases progressively from
solid to ”l"iquid 8 gas for a given substance.
Misconception 1.4 may help subjects to expi\;a\k{\ the
expansion of substances under various temperatures. \ .
Table 1 -also indicates two other misconceptions.
First, Misconception 1.5, that water molecules are
composed of several smaller spheres. Second,
Misconception 1.6, in which water molecules are considered
to be composed of two solid sphere's. Both miscenceptions
were held by two subjects each. ' In addition to the
above, some misconceptions were ;:hserved which are not
represented in Table 1 only because they were not common.
For example, one subject said that a water molecule
"...from tap water would look like a bacteria" (B), while

another subject suggested that "...a water molecule from

ice would look like a snowflake" (C). Still another

subject suggested that all water molecules are solid

cubes. These mi ions were not 3 ristic of

any one particular group of subjects.
Additional generalizations can be made based on the

verbal information from the questions relating to

\I
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structure. Subjects generally had no difficulty realizing
that water is indeed composed of individual water
molecules. The suggestion by Novick and Nussbaum (1978)
that students, typically believe that matter is continuous
rather than particulate was not ‘this Mest cowmion, for this
group. A second general observation was that most
subjects viewed water molecules, and perhaps other
molecules, as being spherical. This conception may
originate frém past experiences where subjects were
exposed to concrete models or diagrams from texts which
depict molecules as being composed of spheres. Finally,
the fact that most of the volume of a molecule is empty

space was not suggested by any subject.

e

Questions 7-14 focussed on the composition of
molecules. Subjects were asked to describe what water is
made up of, how many atoms might be found in a molecule of
water, .and how the molecules from the three phases would

differ in terms of the kind and number of atoms. The most

common mi igns are represen in Table 2.

The first question in this category asked "What are
water molecules made up of?". The idea that water
molecules ccnéain components other than oxygen or
hydrogen, Misconception 2.1, included a wide range of
responses from all three groups. It was not unusual for

subjects to suggest that water molecules were m;de up of

S~
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Table. 2
The Most Common Misconceptions Relating to
the Composition of Molecules
Prevalence
Misconception L A B (]
Water molecules contain 2 4 6
components other than oxygen
and hydrogen.
i
2.2 Not all water molecules are 1 ‘5 5
composed of the same atoms.
2.3 Water molecules contain more 2 5 4
than three atoms.
2.4 Water molecules contain less 1 1 1
than three atoms.
2.5 Water molecules contain 1 6 3

different numbers of atoms.
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.
water, air, chlorine, nitrogen, or minerals. Table 2
shows that six subjects from Group C, four from Group B,
'and only two from Group A held this misconception.
Although many subjects thought that all water
molecules contain elements other than just oxygen and
hydrogen, about one-third of the subjects suggested that
-water molecules from the tap water contain impurities’;/
One subject accounted for this view by suggesting that
"...v}ater has to go through many pipes before it reaches
your tap so therefore it adds on more things" (A). When
asked where these impuritles would be fcuna within the
molecules, the most typical answer was that they would
stick to the outside of them. .
: A 'pnpular "idea was that water mélecules ‘contain
water. One ijcup C subject suggested that water molecules

contain ‘"...very sma%lﬁter’drcpletm while a Group B
£ water molecules .are composed of

subject suggested thi
_M...oxygen, hydrogen, and water".  This latter view
suggests that som‘e’ subjects think of water molecules as
~mixtures. .

Questions nine thfough eleven asked subjects whether
all the molecules from each phase contained the same
pa‘rts. The responsds formed the .bhsis for Misconception
“2.2, that not all water molecules are, comppsed of the same
atoms. Tablea 2 shows that five subjects from each of

groups B and C and only one subject from Group A held this

ni ion. that,the composition
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depends on the size, the temperature, or the phase of the

molecules. For example, one Group C subject responded by

suggesting that "...each (molecule) would differ (in
composition) under different conditions ... temperature
mainly", while another subject suggested that the
compositiol ..would change when it’s frozen". A Group B

subject believed that the composition ‘ of .the water
molecules in the steam would be different "...because it’s
heated, it’s adding more oxygen". Two subjects from Group '
C suggested that the size of the molecules affects their
composition. One subject expressed'this’ relatim:ship by
saying that "If they (molecules) are small_ar they cannot
hold as many parts". )
suh‘jects were also "asked, "How many atoms would you
find in a molecule of water?". The responses which were
misconcepticm; are represen;:ed in Table 2 as Miscancéption
2.3, namely that water molecules contain more than three
atoms, and Misconception 2.4, that water molecules contain
less than three atoms. Table 2 also shows that over one-

third of the subjects held Mi ption 2.3.

such as, water- molecules contain "...h‘undreds of thousands
of atoms", and™*...you would find millions of atoms in a
wate’r mélecule", were not unusual. One subject from aach‘
group helq Miscochpciqn 2i4. “l‘:ach of these believed that
.a wat.er molecule contains only one atom,

Misconception 2.5,. that‘ water molecules contain

different numbers of atoms, results from responses-to the
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final question in the category, "Would all water molecules
have the same number and kind of atoms?". Table 2 shows
that one-third of the subjects, including six from Group
B, held Hisconcepttonrz.s. One subject suggested that the
number of 'atéms in a molecule. of water depends on its
temperature. The excerpt, "...it depends if it (molecule)
is hot or cold; --if it is hot it will have more atoms
than when it is cold", illustrates this view. Of the
subjects who held Misconception 2.5 most believed that
water molecules from the solid phase (1::5)' contain the
most atoms. A subject explained this view by suggesting

that "As molecules gc; from ice to steam they lose atoms"

B(B) . Clearly this subject doesn’t understand that mass is

conserved during a phase change. The remainder of the
subjects, except one, believe that water molecules from

the- gaseous phase (stéén) .contain the most atoms. Another

subject suggested that molecules tr/m\ the solid pha;e have’

the highest ‘number of atoms because "...atoms in the ice
are chked closer together" (C). Most subjects who
believed that water molecules from the Xi contain the
highest number of at:.oms .also thought that these molecules
gre the lar;eat. Also, many ‘subjects who bel‘ieved that
the water molecules from the gaseous phase contained éhe
least number of atoms also believed that these moledules

were the smallest. o

Although all mis ions were 3 d by at

least one member lro;n each group, Table'2 indicates that
o i . -’
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almost all the misconceptions were held by subjects from
groups B and C. In general, subjects from Group A had an
acceptable level of understanding of the composition of

water molecules.

Size of Molecules

The E questions from the third category of th}e
interview guide were directed towards eliciting subjects’
conceptions relating to the size of molecules. Subjects
were asked to compare the size of water molecules with
something of their own ¢hoice, and to compare the size ot
water molecules with those from the different phases and
account for any diffe{ence_s in size. Table 3 represents
the most common misconceptions which subjects exhibited.

The first question asked was, "How big do you think a
molecule of water is? Try to compare it with something?".

Table 3 shows that half the subjects from each group held

Misconception 3.1, that a water molecule is (’macx‘o' in

size, where the term ‘macro’ characterizes a wide range of
responses which represent gross overestimates of the size
of a molecule. The following excerpts better illustrate
this: ‘;You could see it'under a microscope the same as a
red blood cell" (By; "As big as a germ..." (A); "The size

of a point on a pel 1, like aﬁioc“ (C): "A speck of dust"

(C). The overestimation of size of a water molecule may

.
result from typlical school experiences in which students



Table 3

The Most Common Misconceptions Relating to

the Size of Molecules

Prevalence

Misconception B <

3.1 A water molecule is 'macro’ 5 5
in size.

3.2 A water molecule is the smallest 2 2
indivisible entity.

3.3 Water molecules within a phase 10 9
may have different sizes.

.

3.4 Water molecules from the solid 5 5
phase (ice) are the }argest.

3.5 Water molecules from the solid /- 2
phase (ice) are the smallest.

3.6 Water molecules from the gaseous 4 6
phase (steam) are the smallest. ’

b L d

3.7 ‘Water molecules from the gaseous 1 3
phase (steam) are the largest.

3.8 4 1

The size of a water molecule
on its
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look at illustrations and handle concrete models of
molecules without appropriate reference to scale.

Subjects were next asked "Do you think that there is
anything smaller than a molecule? What is it2?". While
most subjects indicated that atoms are smaller than

molecules, Table 3 shows that two subjects from Group B

and two from Group C held Misconception 3.2, that a water
molecule is the smallest indivisible entity. Subjects
holding Misconception 3.2 may have no knowledge about
atoms or are confused by the question.

The following three questions asked subjects to
compare the size of water molecules within a particular
phase. Questions 17, 18 and 19, respectively asked, “Are
all the molecules in the ice the same size?", WAre all the
molecules in the water the same size?", and "Are all the
molecules in the steam the same size?". Subjects’
responses are represented in Table 3. Misconception 3.3,
namely that water molecules within a phase may have
different sizes, was very prevalent. This misconception
was held by four subjects from Group A, all ten subjects
from Group B, and nine subjecds from Group C. Despite the
fact that over three-quarters of all subjects held this

mi-cuncéptlon, very few could offe a reasonable

explanation. One Group' C subject suggested that water

4 .
molecules came_in a variety of .sizes because "¢7.liquid is

a freer state...and they. are more capable of moving
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around”, while a Group A subject suggested that the size
"...depends on how much air there is between the ‘atoms".
: The next question, Question 20, asked, mAre the
molecules in ice, water, and steam the same size?" and was
followed by Question 21, "How are the sizes different?,
Why does the size change? If the size foesn’t change, why
not?". The responses which were classified as
fnisconcept)ons are represented in Table 3 as
Misconcegtions 3.4, 3.5, 3.6, and 3.7. Table 3 shows that
Misconception 3.4, that the water molecules from the solid
phase (ice) are ihe largest, was held by 12 students in
total. The most typical explanation offered was that
"...when water freezes it expands". One subject suggested
that water molecules in ice are the largest because‘chey
Jec’ts

are "...composed of more thinés" (C), while three sub

. |
from Group A and two from Group C held Misconception (3.5,

nal-naly thét water molecules from the solid phase are; the

smallest. One explanation was that "...water molecules
(from the ice) ...are smaller because they are held
together" (C), while subject s ed that "the

ones in the solid phase are the smallest because they are
cogdensed" (C). "

Tal;le' 3 also shows that Misconception 3.6, namely
that water mo_lecgles_ frénn the gaseous phase (steam) are
the sn;allest, was _}!ald by one-third of the subjects, four
trt;m Group B and six from Group C. This mi;concepti§n is

similar to »\:hac reported by Dow et al. (1978) who
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concluded from student drawings depicting particle size
across the states that subjects generally drew particles
in the liquid and gaseous state smaller than those in the

solid state. As with Misconception 3.3, subjects

generally offered poor explanations. One subject’

suggested that the molecules from the steam are the
smallest because "...they are evaporated more" (C). Table
3 also reveals that Hisconceptign 3.7, that water
molecules from the gaseous phase (steam) are the largest,

<
was held by three subjects from Group A, one from Group B,

and three from Group C. The most typical explanation
offered by subjects was that "...the heat makes them
(molecules) expand" (A). One interesting notion was that

as "...it (molecule) pushes up through the air it hits the
air and is picking up warm.molecules from the air" (C).

Although not included in Table 3, one subject from Group C

suggested that water molecules from the tap water are the '

largest, and two subjects, one from Group B and one from
Group C, suggested that water moleculra from the tap water
are the smallest. » &

Finally, subjects were asked "Why does the size
change? If the size doesn’t chn‘ng., why not?". The only
common- explanation is reflected in Table 3 as

Misconception 3.8, namely that _‘tho size of a water

molecule on its This ion
was held by four subjects t:qm,Géu}KB and one subject
T

from Group C and none from Group A. e typlca} response
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was "Heat causes it (molecules) to expand and when it’s
cold it contracts"™ (B). Although temperature was the most
widely accepted factor affecting molecular size, there
uereﬁ-othq: explanations. For example, two subjects
believed that der’lsity was the major factor affecting the
size of molecules. Another explanation was that the
amount of impurities in a molecule affects its size.
Hence, "...the ones (m;lecules) from the tap' water are\
different sizes because they could have picked up things
along the way" (B). There were other explanations: "The
size - of a water molecule depends on how much air there is
between the .ntoms, ...there could be more air in slume
molecules..:" (A); "They would be hitting
hntder...dependlr‘\q on how hard they hit the size-will
change" (A); Tixe molecules in the steam would have
different sizes "...because they would lose different

amounts of impurities" (B).

Shape of Molecules

The qu‘eutlons from this category were directed
towards revealing subjects’ misconcegtions relating to the

shape of molecules. Using the .sketchas which subjects

drew during the questions on molecular structure, thef

were asked whether the structures were flat or three-
dimensional, whether all the molecules from within each

phase were the same shape, as well au'hut factors affect
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the shape of a ‘molecule. The most common responses wzicn

were considered as mi ions are repr in Table

.
4.

Subjects were first asked "Are all the molecules that
yog have drawn flat or are they three-dimensional?".
Table 4 shows that Misconception 4.1, that water molecules
are flat, was held by three subjects from Group B and
three from Group C. In most cases, perhaps because of the
convergent nature of the queséion, these subjects offered
no reasoning to support their belief. A few believed that

only a portion of the molecules are flat, while the others

believed that all the Water molecules are flat. Further
questioning revealed that many subjects believed that
water molecules have different shapes depending on what

phase they are “"in. .This represents Misconception .4.2,

which was held 'by one subject from Group A, (gwc from Group -

B, and four from Group C. The most typical explanations
are found in Misconceptions 4.4, 4:5, and 4.6.

Subjects were then asked a series of three questions
designed to elicit conceptions relating to t‘he shapes’ of
molecules within each of the phases. Question 23 ‘asked,
"Are all the molecules of water .in the ice the same shape
as the Vone that you have drawn?". /Questlons 24 and 25

were identical except K for replacement of ‘ice’, by

‘liquid’, and ‘steam’ respectively. Many of ‘the ideas

expressed were. grouped as Misconception 4.3, namely that

water molecules within a phase may have different shapes,
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Table 4
The Most Common Misconceptions Relating. to
the Shape of Molecules
Prevalence
Misconception A B c
4.1 Watef molecules are .flat. = 3 3
4.2 Water molecules have different 1 2 4
shapes depending on what ‘phase
they are in.
4.3 Water molecules within a phase L 3 8 6.
may have different shapes. B
7 4.4 Temperature may affect the shape 3 6 5
of a molecule.
F 4.5 The shape of a container will - 4 1

affect the shape of the molecules.

4.6 Pressure may affect the shape of a 3 - -
. molecule.
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a view also advanced in 1637 by Descartes (Crosland,
1971). Table 4 shows that this misconception was held by
three subjects from Group A, eight from Group B, ;m six
from Group C. The final question in this category asked
subjects "Is there anything which might cause the shape of
the molecule to change?". The responses which were

considered to représent mi ions are

P in
Table 4 as Misconceptions 4.4, 4.5, and 4.6. Table 4
shows that the major :a::tor used to explain differences in
shapes of molecules both between phases and within phases

was temperatur§ 'and is repr as Mi ion 4.4.

This effect was expressed in different ways. For example,

one sixfject that as change(s)...the

electrons might move at qreat’er speed and therefore take
up more area, therefore causing the shape to change" (A).
It also appeared tha’t for some subjact‘s a drop in
temperature affects ‘the shape more than a rise in

_common on, r

P as
Misconception 4.5, was the nciiop that .chu shape of a
container will affect the shape o' the molecules. Four
subjects from Group B, and one J:om Group C held tni'u
misconception, but it was not exhibited by any Group A
subjects. A tyRical explanation included "...because
liquid takes the, form of the container...the molecules
take the shape of Hhat,_xg’a held in" (C). Another subject
suggested that all the molecules in an ice cube are square

because of the shape of an ice cube. Again, this view may
~
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be related to the views of arlier scientist. In this
case, Havy in 1807 suggested l}at compounds shaped as
cubes are composed of integrant particles in the same
shape (Crosland, 1971). - 3 '

The final misconception from Table 4, Misconception
4.6, namely that pressure may affect the shape of a
molecule, was held only by three subjects from Group A,
and none from the other groups. Although these subject's
explanations were not elaborated upon, it appears that
they may originate from experiences where items at tr‘xe
bottom of a pile are shaped differently because of the
weight or pressure.

Other, less common, ideas .were also expressed to

account for changes in shape of molecules. One subject

suggestéd that molecular collisions result in a change of -

shape because the molecules may stick together after the

that the amount of

collision. subject
impurities wit}xin a molecule affects its shape, and
another subject claimed that molecules involved inm
e\‘laporaticn "...change shape as they hit the air" (C).

In summary, Table 4 shows that the most common
misconception relating to the shape of molecules, held by
nearly -two-thirds of the subjects, was that water
molecules within a phase have a variety of ‘shapes. The
most typical explanation for this vieS was that

temperature directly affects the shape of molecules.



" " Weiaht of Molecyles®®
4 .
The questions from the 'weight' category of the

interview guide asked subjects to compare the weight of a
water molecule, within each of the three phases of matter,
with something of their choice, to indicate from which
phase the molecules are heaviest if there is a difference,
and to explain why. Their most ccmmun.nisconceptlons are
represented in Table 5.

The first question from this category asked subjects
"Ho;l heavy do you think a molecule of water in ice is?
Try to compare it with somethifig". The same question was
asked twice more except the 'h::' in the question ‘was
replaced with 'liquid' and 'steam'. Table 5 shows that
the most common misconception related to these questions
was Misconception 5.1, namely that water molecules are
heavy enough -to be physically weighed. Table 5 also shows
that Misconception 5.1 was held by only one subject from
Group A, six from Group B, and seven from Group C.
Typical responses included: "A molecule weighs about the
same as a fly's leg" (B); "Lighter than a grain of sand"
(B): "Liqrr:t as a piece of dust" (B):; "Light as a feather"
(B); "Light as a needle" (B). In summary, nearly one half
the suhjec‘ts seemed to believe that a molecule of water
could be physically weighed. -

Following each question in v‘mich subjects were asked
to compare the weight of a water molecule in a specific
phase with something else, they were asked to compare the

~
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Table 5

o S

. L4
The Most Common Misconceptions Relating to

the Welght of Molecules

A
Prevalence

Misconception B c

5.1 A water molecule is heavy‘enough 6 7
to be physically weighed.

B

5.2 Water molecules within a phase may 4 6
weigh differently. -

5.3 Water molecules from the solid 6 7
phase (ice) are the heaviest.

5.4 Water molecules from the gaseous 6 7
phase (steam) are the lightest.

5.5 The size of a water molecule 2 1

affects its weight.
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" weight of molecules within each of the phases.  For
example, the first of the three questions was "Do all
water molecules from ice weigh the same? Why might some
be heavier than others?". Table 5 shows that
Misconception 5.2, that water mel;cules uitl;in a phase may
weigh differently, was very common, and was held by three s
subjects from Group A, four from Group B, and six from
Group C. A variety of explanations were advanced. One
subject accounted for the weight differences in steam by
suggesting that "When the steam goes through the air it
(molecules) can pick up warm particles...and some
molecules can pick up more particles than others, so they

can weigh differently" (C). subject a

)
that water molecules from tap water may“weigh differently

"...depending on thé amount of impurities in the

molecules® (A). Water molecules from thé ice may weigh
differently "...because of the pattern they're arranged"
(a) -

The next questions asked were *Prom which phase are
the molecules the heaviest? From which phase are the
molecules the lightest? - Why might some molecules, be
lighter than others?". The most common responses

considered to represent mi ions are r éd in

Table 5, as Mis®onceptions 5.3, 5.4, and 5.5. Table 5
shows that one-half of the-subjects held Misconception
5.3, namely that water molecules from the sg:.ld _phase

(ice) are the heaviest. When subjects,were asked why, the
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&N
most typical response was "....because they closer
tbqether" (B) . One subject believed that Yf groups. of

molecules - are packed closer together the individual
molecules will weigh :ggre. Another subject suggested that
"...because ice is dense its molecules must be heavy" (C).
Table 5 also shows that’ h:lf the subjects held
Misconception 5.4, namely that water molecules. from the
gaseous phas‘e (steam) are the 1i:1htast. Unlike in t/he
‘case of Hiscdncé tio;’\ 5.3, subjects presented a greater.‘
variety of explanations tb account for .thei_r view. For
example, one suggested that the molecules in the steam are
liqhter' because "...in the steam they are farther apart"
(A). This individual obviously considered the proximity

of molecules to one another as a fagtor affecting weight.

Other explanations included: "...'cause the heat makes
é‘.hem stretc}‘ out" (A); "...because steam is more of a gas"
(B):; "...'cause it rises" (C). Both Misconception 5.3,

and Misconception 5.4 were considerably more prevalent for

.- ¥
. subjects from Group B and Group C than for subjects from

Group A.

.+ Often, squects expressed factors wﬁich th?y felt
affected the weight of molgcule_é. Table 5 indicates tﬁat
Hisconce'pt'.ion 5.5, namely that the size of a water,
molecule affects its weight, was held by two subjects from
Group A, two from Group B, arid only one from Group C. One
s,pbjucc'g view that "...the .wnte‘r molecules. in the ice.

youl,d be heavier than those in the tap wa('-.er or steam-




because its molecules expand" (A), illustrates the

misconception. The idea that because something is bigger

it must necessarily weigh more indicates a lack of

understanding of the concept of density. A similar

finding was reported by Driver, Gresne, and Tiberghein
+ (1985) who reported that students often associate the
weight of a plece of matter with its density? Subjects
also expressed two other factors which all_a:t the weight
of a molecule, although these factors weren't very common.
Eeirst, the harder a molecule 1‘; the more it weiqhs..-‘ .
Second, the faster a molecule moves the more it weighs.

. Table 5 shows that most of the misconceptions
relatihg to the weight of water molecules were exhibited
by- .subjects from Group B and Group C. This |is

particularly true of Misconceptions 5.1, 5.3, and 5.4.

Bonding of Molecules B
Q The purpose of the next'series of questions was to®
identify subjects' conceptions relating to the bonding of
molecules. Mote sp.:ciﬁi:ally the questions asked How
molecliles are  held together, what exists between the
malacult;a, 'and what happens in terms of . bonding as
molecules go through phase changes. The questions from
this category used water molecules from ice as the !

starting point of discussion. The most common

.
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misconceptions relating to the bonding of moiec‘ules are
reptes;nted in Table 6. .

The first question asked "If you could take a half a
dozen molecules from ice and look at them under a
microscope so powerful that you could see all six
.molecules, what would you see?”. The sketches revealed
two common mi;conceptions which are representag in Table 6
as Misconception 6.1, and.Miscehception 6.2. Table 6
shows that Misc’cnception 6.1, namely 'thar. water molecules
in ige‘touch each other leaving no space, was held by five
subjects from Group A, six from Group B, and threeﬂ from
Groupvc. A typical sketch illustrating Misconception 6.1,
showed the molecules touching one another 'with no space
between the water molecules. These sketches are
consistént with the tindix}gg _of Novick and N:msbaum (1978)
who reported that studen?';s may have a primitive continuous
outlook on the physical“ world as opposed to the accepted

4

particulate model. For subjects holding this

mi ion, the pt of bonding may not mean a force

of attraction. The second most common miscongeption,
revealed from their aketci:es is‘ Misconception 6.2, namely
, that water molecules in ice are not bonded in any pattern
or urrar;qament. A total of ten subjects belieyed that the
water molecules from the solid phase are not arranged or
Aoriancad with respect to each other.’ The typical sketch
showed the molacules to be randomly lo'cut‘ad to each other.

Table 6 shows that.Misconception 6.2 was held by three
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Table 6 _
d .:
The Most Common Misconceptions Relating to
% . the Bonding of Molecules
.
7 ‘Pravalence
Misconception , A B ¢
L] * .
6.1 Water molecules in ice touch each 5 6
other leaving no space. -
6.2 Water molécules in ice are not ¥ 3 -3
. bonded in any pattern. . .
6.3 Water molecules are held together 2 2
by something external to the
molecules. N
6.4 Heat causes molecules to expand 2 = 2

leading to separation of molecules
during melting.
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subjects. from Group A, three from G;.:oup B, and ' three
subjects from Group C. The sket".ches also revealed other
less common ideas related to Lhe arrangement of molecules.
For example one subject drew the mplgcules in a circular

a. , while drew the shape of a rain drc‘m. °

Subjects were next asked "How are the molecules held

4 + together?". The only common mi ion, {, .;in

Table 6 as Misconception 6.3, was that water molecules are s
hing external to the molecul‘es.

held together by som
1 Typical responses included:\ "...thgre's stuff
like...there's certain things that keeps ‘Vtham togeth“er"
(A); "...some kind of fusion, ...heat would keep them
teqether"‘ (A); "maybe it's the force of gravity" (B); or
* "maybe it's the water" (C); or "air p;essuze from. the
outside“ (C). Everyday exp;riences such as knowing that
. things can be held together with physical items such as
p p’a}t: clips, glues...etc. may be one source of this
misdonception. Table 6 shows that Misconception 6.3 was
: - BN hqld by two subjects each from Group A and Group B, and by
. four subjecu :rom Group C. Subjects revealed other H
mis nncep\:ivns which were not included in Table 6. One .
eub‘j\act suggested that water molecules in ice are not held ’
togather at all, unother claimed that molecules arew held -
together b‘y 1ons, .whilé another suggested that "...thara
would be little notches in each molecule whar:e they would

/ fit into each other..." (B).
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The final question "Why do the molecules separate
farther apa® . when going from ice to liquid to steam?"
revealed a miéccncep:xon common to several subjects. Four
subjects, twd from Group A and two from Group C exhibited
Miscon:eptlan 6.4, namely that heat causes molacules to
expand 1aad1nq to ssp\araticn of molecules durinq melting‘

Another misconcaption, held only by one subject, was that

molecules decompose when going from a solid phase to a-

gaseous phase, and this results in greater distances
-

between the molecules.

The final group of ghestions rélating to molecules
focussed upon the energy $f molecules. More specifically,
subjects were asked to ndme the phase of matter in which
molecules move the fastest d slowest, to give reasons to
account for ?it‘fering speeds, and finally to suggest what
happens when heat is added to molecules. . The most commcn
misconceptions relatinq_ to energy and molecules are

represented in Table 7. ! -

\ The first qu;;st:inn from this category asked subjects
"Do -ol-.e;:ules Jnove?".l All subjects except one, who
sugges‘ted that the wn_ter holec\ules from the_ solid phase
(ice) do not move, believed that all molecules in all
phases are in constant motion. The question "In which

phase do the nol'culeu move the VlastancT{ Hn‘l asked n.‘x!:,_




Table 7

The Most Common Misconceptions Relating to
the Energy of Molecules

Prevalence
+Misconception i A B c >
i 7.1 Water molecules within each phase . 3 - 3"
,move at the same speed. &
7.2 The speed of a molecule is 1 - 2
determined by its size.
7.3 The more space a molecule has to ”~ 2 :
move the faster it ‘will move.
7.4 Heat causes molecules to expand. 3 T -
: f g
7.5 Heat causes water molecules’to . = 1 4
break down.
A
, v . N
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followed with "In which phase do the molecules move the
slowest?". Most subjects responded correctly, that is,
that water molecules from the gaseous phase have an

average speed greater than water molecules from the solid

phase. Subjects did, , reveal a mi ion when
asked "Do molecules move  at different sp;ods within
solids, 1liquids, and gases?". Table 7 shows that
Misconception 7.1, tha_t' water molecules within each phase
move at the same speed, was held by three subjects {;—'om
Group A and tworfrum L’;roup - fn‘ general, subjects appear
to have a good under;tanding of the relative speeds of
molecules in the diffarent phases.

Subjects two mi eptions when asked "Why

do some water molecules move faster than others?". The
first, Misconception 7.2, was that the speed of a molecule
is determined by its size. One subject explained, "I

guess (some molecules move faster than others) because

some are probably smaller" (A). Another subject said
"...because they are all the same size, ...they should all
move at the same speed" (C). Table 7 shows that

misconception 7.2 was held by one:subject from group A and

two sl{bjsctg ‘from qrouli C. The qtﬁar misconception used

to explain ﬁ\hy‘ some molecules move faster than others was
that b@ moxyr space a moleculé has to move thé faster it

will move. | This was labelled Misconception . 7.3. A
" f ‘ .

typical response was, "space, ...some might have more

space to mov.e, therefore they move faster" (C). Another

\ -
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subject suggested that "In the steam ;'d say they move
faster because they're separated and they got more room,
whereas in the ice they are closer together" (B). ‘ These
results co;nplemem: the results of a study by Novick and
Nussbaum: (1981) who reported that students often have
difficulty explaining cooling in terms of decraas;d .
particle motion. Tabl{t: shous that Misconception 7.3 was

held by-two subjects om Group B and one subject from

il
Group C. Both Mi ion: 7.2 and Mi ion 7.3

accounted for relative speeds of molecules with factors
other Athan energy. ’

The final question asked "If you were to add heat to
an ice cube, what do you think would happen to the
molecules? Would anything physical be added or removed?".
Responses which were considered misconceptions are

represented in Table 7, as Misconceptions 7.4 and 7.5,

r ively. Mi ion 7.4 is: represented in the
_idea that heat causes mo}ecules to expand. For example,
one subject ‘explained that when. heat is applied "? would
say that they get larger and start to move faster"' (A).
Table' 7 shows that Mi.sconoeption 7.4 was held by 'three

subjects from Group A and one from Group B. The other

mie ption, Mi ion 7.5, revealed from the
quer;tion,'wu that heat causes water molecules to break
down. One subject suggested that "It (molecules) would’
get smullér...you would end up with several smaller

pleces" (C) ‘if ice were melted, while another sugqes\{ed

naw
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that "It (nx%:ule) might lose a few atoms" (C) .during
heating. These findings support the notion that particles

can melt as -

qg: by some in a study by
Brook, Briggs, and 1;5\@: (1984). The misconception may
result from previous experiences, such as watching sugar
or ice meltd and then inferring that the molecules break

down. Misconception 7.5 was held by four subjects from

\Group C, but only one from Group B and none from Group A.

Another misconception not included in Table 7 because it
was observed for only one subject, was that heat causes
"...the atoms within the molecules to move farther apart"

(8). R .

In summary, nearly one-third of the subjects
suggeste* that adding heat to molecules results in some

kind of physical change to the molecules. »

Atomic Structure/Shape

The purpose of the questions from this category was
to identify subjects' misconceptions relat_ing to the
structure and shape of atoms. No particular at\nm .was used
as a reference and subjects, where possible, were asked to
illustrate their idaas. through a sketch. The most common
misconceptions relating t9 the s:rucc‘ure and shape of
atoms are represented in Table 8. ‘

Subjects were first asked "If you were to take’one

N .
atom and look at it under a microscope so powerful that




Table 8

N The Most Common Misconceptions Relating to
- the Structure/Shape of Atoms

Prevalence
-
# —_—
Misconception [y B &
8.1 An atom rasemﬁles a sphere with 1 3 4

components inside.

8.2 An atom resembles a solid spheré. 3 1 4
8.3 An atom looks like several 3 3 =
dots/circles.
8.4 Electrons move in orbits. . 2 2 -
8.5 Atoms are flat. ! - 2 -
8.6 Matter exists between atoms. 3 5 6
N - .
/e
(")
v o




you could see all the details of an atom, what would you
see?". They were asked ‘to make a sketch. These sketches

revealed three misconceptions. The first, Misconception

L]
8.1, was that an, atom resemblesga solid sphere with

components inside. A typical sketch redembled a circle
with dots inside  to represent components. Table 8 shows’
th:t Misconception 8.1 was held by one subject from Group
A, three frém Group B, and four from Ggéup‘ C.

A second misconcePtion, ‘Misconception 8.2, was that
an atom resembles a sol‘id sphere. A possible source of
this misconception éauld be t;xposure to texts where solid

spheres are used to rep atoms. S included in

this misconcepticxﬁesembled a circle with nothing in it.
Table 8 shows that Misconception 8.2 was held by three
s‘uhjects from Group A, one from Group B, and four from
Group C.

A third misconceptidn, Misconception 8y held by
three subjects from Group A and three subjects from Group
B, was that an atom resembles several dots or circles,
randoml)} digtrib\fced. A somewhat related misconct\apf‘.ion,‘
not listed in Table 8 because it was held by onlk. two
subjects, was the belief that an atom would resemble
several concentric circles. This notion may have been
learned from illustrations in texts which often show
electrons moving in orbits, or from analogies relating an

'

atom to a solar system.
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Subjects were then asked "Are there smaller parts
which make up atoms? What are they?". Most subjects
responded affirmatively and suggested a few of the
fundamental components of atoms. No subject suggested
that atoms were composed of anything other than electrons,

neutrons, and protons. Déspite the qene'x‘ally acceptable

level of ing of the of atoms, several

‘" subjects did reveai one particular misconception, namely
that electrons move in orbits. This was labelled
Misconception 8.4. One subject explained that lelectrcns
"...move around in belts around the nucleus" (A), while
another subject explicitly stated that "...electrons move
around in orbits" (A). Cros et al. (1986) reported that
this belief is common among first-year university science
students. Table 8 shows that Misconception 8.4 was held
by two subjects from Group A, and two from Group B.. \rwo
other less common misconceptions were thag electrons are
found on the inside of the nucleus and that protons are on
the outside of the nucleus.

Subjects were next asked "Do you think that all atoms
would look the same? How would they be different?".
Nearly all subjects thought that most atoms look similar.
Those subjects who believed that atoms differ in
appearance suggested that atoms may have ditFerent sizes,
shapes, and colors. )

The next qunutlon asked was "Are atoms ﬂnt or do

they have more mn two dimensions? Are they nll like




this?". All 'subjeccs, except for two, suggested that
e atoms haveé more than two dimensions. Table 8 shows that
Misconception 8.5, namely that atoms are flat, was held ’
only by two subjects, both from Group B.

The final question relating to this category was "Is
there, anything between atoms?' .what is it?". A variety’uf
responses were grouped to form Misconception 8¢6, namely .
that matter exists between atoms. When asked to describe
what there might be between the atoms, the most typical
response was "air". Other respcnse;; included "Different
materials...gases...oxygen" (B), and "...there are.
electrical: charges" (C). Ona‘subject suggested that the

" purpose of the 'stuff' between atoms was to hold them
together, to act as bonds. Table 8 shows - that
Misconception 8.6 was held by three subjects ‘fro‘m Group A, ¥
five from Group B, and six from Group C. Subjects
generally had difficulty conceptualizing empty space

between atoms.

Size of Atoms

The questions from the category 'size' asked subjects
to describe ‘the size of an atom, to compare the size of an

atom wWith the size of a molecgule, and to give reasons why

| ’ some atoms may be larger than others. - Responses .
| . o G
/ considered to be mi ptions are rep in Table ¥~
. s v b
Lo 9. ’ -




. s ‘ T;ble 9 =

The Most Common Hxscanceptinm Rnlatlnq to’

«the Size f Atom:

7 —
& Prevalence
Misconception A B ¢
T
9.1 Atoms are large enough to be seen ™ 1 2 A
under a mi?oscope.
9.2 Atoms ;re larger than molecules. 3 2 -
9.3 “All atoms are the same size. 1 - 3
. ke ™
9.4 The size of an atom is’determined 3 1 =
prinarlly by the numher of protons. &
PR .
9.5 Heat may result’ 1n a change ot X . Fe0 2
atomic size.
9.6 Collisions may result in a chang 4 b -

of atomic size.

®




The first question from this group asked "How big are

atoms? Try to compare them with sSomething”. A typical

'
. response was. “Atoms are smaller than molecules." (B). A

few‘ subjects compared the size of an atom with something
small, but large enough to be readily seen under a
. ===l

microsco For example, one subject compared the size of

an atom \:o a small pxece of dust while anather suggested
that an atom is abd\ir"‘.-.. 1/100th the size of &he point on
a pin" (B). This overestimation of .atcmic size
complements the tindings of 'é study .by Ault, Noirak, and

‘Gowin (1984) who reported that students may see a molecule

"as the smallest piaca of something which is dlrectly‘
observableu Anderson and .Renstrom (1983) als»o, suggested
ti’lat,_\’-si:udents may view the vatu’mic/ wo.rld' as l‘an
extrapolation of ‘the macroscopic wor.l{ Table 9 shows
that i!iscunception» 9.1, t:at atoms are large enough to be
seen under a nicx‘oscopq,\ was held by one subject frt:;m
Group A, and two subjecté “from each Vof Groups B anﬁ c.
Subjec::s were next asked "How would the size of an
atom compare with the size of a moletule?". Table 9 shows
that only three s@jacts resp;:nded with Misconception 9.2,
that atoms are larger than molecules. No suhjac‘t
sugqestad that atoms and molecules are the same size.
subjects were next asked ‘'"Are' all atoms the same
size?n. Most suhjects suggested that atoms come in a
variety of sizes. However, Table 9 shows g:hati

Misconception 9.3, that‘ all atoms are the s;me size, was




Lo .
! ) held le one subject trom_croup'A and three subjects frgn
Group C. A common misconception was revealed u;len
subjects addressed the second half of the question. Table
. ‘9 shows that three sub)ects froﬂ Gx-oup A and one f:om‘
. Group B held Hisconceptmn 9.4, nua!.y that the size of an

“tom is determined primarily by the number of- protons. No

Yy - subj'ect %ndicatad Ehat electrons occupy part of the yolume
) of an atom. One subject suggested that "...the impurities
may ‘capse the size to change" V(B) e
/ ‘ ¥ ' The final quas‘tign from this category asked subjects"
Py . ) - "Can the size of an atom change? “so, when would a g

R 2% ¢hange occur?®. The most comii\pn Yeason gkven for ilﬁaﬁ a

5 change_tould occur was Misconception 9.5, namely _that heat -

may result in a cﬁange “in atomic size. All subjects who
" hela thig ‘niscc;ncéption,'sl’xgges'ted that adding h;eat to an .
atom would tgsuIt in thé atom expanding. T:.;bla'9 shows

-that misconceptién 9.5 was held by one subject from ’Graup =
A, three from Group. and two from 'Grcup Ci ~ I\noéhar =

miseconception relating to “factors qaus’i‘ni; change in atomic -

size was:Hisconception 9.6, nmamely that collisions may,

result: ‘in chanqe of -atomic size.. Table 9 shows that "

stconceptlnn 9.6 was _held by four uubjects from GroupsA -

and one subject fromafroup B. . A total of 11 subjects, - | - )

X ) from all groups, believed that the size of an at.o.ln can ' .
change under the right conditions. '

" s An examination of Table 9 squssts that more subjects

from each of Group A and Gtoup B held uiaconceptians
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relating to the size of atoms than did subjects. from group ’

c. However, this may- be mis{ead{ng as many ' subjects,

" especially those from Group C were fatigued at ‘this. stage

of _ ghe\ntervie , and were less confident fabout their
responses. , It w;:s often difficult to decide what beliefs
subjects h'eld because in many casis they weren't sure
th_e.mselves. . ?nly cle‘ar, unambiguous responses were used
to determine the pr";valence of .misccnceptions across

groups. - \ o R

7 ' Weight of Atoms

| the qucsfions from the . 'weight! cétegory asked

subjects to explain. why ‘some atoms weigh more than othexs, P

and to describe the wexght of an atom by comparinq it with

something. Dnly two miscanceptions ,were | ‘identified.

These are represented in Table 10. o

’l‘he first questxon asked was ' "Do all aterds He].gh the
,,,,, \

same? ’How would yuu explain the dxfference) in- weiqht

‘bet;ween ato-s?". ;Most subjects said that atoms may have

different weights, but a few .suggested that all atoms’
w;igh the same. This was labelled Misconception 10.1.

'I‘Jm subjects from- .each of Groups A. and B, and’ three

subjecr.s from ' Group C held this ‘misconception. Two
sﬁbjects, both from . Group B,  who' did not exhibn:
Miscuncaption 10.1 axhibited Hiscancapt;on 10.2,° namely

that the number of electrons detemines the weight of an

3
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;tom, 95% subject suggested tha}thé number of impurities

in an atom was the main rac‘tor affecting the .w‘eigm: of an
at’c‘m.‘ In general, most. subj;cts réalized that difteiént

. - kinds‘ of  atoms ' have- their own weight and . (a‘l?‘the
'particles inside the nucleus primarily detenune the1r

weight. . oA

Sﬂbjeots were next asked "How heavy do you t!unk an

' . atom is? Try to compare it wif_h somathing" : Subjects
generally had difficulcy déscribing the’weight: of an atom,
and mcst resnrted to comparmg it w;.th the waight of a
molecule., A suhject\from G:oup B suggested that atoms
weigh more than mclecules, while'anuther subject from
Group,c said that atoms weigh abo‘utl the same as moleculés.
Anoi:hgr subject said that an’atom would weigh "...as l'igﬁj:

. as .a feather" (B), and another said‘:h'at an 'atom ‘would be
"...as light as aix.-" (A). one subject responded "I don't

know if an atam has any weight" (B) L .

Both guastions from thg final category were direi:t;ed .

towards finding om‘: if supjeg?s believed -that atoms are

alive,. and if so what evidence Quppons 'this‘ belief.

Their ‘most.common mil P ions. are ,.' ) in Table

11. . I .

b6 i
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; - _ The Most Common Misconceptions Relating:to
d the Animism of Atoms
‘ <
ta -
i 2 :
- C i3 Prev’a}én'cé
Misconception A B c
7 ' -~ .
e A
¢ 11.1wmAll atoms are alive. - 4 7 5
o 21,2 Only» some atoms are alive. . \ 2 1
11.3 Atoms are alive because they = \ Tar o3 3
move. * ' . <
= E . i
L a
.
.. .
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Table ‘11 shéws that ‘over half of the sibjects,

inéluding four from.Grqup, 'A,“‘seven from Group B, and five
v - 5

from Group C held Misconception' 11.1, - namely that all

atoms are auva. " This belief is consistent with the

concept of hylozoism, which is the idea that all of nature

* is alive and-sensitive. This idea existed in the time of '
N

the _‘éreeks and” up to thé’ seventeenth or evén the
eighteenth :entury (crosland, 1971). . osborne rand 'Freyberg
(1985) also repoi-ted that children have a human-centered
or anthropomorphic ; view of the world:' ‘A related

" misc stion, Mi ion '11.2, namely that only some

atoms are qliva, v;as held. by . two suhjécts from' Group A,
aq& orye'subj‘ect"trom Group B, When subjects were_asked

which atbms'are alive, only one subject gave a response,

wi'\ich' vas ..only organic atoms" (A) are alive.

:“The fi‘.nal‘questic‘n asked was "Atoms in, a pencil

. appear not be alive, 'and atoms i‘n your body aplear to be

'alive. How. do you axplain the diffe_rence?' The most

_cal;smén misconception found was that atoms ,are alive
because \:hey move. "l‘hxs is Misconception 11.3. As one
subject axplainéd "They are }novinq so they must be
alive..." (B). _When.the- invtq‘rvigwet responded by saying

that yol can't see them move, several subjects said "

but: if- you had a microscope you would see them movin‘g
around" (C): One subject responded "Within the atom there
would ' be soing movement, . ..there ‘weuld‘ be movement of

protons, or the atom itself would move"  (B). Another




su:g.ges}:ed ‘that atoms ar'n‘ aiive because' tki;y reproduce.
Misconception 11.3 was held by four suhjecté from Group A,
and three frc‘m each of.Group B and C. Two other reasons
wex;e given to explain wixy subjects believed atoms are
alive. First, "Atoms in a pencil are gliva because théi
once used to be part ot‘a liying orqanisn,. a tree" (C).
The s_eéond reason advanced was "...beéause I think that

they are supposed to be the smallest part of a cell" .(C).

JIn retrospec'; this’ que‘stion' may be:* mlsleadiné. If

subject:s suggested that ‘some' atoms are alive, whan asked

the first question, they| then shuu).d have been first usked ™

- fundamental chnracteri.stics

to give exalf«plas of which atoms are alive and whlch cnas

are .not, - and ther\ thay ‘should have been asked to account
. E 5 0

for their responses. § o

. Summary
’I‘he purpose of tlus chapter was to analyze tha data

as it relates to the tesearch questions posed in Chapter
1. The data.was basad on 57 questions relating to the

&'(olegulesv and atoms.’
Specifically, the questions relating to molaculasftocusad

on -the s‘tructure; c&n’position, size, shape, weight,

C
bonding; and energy of| molecules, A similar line of
question§ relating to tlle structure, shape, size, weight,

and animism of atoms was also included. Thé most common

'misconcepticnn were 'identiﬂed and pnnntad in a urias

ll

\



94

of tables to indicate the pravalencs‘; of each misconception
for each group of students.

A totalﬁg 56 miscon%epticns exhibited by at least
two subjects was identified. Some of theée were
widespread. They included the 3dea that: water molecules
contain components other than oxygen and hydrogen; water
molecules are large enough to be seen with the naked eyei~
water molecules within a phase have different sizes; water

molecules - within -a phase may - have different shapes;

temperature is the factor whith determines molecular

shape/ water molecules are heavy enough ‘t?o jbe physically
weighed; the weight' of an i‘nd:ividual vatet mblectile varies
depending on which phase it‘is in; water \mo‘lecules in‘vthe
so;id phase toych. each. other leaving no séace; matt’er
exists between atoms; and all atoms‘ are alive. In some

i the ni ions identified were very similar

to the now rejected conceptions of practicing scientists
of the past. All t;le misconceptions nelat:'ing to molecules
and atoms which have been identified and presented in the
tables relate spe?ifxcally to research gquestion ope.

‘The data collected revealeéd many features %’atgnq to
how ‘the three groups. ditfsgret.i. First, many of the

misconceptions were common to all three: groups. At least

one. subject from Groups A; B, and C held 30 of the 56

mi ions rep:

in the 'tables. Second, *

subjects from Group A (A_cademi Science) exhibited the

hroadest range of miéconcepticns. 0f the 56

4
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mi ions repr in the tables, Group A subjects

, collectively exhibited 47, whilg' Groups B and C,
respectively exhibited 46 and 43 of thE/m{sconDpti.ons.
/chever, while subjects om Group A exhibited a
broader range of misconceptions, these sl_.\bjects exhibited
a lesser num!ier of misconcep\:\ions. l‘l-‘or ea;:h of the 56
misconceptions an average of 2.0 out of a possible 10
subjects from Grou’p A he’ld» the misconcdeption, while for
Groups B and C an average of 2.9 '.;:ut of a possible 10
squects in each case exhibited the misconceptign. Hence,
«Group A subjec’ts general‘ly had a better under§tanding of
-\-mnlecule_s and atoms than//ciid subjects’ from éroups B and C.
These findings relate /Ispecif:ically to research question
two. . /
/
The next chapcfr., Chapter 5, includes a summary of
the study, educat/&énal implications,’ and recommendations

. for further rese§fch.
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CHAPTER 5
SUMMARY - AND RBCOHHZNbATIDNS

Y
' Summary of the Study
The purpose of this stt\dy was to explore High School B

- ’ students' understanding of the terms ‘'molecule' and

'atom', and to detamina specit‘ic misconceptions, and how

these differ among students who have different levels ‘of

participat‘iicn in gcience and are of differepnt academic

abilities. Data were r;olle‘::'ﬁed through 'administr.ation d"’

a -series of individual semi-str’uctut,ed interviews. x
qiscussion of .,the many findings emergiﬁq from tﬂe present
study- follows. )

- .. The.results of this investigation suggest that High
) /&hool sngdents' have views concerning molecules and atoms -

. which are incompatible with the views held by scientists
today. In' addition, the data suggest that« collectively
thesé students have a wide range of misconceptions L4
relating ;b the fundamental characteristics of molecules
ancf)l}.)‘atoms. These include. misconceptions relating to
structure, shupe,:cgmposition, size, sha\pe, weight,
bonding, and energy. of molecules, "f'as\ well as
misconceptions relating to structure/shape, size, weight,
and animism of atoms. ks

Findings from  the’ p@rticular, content areas §tudied

may be hriany‘sumnrized as follows:




(i) Structure of Molecules --' The\Academic Science
students generally had an acc table level of
understanding of the' structure of molecules.

” Their mpst common misconception that water
molecules have the form of three ’spharis was .
possibly modelled from textbook -illustrations.
The two most common‘misconceptions held by the
Academic-Non Science ' and Nc;n-Academic ~Nori-

% ‘,Sciepce ’students‘ were: a wa\:}r molecule
resembles a closed figure with no detlnlte
shépe: and a water molecule is spherical wit)? 4

particles spread -thrcughou\: .

—
E / (ii) Ccnnpcsitiun of Moleqples-,-néédemic g Sélenpe

\ T . students had a good understanding of . the
N , = composition of water molecules and collectively

- showed few misconceptions. X In contrast the)

Academic Non-Science .and the Non-Academtc Non-
Science groups showed substantial
misund_erstandinq of the composition of
molecules. In partichl‘ar they believed, that
4 water molecules ccntain more than three at;ams,
» —that water molecules contain different numbers
of atoms, and water ‘molecules contain cohpanents'v
other than oxygen and hyd:oqen.
(iii) - _Size‘ of Molecules--Half of the subjects trom‘
€ach of the three groups grossly overéstimatsd

£l : the size of water molecules. Examples of size




(iv)

v)
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estinates ranged from the size of a red blood
cell to the size of a point on a pencil. All
subjects from the Academic Non-Science and Non-
Academic Non-Science grbups, except one,
suggested that water molecules @ithin a phase
may have different sizes. Another widely held
belief was that the size of a water molecule
depends on what phase it is in. For example,
many studénts believed that the water molecules
fron the solid phase are the largest, while
w‘ater molecules from Ehe gaseous phase are the
smallest. ) '

Shape ' of Holecu&es‘—-’l‘he most common

misconceptions, held mainly by the Academic Non-

Science, and Non-Academic Non-Science students-

were that water m.olecules .within a phase. may
have different shapes,‘ and that temperature may
affect the shape of <a molecule. Several
-stydents suggested that pressure and the shape
of the container can affect the shape of a
molecule. '

Weight of Molecules--; ic science

had a good understanding of the' weight of
molecules!  Most of the .students from the
kcat‘iem»ic Non-Scienceﬂ and Non-Academic, Non-
Science group héld tl}ev followind® misconceptions:

a water molecule is heavy enough to be



(vi)

(vii)

(viii)

>
physically weighed; water molecules within a

phase may weigh differently; water nolecules
from the solid phase are the heaviest; and water
molecules from the gaseous phase are the
lightest. . =
Bonding of Molecules--The misconceptions from
this category 'were held by approximately the
same number of students from each group. The
most common misconception, . held by nearly one-
half of ‘:i‘he 'subjects, was that water molecules
in "ice touch each other leaving no space.
Another ' common misconception was that water
molecules in ice are not.bonded in any pattern.
Energy of Molecules--Students™ from ‘all 'thrqé o
groups had an acceptable understanding bof the
effect of energy on molecules. The twd smost ™
common misconceptions were that water melécules
within each phase -move at the same speed, and
heat causes watér molecules to break down.
These misconceptions wdre not widespread.
Structure/Shape of Atoms--The most common
misconggption relating to the shape )and
structure of atoms was that matter jsts
between atoms}L This was held by 30 perg of
the Academic Science students and l;y more than
half of the othexf‘s. Two other common

misconceptions were that an atom resembles a
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. .
sghere with components inside, and that an atom
resembles a solid sphere: . \

(ix) size of_Atoms--Surbrisir}qu, students * from the
Academic Science dgroup ré&yvealed Tmore
misconceptions relating to the ze of atoms &

4 than .did students f@thé other two groups.

w ' Th& two most common misconceptions were °that

- atomic collisions ‘may result il:x a: change of

atomic size, and that heat may result in a

-
change of atomic size. B
.

(x) Weights of Atoms--S L relating
to i the weights of atoms were generally
accepta_ble. The only. common misconceptions
reve,:iled ‘were that all atoms have the same .

€ weigﬁi, and that t}n;. -number of electrons

determine the weight of an’atom. v N

(xi)  Animism  of Atoms--Over half the students
- intérviewed suggested -that atoms are ‘alive.
This included six S\%\: of the ten students in the
Academic ;cience group. The most com;\on reasont
given for supporting this belief was that.atoms
move. .

In  addition ‘to being widespread, many of th; -
misconceptions identified -parallel historical ideas of
science. For example, the misconception that ' the water

¢ . molecules in an ice cube are shaped like cube's, which was

exhibited by a number of subjects, is similar to Havy's
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(1807) idea that compounds which are shaped in cubes are
composed of substances shaped as cubes. The misconception
that water molecules within a phase may have different
'shapes was a view advanced in 1637 by Descartes (Crosland,
1971). Finally, the_.belief that all atoms are alive is
consistent with\the concept of’ hyluzcis;n, which is the

idea that all of nature is alive and %ens&tive. This idea

existed in the time of the Greeks and up to the

seventeenth or even the eighteenth century. .

“Based on the evidence from the sample of students in
the present study, High School students' understanding of
scientific terms relating to molecules and atoms is
frequently superficial, despite the fact that they™use
these terms comfortably in their speech. Many students,
particularly those from the Académic Science group used,
scientific knowledge and terminology to support their
nonscientific ideas. Fo; example, one subject explained
that the water molecules from the solid phase are the

smallest "... they ‘are ",

comparison of the groups indicated that many of the

.misconceptions were common to all three groups.

Paradoxically, students from the Academic Science group
exhibited® dra broadest range of misconceptions, bit on
average exhibited a lesser number of misconceptions.
Perhaps their greater range of misconceptions may be
explained by their exposure to a greater range of content

~ ~
in the context of their courses, giving them more concepts
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to get conéused. . Also, subjects from Group A ge’neral‘ly
talked_longer in' the interviews than did subjects from
Groups” B and 'C, which |-zsua11y resulted in : more
misconceptions being revealed. -Oyerall, th&ubjects “from
the Academic Science group gex’ierally had a better
understanding of the “fundamental characteristics' of
molecules and .atoms than did subjects from the Academiq
Non-Science and Non-Academic¢ Non-Science groups.

One could ihfer that individuals who hold
misccnceptfns about  water molegules also hold
misconceptions ahimt other molecules, although-f"uréhér
evidence would be needed tn\estab11sh this. »‘x‘;he‘\results
reported here should not be mt;rpreted to 'mean _that
subjec;s necessarily cannot learn the concepts-related to
molécuies_ and atoms. »Iﬁ fact the present ;tudy indicates
that ‘some High School students cah reason with abstract,
models whic;x are hardly. if at ‘all related to everyday
experiences. It . is hoped, however, that awareness of the
misconceptions identified will help teachers to avoid and
eliminate ambiguities which may iﬁterfere with their
students' ‘learning anda’ understanding of molecules and
atoms. In this sense, it is hoped that ’thege findings
might have. important educatiopal impl‘ications for science

. -~

teachers.

’ .
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Educational Implications

The present study has -the following immediate

pedagogic implications:

1.

exploit the wide range of i

T&chers ‘should not- assume that students hold

scienti'ucally acceptable concepts relating to

molecules and atoms. Evidence indicates that
hold wi mni ions, regardless
of their science or academic background. &

i B
Many of the misconceptions identified in the present

study seem to be based on models. _presented in

textbooks. While teachers probably should use a

. N :
variety of metaphors, models, and analogies to make a

nev :;o'ncaptlcn more intelligible: and plﬁnsible’&br
the learner, they should tell their students ' that
therel is i-lvays likely to be‘ a difference between the(
.scianti!ivc model un‘d the real world. : s

A number of egeagérs have s.ugqest.ud €that ée role of
the science teacher should change zron_rthat' of a
presenter to that of ;hvestiqator of students'
conceptions. The -interview described in this study
may be used to ass;ss an individual's pLsitiun with
::‘en;pe:ct‘T to/ the fundamantal~ charact er:stics of
molecules ar\_d"atums. R may be po sibie for a

classroom ';'aacher to use the interview guide to

assess students' notions before beginning a lesson on '

this topic. Alternatlvel? teachers may wish to

eas in théir classroom: by
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discuésinq some or all of the content areas
represgnted in the present study. ’

4. It has been recognized in th: literature that new

ideas may be incorporated more easily when taug‘nt in

the contex‘c of learners' current conceptions.
Spec‘*ific learning strategies, relating to

¥ ling of the c Df’ atoms and molecules,

starting with the 1earnars misconceptions, should be

developed. Students should also be¢ome aware of

s their own concepts as preparation for conceptual
change. . o

BL 'mus “study revealed that many students -have not

conceptualized' the notion' ‘of empty space Jbetween

molecules ox; the idea that - the amount of space

'increases with change of state. Thls may qall £5r

the need for teachers to teach carefully a cléarly

. all aspegts’or‘components of a theory. If this does

not happen. it is unlikely that students will
: ke .

lize these. p on their- own, so that

+ their concepts will remain inadequate and incomplete.

N o > ¢
lons for Further Research

i‘{e’ present study may be followed-up with the

following ‘research: v

1. The intf_rview guide may be used to assess the types

of misconceptions which students in' the elementary




: ; Y ’
and intermediate grades have relating to mole;:ules
and atoms.

—\ " 2 The present study may bg complemented by a
longitudinal study to trace the development of t
conceptions relating to molecules and atoms as

' . currently taught in the schools. -
3. ViThe results from the present study may be used to
B Adraw up a questionnaire -which could then be
administered .to large numbers of subjects. The

purpose of the questionnaire would be' to 1dentify th_e .. :

- prevalence of ' acceptable conceptions and :

misconceptions relating to atoms and molecules for a

large popullgtio'ﬁ.. - } . . LR

4. Further studies could be mounted to assess - which
: e W

instructional strategies have the most influence on

learning. To what extent do different strategies of .

.i;lstfuction stimulate students' c‘agnitlive stihﬁtu}:es

to a’ccommedate and assimilate concepts rela:iqg to

- moleciiles and atoms? z X

5. Further résearch is necessary to develop techniques
for establishing the validity and reliability of the
interview method as a rese\irch technique,

6. Research may be carried out to dgtern\ine thé
relationship, if any, betwec’ar:: individual differences
in. spatial ability and undersi;nding of molecules and

atoms. B . o . -
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7. - Further research is needed to ascertain the -
particular difficulties students may have as they
develop the concepts of molecules and atoms. e

8. Further research may be needed to determine whether
there is a correlation between clarity and

compléteness of instruction and clarity ' and

compl of unders ng, and w knowledge
of common misconceptions will aid this kind of

instructional planning.

R R &
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MOLECULE

(A)

A

(B)

Structure

Cofiposition

J

Interview Guide F

RELATED QUESTIOrS ¥

If you were to take one water
molecule from an ice cube and look
at it under a microscope so
powerful that you could see all the
details of a molecule, what would
you ;see?

What do you call the part of the
molecule that you have drawn? (For
example, if a student draws a
circle with some dots in it you
would ask what the dots me;n.]

If you were to take ope water
molécule from some tap water and
look at it under a microscope so
powerful that you could see all the
details of a molecule, what: would
you see? . -

What do you call the parts of the
molecule' that you have drawn?
: 4

If you were to look at one water
from steam under a microscope so
powerful that you could see all the
details of a molecule, what would
you see? ’ .
.

What do you call the parts qQf the
molecule that you have drawn? -

“
What are'water molecules made up
of? .

!
‘Are all -the water molecules,  that
is, those from ice, liquid, "and
steam made up of the same parts.

Do all the molecules from the :\ce
have the same parts?



10.

11.

12.

13.

3}.22 ‘

(D) Shape ¥
22

23.
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Do all the molecules from the tap
water have the same parts?

Do all the molecules from the steam
have the same parts?

Are there atoms in molecules? Do
all molecules have atoms?

How many .atoms would you find in a
molecule of water? .

Would all water molecules have ‘the
same number and kind of a oms? How
would they differ?

\

How big do you think a molecule of
water is? Try to compare it with
something. #

Do .you think that ‘there-is anything
smaller than a molecule? = What is
it? - *
Are . all the molecules. in the ice -
the same size?

Are all the molecules in the water
the same size?

‘Are all the fmolecules in the steam
the same.size?

Are the molecules in iae, water,

. and steam the same size?

How gre\thé sTdes different? Why
does 'the size change? If the sizé
doesn’t change, why not?

-

Are the molecules that you have
drawn' flat or are they three
dimensions?

Are all the molecules of water in
the ice the same shape as the one
that you,have drawn?




(E)

(F)

Weight

Bond. tnt_;

24.

25.

26.

27«

28.

29.

30.

35.
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Are all the molecules of water in
the liquid the same shape as the
_one that you have drawn?

Are all the molecules of water in
the steam the same shape as the one
that you have drawn?

Is there anything which might cause
the shape of they molecule to
change?

How heavy- de you think a molecule
of water in ice is? Try to compare
it with something. ‘

Do all water molecules .from ice
wexgh the same? Why might some be
heavier than othars?

How heavy do you think a molecule
of water in a liquid is? ry to
compare it with something.

“all water molecules from a
liquid weigh; the same? why)miqh:
some be heavier than others?

How heavy do you think a molecule
of .water in steam is? Try to
compare it with something.

Do all water molecules from steam
weigh the 'same? Why might some be
heavier than others? M
From which phase are the molecules
the heaviest? From which phase are
the molecules the lightest? Why
might some water molecules be
heavier than others?

If you could take a half a dozen
molecules from ice and look at them
under a microscope so powerful that
you could see all six .molecules,
what would you see? '

How are the mélecules held
togeth¥r? ; -




(6)

ATOMS

(a)

Energy

36.

A

38.

39.
40.

41.

42.

43.

Structure/Shape

45.

f 120
Is there anything between the

molecules? What is it?

Are all the molecules the same
distance from each other?

\ ]
Why do the molecules separate

farther apart when going from ice
to liquid to steam?

Do molecules move?

In which phase do the molecules

‘mové the fastest?

In which phase do the molecules
move the slowest?

Do molecules move  at different
speeds -within solids; liquids; and
gases?

why do .some water molecules move

‘faster than others? "

If you were to add heat to_an ice
cube, what do you think would
happen to  the molecules? Would
anything physical be added or
removed? :

If you were to take one atom and
look at it .under a microscope so
powerful that you could see all the
details ‘of an atom, what would you
see? {Get the students to drav a
picture.]

Are there smaller parts which make
up atoms? What are they?

Do you think that all atoms would
look the same? ' How would they be
different? -




(B) sSize
‘
€,
. (@) “Weight
o

(D) " Animism

B . 121

o
Are atoms flat or do they have more

48.
than two diménsions? Are they all
like this?

49. ‘Is" there anything between atoms?
What is it?

50. How big are atoms? Try to compare
. them with something.,

51. How would the size of an atom
compare with the size of a
molecule?

52. Are all atoms the same size? Why
would they be different?

53. Can the size of an atom change? If
so when would a cthange occur?

54. Do all atoms welgh the same? How
would you explain the difference in
weiqht between atoms? N

55. How heavy do you think an atom is?
Try to compare it with something.

o

- L

56, Do you think that atoms are alive?

57. Atoms in a pencil appear not to be

alive, and atoms in your body
appear to be alive. How do you
explain the differences? '
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“Subject 1, School 1, Group A

(A) MOLECULES

1.0 Structure

1.1 An individual water molecule resembles three circles,-
one being’. centrally located and larger than the
others. »

1.2 Water molecules from tap water, steam, and ‘ice would
all look the same. *

" osi .

2.1 Each water molecule is’ Enmpcsed of 2 hydrogen atoms
and 1 oxygen atom.

2.2 All water molecules are composed of thg same parts.
2.3 All molecules contain atoms.

2.4 'All water molecules .contain the same number of atoms.

3.0 size o

3.1 A molecule.is smaller 'than the tip of a pin.

3.2 Atoms ‘a‘re smaller than molecules.

3.3 Protons and electrpns are s‘maller than atoms.

3.4 all water molecules are the same size.

3.5 The spa®ing between the molecules can vary depending
on the phase its in.

4.0 shape 7

4.1 Water molecules have three dimensions. '

4.2, All water molecules have the same shape.

.
5.0 . Weight
5.1 Water molecules are very light.

5.2 All water molecules weigh the same.



. o \—\ s 124
- N !

6.0 Bonding s

6.1 Water molecules froo ice would be arranged in a
linear fashion.

6.2 Intemolecular'fo*es such as Hydrogen Bonding, and
~ London Dispersion Forces hold the molecules together.

6.3 It is possible that air exists between the molecules.

6.4 The molecules are the same distance from each other.

2.0 ne:

7.1 Molecules move. ~

7.2 Water molécules from the ice move the slowest.
7.3 Water molecules from the steam move th-e fastest.

7.4 Molecules, of water from within each phase move at
different’ speeds

7.5 Increasing the temperature results in. increased
movement of molecules. 3

7.6 Adding heat to an ice- cube causes the potential
= energy to increase.

7.7 Nothing physical is added or removed during heating.

' (B) ATOMS
1.0 structure/Shape

O
1.1 An individual atom is represented by three dots
(electrons) and a 1larger dot centrally located

N . (nucleus) .

1.2 Electrons can be found in different positions.

1.3 Not all. atoms are the same size. Protons and
o electrons take up wvolume. i

1.4 Electrons, protons, and neutrons make up atoms.

1.5 Atoms have three dimensions.

&l 1.6 There is nothing between the nucleus and the
electrons.
°
. L ]
14 . M 2 : |




- . 125
-

2 Size

2.1 Molecules are larger than atoms.

2.2 Not all atoms are the same size.

23 The number of protons and elect’rons determines the

size.

2.4 The size of an atom can change if it becomes an ion.

] .

3.0 Weight

3.1 All atoms don’t weigh the same.

3.2 The weight of elec‘trons is negligible.

3.3 The weight is determined primarily by the number of
protons and neutrons.

4.0 Animism

4.1 Atoms are not alive.

4.2 Combinations ‘of atoms may make them appear to be
alive.
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Subject 2, School 3, Group A ¢

(A) MOLECULES 3

1.0 Structure

1.1 A water molecule resembles an enclosed figure, with
jagged edges and without any definite shape.

1.2 Water molecules from ice, liquid, and steam all look

similar.
~

. Compositio: -
2.1 Water molecules are made up of atoms.
2.2 All water molécules are composed of the same parts.
2 ~

2.3 All water molecules contain two atoms.

3.0 size
3.1 Atoms are smaller than molecules.

3.2  Most water molecules' from ice are the same size.

3.3 The water molecules from the tap water have different
sizes because they bounce off of one another.

3.4 Mdst of the molecules from ‘the. steam are the same
- slze.

4.0 Shape
4.1 Water molecules have three dimensions.

4,2 Water molecules from within each phase 'are the same
shape most of the time, except when they collide with
- each other.

4.3 collisions may result in a change of shape of the
molecules.

4.4 Colligions cause molecules to break up and join
together.

\



5.0 Weight

5.1 Water molecules are very light.

5.2 Water moleculés from the ice weigh approximately .the
same. The difference in weight can be explained by
pieces missing. The same holds true for molecules
from steam and tap water.

5.3 All water molecules, whether they are from the ice,
liquid, or steam weigh approximately.the same.

6.0 Bonding

6.1 Water molecules from ice are bonded. together so
closely that :hey are all touching one another.

6.2 Energy is holding them together. + i

6.3 There 1$ air between the molecules.

6.4 The dxstancs between molecules is the same because
the molecules aré touching each other.

6.5 Molecules tend to separate farther apart Jhan heatrjk
added.

7.0 Enerqgy .
T

7.1 Molecules™mov

7.2 Water molecules from the steam move the fastest.

7.3 Water molecules from the ice move the slowest.

-
7.4 Water molecules from within the different phases are
moving at about the same speed.
7.5 Molecu],‘es viith more energy move faster. " et
i

7.6 There ‘;Ers no physicat—Changes to molecules during
\\heatin N



- (B) ATOMS
" 1.0 structure/shape
1.1 An individual atom resembles two ellipses
intersecting one another. /
1.2 Most atoms.would look the same except when they haVe
either lost or gained parts.
& “1.3 Atoms are the smallest part in nature.
1.4 Atoms have three dimensions.
1.5 Air is found between the atoms.
N
~ 2.0 size
2.1 Atoms are smaller than molecules.
. 2.2 Not all atoms ‘are the same size. %
/ 2.3 All the atoms in water molecules are the same ‘size.
2.4 The of an individual atom can chahge 1: it
i Collides with another one. N
-q
.
3.0 Weight
-
3.1 All atom® within a group, for example, water, wood,
1 : would weigh the same.
3.2 The larger an atom, the heavier it is, the smaller an
~ atom the lighter it is.
3.3 Atoms weigh ss than molecules. .
4.0 Animism
. 4.1

Atoms are alive because they are moving.

“w



Subject 3, School 3, Group A

(A) MOLECULES

1.0 Structure/Shape

1.1 one whter molecule would resemble three spheres, one
being centrally located and slightly larger than the
others. Each one would contain a dot or small circle
to represent the nucleus. The center ball is oxygen
pnd the other two are hydrogen.

1.2 Water molecules from the tap. water are similar ‘to
those from the ice except that the hydrogen atoms are
farther apart from the oxygen than in ice.

1.3 The hydrogen atoms in water molecules from steam
are farther apart than those from tap wate

Composi tion

2.1 All_vater molecules are composed of hydrogen* and
oxygen atoms.

2.2 Water molecules from_ice and tap water are composed
of the same parts.

2.3 wWater molecules yitiin steam are made up of the same
parts.

2.4 water molecules from the steam may react.

2.5 All water molecules contain three atoms.

2.6 All water molecules contain two hydrogen atoms and
one oxygen atom.

3 Size

3.1 A water molecule is bigger than.an atom.

3.2 Water molecules from within the different phases have
different sizes.

S N &
3.3% All water molecules are the same size.

*Student changes his mind, but appears dubious.



.

4.0 shape

4.1 Water molecules have three \liﬁn’e‘ns‘ions.

4.2 All water molecules haVe the same shape.

4.3 only a chemigal reaction can cause the shape to
change. Y "

5.0 Weight

5.1 A molecule of water would weigh about three times
that of an atom. L

5.2 All water molecules from the ice weigh the same.

5.3 All water molecules would weigh the same.
%

*6.0 Bondina

6.1 Water molecules from ice are bonded together so
closely that they are touching eagsx .other.

6.2 The molecules are .not held together. They share
electrons between the oxygen atoms.

6.3 London Dispersion Forces hold them together.

6.4 The molecules are not the same,distance from each
other.

1.0 Energy

7.1 Molecules move.

7.2 Applying heat causes molecules to move faster.

7.3 Water molecules from the steam move the fastest.

7.4 Water molecules from the tap water move the slowest.

7.5 Nut;ar molecules ffom within each phase . move at
different speeds. "

7.6 The hydrogen in one water molecule will react with
the oxygen in another molecule causing the hydrogen
to break off. .

7.7 There is nothing physical added:during heating.

= -




(B) ATOMS L4
1] St;gs;g[g[ hape

1.1 An individual atom would resemble a large sphere with
another smaller one in the center . The nucleus ish
the small sphere. Electrons are represented by dots
on the outside of the nucleus.

1.2 Neutrons and protons are found within the nucleus.

1.3 The electrons are moving in orbits. )

1.4 N all atoms would look the same because ot their
size differences'and number of electrons.

1.5 Atoms are made up of electrons, protons, and
neutrons.

¢
1.6 Atoms have three dimensions.

1.7 The only thing between atoms are bonﬁs, but they
wouldn’t be visible.

1.8 Atoms touch each other. ' .

2.1 Atoms are smaller than molecules.

(2.2 Not all atons are the same size. L
2.3 The size of an individual atom would change if it
underwent a chemical reaction.

3.0 Wejght

3:1 Not all atoms would weigh the same.

3.2 Atoms ‘with more ‘electrons, protons, and heutrons 5 ol
weigh more. A

3.3 An’atom would weigh much less than a piece of dust. E:

~ e

4.0 aninism e

4.1 Afpms‘are not alive. : R =
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Subject 4, School 5, Group A

MOLECULES B

(a)

1.0 -structure - -/

1.1 Water molecules from ice, liquid, or steam all look
the same.

1.2 A water molecule is composed of three circular-shape{
balls which touch each other.

0 Compositio °

2.1 Water molecules are made up"cf atoms.

2.2 All water.molecules are made up of the same parts.

2.3 The components may be arranged differently.

2.4 Ice is ice of the ar of 0
within the molecules. A The parts within the, water
molecules from tap -water :are arranged differently.
The ‘Same is' true for molecules from steam.

% t

2.5 All water molecules have 3 atoms. .

2.6 All water molecules have the same kind of atoms.

3.0 size

3.1. A molecule is larger than an atom but smaller than a
piece of dust. '

3.2 The molecules of water from each_phase are the same
si .

v ; i

3.3 The size of a water molécule may change.

4.0 Shape

4.1 Molecules have three diménsions. - .

4.2 Water molecules from within each phase all have tpe

same shape.
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4.3 The temperature causes ‘the shape of a molecule to
change. The electrons take up more ragom and the
molecules expand.

5.0 Wei

5.1 Molecules wei‘gh more than atoms.

5.2 All water molecules would weigh the same.

5.3 Ice is heavier because the molecules are bonded

together more closely.

0__ Bol ~

6.1 Water molecules from ice are close together.

6.2 . Water molecules are held together with bonds.

6.3 The molecules are held by electr ic
attractions.. Positive protons and .negative
electrons. .

6.4 There is nothing but.air between the molecules.

6.5 The.molecules are not the same distance apart from
each other.

6.6 Molecules tend to separate ‘farther apart when going
from ice to steam because the temperature attects the
electrons and mor2 space is needfd.

7.0 Energy .

7.1 Molecules move.

7.2 Molecules from the ice move the slowest.

7.3 Molecules from the steam move the:fastest.

7.4 Molecules from within different phases move at
different speeds. g

7.5 The higher the temperat\re the faster the molecules
move. 3

7.6 Nothing physical is added or removed during heating.
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1.1 An individual atom resembles several dots.

1.2 Atoms contain a nucleus, which contains protons and
neutrons. "

B
1.3 Atoms would look different because of the number of
protons and neutrons. .
2.1 Atoms are three dimensional.
2.2 There is nothing between atoms.
2.3 Atoms are smaller .than molecules.

2.4 "Atoms are different sizes because of the number 'o_f

J protons.
2.5 The size of an individual atom changes with a change .
\ in temperature. »
3.0 Weight

3.1 All atoms weigh tl;é same.

3.2 Atoms are light.

4.0 Animism
4.1 Atoms.are alive because they move. .

o . ]
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subject 5, School 7, Group A

(A) MOLECULE

1.0 Structure

1.1 A water molecule resembles three spheres which are
next to one another. Two hydrogen and then an oxygen
atom.

)
1.2 All water molecules from steam, tap water, and ice
look the same. .

2.0 Composjtion

2.1 Each water molecule is composed of 2 hydrogan atoms
and oné oxygen atom. .

2.2 There are always three atoms in a molecule o'water.

2.3 Au water mcleculas would have the same kind of

atoms.
3.0 size

3.1. A water molecule is smaller than a piece of dust.

3.2 Atoms are smaller than molecules.

3.3 All water molecules within each phase are the same
size.

3.4 All water molecules regardless of phase(arav the same
size.

0__SI e M
4.1 Molecules have three dimensions.

4.2 Water molecules from each of the three phases have
the same shape. . =

4.3 The shape of a water molecule is always the same.
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5.0 Welaht

5.1 It would be impossible to measure the weight of a
water molecule because they are so light.

5.2 Water molecules from within each phase weigh the
same.

5.3 . All water molecules should weigh the same.

6.0 0]

6.1 Water molecules from ice are bonded in such a way so
that they are touching one another.

6.2 There is some ’stuff’ which holds them together.
6.3 There is some air between the molecules.

6.4 The molecules are not all the same distance from each
other. )

6.5 Heat causes molecules to move around.

7.0 Enerqy . : .
7.1 Molecules move.
7.2 Molecules from the steam move the fastest.
7.3 Molecules from the ice move the slowest.

7.4 Water molecules from within 'e}ch phase move at the
same spee

7.5 Lighter and smaller molecules move the fastest.
7.6 Heatini; causes no changes to the molecules.

7.7 The speed of a molecule is detemined by its size and
weight

V2N
(B) . ATOMS
1.0 structure/shape

1.1 An individual atom resembles a sphere with another
sphere inside.’ Bvsrytt‘xq is inside the sphere.

1.2 Electrons move around in belts. :(orbits)
-~




The electrons float around freely
and neutrons.

All atoms look the same.

The numbers of protons, electrons,
vary.

Atoms have three-dimensions.

There is nothing between atoms.

)

Atoms are smaller than molecules.

Not all atoms are the same size.
electrons than protons.

The size of an atom may change when it bonds within

another atom.

3.1 Not all atoms weigh the same.

3.2 The weight pf an atom depends on what it is made ub
“of.

3.3 Atoms weigh less than molecules.

4.0 Animism

4.1 Certain atoms under certain conditions may' be alive.' /

137

with the protons

and neutrons can

?

Some have more
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Subject 6, School 10, Group A

(A) MOLECULE

1.0 structure

1.1 A water molecule is composed of two circular-shaped
objects which aren’t touching each other.

1.2 ‘The distance between the objects is greatest for
water molecules irf steam.

2.1 Water molecules are made up of Hy0.

2.2 Molecules are made up_of elements.

2.3 All water molecules are made up of the isame parts.

3.0 Size
3.1 A water molecule is as big as a germ.
3.2 Not sure if atoms are smaller than molecules.

—t
3.3 All water molecules are the same size.

4.0 sShape .
4.1 Water molecules have B—dimensions.

4.2 Water molecules from within the d;fferent _phases have
different shapes.

4.3 Heat causes water molecules to: expand, therefore
causing the shape to change.

4.4 Pressure can cause the shape of a molecule to change.

~— .
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5.0 Weight

5.1 Molecules are light. \

5.2 All water molecules from the ice weigh the same.,v

5.3 Water molecules from the ice are the heaviest.

5.4 Water molecules from the steam are the lightest.

5.5 Molecules from the steam are the lithtest because
they are farther apart and the ones from the ice are
the heaviest because they are closer together.

0 Bondin

6,1 Molecules from ice are separated quite far apart.
. ) There is no set pattern.

6.2 A force holds the molecules together. 4
G.J- Atoms may be found between the'molecules.
6.4 Air may be found between lthe molecules.
6.5 -All the molecules within ice are the same dl;tance
from each other.
0__Ener
7.1 Water molecules in the steam move the fastest.
7.2 Water molecules from the ice move the slow?st.

7.3 Water molecules within each phase move at the same
. speed. % o
7.4 Pressure causes molecules to move slower. N .

7.5 Adding heat to ice causes the molecules to melt.

7.6 Nothing physicdl is added or removed by heating.




3.1 All, atoms would‘weigh the same.

1.1 An atom. resembles a spherically shaped object
centrally located with small spheres. nearby.

1.2 Some atoms have protons.

1.3 Atoms have neutrons. Atoms contajn only neutrons and
protons.

1.4 There is nothing between atgms.

2.0 sSize

2.1 Atoms are smaller than molecules.

2.2 Not all atoms are the same size.

2.3, The size of an atom would change if it were to bang

into another atom. (collisions)
'

2.4 There is nothing smaller than.an atom.

s We it
2 5

3.2 Atoms are lighter‘than molecules.

p_—

4.1 All atoms are alive.
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Subject 7, school 2, Group A

(A) MOLECULE
1.0 ucture
~
1.1 A molecule of water from ice would look like three
circles touching each other. The circles represent
atoms.

1.2 A molecule of water from tap water would be composed
of 3 circles that are joined together with bars.

1.3 A molecule of water from steam is Composed of three
. .circles which are farther apart.

1.4 Atoms within molecules are farther apart in a gas
phase than in a solid phase.
2 Composition

21 Water molecules are composed of 2 hydrogen atoms and
1 oxygeh atdm.,0.

2.2 Water molecules are also made up of air.
2.3 Air is located between the empty spaces.

2.4 If the water in ice is pure, then all the water
molecules wxll be made up of the same parts.

2.5 Water molecules from the tap water are composed of
different parts. (impurities)

2.6 The molecules pick up impurities wheh travelling to
the tap. ;

2.7 The impurities would stick to the molecules.

2.8 Water molecules from the steam are composed of
different parts.

2.9 All molecules of water from each of the phases would
have the same basic components of hydrogen -and
.oxygeén, but would have different impurities.

2.10 All water molecules contain atoms.

2.11 They would all contain the same number of atoms.



Size
.1 A molecule of water is about 1/10 the size of the tip
of a pin

3.2 Atoms are smaller than molecules. ,

3.3 The oxygen atom might be bigger than the hydrogen
atom.

3.4 The molecules in ice and tap water come in different

¥ sizes.

3.5 The size of a molecule is determined by how far the

_ atoms are spread out.

3.6 Some atoms are spread out farther than others because
there is more air in between then. .

3.7 The water molecules in t‘he‘.icg are the smallest.

3.8 Water molecules from the steam are the largest.

3.9 The faster and harder molecules hit each other the
bigger they are.

4.0 Shape

4.1 Water molecules have three dimensions. .

4.2 Water molecules from within each phase have the same
basic shape.

4.3 Water molecules from the steam might be more bent
than the others.

4.4 Th® shape of a water molecule will change if a
substance is present which will react with the
oxygen.

4.5 Impurities are found in the empty space: between
electrons.

-

4.6

Pressure may cause the shape of a molecule to change.

e

~
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4 5.0 Weight

5.1 All the water molecules within the ice weigh the
same. ¢

5.2 Water molecules within tap water would not weigh the
same because they each contain different amounts of
‘impurities. B

5.3 Water molecules from the steam would not weigh the
same because of the impurities and how far apart they
are spread.

5.4 Water molecules from the ice are the heaviest.

5.5 Water molecules from the steam are the lightest.

5.6 Water mnlecules from ice are heavy because they are
compact.

6.0 Bonding

6.1 Water molecules from ice are close to each other but
are not touching. o i

6.2 Molecules give' off energy which causes them to
attract to each other. 2

63 There is empty space between the molicules which
. contains air, and free molecules.

6.4 A free molecule is something that is in the process
of becoming another molecule.

6.5 There are atoms floating freely around the ice.
\ -
7.0 Enerqy
7.1 Molecules move.
7.2 Water molecules in the ice move the slowest. J
7.3 Water molecules from the steam move the fastest.

7.4 Molecules from wlthin the different ph'éses are moving
at different speeds.

7.5 Molecules which move fast have lots of kinetic ‘
energy. )

7.6 Adding heat to molecules causes them to speed up.
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7.7 Adding heat causes atoms to grow bigger because there
is more space.

7.8 The more Potential Energy molecules have the faster

they move.
(B) ATOMS
.1.0 structure/Shape

1.1 An atom would look like a sphere.

1.2 The only part visible under a microscope would be the
nucleus.

1.3 Atoms are composed of electrons, protons, and
neutrons.

1.4 A1l atoms wquld not look the same.
1.5 Atoms have more than two dimensions.

1.6 Empty space exists between atoms.

. ze
2.1 ‘The movement of electrons causes the size to be
different.

2.2 An atom is about 1/100 the size of the tip of a pin.
2.3 All atoms would not be the same size.

2.4 The size of an atom depends on the number ' of
electrons and protons.

2.5 The size of an atom is also determined by how many
electrons it gains or loses.

A N

3.0 ﬁeig ht ~ ot

3.1 All atoms don’t weigh the same.

3.2 The weight is determined by the number of neutrons
and protons.

3.3 Atoms weigh less than a piece of dust.



organic atoms are alive.
Some types can be alive, and other aren’t.

Atoms are alive because they move and they can-
reproduce.

Atoms can reproduce by colliding with each other. ‘
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Student 8, School 2, Group A

(A) MOLECULE

1.0 Structure

1.1 one water molecule would resemble several small
spheres touching one another. The small spheres
represents the parts of the molecule.

1.2 Water molecules from ice, tap water, and steam would
look the same.

0S. (*) . )

2.1 Water molecules are made up of hydrogen, oxygen, and
nitrogen. ‘

2.2 Water molecules from within ice are all composed of
the same parts.

' ; s

2.3 Water molecules from the tap water which are at the
same temperature are composed of the same parts.

2.4 Water moleculeg from the steam are made of different
parts becaus each. mdlecule  is a- different
temperature.

2.5 The higher the temperature the more oxygen which is
added to the molecules.

2.6 Oxygen is transferred to the molecules from the heat.

2.7 There are millions of molecules in atoms.

2.8 All atoms would have the same number of molecules:

2.9 The student doesn’t know the difference between atoms
and molecules. .

3.0 size

3.1 Molecules are minute. ¢

3.2 Electrons, protons, and neutrons are smaller than
molecules. *

3.3 [Each atom is the same size.




147

3.4 All the water molecules from the tap water are the
same size.

3.5 All the water molecules from the steam are the same
size.

3.6 The water molecules from the ice are the smallest
hey are .

3.7 The water molecules from the steam are the largest
because they are moving around.

4. Shape
4.1 Water molecules have three dimensions.

4.2 The overall shape of water molecules is the same, but
the parts within them may be arranqed differentl\j

4.3 Temperature would cause the shape, of water mcleculas.

to change because as the temperature rises the
molecules expand. -

. ight
5.1 Water molecules are ve'ry light.

5.2 All water moleciles in the ice would weigh the same
if their shape was the same.-

5.3 The water molecules from the steam are the heaviest
because they are the biggest.

5.4 The larger the molecule the heavier it is.

<
5.5 Water molecules from the ice can be heavy because
they expand when frozen.

6.0 Bonding

6.1 Water molecules from ice would be bonded in such a
way so that there is a definite arrangement. The
molecules are held together by sticks used to
represent bonds.

6.2 Attractive and repulsive forces hold them together.
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6.3 All the - molecules in the ice are not the same
distance from each other.

6.4 There is an attraction between the neutrons and
protons. .

6.5 There is nothing physical between the molecules.

1.0 Eneray h

7.1 Molecules from the ice move the slowest.
7.2 Molecules from ‘the steam move the fastest.

7.3 Water molecules from with}‘n the different phases move
at different ‘speeds. << :

7.4 The hiqher the temperatute the fasteﬁ the molecules
move

7.5 A rise in temperature also causes molecules to
expand.

7.6 Oxygen causes molecules to expand.

. v

(B) ATOMS

1.0 Structure/Shape

1.1 An individual atom resembles a sphere (the nucleus)
with electrons moving around it.

1.2 All ats&s don’t - look the same because there are
differel numbers of electrons and protons. Some are
larger or smaller than others. .

1.3 Atoms have three dimensions.

1.4 - There are forces between atoms.

2.0 size

2.1 An atom is bigger than a molecule.

2.2 Not all atoms are the same size.

2.3 The size depends on the number of parts within them.




2.4 The size of an individual atom cannot change.

3.0 Weight

3.1 Not all atoms weigh the same.

3.2 The relationship between the parts determines the
._weight. .
-,

4.0 Animism

4.1 Atoms aren’t alive.
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Student 9, School 1, Group A

(A) MOLECULE 3
1.0 Structure

1.1 A water molecule from ice, liquid or steam resembles
three spheres touching each other.

1.2 There are 2 hydroger atoms and 1 oxygen atom.

2.0 composition

2.1 Water molecules are composed of 2 Hydrogen atoms and
. 1 oxygen atom.

2.2 All water molecules are composed of the same parts.
2.3 All molecules are made up of atoms.

2.4 All water molecules have the same kind of atoms.

3.0 size X

. %c‘/ s & 3

3.1 A molecule is so small that you can’t compare it with
anything. -

3.2 Atoms are smaller than molecules.

3.3 Protons, electrons, and neutrons are smaller than
atoms.

3.4 All the water molecules’ from within a phase are the
same size.

3.5 The size ’of an individual molecule can change because
they can 'lose electrons and protons.
% § i
4.0 shape

-
4.1 Water molecules have three- dimensions. %

4.2 Water molecules from ice would all have the same
shape. .
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4.3 Water molecules from the tap water would havé
different shapes.

4.4 Water molecules from steam have similar shapes, buﬁ
generally they are a little wider than water
molecules from other phases.

4.5 Pressure may cause the shape of a molecule to change,

5.0 Wei

5.1 Water molecules are so light that you wouldn’t be
able to weigh them.

5.2 All water molecules weigh the same. '

[ f

6.0\ Bondi )
6.1 |Several water molecules from ice are bonded so that

they are touching each othér.
6.2 The molecﬁles are held together by bonds and
electrons. -

6.3 There is nothing between the molecules, except a
nonvisible force. |

6.4 The molecules can be different distances from each
other. |

6.5 The farther away the molecules are from the source
the greater the distance between molecules.

6.6 The forces responsible for bonding appear to |be

external to the molecules. i

7.1 Molecules move.
7.2 Water molecules from the steam move the fastest.
7.3 Water molecules from the ice move the slowest.

. &
7.4 Water molecules from within ‘the different phases move
at different speeds.

7.5 Heat causes molecules to move faster.



(B) ATOMS

1.0 structure/Shape

1.1 An individual atom would have a circle representing a

’ nucleus, which contains protons and neutrons, and an
outside ring enclosing the electrons.

1.2 An orbital is represented by a ring.

1.3 The terms orbits and orbitals are used
interchangeably.

1.4 Atoms are composed of electrons, protons/ and
neutrons.

1.5 Atoms look different from each other because of the
different numbers of components.

1.6 Atoms have three dimensions. !

1.7 There is nothing between atoms.

2.0 Size T

2.1 Atoms are smaller than molecules. #

2.2 All atoms are not the same’ size.

2.3 The number ~_protons and neutrons determines the
size.

2.4 The size of an individual atom can change if there is
a change in the number of electrons and protons. '

2.5 Protons and neutrons are smaller than atoms.

3.0 Weight

A\:\‘ 1
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The weight of an atom depends on the number of

"~ profons it contains.

3.2

An individual atom is very light; lighter than‘ a
molecule. R




4.0
4.1 Atoms are not alive.
Combinations of atoms make individual atoms appear as

4.2
though they are alive.




Subject 10, School 1, Group A

A
(A) MOLECULES

1.0 Structure

1.1 An individual’ water molecule resembles three circles,
one being centrally located and larger than the
others.

1.2 Water molecules from tap water, steam, and ice would”
all look the same.

2.0 composition

2.1 Each water molecule is composed of 2 hydrogen atoms
and 1 oxygen atom.

2.2 All water molecules are composed of the same parts.

2.3 All molecules contain atoms.

2.4 Al) water molecules contain the same number of atoms.

3.0 size a

3.1 A molecul‘e is spa_ller than the tip of a pin. -

“3.2 Atoms are sn;allet than molecules. .

3.3 - Protons and glectrqns’a‘}é smaller than atoms.

3.4 All water molecules are the same size.

3.5 The spacing between the molecules can vary. depending
on tha&phase its in.

4.0 - sShape °

4.1 Water molecules have thréa dimensions. \

4.2 All water molecules have the same shape.

5.0° Wejaht .
- i
5.1 Water molecules are very light.

5.2 All water molecules weigh the same..



6.0 Bondi 4 e

6.1 Water molecules from ice would be arranged in a
linear fashion.

6.2 Intermolecular forces such as Hydrogen Bonding, and
London Dispersion Forces hold the molecules together. wX

6.3 It is possible that air exists between the molecules.

6.4 The molecules are the same distance from each other.

2.0 Ener

7.1 Molecules move.

7.2 Water molecules from the ice move the slowest.

7.3 Water molecules from the steam move the- fastest. = 8

7.4 Molecules of water from within each phase move at
different speeds.

7.5 Increasing the temperature results in increased
movement of molecules.

7.6 Adding heat to an ice cube causes the potential
energy to increase.

7.7 Nothing physical is added or removed during heating.

] s

(B) ATOMS

i.0 _ structure/shape

1.1 An, ipdividual atom' is represented by three dots
(electrons) and a larger dot centrally located
(nucleus) .

1.2 Electrons can be found in different positions.

1.3 Not all atoms are the same size. Protons and
electrons take up volume.

1.4 Electrons, pro‘(:r.msé and neutrons make up atoms.
1.5 Atoms have three dimensions.

1.6 There is nothing between ,the nucleus and the
electrons.
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2.0 Size
2.1 Molecules are larger than atoms.
2.2 Not all atoms are the same size.

2.3 The number of protons and .electrons determines the
size.

2.4 The size of an atom can change if it becomes an ion.

3.0 Weight
3.1 All atoms don’t weigh the same.
3.2 The weight of electrons is negligible.

3.3 The weight is détermined primarily by the number of
\ protons and neutrons.

‘ 4.0 Animism S
4.1 Atoms are not alive.

4.2 Combinations of atoms may make them appear to be
alive. - P

A )




Subject 11, School 2, Group B

(A) MOLECU! S/

-
1.1 A water!molecule from ice looks like a sphere which
has particles inside.
1.2 wWater molecules from tap water ‘are spherical with
particles inside. (

S

s

1.3 Water molecules from steam are spherical with
particles inside.

1.4 The Rarts within the water molecule from tap water
are clgse together, and the parts within the water
molecules from steam are separated farther.

1.5 The particles inside are moving around a lot.

2 olecules

2.1 Water molecules are composed of air.and chlorine.

2.2 Molecules of water from the ice are not composed of
all the same parts.

2.3 Water molecules from the tap water are compcsed of
the same parts,

2.4 Water molecules in steam are made of different parts.
Differeht partxcles in the air can 'change the
composition. .

2.5 Water molecules from ice, tap water, and steam are
made of the same basic properties, except for the
impurities. . i
2.6 Molecules contain atoms.
2.7 There are more than a thousand atoms in,a molecule.

2.8 Molecules of water in ice contain more atoms than 2
water molecules in steam.
€

29 All water molecules contain the same kind of atoms, /\




3.0 size of Molecules

3.3

A water molecule is about 100 times the size of the

_tip of a pin.

3.2 Water molecules are different sizes within ice,
liquid, and steam.

3.3 The water molecules in the ice are the largest.

3.4 The water molecules in ice are the largest because
when they are frozen they join together.

3.5 The water molecules within the steam are the
smallest.

Y
olecules

4.1 Water molecules have three dimensions.

4.2 Water molecules are shaped like a ball.

4.3 Water molecules in the ice wouldn’t) be the same
shape.

414 The shape of a container would change the shape of
the molecules within i

4.5 Water molecules in tap water have different shapes.

4.6 Heat could cause ‘the shape of molecules.to change.

.7 ’Squatting’ the molecules will force the shape to 3
change. - Py

4.8 Molecules of water in .the steam are the same shape.

. v '

5.0 Weight of the Molecules A

.1 water molecules weigh less than a piece of dust. .

5.2 Water molecules\ from the solid phase are the

' heaviest.
5.3 Water molecules from the steam are the lightest.
5.4 Water molecules in ice are heavy because their- parts

are joined together.
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6.0 Bonding between the Molecules

6.1 The molecules in the ice are touching each other.

6.2 Molecules are held together by pnsitive and negative
ions.

6.3 There are atoms and molecules between molecules.

6.4 The distance between the molecules would vary
depending on the phase. .

6.5. The molecular distance changes during phase changes
because of the ’form’.

7.0 Energy of Molecules °

7.1 Molecules move.

7.2 Molecules in steam move the fastest and the ones in
the ice the slowest.

7.3 Hnlecules within ‘any phase don’t move at the same
spe

7.4 The more space a molecule has to move the faster it
will move.

7.5 The weight of a molecule determines its speed.

7.6 When heat is added to molecules the particles inside
the molecules speed up and move farther apart.

(B) ATOMS

1.0 oms

1.1 Atoms are composed of several concentric lines of
different sizes.

1.2 Atoms contain neutrons and protons.

1.3 The concentric lines represent the path which protons
move.

1.4 Only some atoms contain electrons. ®

1.5 All atoms don’t lock :hn/‘ e because of varying
numbers of protons. -

1.6 Atoms can vary in size.. ~

N



1.7 Neutrons are the cell of the atom.
1.8 Atoms are three-dimensional.

1.9 Particles of atoms are between atoms.

2 oms
2.1 Atoms are smaller than molecules. (Molecules are
made up of atoms.)

2.2 Atoms come in different sizes.

2.3 Atoms have "different sizes because of different
number of protons.

2.4 Atoms can combine to form one atom.

3.0 Weight of Atoms

3.1 All atoms don’t weigh the same.

3.2 The size determines the weight of an atom.

3.3 Atoms weigh less than molecules.
A

i S| oms
4.1 Atoms are alive, because they move.

4.2 Atoms can’t reproduce.

4.3 Atoms which are dead have nuclei wl(:ich don’t move.

.
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Subject 12, School®4, Group B

(A) MOLECULES

. St

1.1 A molecule of water from ice would be round and
inside there are organisms which used to live in it.
The parts wouldn’t be moving.

1.2 A molecule of water from the tap water would look the
same except that the parts would be moving.

1.3 The molecules of water from the steam would look the
same as a molecule of water from the tap. water.

2. sitiol

2.1 Water molecules are made of very tiny water droplets.

2.2 Water molecules are made up of bacteria and
pollution.

2.3 All the water molecules from within each phase have
' the same parts. .

2.4 ‘Molecules are made up of atoms.
2.5 All molecules have thousands of afors.

2.6 Not all molecules contain the same number of atoms.

3.0 size

3.1 A molecule is big enough to see under a microscope.
It is the same size as a red blood cell.

3.2 There is something smallei- than a molecule.
3.3 The water molecules in .ice have different sizes.

3.4 The water molecules fr;m the tap water all have the
same size.

3.5 The water molecules within the steam would have the
same size depending on the temperature.

3.6 The largest molecules are from the ice.

3.7 The smallest molecules are from the steam.



3.8 Water molecules from the ice are the largest because
they expand.

4.0 shape
4.1 Water molecules have three dimensions.

4.2 Water molecules from within the different phases have
different shapes.

4.3 The temperature causes the shape to expand.

4.4 The colder the temperature the larger the molecule.

5.0 Weight
5.1 The water molecules are lighter than a. feather.

5.2 The weight of a water molecule changes when it
condenses.

513 The water molecules within ice, and within the tap
water weigh the same.

7 5.4 The water molecules within the steam would wexgh the
7 . same depending on the temperature.

5.5 Water molecules from the ice are the heaviest.
5.6 Water molecules from the steam are the lightest.
5.7 The form of a molecule detefmines the weight.

5.8 The harder ; molecule gets the heavier it is.

6.0 Bonding
6.1 Six water molecules would look like a water droplet.

6.2 The shape of a droplet is responsible for holding the
water moleculds together.

6.3 There are also 1little notches that each water
. molecule would fit into.

N
. 6.4 There is air between water molecules.

6.5 All water molecules are the same distance from each
other.),

6.6 As the temperature rises water molecules evaporate.




2.0 Energy

7.1 Molecules move. -

7.2 Water molecules move the fastest in steam.

7.3 Water molecules move the slowest in ice.

7.4 Water molecules move at about the same speed within
each phase.

7.5 The tempezgture determines how fast molecules move.

7.6 The higher the temperature the taster they would
move. s

7.7 Heating resul\s in no changes within a molecule.

(B) ATOMS

1.0 sStructure/Shape

1.1 An atom would look round.

1.2 All atoms wkuld look the same.

1.3 There¢ are no smaller parts within an atom.

1.4 Atoms have three dimensions. '

1.5 Between atoms there are gases, tm- example oxygen.

2.0 size

2.1 Atoms are microscopic.

2.2 Atoms are smaller than molecules.

2.3 Atoms are not all the same size. & ¢

2.4 There are gases involved in atoms which cause . the
size to change.; ¥ iy

2.5 An increase 1n'temperature would cause an individual

atom to expand.



3.0 Weight '
3.1 Atoms are light.
3.2 Most atoms weigh Sae same.

4.0 Animism
4.1 Atoms are alive. ¥

4.2 Some /atom‘ can be dead though.
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Subject 13, School 3, Group B

R 4
(A) MOLECULES e

1.0 t of Molecules

1.1 Water molecules from ice, water, and steam would all
look the same.

1.2 The molecules are a rounded shape.

s
2.1 wWater molecules are made of water and oxygen.

2.2 Water molecules within the ice, within the tap water,
and within the steam are all made of the same parts.

2.3 All water molecules are composed of the same parts.
)
2.4 Molecules are made up og atoms.

2.5 Each water molecule would have one atom,

3.0 s ules .

3.1 A molecule could be seen with a very powerful
microscope.

3.2 There is nothing smaller than a molecule.

3.3 Molecules within each phase are the same size.

3.4 Water molecules from the ice are the largest.

3.5 Water molecules fron; the steam are the smallest.

3.6 The temperature would cause the size of the molecules
to change.

4.0 Sshape of Molecules

4.1 Molecules are flat.

4.2 Molecules within each phase are the same shape.

5.0 Weight of Molecules




5.5

5.6

1

7.1

7.2

7.3

166
R
A molecule would weigh about the same as a piece of
dust. "
All the molecules within each phase weigh the same.
The water molecules from the ice are the/ﬁeaviest.

The water molecules from the steam would be the
lightest. .

The bigger the mdlecule the more it weighs.

Molecules of water can change weight.
N

ond i tweel olecules %
Molecules of water in ice are separated, and moving.

The molecules are held toqethér by atoms, because of
the positive and negative forces.

There is air between the molecules.

The molecules are not the same distance from each

" other.

ules
Molecules move.
Molecules in the ice are not moving.
The molecules in the .steam are moving the féstest.

Some maleg J.es move faste}:ﬁnn others because of the
pressure &h t -

Adding heat causes molecules to move faster.

There are no physical changes to molecules when heat
is .added.
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(B) ATOMS

1.0 Structure/shape of Atoms

1.1 Atoms look like small rounded figures.

1.2 Atoms would come in a varieéy of shapes.’

1.3 Atoms are not made up of smaller parts.

1.4 Some atoms are flat and others have three dimensions.

1.5 There is nothing between atoms.

2.0 Size of Atoms .
2.1 Atoms are smaller than molecules. A
2.2 The size of an atom dpes not change.

2.3 All atoms are the same size.

3.0 Weight of Atoms
3.1 Atoms can have different welights.

3.2 Atoms may not have any weight.
\ =
4.0 Animism o oms

4.1 Atoms are not alive.

o



Subject 14, School 1, Group B

(A) MOLECULES
1:0 sStructure of Molecules
1.1 wWater molec@les are composed of balls of hydrogen and

. oxygen. There are several hydrogen and oxygen for
each molecule.

2.0 composition of Molecules
2.1 watar molecules &re composed 9: only- hydroqen and
oxygen. K . .

2.2 All the watet molecules within each' phase are made up
o! the same, componants.

2.3 All water molecules, from all phases have the same '
parts.
7

2.4 All molecules have atoms.

2.5 Each water molecule is composed of 2 hydrogen and one
oxygen. >

2.6 All water nolecules have the sameé number of atoms.

2.7 A.ll. water nolecules have the same kin& of atoms. -

3.0 size of Molecules
3.1 A molecule is smaller than a dot.
3.2 - Atoms are smaller than molecules.

3.3 All the water molecules within each phase are the
..same size.

3.4 All the water mulecules, regardless of phase, are the *
sane size.

3.5 The siza‘ol a molecule may change if it breaks.

4.0 shape of Molecules
4. 1 Water molecules are 3-D.

4. 2 All the water molecules within'each phase are the
. same shape.




5.1 Molecules are light, . &
52 All the water molecules within each phase weigh the’
. same.
'
6.0 Bonding Molecules
¥
* 6.1 Several water molecules bonded together .would be
touching one another.
“
6.2 The molecules 'are bonded together. . .
6.3 There is nothing between the molecules.
X 7 of Mole - =
7.1 Water molecules move.
7.2 Water molecules in the steam move-the fastest.
7.3 Water molecules in ice move the slowest.
7.4 Molecules within each phase move at different speeds. -
/
7.5 The more energy a molecule has the faster it will
move. »
" 7.6 Adding heat causes molecules to move faster.
7.7 There.is nothing physical which is added or removed *
when heating.
<. T : -
(B) ATOMS -
1.0 Shape ‘of Atoms -

‘1.1 An atom would look like a dot.

1.2 All atoms wouldn’t look the same.

1.3 Atoms would have different sizes and colors.

1.4 Atoms a‘te made up .of smaller parts. ~
& ~15. Atoms have three dimensions.

\1.6 There is nothing between atoms. -




2.0 size of Atoms
2.1 Atoms are smaller “than molecules.
t 2.2 The size of an individual atom is constant.
2.3 Atoms come in’'different sizes.
. 2.4 The elements determine the size of atoms. '

2.5 There is nothing smaller than an atom.

» % :
3.0 .Weight of Atoms * 5
= ’
\ 3.1. An atom weighs less than a molecule.

3(2 Different atoms have different masses.

4.1 Atc]ns‘ are alive. e,




Subject 15, School 8, Group B
. - 6
(A) MOLECULES .

1.1 A molecule of water looks round ar? has many smaller
circles inside.

- 1.2 Each circle is composed of many nuclai, protons. and
electrons.

* ’ 1.3 Molecules of water f:am each phas’a'look the same.

2.1 Water molecules are composed of protons, electrons,
d ‘neutrons.

2.2 All water molecules are made of the sdme parts.

2.3 The water molecules from within each phasg are
composed of the same parts. &

2.4 all molecules contain atoms. - o
2.5 Each water molecule gontains thousands of atoms. e

2.6 All water molecules don’t have the same number of - %

P atoms. &
# 3.1 .Molecules are too small to be seen with the naked~ .
eye.

3.2 All the molecules within each phase are the same’
size.

3.3 the water mglecules in the steam would, be the
smallest.

-
3.4 The water nmolecules from the ice would |be: the
? . largest.

‘
3.5 'Molecules in a solid phase are the largest.
3.6 Molecules in a gaseous phase are the smallest.

3.7 Molecules have th}'aa dimensions. h
V| :
i
|
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: : B
4.1 Molecules within the different phases have different
— shapes.
4.2 Force or friction*may cause the shape of a molecule
to change. p
- .
5.0 Weight .
5.1 A water molecule would be so light that you wouldn’t
be able to feel it.
5.2 Molecules from steam are the lightest.
5.3 Mclequles from the ice are the heaviest.'
5.4 Molecules in a solid phase are heavy.
6.0 Bonding ~
6.1 Molecules from ice look like circles which are close
together.
6.2 Nothing exists between the moleclles except air.
6.3 The molecules are. not the same distance from each
other.
.
. .
1.0 Enexgy
7.1 ,Molecules move. " §
7.2 'Molecules from the steam move the fastebt.
i
7.3 Molecules from the ice move the slowest. P
a Y 5 )
7.4 Molecules from within each phase move at the same
‘7_ . speed.
+5 . The more 'roof a molecule has to move,, the faster it
: moves. The less -room, the slower they move.
7.6 The more heat which is added to molecules the taster
they mov-. "
107 Noching physical is added or removed to the molecules

during heatinq.né

'
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(B) ATOMS
1.1 An atom is composed of several very small circles.
1.2 All atoms would look the same.
1.3 Atoms are composed of protons, neutrons, electrons.
1.4 Atoms have three dimensions. "
,
1.5 Protons, electrons, and neutrons are just smaller
balls.
] 3 &
1.6 There is air between the atams.
. Size :
2.1 Atoms are sl'iqhtly larger than molecules,
2.2 Atoms come in different sizes.
-
2.3 The size of an individual atom is always the same
size. \ .
3.0 Wei )
3.1 Atoms come in différent weights.
3.2 The size of an atom determines the weight. .
' 3.3 The number of protons and neutrons determines the
size. *
3.4 Atoms weigh slightly more than molecules. ‘l
4.0 Animism . =
" \ +4.1 Atoms are alive. :
~ 4.2 Ato’ms. are alive because they are moving. : .
\
< l
¢ s w ‘
.2 ) E
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. Subject 16, School 9, Group B

(A) MOLECULES
= 1.0 structure
. 1.1 One water molecule would contain three circles.

1.2 A.water molecule from tap water would look like
bacteria.

1.3 A water molecule from steam looks like a small cloud.

2.0 ¢ F ¢
i

2.1 Water molecules are made up of atoms.

2.2 Water molecules are also made up of oxygen.

) 2.9 ?cer molecules from within each phase are made of
ifferent parts. .

2.4 All water molecules, from any phase.are made up of
different parts.

~
F .
3.0 size r
3.1 There is nothing smaller than a molecule.
3.2 All water molecules within ice are the same size. &
‘ 3.3 Water molecules from tap water are all the same siZb.
A 3.4 The temperature will influence the size of the
molecules.
3.5 'The water molecules from steam are the same.size. b
X 3.6 All the water molecu® would be the same size. -
¥ . i .
4.0 Shape . -
4.1' All vater molecules are flat.
3 4.2 wWater molecules from the ice have different shapes. )
@R 4.3 hovamnt: causes the shape to change.,
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4.4 Molecules from the steam have different shapes.
4.5 Molecules from tap water have different shapes.

4.6 Heat causes the shape to change (because the
molecules slow down). ‘

5.0 Weight

5.1 A molecule of water is light.

5.2 All the 'water molecules within each phase weiqh the
% same.

5.3 The heaviest ‘holecules are from the solid.
5.4 The lightest molecules are from the gas.
5.5 All water molecules are the same weight.

6. Boj
6.1 The molecules from ice are separated quite a bit.
6.2 There is air’between the molecules.

6.3 The molecules are not the same distance from each
other.

6.4 Molecules sepa‘rata .farther apart because something
breaks down. .

7.0 Eneragy

7.1 Molecules move.

7.2 Molecules from the steam move the fastest.

7.3 Molecules from the ice move the slowest.

7.4 Molecules ” from within different phases move at
different speeds.

7.5 Heaéinq causes the molecules to sqparate.

7.6 Nothing ‘physical wculd be added or removed upon
‘heating.




. (B) ATOMS
1.0 structure/Shape
1.1 An atom looks like a large round circle with a couple :
of parts scattered throughout.
1.2 a1l atc’ms would not look the same.
1.3 All atoms are flat.
1.4 There is nothing between atoms.
1.5 There are manf\malecules in an atom. .
2.0 size
2.1 Atoms are larger than molecules.
2.2 Atcn;s are not all the same size.

2.3 The size of an individual atom cannot change.

3.0 Weiaht
3.1 All atoms weigh the same.

3.2 An atom is as light as a feather.

4.0 Aninism \
4.1 Atoms are alive.

“4.2 Atoms are alive because they are moving. 4

i
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Subject 17, School S, Group B
o s
(A) MOLECULES

1.0 Structure i

1.1 Water molecules from each of the phases are round.

0 Compos: e
2.1 Water molecules contain hydrogen.
2.2 Some water nolecules «contain oxygen.

2.3 All the watst molecules within each phase are made up
of the same parts.

2.4 All water molecules are made of the same parts.
2.5 ,Molecules contain atoms. K
2.6 Water molecules contain at least two atoms.

2.7 11 the water molecules are made up of the same kind

£ atoms.

L0 gize ' N
3.1 Atoms are smaller than molecules. )

3.2 All water molecules within each phase are the same
size.

3.3 The molecules from the tap water are the larg'est.
3.4 The molecules from the steam are th'e\smnllest.

3.5 The size of a molecule is determined by its density.
e .

4.0 shape o :
4.1 Molecules have three dimensions. %

4.2 The molecules of water within the ice arg all the
same shape.

4.3 The molecules within the steam are the same shape.

Q
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B

4.4 The molecules from within the tap water have
different shapes.

4.5 Heat would cause the shape of a molecule to change.

5.0 Weight
5.1 A molecule weighs less than a grain of sand.
.
5.2 All the molecules within each phase weigh the :same.

5.3 All the molecules of water weigh the {same.

6.0 Bonding
6.1 Water molecules within ice are close together.
6.2 There are gaps between the molecules.

6.3 Molecules are held toqether by bonds, which aren’t
visible.

6.4 The molecules are not the samg distance from each
other.

5/.} There is nothing between the molecules.

2.0 Eneray .
7.1 Molecules move.

7.2 Molecules in the steam move the fastest.

7.3 Molecules in the ice move the slowest.

7.4 Molecules within each of the phases move at different
speeds;.

7.5 Adding heat to molecules causes them to break down.
7.6 Nothing phjsical is 'added or removed during he&ting.
.

o s




(B) ATOMS
1.0 structure/Shape
1.1 Atoms look like small round object;.
.1.2 All atoms have different €hapes. V

\ ‘
1.3 Atoms are made up of electrons, protdns, and
neutrons. 1

I
1.5 The only thing between atoms is bonds. ‘

1.4 Atoms have three dimensions.

2.0 size 5 ‘ L

2.1 Atoms are so small that you wouldn’t be able to see
them. ' ) 5

2.2 Atoms are 1/10 of the size of a molecule.

2.3 Not all atoms are the same size.

3.0 Weight .
3.1 Not all atoms weigh the same.

3.2 The number of electrons determines the weight of an
atom. - :
s !h il

3.3 The number of neutrons determines e weight of an
atom. |

4.0 Animism

4.1 Atoms aren’t alive.

4.2 Some types can be alive.




Subject 18, School 2, Group B wh
® Ty

(A) MOLECULES

1.0 sStructure

1.1 A water fiolecule from ice is a sphere whxch gontains
unknawn parts.

1.2 A water molecule from tap water is a sphe're, but is
larger than a water molecule from ice.

1.3 A water molecule from the steam is a sphere (which
was drawn larger than the molecules from ice and tap
water) .

1.4 All the water molecules are compcsed of impurltxem
e.g., chlorine.

2.0 composition

2.1 Water molecules are composed of oxygen and hydrogen.

2.2 Water molecules from the ice and tap water are
composed of the same parts. .

2.3 Water molecules from the steam are made up of
different parts. § . -

2.4 Molecules of water lose impurities when going from
liquid to steam.

2.5 Not sure if molecules contain-atoms.

2.6 One water molecule would contain many atoms.

2.7 Water molecules contain different numbers of atoms.

2.8 Water molecules in the tap water would contain the
most atoms because they have a bigger volume.

2.9 Water'molecules contain different kinds of atoms.

2.0 size b .

3.1 A water molecule is about the size of the tip of a
pin. '

3.2 All the water molecules within ice and tap water are

the same size.




3.3 The water molecules in steam are different sizes.

3.4 The size of the steam molecules depends on the amount
s of“impurities.

- 3.5 Atoms are smaller than molecules. LS

3.6 Water molecules from steam are larger than water
molecules from ice or tap wate:

7 Heat causes water moldcules to expand. - . .

3.8 Cooling causes water molecules to contrpct.

4.0 shape
- : 'y
N 4.1 Molecules are three-dimensional. # B

4.2 Water molecules in the ice are the sage shape.
4.3 Water molec\xles in steam are not all the same shape.

- . 4.4 water molecules in tap water are not all the same
shape.

4.5 The shape of the container determines the shape of.-
molecules in liquid.

4.6 Impurities determine the shape of water molecules in
stean.

5.0 Weight
$.1 A water molecule is the weight of a fly’s leg.

5.2 Water molecules from ice and tap, water weigh the

same.

5.3 Molecules of water within the steam have different
weights.

5.4 Impurities in water molecules from steam determine
weight.

6.0 Bonding : o

6.1 Water molecules in ice all touch each other.




6.2  Molecules’ might be held together by the !ox:ca of i
! gravity. < =
, '

6.3 There“is some air between the Amulaeules.

7.0 e BE e 8

. 7.1 Moletules move because Of external forces’ and |
heating. .

7.2 Molecules of water in ice move T

7.3 Molecules in a gas phase move the fastest. % N

==, 1.4 Molecules in é solid phase move the slowest.

'7.5 Water mclecules within the ice mave at dlt!erant H
- speeds.

7.6 “Water moTecules within tap vater, and vithin stesn
move at the same speed. - X ¢

=5 7.7 .The heavier ‘a molecule is’the slower it moves. o

7.8 The  terms 'heavy‘ and. 'density' are\'us'ed

.interchangeably, i.e., mean the’ same. - .
. ‘» 7.9 Molecules expand when heated. ® .- . L
7.10 Molec;xles separate .upon heating. . .
s ! " 7.11 Molecules speed up when k}eat'ed. w ' L,
N (B) ATOMS ! . = N
° .lumm .

1.1: Atbmsare shaped lxke Spheres. , -
la, . 1.2 Atom$contain impurities, ’
m\ < 1.3 an atoms donst look the same. . )
7\\ % 1.4 Impuntxes would determine how they "look. &

B \ 1.5 Atoms contain no-smaller parts, except impurities.

Atoms have three dimensions.

--Nothing éxists between atoms. -




T4 Atnms are alive.

S Y G s el T
4 - - s
2 N
2.0 size ' ‘
2.1 An atom is about .1/100 the size of the'paint‘ of a
J pin. . . X

> e '
2.2 Atoms are smaller.than molecules.

2.3 There are dlfferent’ sizes of atoms.

Impurities determine the size of atoms.

.2.5 The size of an individual atom can change.

2.6 The size of an atom may change when -they come
tegether.

3.0 Weight-

3.1 Atoms may have different weights. , . -

3.2 .I\mpu'ri‘.ti,i_'es may_ cause change‘s in the weight of atoms.

3.3 If atoms break up the weight'may change. -

4.2 Atoms are a11ve because they can break up and cause’
attraction, and baca{se they move.




Subject 19, School 10, Group B o ) C .

= “(A) MOLECULES
1.0  structure' . ) .

1.1 A water molecule from ice would look like a -
_snowflake. U

1. water moledule from ice has no defined shape. =

2.0 -Compggi;,\,‘gn
2 1 Water molecules are made up of 1ce and water,,

242 Ali water malecules are not made up _Oof the same
thing. . . -

2.3 The compcsiticn changes when a mol ule.is frozen. * L i

2.4 The wnter molecules withm each pnase are composed. of
' . the same parts. . -

. _. 2.5 A1 moleéulss have atoms. . v ’ z
2.6 There are muny utums in a molecule- =
2.7  Water molecules have dxfierem: numhers of atoms.

2.8 Water molecules contain a vanaty of atums.

3.1 A water molecule is so smu ‘that you can‘t see it.

- 3.2 Atoms are fmallar than molecules. «“

3.3 The water molecules in ice are not all the same size. . o

3.4 Water molecules withif tap water, and witmn steam
e ; are’ the same size.

3.4 ‘Preezing causes the size of the molecule's ‘to change.
-. 3.5 Water molecules from ice are the largest.

b . . . : 3
3.6 .The ones-in the water (tap) are the smallest. . i




4.1 All water molecules are flat.

4.2 Water moleculqs Awithxn each of theé phases-” hdve
different shapes. . & { -

4.3 'Heat'will cause the shape of ‘the molecule to change.
: ¥

5.1 Molecules ‘aré very light.
5.2 Water molecules within each phase:weight differently.

5.3 The weight of a molecule dapends on how it is
separated: p " 4 g

E A Bcatbered dots.

6.2 The molecules im wai:er afe not hbid toqe‘t;h’e’:.
.3, There is nothing between:the molecules<in water.

.4 The molecules are different distances from each

other. S ]

6.5 There are' more molecules in .ide than - there is'.in
steam.

i lecules mdve the éps:ast in_steam. £ e oz

Molecules move the slowest in ice: i .

The - water molecules within‘ each - phase ‘move at
different speeds.

7.5 Addinq heat causes the shape to chanqe.

7. 6 Somathinq physical is added to the. moracules when

Molecules move. . X -
/




- (B) ATOMS g o,
- i *+ 1.0 _sStructure/shape
w 1.1 One atom would look like many circles.
“1.2 .Not all atoms look the Same.
i 1.3 Atoms—come in diffefent shapes and sizes.
o Atolﬁyg made up of smauer.parts. =

1.5 Atops have three dimensions.

1.6 There, is something between atoms.

2.0 size k]

Atoms are bigqer than molecules.

_ Atoms are so small that you ‘can't see -them? b & 2

2.3 _.Atoms come in different sizes. o
) 2.4 W}\en atoms separace they chanqa ‘size. %
2.5 An indivxdual atom can get smaller.
. T 2.6 Heat_wul ?ause 'the‘ siz‘e of an atf)m .'to £hange. h
. 3.0 Weight N T f 5
’ 3.1, Not all atoms-weigh the same. - -
.2 One atom is very light.
‘ - ~
) 4.0 Animism

4.1 Atoms are alive.




- Subject 20, School 2, Grouyp B..

(a) ‘H.OLECDLES B T T .
- oy, o " . N AT
"1.1 A water nolecule. trom ice léoks 11ke a- sphere whxch' L

. has pnrticlas inside. A

__,L{ Wa.ter malecules fx;dm tap water are $pharica1 with

.particles inside. . R

1.3 water‘molecules from steam are spherical: with
: pax:ticles inside. - N

14 The ‘parts” within thewater molecule -from tap watey
. are close, toqather, and the parts within the water
molecules from steam are, separated fax’th\er.

1.5 The patticles inside are moving around a 1::!:4. .

2.1; Water molecules are. composed of air- and chlcrine.

2 2 Holecules of water, from the ice are not camposed of
all the same parts. . 5 N

2.3 - Water molecules t‘rcm the tap water are, compused of .
‘the same parts.-

2.4 watet molecules in steam are made of differ_ent pal‘ts.
Different particles in- the ° air —cafr—change the—
compositiom. . t 2 i : k=

2.5 Water molecules from ice, tap,water, and ‘steam are

N made of the same bas:.c propgrues, except for - the
impurities. € .

S e .
2.6 Molsculas contain atonms. h
2.7 There are¢ more than a thousand atoms in a molacule.

2.8 Molecules of water 'in ice contain more atoms than
waterfmolecules in steam. 4,

2.9 ‘a1l water moleculas contain the same kind of atoms.

v . : . s




3 1 A water molecule is about 100 tlmes the-size .of ‘the
tlp of a pln. X

3.2 Water molecules are dltferem: sizes within h:e,
liquid, and steam.

3.3 The water molecules in the ice are the largest.

3.4 The water molecules in ice are the largest because |
% / when they are frozen they join together.
"‘; 3.5

The - water '‘molecules within the ~steam are the
smaRPest. - . - .

" ‘ . \

4.0 .sh ecules \
S

4.1 Water molecules have three. dlmensions.
4.2 Water mnlecules are shaped 1ike a ball. “

4.3 Water molacules in the ice wouldn’t be -the same-

shape.

4.4 The shape of the container’ would inéluence the shape
of the molecules.

‘4.5 Water molecules in tap water are difféi-ent shapes.

4.6 . Heat could cause the shape of the molecule to change:

change.

4.7 _’Squatting’ the' molecules will. force the shape to

4.8 Molecules of water in the steam are the same shape.
x P

5.0 welght cf the Molecules -
w Water molecules weigh less than a piece of dust.

5.2 Water molecule
heaviest.

from the solid phase are ' the

>5 4 . Water molecules in’ ice arelheavy because theh“/‘arts

are joined. together.




< " 3 . " 1s9.

6,0 Bonding the Molecules "

6.1 The moleculss in the ice are touching each other.

6.2 Molecules are held toqe:her by positive and negative
) ons.

3’ There are atoms and molecules between molecules.
6.4 The dist’ance between the molecules would vary.

6.5 The mo;ecular distance changes during phase changes
- because of the 'form

% s ¥ a .1 Molecules move. SPTNEEN

7.2 - Molecules in steam'move the fastest and, the ones in
the ice the slowest:

3 7.3 ' Molecules wn:hin any phase don’t move at the same
speeds.

7.4 'Molecules move fast because there is more room.

7‘.5 The weiqht of the molecule determines the speed.

- ' 7'6 When heat is added to molecules the partxcles 1nsxde

= i the molecules speed up and move farther apart.

. (B) ATOMS : ‘
: z 1.1 Atoms are ‘composed of -several sizes of concentric
T I3 lines. & . =

1.2 ' Atoms contain neutrons and protons, .

" 1.3 "The
v ¥ move.

ic lines rep:

o 1.4 oOnly some atoms contain electrens.

1.5 - All atoms don’t lool the same because ' of varying
4 ° numbers of protoms. . . R

1.6 Atoms can vary in'sizd. % " o

1.7° Neutrons are the cell_’ of the atom.

t the path which protonq_




‘ 1.8 Atoms are 3-D.
1.9 Particles of atoms are between atoms.
. i . = . &
i ® 2 Size of Atoms
| 3
2.1 Atoms are smaller than ! molecules. (molecules are
| ’ made up of atoms).

.2.2 Atoms come in different sizes.

¥ 2.3 Ab&ms have different sizes because of different
S number of protons. ! .

2.4 "Atoms can combine to form one atom.

L L o .
' ' e Wei ke 1 . =
: : 7 \ |

<1 a1l atq’ms dé'\n"t weigh tl}'a’ same.

3
3,2 The size determines the lwelght.

3.3 Atoms weigh less than molecules.
e \ |

“Animi s . .
4.1 Atoms can be alive, because of movement.

. o 8
J » 4.2 Atoms c,an"t reproduce.’ ‘

4.3 vAtoms which are dead have nuclei which don’t move. -

—
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¥ Subject 21, School 3, Group C
: “ &
(A) MOLECULES . ’
¥ N . 1.0 Structure ¥ )
’ ¥ .' B ’3 v
] 5 I.1 A water molecule would be round and ' contain many
"y % membranes.

_'1.2. Inside the molecule are bits of oxygen and hydrogen.
5% 4 * ,’ . P

1.3 Water molecules from tap water and steam would look

pretty much the same.
\ . B
- 2.0 composition 2 : g
' <2, 1 ater molecules from tap water may contaln chlorine
olecules.- L

3 . . 2

.. 2.2 Water molecules ccntain»}‘xydrog‘en and oxygen.

| 2.3 "Water molecules may be polluted or contaminated. - . *
& P z
_\\ 2.4 All molecules are made up of atoms.
' . . .
\ 2.5 Water molecules contain 2 hydrogen and 1 oxygen atom.
\\ "
{ (3.0 size . . %

3.1 wWater molecules are larger than airgmolecules.

3.2 Atoms are smaller than molecules.

3.3 All water molecules within ice wouldn’t be the same ~
size becausq some are denser than others. A %

3.4 " Particles of the same size have the same weight.
. 3.5 | Molecules from steam are the same éize.

3.6 Water molecules in .the ice are the largest because
i they expand.

y ¥ 3.7 Molecules from the steam are the smallest.
] ¢ ¥

i -




4.1 "Molecules have three dimensions, just likg cells Ho.

b2 glolecules from within the ({ifferent phases aren’t the

v

7.1' Molecul{a/s from the steam move the fastest. -\

same- shape.

4.3 The anvironm'ent may cause the shape~of a molecule to
change. .

‘5.0 Weight
5.1 A molecule would be as light as a cell.
5.2 ‘Water molecules from the ice weigh the same.

5.3 Water molecules from thé tap water weigh different
.

amounts.
.4 Molecules from the steaxy/would weigh the same. ™
5.5 Molecules from ,the téam are the lightest and

molecules from the ice/ are the heaviest.
‘. / .
» / s
6.1 Water moléecules from ice app close together, but they
are not touchmg.

6.0 Bol

6.2 Molecules from the tap water are held together by a
lxquid form. /
/

6.3 Molecliles from the ice are held together because the
molecules ate slowed down.

7.2 Molecules from the ice move the slowest.

7.3 Wat f‘molgcules from the ice all move at the same

s? R
Water molecules frcm the tap water move at difterant
peeds.

‘7».5/ The. smaller the molecule the faster they move.

746 Adding heat causes molecules ﬁo'speed up.

. L




-

(B) ATOMS o .
1.0 structure/shape '
1.1 An individual ‘atom resembles something which is
N spherical. There are electrons, protons, and
neutrons. involved. . -

1.2 ' The electrons are-spinningraround the atoms.

1.3 Not all atoms look the same because of the W@ifferent
number of electrons, protons, and neutrons.

1.4 Atoms have three dimensions.

1.5 Electrical charges are found between atoms.
° i
2.0 size . T i i e
2.1 Atoms are.smaliér.than molecules. W o
2.2 Net ai} atoms are the same size..l
, a Z

2.3 Atoms can get larger beqauée they can gain electrons
and’ increase their density.

‘o
370 veight

3.1 Atoms weigh less than molecules.

o .
4.1 Atoms are alive.
" 4.2 Atoms carry an electrlc charge.

4.3 M&,tg)ns in a pencil are alxve because they used to once
be 'part of a tree that was alive. 5

N




\ (a) « MOLECDLES .
1.0 strficture ° C e .

Subject 22, School 4, Group Ci. ~ B

1.2

1.3

N

.I.l\A molecule’ of water from ice would resemble g

spherlcal shaped object.

A molecule of water from tap water' would 1pok the
same as a molecule from ice.

Water molecules trcm steam are similar except ‘that
they are cledrer. e
'

2.1

2.2

2.3

.can hold,

Water molerules are made up of vapor.

-w§ter molecules from ice have a- compesition v’rﬁich
depends on how big they are. .The same holds _trus for
water molecules from steam. | . ~ N
The smaller the molecule the fewer the patts -which it
e

All water molecules frmn the stedm ara_-made up of the .
samé parts. w

All moleécules have atoms. E

4 e
Molecules' contain thousands of atoms. ¥ <

Not all water molecules have the 'same, number Of
atoms beécause some are biqger‘t‘han others. ¢ P

Water mole\ules from ice have the highest number of
atoms.

2!9 Not all water molecules contain the same kind of
atoms.

3.0 size /

3.1 There is nothimly smaller than a molécule.

3.2 Water mole:ules from within the phases hava/dif!arent
sizes. -

3.3 The water molecules trdﬂn the ice are the larqest and

the ones from the stceam the smallest.




Molecules from the ice are larger because they are
cmnposed of more things.

Watef molecules from the steam are the smallest
because they are evaporated more. (it appears that
evapqration means losing something)

.

Water molecules have three dimensions.

All vater molecules are round, but come in differént
sizes.

4.3 Water molecules from the tap water have the same
shape.
4.4 The composition of a molecule determines its shape.
] Weight
5.1 A molecule of water is as heaw& as a piece-of dust.
: = >

2 - Water molecules from within the phases have different

5.3 Water mulecules from the ice are the heavlest and
. those from the ice are the lightest.
5.4 The faster a molecule moves the lighter it is.
6.0 Bonding
. f s . .
6.1 Water molecules from ice would be bonded so that each
molecule is bonded to another in a circular pattern.
6.2 There is air l;etween the molecules. %
6.3 The molecules are not the same distance from each
o her. -
6.4 Water moleculés separate farther apart when golnq

. weights because the sizes vary.

from ice to liquid to steam because they decompose
and braak up. .




7.0 ne:
7.1 HMolecules from the steam move the fastest.
7.2 Molecules from the ice move the slowest.

7.3 ater molecules within each phase move at different
peeds. . “ " )

7.4 Adding heat causes moleculeé to move farther apart.

©7.5 Heat also- causes molecules to get smaller and
possibly break up.

{ ; ;

(B) ATOMS

-0 a| é o . -
,1'1 An individual atom resembles a sphere with no parts.
1.2 There are no s‘mallet parts which make up atoms. :
1.3 atoms have three dimensions.

1.4 ,Air is found between atoms.

2.0 Ssize 2 ! . *
2,1 An atom is about the éiie of a tip'of a pin.

2.2 Molecules are larger than atoms.

2.3 All atoms are the same size.

2.4 -The size of an individual atom can change.

i i

3.0 Weight . t
— L

3.1 Atoms are light.

3.2 All atoms weigh the same.

i

|
a —_—
4.0 Animism

4.1 Atoms are alive. |

4.2 Atoms are alive because they are moving.




Subject 23, School 4, Group C

(A) MOLECULES ‘

1.0 structure

1.2 A water molecule from any phase wouXd resemble a

closed-shaped figure which doesn’t have any definite L

shape. g
] ) =
2.0, Composition
2.1 Water molecules are composed of air.

2.2 All water molecules except those from the ice would
have the same parts.

2.3 Molecules tontain atoms.

2.4 Water molecules contain the same number of atoms.
r

3.0 Size
3.1: A water molecule is about the size of a speck of
dust. i

.
3.2, ‘water mulecules have different sxzes.

3.3 Water mclecules from theyice are the l‘argest because
when water expands it freezes. R \

3.4 Water molecules from -the steam are the smallest.

4.1 Water molecules have three dimensions. . -
4.2 All vater molecules have different shapes.

4.3 [The shape ot a water molecule may chang’é if they bump
into one another.

5.0 Weight

5.1 Not all water molecules weigh the same., .

5.2 - Water molecules from the ice are the heaviest.

5.3 Water molecules from the steam are the I{qhtest.
i 4

3 e g ¥ ' i
P .




“7.6 Applymg heat also causes the mclecules to become |

L:0_Structy ape . |

6.0 Bonding ’ : b

6.1 Water molecules from ice are bonded so that they are
not touching each other and there is ne definite
pattern.

6.2 Air is found between the molecules.

6.3 Molecules in’ the steam are far apart because there is
more room tb move.

N

T r

7.1 Molecules from. the steam(mo(re the Fastest.

7.2 Molecules from the ice move the slowegt. B

7.3 Water molecules move at different speelis.

7.4 Applying heat causes molecules-to move faster.

7.5 Molecules become closér together when heat is added.

smaller. . a .
Y |

. .

(B) mmqs' ) .

1.1 An individual atom resembles a figure which' is
enclosed but doesn’t have any definite shape.

1.2 Not all atoms lock the same because the siza may
differ. o

1.3 Atoms have three dimensions.

1.4 " Air can be found between atoms.

2.0 Size 2
2.1 Atoms are smaller than molecules.
2.2 Not all atoms are the same size. . g o

2.3 The size of an individual atom can chanqe it heat is.
added. It would expand. s«




¢

3.0 Weight
3.1 All atems weigh the same:.

4.0 Animism

4.1 Atoms are not alive. -

’ \
P
- i
. “
°




Subject 24, School 6, Group C

(a)
-

MOLECULES

1.0 Structure

1.1 A witer molecule from ice resembles a closed-shape
object which has no definite shape.
1.2 A water molecule from tap water would look the same
except r.hatg it would be smaller. .
1.3 A water molecule from steam would resemble one from
the ice except that it is more elongated. v
« ‘ . &
0 Compositio .
2.1 Water. molecules ar composed of atoms ;nd water
particleg. .
2.2 Water bn‘mlecules rom the different 'phases- are
composed Jof different parts.
3.3 A typical water'mciecule would contain thousand- of
atoms.
2.4 Different water molecules contain difterent numbers(
‘of atoms. ~
K C a
3.0 size N "
< 3. 1 A water molecule would be smaller than the tip of a
pin.
3.2 ‘Atoms are smaller than molecules. -
3.3 Water molecules from within the different priases have
different sizes.
3.4 water molecu es from the steam.are the laxqest and
thgse; from the tap water urg the smallest.
3.5 whter molecules froam the stéam are | the largest

because. as they rise up through the air they. pick up
molecules. ’




4.1 Water molecules have three dimensions and they can
.also be very flat. 5 y

4.2  Water molecules-from within the different phases have
. different shapes.

.4-.3 Molecules from the steam change shape as sqon as they

hit the air. /

4.4 The shape also.changes when t&y‘ freeze.

©5.0- Weight © 8

5.1 A molecule of water weighs less thana piece of dust.

5.2 Water molecules from within each ‘phasé have different'

weights.
\ & 2

5.3 Water molecules trom the. steam have different weights
! because some pick up more molecules than others. The

same is true for the molecules from the tap, water.
5.4 Water molecules from the steam weigh the most.

' - o \

6.0. Bonding By
6.1 Six molecules from ice would all have different

shapes and they wouldn’t be touching each other.

6.2 Air holds the mulecules together because it exerts
pressure from the cutside. .

‘6.3 Thé molecules wouldn’t all be the same distance from

@éach other.
6.4 Molecules can separate‘ farther apart when 'going from
’ ice; to steam’ because they expand. (They are pushed
apa}t ) #

7.1 Molecules from the steam are moving the fastest.

7.2 Molecules from the ice are mo\}ing the slowest.

7.3 All ‘water molecules would be moving at defarent

" speeds.




. ' 202
e . "7.4 The more spacé molecules have to move the tustaz‘ they
. move.

7.5 Adding heat causes the molecules to move fast’.er.

. .

(B) ATOMS
' . 1.0 structure/Shape
-~ :
1.1_ An individual atom resembles .a sphere with parts
LN inside.
1.2 All atoms would look the same.
- 1.3 The atom is the smallest particle ot mntter.
U 1.4 }\toms are solid with nothing in theln. N
o %
e 1.5 Atoms have three dimensions--like a ball.

| 1.6 " Air can be found between atoms.

2.0
2.1 . Atoms are smaller than molecules.
2.2 Not all atoms are the same ‘size. "

2.3 The sxze of an individual atom can change if heat is

. 'applle’ Pressure ‘will also . cause the size to. -
change. .
. , =} 3 .
3.0 Weight

| " 3.1 Not all atoms weiqh the same.

B 3.2, The bigger an atom is the more it weighs, the smaller
| it is the less it weighs.

| . 3.3 Atoms weigh less than molecules. v e
'l o )
| T4, ]

4.1 Atoms-are alive.

4.2 They are .alive!because they move inside of molecules, ¥
causing molecules to move. Lw #

-




Subject 25, School 9, Group C .

(A) MOLECULES Ty
1.0 Structure
2 1.1 Water molecules from all phases resemble a solid
sphere.

2.0 Ccomposition

2.1 Water molecules from the 'steam are made up of the
same parts.

2.2 Water ‘molecules. from - the tap water are not all . (
.o composed cf .the, same parts. LN~

’ 2.3 Water molecules are compcsad of atoms.
3.0 size '
\‘4.1 Water molecules are very tiny.
. L 3.2 Atoms are smaller thaii-molecules.
s 3.3 Water molecules from the ice are the largest.

within difterent phases have

“!"*’ o 3.4 Water molecules from
different sizes.

4.0 Shape i
4.1 Molecules have three dimensions.
4.2 All -water molecules have the same shape.

4.3 Heat would cause the shape to change.:  The molecules
wou.ld vibrate more. J

5.1 All the water molecules within each phase weigh the
same.

5.2  Water molecules trom the steam are the 11thest.

53 Water molecules from the ice are the heaviest.
' i . .
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i
5.4 The molecules from the gas are the liqhtest because
- it’s part of the sky.

5.5 Ones from the ice are heavy because ice is heavy.
. s

6.0 Bonding .

6.1 A half a dozen water molecules from ice would be

M bonded. so that . they would all be touching one
| another.

2.0 Energy z -
'
7.1 Molecules from the ice move the slowest. )

7.2 Molecules from [the steam nove the fastest.

7.3 Adding heat causes the molecules to vibrate faster. g

(B) ATOMS . ° . Ly .o

1.0 St re/! . & .
1.1 Ah individual atom would x‘rese)“‘nbie a solid sphere.

1.2 - All atoms would look the same.

1.3 Atoms have three dimensions. g 4

1.4 Neutrons, electrons and protons are found in atoms.
They would be found inside the sphere. .

. 1.5 Atoms can be attached to molecules.

2. S
2.1 Atoms are smaller than a piece of dust.

@ 2.2 The size of an individual atom can change.
i .

0 Wei

3.1 Atoms are light. . ! 1
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4.1 Atoms are not alive.

L ' = .
/ Y :
3 J- P .
/ .
/
i . .
~
e s
. o .. ' *
. :
® ’
.
* ’
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Subject 26, School 5, Group C

(a)

1.0

1.1

1.2

2.1

2.2
2.3

MOLECULES

Structure

£ water resembles a sphere which is

A “molecul;
any dots which resemble particles of °

composed
atoms. p2

Water molecules Erom all the phases would look the
same. 4 < <

ositiol ~

Water molecules are made up of the same kind of
atoms. : . .

There would be abnut a hundred, atoms in a water
molecule.

Water molecules from the ice would have the highest
number of atoms hecause they are broken up -into many
little pieces.

S

e o
A water molecule is about the size of a piece of

dust.
. —_—
Atoms are smaller than molecules.

Water molecules from the ice are all the same size.

Water molecules from the tap water have different
sizes.

Water molecules from the steam are all the same size.

Water molecules from the tap water are the largest
because they ha\ve more room to move. e

Molecules from the steam are the smallest,

The temperature will cause the size of a molecule to
change.
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4.1 Water mofecules are flat.
4.2 All water molecules are round.
5.0 Weight . o
5.1 Water molecuies are as ught as a piece of dust. -

5.2 Water molecules from w1th1n the different phases
weigh differently.

5.3 The size of a molecule determines its‘weight.
5.4 Molecules fro’m the tap water are the heaviest.

5.5 Molecules fron& the s_t;.eam'are the lightest. .

' . Y

6.1 Water molecules from the ice are bonded so that they
are not touching each other and there is no set
pattern. : "

6.2 Water holds the molecules together.
6.3 Water is found between the molecules. d

6.4 All the molecules are approximately the same distance
from each other. 8

7.1 All molecules move.

7.2 Molecules from the tap water'more_the fastest. !
7.3 : Molecules from the ice move the slowest. - %
7.4 Water molecules within each phase move at tile same
speed.
7.5 The larger a molecules is the faster it moves. g
7.6 Nothing physical is added during heating. \




"2.3 The Size of an atom can’t cha‘nge.

(B) ATOMS . A

1.0 structure/shape ¥ ¢ -

1.1 An individual atop resembles a sphere.

1.2 Al s would look the same.

1.3 ‘hery re 'smaller parts which make up atoms.

2.0 Size
N -
2.1 Atoms are smaller than molecules. ‘

2.2 All atoms are the same size. .

B .

3.1 Not all atoms ‘weigh the same.

3.2 Atoms are lighter than molecules. ..

4.0 Ani : -

4.1 Ato are alive because if youvhad a microscope you
, would be able to see them moving. -
il ! o
| . A .
. g .
T o
A
W
.G
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Bubject 27, School 1, Group C
(A) MOLECULES
1.0 structure

1.1 A water molecule from ice would look like several
(Cubé-shaped objects packed closely together.

1.2 Water molecules from tap water would look the sai

except that there would be more space between th
atoms.

1.3 Water molecules from the steam would léok the same

except that there would be more space between the
atoms than in the tap water.

1.4 Water molecules are made up of atoms.

- \\_

2.1 All water molecules are made up of hydrogen - and
oxyqen . -

2.2 a1l water ‘molecules are ccmpcsed of exactly the same

parts.

2.3 A water molecule contains many parts.
S T
3.0 size e

Holecules are larger than atoms. .

sizes.

‘3.3 Water molecules from the steam would ‘be the largest.

3.4 Water molecules from the ice are 'the ‘smallest.

1
3.2 Water molecules frcm w1th1n each phase have different
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4.0 shape
4.1 Water molecules have three dimensions.

4.2 Water molecules from the ice and tap water are the
same shape.

4.3 Water molecules from the steam vary in shape.

4.4 Temperature may cause the shape of molecules to
change.

5.0 Weight

5.1.A water molecule weighs less than a piece of dust.

5.2 Water molecules from within ice, and within tap water
would weigh the same.

5.3 Molecules from within the steam would“have different
weights. .

5.4 It seems that the more freedom the molecules have the
less they weigh.

5.5 all water molecules would weigh:the same.

6.0 ondi

‘6.1 Two water molecules from ice would look like two

squares (cubes) separate_d. -

6.2 The molecules would be arranged in some sort of,
‘pattern.

6.3 The molecules are held together by a force.

6.4 All the water molecules from the ice are the same
distance from each other. ° ‘

6.5 Adding -heat causes the molecules to move farther
_apart.

7.1 Molecules from the steam move-the fastest.
7.2 Molecules from the ice move the slowest.

7.3--Molecules move at different speeds within the
different phases. .




L ; e 2114

1.1. All atoms wouldn’t look the same.
1.2 An atom is the smallest thing that you can get.
1.3 There is a nonvisible force between atoms. .

1.4 Atoms have three dimensions.

2.0 size

2.1 eAtoms ard smaller than molecules. —
2,2 Atoms vary in size.
2.3 The size varies with the composition. * L

2.4 The size of an individual atoms can change.

3.0 Weight
3.1 All atoms don’t weigh the same.

3.2 Atoms are very light.

., 4

4.1 Atoms are not alive.
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Student 28, School 7, Group C
(A) MOLECULES 4

1.0 Structure

1.1 A molecule of water is composed  of three spheres
which are separated from each other.

1.2 The spheres represent one hydrogen atom and 2 oxygen
atoms.

1.3  Water molecules from the tap water are composed of
particles other than Hz0 which are impurities. Lt

1. 4 Water molecules from the steam would be shaped
differently than those from the ica or tap water.

2 {s) sitio .
2.1 Water molecules are made up of hydroi;gn and’ oxygen.
All water molecules gontain there basic atoms.

" 2.2 water molecules t‘romv the tép water\_contain
impurities. 3 . -
2.3 The temperature would also affect what the molecules
are made up of.

2.4 Water molecules from the. steam can combine with other-
. gases in the air.

2.5 All molecules contain atoms.

2.6 Water molecules contain 3 atoms.

’ ) .
3.1° A water molecule would be so small that a glass of

water would contain millions of them.
,

3.2 Atoms are smaller than molecules. .

3.3 All the water molecules lrom the ice wnuld be the
same size.

3.4 The size of water molecliles from a liquid can vary
because they are more free to move around.




3.5 Water.molecules from the steam are all the same size.

.

4.0 shape
4.1 Water molecules have three dimensions. A

4.2 All the water molecules from the ice would have
different shapes.

4.3 The water molecules from the liquid would have’

different shapes because the molecules would take the
shape of the container.

4.4 Water mlacules from the steam have the same basic
shape. N

4.5 Temperature wnul?? cause the shape of the molecules to
change.

4.6 The shape of a molecule' changes when going from one:
phasa to_another.

4.7 Water molecules from the steam would be the smallest.

. B . ~
" * s
5.1\ A water molecula would weigh less thun a- piece of *
‘dust.

5.2 All the water molecules from within each phase would*
‘weigh the same.

5.3 Water molecules from the steam would weigh the
. lightest and those from the ice would be the
heaviest.

5.4 -The arrangement of the molecules in the ice also
contributes to the weight of the molecules.

6.0 Bonding .
6.1 Water moleculos from ice would form a regular
pattern. 3 °

6.2 The molecules are-held together by charges,
6.3 Each atom has a positive and a neqativé éharge.

6.4 All' the molecules are the same distance from each
other. .
-
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2.0 Eneygy

7.1

7.2

7.

Adding heat causes the nolecul‘es to split.

The molecules join again in a g‘as after being split
when going from a sblid to a gas.

Molecules from the gas phase move the fastest and
molecules from the solid phase (ice) move the

‘=~ slowest.

’

7.4 Watet molecules within each phase move at the same
, speed. 5

7.5 .The more attracted molecules are to one another the
faster they move.

7.6 Adding Heat to molecules causes them to break down
and then move faster. They rejoin again to form tap
water. y

(B) . ATOMS

1.0 Structure/Shape

l.i An individual atom - appears ‘to have a spharical
nucleus Hith a large ring on the outside. ¥

1.2 Atoms. are made up of protons, electrons, and
neutrons. .

o :

1.3 Atoms are three dimensional because they are round.

1.‘4 All atoms in a solid are joined together. 2

1.5 There are spaces between atoms.from a gas.

2.1 At atom is the sfnallesf. particle. . ] N

2.2 Atoms are smullar- t,han/n(olecules.

213 ‘Not all atoms areW the same\size because they have

. different masses.
2.4 The size of an individual atom is always the same.
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2.5 Electrons, protons, and neutrons are smaller than
atoms. 4

3.0 Weiaht
3.1 Atoms have different yeights.

3.2 The weight of an atom is determined by the number and
arrangement of subatomic-partitles.

3.3 Atoms weigh less than molecules.

420 Animism *

4.1 Atoms are not alive.’
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Subject 29, School 10, Group C

(A) MOLECULES

1.0 Structure -

1.1 A water molecule looks 1like two smail spheres
attached to each other.
1.2 Air bubbles would be on the outside.

- -

.
2.0 Ccomposition

2.1 .Water molecules are composed of oxygen, carbon, and
minerals. =

2 All water molecules are made up of the same parts.
2.3 All molecules have atoms. -
4

o < . ‘L
There are hundxeds - of thousands- of atoms in
molecules. * N

2.5 The hotter the molecul® the more atoms it will havd.

-

3.1 A water molecule is about the size of a tip of a
needle. .

3.2 Atoms are smaller than molecules. :
3.3 ‘Water-molecules from the ice are all the same size.
3.4 Water molecules from tap water are all the same size.

3.5 Molecules from steam are not the same size because
they~ expand during heating.

420 shape
4.1 Water molecules have three dimensions. ' Some are
_ flat. N

4.2 Water molecules have a variety of shapes.




4.3 Water molecules in the winter have different shapes
than in the summer.

4.4 They expand when they are frozen.

5.17A molecule of water would be as light as a feather. .

5.2 Water molecules from within each phase would weigh -
the same

5.3 Molecules from the ice are the heaviest.
6.0 Bonding

6.1 Water molecules from -ice would be arranged in a
@ benzene like arrangement.

6.2 The molecules are held together by gravity.
6.3 There is nothing between the moleculés.

6.4 The molecules wouldn’t all be the same distance from
. each other.

2.0 Enexqgy

7.1 Molecules from the stean' move t:h‘ fastest.
7.2 Molecules from the ice move the slowest.
7.3 The higher the temperature the faster they move.

7.4 Nothing physical is added by heating the molecules.

(B) - ATOMS 2
1.0 Structure/Shape

1.1 An individual atom resembles an oval-shaped object.

)

1.2 There are different—sizes of atoms.
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1.3 Atoms are made up of a nucleus, electrons, and
1. protons.

1.4 Electrons are inside the nucleus.
1.5 Protons are outside the nucleus.
1.6 Atoms have three dimensions.

. 1.7 Nothing is found between atoms.

2.0 ize 5 #

2.1 Atoms are smaller than molecules. [There are
. thousands of atoms in a molecule.]

2.2 Atoms can vary in size.

2.3 Atoms can get smaller because man divides them.

2.4 The size of an individual atom can change.

2.5 \Yeutrons and protons are smaller than atoms.

3.0 Weight
N _ 3.1 All atoms weigh the same. i)
3.2 Atoms are lighter than molecules. -
o o
4.0 Animism .
B 4.1 Atoms are not alivgls. -
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Subject 30, School 3, Group C

(A) MOLECULES \
1.0 Structure
1.1 A water molecule would be round and contain many-
membranes.
1.2 Inside the molecule are bits of oxygen and hydrogen.
1.3 Water molecules from tap water and steam would look
much the same.
2.0 Composition
&
2.1 Water molecules from tap.water may contain chlorine
5 molecules. " :
2.2 Water molecules contain hydrogen and oxygen. .
2.3 Water molecules may be polluted'or.contami:ated.
2.4 All molecules are made up of atoms. 7t
-
2.5 Water molecules contain 2 hyhrogen and 1 oxygen atom.
3.0 size
3.1 Water molecules are bigger than air molecules.
3.2 Atoms are smaller than molecules.
3.3 All water molecules within ice wouldn’t be the same
size because some are denser than others.
3.4 Particles of the same size have the same Wweight.
3.5 Molecules fro steam are the same size.
3.6 Water molecwles in the ice are the 1argesc because
they expand. "
3.7

Molecules froﬁ the steam are .the smallest.




4.0 shape
4.1 Molecules have three dimensions, just like cells do.

4.2 Molecules from within the different phases aren’t the
same shape.

4.3 The environment mayﬁuse the shape of a molecule to

change.
5.0 Weigh!
5.1 A molecule would be as 11qh\: as a cell. .

5.2 Water molecules from the ice weigh the same.

5.3 Water molecules from the tap watar have different
weights.

5.4 Molecules from the steam would weigh the same.

5.5 Mqlécules from the steam are the lightest and
molecules from the ice are the heaviest.

4
.0 Bonding

6.1 Water molecules from ice are close toqether, but they
are not touching.

6.2 Molecules from the tap water are held together by a
liquid form.

6.3 Molecules from the ice are held together because the
molecules are slowed down.

1.0 Energy
7.1 Molecules from the steam move the fastest. ™
7.2 Molecules from the ice move the slowest.

7.3 Water molecules from the,ice all move at the same
speed. ‘

7.4 Water molecules from the tap water move at dittarant
speeds.

1
7.5 The smaller the molecule the faster they move.

.7.6 Adding heat causes molecules to speed up.
% § » 2
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(B) ATOMS Q
1.0 Structure/Shape . &
1.1 An individual atom resembles something which is
. spherical. There are electrons, protons, and
neutrons involved.
1.2 The electrons are spinning around the atoms.
1.3 Not all atoms look the same because of the different
number of electrons, protons, and neutrons.
1.4 Atoms have three dimensions. o~
1.5 Electrical charges are found between atoms.
2.0 size
2.1 Atoms are smaller than molecules. N
|
2.2 Not all atoms are the same size. \\
2.3 Atoms can get larger because they can gain electrons
and increase its density.
3.0 “Weight
3.1 Atoms weigh less than molecules.
4.0 Apimism
4.1 Atoms are aldve.
4.2 Atoms carry an electric charge. .
4.3 Atoms in a pencil are alive because they used to once
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be part of a tree that was alive.
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Example from Group A T
Subject 10 Schopl 1
STRUCTURE I If you were to take an ice cube,

I’1l draw a little square here to
represent it, in that ice cube

3 there are molecules of water right?

b Now, if you could take just one of
these molecules of water, and you
could ,(look at it under a very
pnwerful microscope, so powerful %
that you could see all the details
of one molecule of water, what do
you think it might look like?

s [draws a sketch]
/ - Is that what you would see?
. Triangles?

= 8 I don’t know what I’d see because
. I've learnt that its like a space
or a nucleus.

I 0.K. .Sketch it.

& s can I use an e to represent

Y electrons?
! I No, because you wouldn’t see an e
would you.
s ~ s No.
-I Assuming now , that we had some tap

water, and we could take one
= individual molecule from that, and
B look at that what might you see?

s It should be the same. .
T Say we were to take one individual

modecyle from steam and.you were to
+" look at it, what do you think you

= . might see?
. S It should look the same. I can see
# 4 the ‘change) in steam, but I don’t

kno:!! the’ molecules g change._
I So ese parts that you have drawn
Yo N are ‘the nucleus? B




s Of the oxygen and hydrogen. .
I And these dots are the electrons. -
s Right.
COMPOSITION I What are water molecules made up
of? =
s Two hydrogen atoms and an oxygen
atom.
I Do all water molecules from the ice

have the same components?
s I would say so.

I Would all the molecules from- the
tap water have the same parts?

s . Yes,

I And the ones from the steam, would
they all have the same parts?

s Yes, as well.

Are all the. water molecules,
whether they are from the ice, tap
water. or steam, would they all have
. the same parts?

I don’t know but I might say yes.
Do all molecules have atoms?

Yes.

H 0 H ©

How many atoms might you ﬂnd in,
one molecule of water?

L s Three, 2 hydrogen and 1 oxygen.

3 I Would all molecules.of water have
: the same. number of atoms? !

¥ . \ s There is such a thing as deuterium
' \ which has an extra H.

I Would they all hive the same kind
of atoms?
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Yes.

. How big do you think a molecule of

water is? Can you compare it with
something?

I don’t know if there is anything I
can compare it to.

Say the tip of a pin.
Smaller.

Do you think“that there is anything
smaller than g molecule?

An atom.
Anything else?
Protons, electrons, etc.

Are all the molecules in the ice
the same size? .

Yes.

Would all the meieculas of water in
the tap water be the same size?

To be consistent with my other
answers, yes.

What about the ones in the steam,
would they all be the same size?

Yes;
Is there any difference in the size
of the water molecules in the ice,
liquid, and steam?

7

They are the same.

Would an  ice molecule (water)' be
bigger or smaller tlw. a steam
molecule?

I think that they would be the
same, in terms of the phase ¢hange.
they would be spaced more.
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#re the molecules that you have
drawn flat or 3-D?
3-D. i
Are all.thé molecules of water in
the ice the same shape as what ycu
have drawn?
Yes,But if I had of drawn it ‘more
correctly it would be V-shaped.
Would they all be like :K
Yes. - .

What about the ones in tI tap
water, are they all the same e?

Yes.
And the same for the steam?
Yes.

Is there anything that you can

-think ‘of ‘which' might .cause ‘the

shape of the molecule to change?

Nothing that I know of.

po you think that all molecules in
the ice’ would weigh the same?

I know that there is going to be
different isotdopes in atoms...I
guess +that they would all be the
same weight.

How heavy do you think one molecule
in the ice is?

Well we have always learned from
water that it is 18.02 g/mole. But
for one molecule...it would pe very
light. [

Would all the molecules in the tap

water weigh ‘;@ same?

Yes
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What about,the ope in the steam,
would they all wafigh the same?

Yes. - .
Is there a difference in weight
between the molecules of water in
the ice, liquid, steam?

No, I don’t believe so.

If you could glook at 1/2 dozen
molecules from ice under a
microscope,; what do you think'you
might see?

[draws iictgre]

Would they all be next to each
other? o

it w;'mld be in 3-D.
How are the molecules held
together? »

Intermolecular forces. There is
Hydrogen Bonding, London Dispersion
Forces. &
Is there anything between the
molecules? ' .

I would say so, but I don’t know
what.

Could there be air there?
Yes. .
Are the molecules the same distance

from each other?

Yes, ...there is a consistent
structure. . CHE
Why do the molecules separate
farther apart when going from ice
to liquid to steam? In terms ‘of
bonding. "

Don’t know.,
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ENERGY 1 Do molecules move?
i ‘ B s Yes.’
. T In which phase do they move the ¥
fastest?
s In the gaseous state.
I .
T In which phase do they move the
slowest?
v s In the ice. c-
. , I Within the ice do molecules move at
) different speeds? P
y I3 s It’s possible.
1 What about in the tap water, do the

molecules move at different speeds?

s Yes.
I And in the steam?
. B .
s Yes.
T WHy dq some water molecules move
. ( faster than others?
s No idea.
Anything to do with, tempefature?
s I know that with temperature the
- speed increases. So I guess that
when it is a liquid the temperature
is greater because it’s not '
ice...the K.E. is greater.
\ : 4 If you were to take an ice c\xbe,
* add  some heat to it, what would
. happen to the molecules?
S ° The P.E. increases and the

temperature rises so the molecules
a then are more free to move around. e

I Would anything physical be ad?ad or
removed by adding heat? !

s No.
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If you were to take one atom and
ou could look at it wunder a
icroscope so owerful that' you
could see all %le details of the
‘atom, -what do you think you would

see?

[draws pic‘tug] These would
represent the protons.

Would you see the nucleus?

Yes, but I don’t know what I would

see, There would be 3 electrcns
moving freely 1n space.

How would they be moving?

They can be found within different
positions - in terms of their
otbitals. -

Do you ‘think that all atoms would
look the same. R )

In terms of just having protons...I
think the sizes -‘would increase
because of the volume' that the
protons and .electrons take up.

Are, there smaller parts which make
up atoms?

Well, the' protons, neutrons, or
electrons.

Ate 'atnms flat or 3-D?

3-D. '

Is there any\:hing between atoms?
Well, it is believed that there is -
empty space between the nucleus and

electrons, ~"So...there _should be
‘space.

How would you compare r.he size of
an atom with a molecule?
Molecules are larger than atoms.

Are all atoms the same size?
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No. v
Why Hould there be different siz§s?

In terms of the relative numbers of
protons, electrons.

Can the sxze of an individual atom
change?

I'm not sure about the size, if
that would take in the mass.

Take for example, Lithium, could
the size of a Lithium atom change?

3 "
If it becomes an ion, then one
electron is lost and that would
change the size.

Do’ all atoms weigh’ the same? B

No. ”
How would you explain the
difference in weight between atoms?

Well, the weight of electrons is
negligible, but with the increasing
number of. protons and neutrons,
which are the haaviest, so the
weigh& can change. 4 )

How heavy do you think an atom is?
Not sure.

Do you think that atoms are alive?

No.

Atoms in your pencil appear not to
be aliVe, yet atoms in your body
appear \to be alive, how can you
expldin {that difference? = _ -

I don’t know if you can say that
the atom is alive or not alive, I
don’t believe that atoms are alive
so it must be the combinations in

different types of atoms which

combine togethar which make them
alive.



Subject 20

STRUCTURE i

231

School 2 Group B

1’11 draw a square to represent an
ice cube, and you could look at it
under a microscope so powerful that
you could see all the details of
one individual water molecule, what
do you think one individual water

molecule would look like. Make a
sketch. -
I don’t know what you mean. \'

The ice cube is made up of water
molecules. If you could take just

one of the molecules, and look at
i&nder a microscope so powerful
you could see all the details

* of one molecule what would you see?

Can I draw two little to Hy0’s on

it?
You can’t draw numbers because you

wouldn’t see any; right?

No, you wouldn‘t see it.

What do you call these parts that
you have drawn?

It’s definitely water so it’s going
to have atoms and it’s going to
have water itself.

what "do you mean that it’s gomg to
have water?

Little molecules of water.

I want you to draw one molecule of
water. »

It would have all the elements that
are in water. Is this pond water
or tap water?

Tap water.

Well it’s going to have chlorine in
it. .
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So one individual water molecule is
going to look like this. What'’s
this big thing in the center?

That’s a mistake.

So’ you would see a ball or sphere
and inside you would see all these
other things?

All the little particles.

And each one is a malecule.
Yes.

If -you were to take some tap water
and look at one individual molecule
of water, under a microscopa so
powerful that you could see al¥ th
deta'ils of one molecule, what would
you see?

0.K. another thing. These. dots are
a lot closer -together and in the
water they are farther apart. .

What do you-call these dots?
Particles of the chlorine, air.

Say we had some steam and we were
to look at that. *

They would be a lot farthér apart
and/ there would be more movement.

The parts in them would be farther
apart..

Yes. And they would be moving
around a lot.

So what are water molecules made up
of?

Air. Chlorine.

Are all the molecules from the ice
made up of exactly the same parts?

Not necessarily. A
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How would they be different?

Where they are frozen something
could be put in a certain section--
that’s not frozen somewhere
else????

Do all the molecules from the tap
water have the same parts?

I would think that .most of them
would.
What about the water molecules from
the steam, would they all have the
same parts?
. Probably not because ~there is
different particles of other things
in the air, and it is not in a
controlled environment.

S0 it would be made of the same
parts?
No. - 3 o

So the water molecules whether they
are from ice, liquid, or steam are
made up of different parts.

" Uh, Uh. Same basic parts, but
these are impurities.

Are there atoms in molecules?
Yes, there should be.
Do all molecules have atoms?

And (yes) atoms have neutrons and
protons.

How many atoms would you find inia
_molecule of water?

A lot. . M
Yes, give me a ballpark figure?
A thousanﬂ)r mogg.
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In each -of these molecules would
some have more atoms than others?
Would the molecules in the ice have
more atoms than those in the steam?

Yes.

Would all molecules of water have
the same kind of atoms?
Yes.

N
How big do you think a molecule of
water is?

Very very minute. A hundred times
smaller than the top of a pin.
Probably even smaller than that.

Do you think that there is anything
smaller than a molecule? ~

Atoms are smaller.

Are all the molecules - in the ice
the same size?

No they would probably vary.

Are all the molecules in the tap
water the same sizg?

I would say that they v%‘uld vary.
What about the ones in the stean?

They would vary. They all should
vary. ¥

Are all the molecules from the ice,
liquid and steam the same size?
No.

Which one wi‘._ll be the biggest?
The ice would be the biggest where
there is less movement. But in the
steam there‘s more nmovement--it’s
not a liguid. 3

¥

Why are the molecules in the’ ice

the-biggest?
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Because they are ,frozen together
and they combine tlogether and the
molecules will join together, just
making thém larger. x

What.about the ones in the steam?

They are separated and they are
vapor, so they would not be as
large.

Are the molecules

i that you have
drawn, are they fl,

at or are there

other dimensions? Are they 3-D?

guess they would #e like a ball.

Are all the molecuies in the. ice
the same shape as the one that you
have drawn? w::uld they all be
balls?

They couldn’t be beécause there -are
corners on the outside so something
would have to be different.

So some would have to be square?
Yes, or have an angle on it anyway.

What about the ones in the tap
water Yould they all have the same :
shape? )

Well, they are in a square figure
so I guess that some around the
edges would be square in shape.
But ‘then agair maybe they are so
small that it doesn’t matter.

|

Are the molecules in the ice the
same gifape as the one that you have
drawn?.

Maybe not, some are square.

Is there anything Wwhich you can
think of which might cause the
shape of the'molecule to change?

Within the ice?




WEIGHT

Within any molecule.
Heat could affect it.

Anything else?

S
Squatting it, but it might be too
small to squat.

Are the molecules in the tap water
all the same shape?

No, they wouldn't. be the same shaps’
around the edges.

So the shape of the container would
cause the shape to change as well.

Yes. "

What about the ones in the steam,
would they all' be the same shape?

Steam has no limited space, ,they
are in the air so they probably are
the same shape. -

How heavy do you think a molecule
of water is?

‘Light -- very light. 3

Heavier than a piece of dust?

Might even be lightér than a piece,
of dugt. I don’t know how heavy a
piece of dust is.

Do all the molécules from the steam
weigh the same?

They would be 1‘xg‘hr_er because ‘in
the ice they are frozen tegether.

Which molecules are the heaviest?
Ice.
Which are the lightest?

Stean. .

)
|
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wgy are the ones in the ice heavier
than the ones ‘in the steam?

Bgcause inside the molecule the
parts. are gone together and
combined together ‘ecause of the
freezing and in the steam they have
freedom to move.

You also said hat there were more
atoms in the molecules in the ice?

That’s because it’s frozen.

If you were to take a 1/2 dozen
molecules .of water-from the ice.and
look at them under a microscope so
powerful that you would see all the
details of all six molecules. What
would you see? Could you draw
them?

© Six of them togéther?

Yes. How are the molecules held
together?

By atoms, by other molecules.
There probably positive _and ice
ions in -them'and they can combine
together. , .

Is there anything between the
molecules?

More atoms and molecules and the

© particles ‘that are within them

jo'ining them together?

Are all ‘the moleculés the same
distance from each other?

I think that it would vary.
s

Why . do molecules separate farther
apart when going from the liquid to
staam?

Because they are chanqing from a.
solid to- a liquid tp a vapor and
they’ are just changixg theif form.
When they change their form they
‘have more space. .
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Do molecules move? o~

Yes.

In which phase do you think that
the molecules are ‘'moving the
fastest?
Steam. L4 4
In which phase are they moving the
slowest?
Ice. ®

Do molecules move at different
speeds in the 1ce" %
I would say that there is some
variation in speed.

What about the ones in the tap
water? _ Are they all moving the
same speed?

There is probably variation with
all of them. None of them have the
exact same speeds. )

Why do some water molecules move
faster than others?

Maybe they have more room to move.
Anything else.
They could be lighter or heavier.

If you were to -add heat to the ice,
cube, what do you think would
happen to the molecules themselves?

’l‘hey would move further apart from
each other and inside the molecules
the -particles would move apart a’
bit and they would speed up. =

’
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If you were to take one individual
atom and look at it under a
microscope so powerful that you
could see all the details of one
atom what do you think you gould
see? 4
Neutrons and protons.

Would you like to draw' it?

The lines would be what for?
Different protons. N

Are there electrons around?

I think that there would be"
electrons. There would be
electrons in some.

Do you think that all atoms would
look the same?

No because some have different
numbers of-protons. . .
How would they look different?
There would be ‘different of Ilines
and they -could vary in size as
well. . = .

Are there smaller parts which make
up atoms?

Neutrons and protons.

What are these partf?

The neutrofi is the “cell. of the
atom. ! .

Are atoms flat or do they have more
than 2 dimensions?.

They would have more than 2-D.
Are they au(ﬂ‘ke this?
They probably vary a little.

Is there anything between atoms?
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Some have electrons and neutrons.

That pencil is made up of atoms.
What’s between those atoms? .

Particles of other atoms.

How big do-you think atoms are?

Small, they are the smallest unit.
Even smaller than a molecule which
is made of atoms.

How would the size of an atom
compare with the size of a
molecule?

A molecule is‘ made up of atoms.
Are all atoms the same size?

I would say that they would vary.
Why would thers be different sizes?

Different environments, .different
molecules of different substances.
Made up of differept- things.
Different number of prdtons.

can the size of an atom.change?

If you add it to another one of a
different or even the same
substance they can combine together
to make one atom or they can take
away. ..

Do you think that all atoms could
weigh the same?

There probably is some variation in
weight. Seeing that thére is
variation is size.

How would you explain the
difference in weight?

Well they weigh so little. I would
say that there isn’t much
difference.
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How heavy do you think an atom is?

Lighter than a molecule.

Do you think that atoms are alive?

They have movement. I don’t know
if that is because of energy.

Atoms in a pencil appear not to be
alive and atoms in your body appear
to be alive. How can you explain
this difference?

Your body has a heart and blood and
it needs atoms to survive and to
reproduce them and this pencil it
can’t reproduce atoms, it’s just a
solid final thing.

So in order for atoms to be alive
they must be able to reproduce?

Not nacessarily. i
If I 'were to give you 2 atoms and
you could see ‘them wunder. a
microscope, one was dead and the
other was alive, how could you tell
the difference? )
Within the atom there would be some
movement. There would be movement
of protons or the atom itself would
move.

In the dead one you wouldn’t see
the nucleus moving or anything?

It would just be sitting there.

=~
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s ~ :
Say we had an ice cube, I’1l draw the

square to represent the ice cube, 'in
that ice cube there are molecules of

water. Now if I were to look at one’

individual molecule of water under a
microscope so forceful that you could
see all the details of one ‘molecule,
what do you think it might look like?

Well considefing that water molecules
are sort of round they are not like
plants that have square or cylindrical
walls, they probably would be round
with all sorts of little membranes.

What would be inside that, what do you
call these parts?

Well, 1lets just ... whatever that
makes up water.

What makes up water?

There are .parts of oxygen and little
bits of oxygén-and hydrogen inside.

Say we had some tap water, for
example, from°a glass of water, and we
were to take one molecule from the tap

water and 1look at that under a-

microscope so powerqxl g:hac you could
see all the details’ of” one molecule:
What do you thxnk that might look
like? -

It will look different because tap
water has all sorts of chlorine and
stuff ta clean it.

Would that change the .molecules,

themselves?

Not the complete makeup of the
molecule, but it would have different
things inside, 1like a chlorine
molecule.

Would you mind ‘drawan one.

It’s kind of hard, you can’t,see them.
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But if you could see them, then...

It would be the same as the ones up
here. There would be some different
components, it’s not purely just
water.

Say we had some steam, and we were to
take one individual molecule from
steam and look at that under a
powerful microscope, what do you think
you might see there?

Well considering that steam is in a
much warmer form than the water, it
would be the same except that it would
be a gadsy form.

ﬁat are water molecules made up of?

I never did go much into the content
of - what water molecules are made up
of. I did mostly acid molecules. ;

‘lou said. that the water contains.
31 Are they made up of anything

els What parts are there?

There is the oxygen'and the hydrogen.

Are the molecules made up the same

parts? You said something' about tap

water before.

Because the tap water contains
chlorine.

Does that mean that within other water
molecules. there is something missing?

No,” ‘they are all still water. They
are still water molecules.

So there is nothing added to that
molecule or is there?

Not to the water molecule, to the
water.

Would' all the water molecules from the
ice have the same parts?

Whut do you mean by the same parts?
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Water is water.

Within ont molecule .of tap water,
would they all be made up the same
things?

Water in . its purest form, I would say
that it would be.

What do you mean in its purest form?
Can you have a water molecule that is
made up something else?

A water molecule is a water molecule,
it may be polluted or contaminated.

Can one molecule be polluted?

Not "just one molecule ... the whole
thing could be contaminated not Jjust
one molecule.

Would all the molecules from the steam
be made up from the same components?

They would be made up of the same
.parts as the water.

So all the water molecules, whether
they are from the ice, liquid or steam
are all made up of the same
components.

Yes, they are closer together or
. farther apart.

Do all molecules have atoms?

Everything that exists is suppoeadly
made up of atoms.

In a water molecule how many atoms
might you find? .

There is Hy0. Two H and 1 oxyqan.

Would they all have the same numher of
atoms?

Well, this is a gassy form.

oo
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Would one molecule of water have the
same number of atoms whether it is in
a gas, liquid or solid form? Or would
it change? -

No, they are just clpser .together.
Unless it changed from water to
something else it should have the same
number of atoms.. Y

Would they have the same types. of
atoms?

Water is water isn’t it?

" How big do ‘you think a molecule of

water is? Try to compare it with
something? o

Well, since you can’t see it it’s
impossible - to compare it with
something. It’s 1like . ﬁeing air
molecules, water molecules are bigger
than air molecules.

Do you think that there is anytlunq
smaller than a molecule?

Atonms.

Are all the molecules in the ice the
same size?

They would ndt all be exactly the same
size.

why would the size be dlfferent?

Some molecules could be denser’ than
others.

Why- would one molecule be denser than
another?

5 averythxng was the same size then
evérything would have a- particular
weight.

Would all the molecules in the tap
water be all the same size. Would
some be bigger than others?
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In this form they are. all closer
together and when the water freezes it
expands. So supposedly.

Can some be bigger than others?

They probably vary. You can’t
measure. Nobody has seen them.
What about the steam? Would the
molecules be all the same size?

They probably would be the same size
because they are in a gassy form.
That’s different éham/a liquid or
solid form.

In a solid and ‘liquid form the sjzée
can vary, but in a gaseous form they
are all the same. Why the difference?

A ,)Afqu is enclosed, a gas is not,
like in a jar .ice doesn’t get any
bigger.

How are the sizes different?

They probably would not be different”

in size. One could be just a tiny bit
bigger than another. If they were all
the same, then one ice cube would be
bigger even though they have the same
amount of water.

In that case the molecules would be
different sizes.

You haven’t seen a complete identical
ice cube. &,

. No.

Every ice cube would look the same.

In general, do you thin, that the
molecules in ice are large® or smaller
than the ones in the steam?

Well supposedly if ice expands, the
molecules would be bigger, wouldn’t

it

o
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Would the molecules .in the tap water
be somewhere in between the ice ami
steam in terms of size?

They would.

"Why do you think: that the ice

molecules would be bigger?

How does ice expand? Since it’s
freezing, it’s expanding.

Are molecules three-dihensional or
flat?

They;b‘:xave three-dimensional. If a
mol le were completely flat you
would be’ able to stick it on a tray
and you would be able to see it.
Since you can’t see molecules -you
can’t tell. Since we have seen cells
we can know that they are three-
dimepsional. We can suppose that
molgcules can be three-dimensional as
well as the cells.

A {an the molecules within the ice

£~<:fHe same shape?

They would have a variety of shapes.
They wouldn’t be exactly the same as
each other.

What about the ones in the tap water?
Would they have the same shape?

Well supposédly as I’ve seen in
science books they show molecules as
being round or cylindrical.

What about the ones in the steam, are
they all the same shape?

Why would they all be the‘ same shape?
Why would they’ga_differen:?
Cells aren’t the same so atorfs
wouldn’t all be exactly the same, so
everything is ‘not the same.

v

Is there anything you could think of

N
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that would cause the shape of the
molecule to change?
Environment. They might change.

Would the temperature, pressure have
an effect?

Since. they are closer together, the
shapes might change.

How heavy do you think a molecule of
water is?

Since it’s not passxbla to calculate
we must guess.

Would' it be as light as a cell? (

Cells are bigger so therefore they
could be heavier.

Do you think that all the molecules in
the ice would weigh the ‘same?

They probahly wnuld...moleculas are
the same ize. only the shape
changes.

WQE;Q all the molecules in the tap
er weigh the same.

One might weigh just a tiny bit more

than another, We ‘can’t calculate

that.

Well would the molecules in the steam
weigh the same?

In steam they would be lighter than
water...air is lighter than water.

Within the steam would most of them be.

the same weight?
Yes.

Which ones are the heaviest and which
ones are the lightest? °

Supposedly we know that ice is heavier
when it is frozen.



& E: Ice are then the heaviest.
s ‘Yes. .

. 4 1 Which ones would be the lightest

s Steam molecules. ‘

BONDING I +If you were to take a half a dozen
molecules from the ice -and looked at
them under a very powerful microscope
what would you see?

s They are all closé together. They ¥
might not be touching. They are
clustered together:

I How are the molecul®s held together?

s In the air they dissipate. .In the
N \ molecule they are held together by the e

liquid form. ,
i & A
I What about the ice? What holds ‘them
tagether?
s Because it is a frozen state. The

. $ . molecules are all slowed down.

1 A€ all the molecules that you have
drawn the same distance from each 1

other? ’ 1
s I don’t know. ; : ]
I Why do molecules separate when going h

from ice to steam?

! s Because, the farther the molecules are
going the more room they need to move.

" i

. L )
ENERGY I Molecules mave\_hen, right? - "
) s Yes. CE . J </
. ’ I Which molecules more the fastest?

s Stean.
I Which are the slowest?
s

Ice. ~ i
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Do molecules move at different speeds
or would.they be moving at the same
speed? °

In an ice cube, all the molecules
would have the same amount of room to
move around because they are all the
same size, so.:.they should move at
the same speed. .
What about the molecfles in the -tap
water? Do they .move at different
speeds?

* “I would say yes, but you can‘t tell

which ones move the fastest.

Why would some move. - more quickly or
slowly than others?

They will probably move at' the same
rate, even though there is more area
to move around ih, so.they speed up. °

Why do so:;\e move faster than others?. .

Some are a bit 'smaller than others and
there is less resistance. v .

If you were to take an ice éube, ‘add
some heat to it what would happen to
th& molecules?

- .

‘They wculd speed up.

Would there be any. physical ‘changes in
the molecules themselves?

‘Not exactly. It’s just changing it
back to its liquid form. And in some
cases it may change to a steam form.

.

If you were to take one atom and look: .

at- it under a microscope sp powerful
.that you could .see"all the details of
it what do- you think -t would 1ook
like? DQraw a sketch.

Supposedly they .are round’.- Inside
there are electrons, protons, ‘and
neutrons.
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Where would you f£ind' the electrons,
protons, \nnd neutrons?

The electrons would be spiralling
around fhe-atom. The protons would be
inside.

Do you think that all atoms looksthe
same?

No, because some may have more or less
electrons, protons, neutrons. For
example, there is no H,0, and then
there is no:Cl.

Are these atoms?

Well that’s like saying we are looking
at a molecule of water.

Are atoms flat or three-dimensional?
Threé—dimensional.
1s there an_ything batween atoms?

}\ren't there electrons, neutrons,
protans?

If you have one atom here and another
one there; what is thare between them?

'There may be electrlcal changes. g
. - =
How would the size of an-atom compare

with the size of a molecule? Would
atoms be larger? .

Of course atoms are sn‘ller parts of
molecules.

Are all atoms the-same size?

It would. depend on what’s inside. If
there are more electrons, neutruns‘
and protons then it.would be bigger.
Can the si‘ze of an atom change?

Yes, because it can take on more
electrons and increase its density. o
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Do ybu think th{: all atcms weigh the
same?

No. Because some atoms have mor:
electrons, neutrons, protons
electric charges.

How heavy do you think an atom 'is?
Would it be heavier or lighter than a
molecule?

Considering it carries charges, if it
is smaller then it weighs less.

Do you think that atoms are alive?

If they wﬁren't, how would they carry
electric [charges. Physically they
aren’t consldered alive. They just

have .a mechanization where the
el_ec.tmns spiral around the atoms.

So they aren": alive?

What way would you say, that they are
alive?

In the everyday sense, cells are

alive.

0.K. Then I would say that they are
alive.

What about atoms in your pencil?
Atoms in the pencil _appear not to be
alive,  and yet atoms in your body
appear to be alive.

The atoms in the “pencil are alive
because they used to be once a part -of
a living organism, a tree.

That’s why we are alifre?

We are living aren’t we?

Is it possible then that some atoms
could be aflve and some are dead?




253

Well a pencil is not causing a
chemical reaction or anything, no salt
like if you add it to something else
it will cause a chemical reaction, if
you add a pencil to something. You
would have to take a match to start a
reaction. J
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