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Abstract

It is observed that student teachers have problems with seemingly simple ideas in introductory
chemistry. In order to uncover possible underlying problems, a rather comprehensive investigation on
their views on matter, substances and the particulate view of matter, was accomplished.

31students were interviewed before they started on an introductory course in chemistry. The intervi-
ews were semi-structured and linked to a sorting task and some demonstrations.
All the interviews were tape-recorded and some photos were taken.

This paper reports on the students’ views on evaporation and dew formation and discusses what their
statements on these phenomena tell us about their general view on matter, substances and the parti-
culate view of matter. Their statements about evaporation and dew formation are compared.

Only 6/31 students displayed a reasonably good understanding of both evaporation and dew forma-
tion, and only two of these used a more “advanced” particulate model in their explanation of both
phenomena. Most of the other students hold some sensible views and some alternative non-scientific
views. All measure of understanding was revealed, from almost total ignorance to an almost com-
plete understanding. At least 4/5 of the students seem to have some problem with the concepts of
matter, substance and the particulate view of matter. These concepts, therefore, clearly need to be
included and addressed in an understandable way in Norwegian teacher education.

INTRODUCTION

Student teachers’ problems with seemingly simple ideas in introductory chemistry have always in-
trigued me. Introductory chemistry seems to be a worldwide problem that researchers have wrest-
led with for many years (e.g. Andersson, 1990; de Vos & Verdonk, 1985; Johnson, 2000; Nakhleh,
1992). From a human constructivist point of view (Ausubel, Novak, & Hanesian, 1978; Novak,
1993) it is interesting to single out which ideas and concepts that are problematic to the students,
and what kind of notions they have about these ideas and concepts, before a course starts. Only
then one can pick out the “relevant anchoring concepts available in the learner’s cognitive struc-
ture” (Ausubel, et al., 1978, p. 358) and try to make the teaching meaningful.
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In introductory chemistry the particulate view of matter was early singled out as a key problem
(e.g. Nakhleh, 1994b; Nussbaum & Novick, 1981), in addition to chemical reactions (e.g. Anders-
son, 1990; de Vos & Verdonk, 1985; Johnson, 2000), phase changes (e.g. Andersson, 1990; Stavy,
1990; Stavy & Stachel, 1985) and the gaseous state (e.g. Johnson, 1998b; Stavy, 1988).

Recently two more concepts that are perhaps even more fundamental, have been added to the list:
the concept of matter (Nakhleh, Samarapungavan, & Saglam, 2005; Stavy, 1991) and the concept
of a substance (Johnson, 1996, 2005). An interesting aspect in this connection is Johnson’s (1998b,
2002) findings that some understanding of the particulate view of matter seems necessary to un-
derstand all these key concepts and vice versa.

If one, as a teacher, wrongly assumes that the students understand and use the above mentioned
key concepts in the same way as oneself, one most probably has a crucial communication problem
(Johnson & Gott, 1996). For students that understand and use these concepts differently, major
parts of the chemistry teaching must be a mystery, and they are left with only one option: rote
learning.

A prerequisite for proper handling of these problems in the school is that the teachers themselves
understand these concepts properly and that teacher education addresses it in a relevant way. In
order to uncover possible problems tied to the concepts of matter and substances and the parti-
culate view of matter among student teachers, an investigation was done to bring forward some
knowledge about what Norwegian student teachers think about these concepts, and to what extent
they use a particulate view of matter when they try to explain physical and chemical phenomena.

The focus of this paper is the student teachers’ ideas about evaporation and dew formation. The
research questions were:

« What problems do student teachers have with evaporation and dew formation?

» What do their explanations on these phenomena tell us about their conceptions of matter,
substances and the particulate view of matter, and do they use the same ideas for scientifically
similar problems?

« Can their problems to some extent be linked to their conceptions of matter, substances and
the particulate view of matter?

« What problem areas need special attention in further introductory courses in chemistry?

Several authors have summed up and discussed earlier investigations concerning evaporation (e.g.
Andersson, 1990; Andersson, 2000; Driver, Squires, Rushworth, & Wood-Robinson, 1994; John-
son, 1998b; Lindner, 2007; Tytler, Prain, & Peterson, 2007). With some variation, most of them
seem to conclude that it is possible to distinguish four main views: 1) for some reason the water
disappears or is sucked into the material, 2) it goes via the air to walls, ceilings or the clouds, 3)
it goes into the air, with various non-scientific explanations, 4) the water is changed into vapor as
invisible molecules and goes into the air. The first three explanations are (mostly) macroscopic.

Andersson (1990, 2000) concludes that the results can be summarized with the four concepts: dis-
placement, modification, transmutation (include disappearance) and chemical reaction. Indirectly
he is saying that students do not differentiate between physical processes and chemical reactions.
Modification is the right alternative in connection with evaporation. The other alternatives reveal
that the students either think the substance disappears, moves unaltered or they do not conserve
the substance.

Students’ views on dew formation in open systems seem less investigated than evaporation (Bar
& Travis, 1991; Chang, 1999; Gopal, Kleinsmidt, Case, & Musonge, 2004; Johnson, 1998b, 2000;
Osborne & Cosgrove, 1983). The reason might be a focus on evaporation in textbooks. They just
“browse over condensation as an after thought” (Gopal, et al., 2004, p. 1616).
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The children’s / students’ view on condensation seems to group around 5 main ideas: a) Invisible
water or vapor in the air is changed into water, b) the coldness is changed into water or cold and
heat react to produce water, c) air is changed into water when cooled, d) when cooled, hydrogen
and oxygen in the air react to produce water, e) water from the inside penetrate the wall of the
container.

The above review shows that younger pupils and students have many problems with these phe-
nomena. It is generally recognized that adults often have the same problems as younger pupils.
Many of the findings of this paper could therefore, in theory, be inferred from the literature. If, on
the other hand, this only exists as an assumption among those few that know the literature well,
and if no one puts “hard facts” on the table, it would hardly have any practical impact on introduc-
tory chemistry courses for student teacher in colleges and universities. To my knowledge this is the
first investigation concerning these matters among student teachers in the Nordic countries, and
only one of the reviewed articles above addresses student teachers (Johnson, 2000).

Johnson (e.g. Johnson, 1996, 2005) has argued that understanding of the concept of substance
is central for all chemistry understanding, a finding that ought to be examined further by other
researchers. This work contributes to this by having a focus on Norwegian student teachers’ views
on substances and matter.

In contrast to most of the reviewed articles this investigation addresses several phenomena in the
same interview. This gives the possibility to make comparisons between the views on different
phenomena and investigate to what extent the students use their views consistently across relating
phenomena.

METHODS

At University of Stavanger the student teachers can optionally choose to include 30 + 30 credits
(ECTS) science as part of their education. Introductory chemistry (10 ECTS), is one module with-
in this science education. A sample of 31 student teachers were interviewed before they started the
introductory chemistry course. One student was omitted due to practical problems scheduling the
interview. It is reasonable to assume that these students are among the more interested and able
in science, in teacher education. Some physics and chemistry are part of Norwegian compulsory
education (Utdanningsdirektoratet, 2009). Our students are therefore supposed to have learned
something about substances, molecules and atoms before entering teacher education.

A partial structured clinical interview was used (Novak & Gowin, 1984; Posner & Gertzog, 1982).
Many of the questions were linked to practical tasks. After the initial demonstration, the student
was asked to explain what had happened. If needed, clarifying questions were added. All inter-
views were tape recorded and some photos were taken.

Questioning always leads to thinking and new ideas. The interviewer consistently tried to avoid
any expression that could hint what had happened to the material. He tried to use neutral ques-
tions as much as possible (Johnson, 1998b; Johnson & Gott, 1996). If one look at each task
individually, it sometimes would have been desirable to probe deeper with additional questions.
That could, on the other hand, introduce new ideas that the students could use in other parts of
the interview obscuring their “before questioning” views. If, for example, the interviewer had in-
troduced the idea about particles in connection with the evaporation task and probed deeper, the
student might have used this idea in connection with the condensation task. For that reason one
sometimes had to take their statements as such. This sometimes resulted in statements that were
difficult to interpret during the analysis. What is presented is the author’s best judgment.
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The direct discussions about the concepts of matter and substances were postponed to the last part
of the interview. Before this direct discussion, the students’ use of these concepts explaining some
common transformations of substances was examined. The idea was that their use of the concepts
in real situations, tells at least as much as a direct discussion.

The students were initially introduced to a selection of (29) different objects, and asked to sort
them as they wished, and comment on their choices of categories. They were asked if they could
see anything in common to all these objects and comment on that. Later, 8 single-substance ob-
jects were picked out and they were asked if they could see anything in common to these and
comment on that.

The students then were asked to explain the results and what had happened in 5 practical demon-
strations. The following situations were discussed:

a) Evaporation of water. Two dishes were shown, one with a glass lid and with some water, and
one without a lid and empty. The student was then told that both had been standing in the
room for about a fortnight. Explain what has happened.

b) Two small candles were shown, one long and one short (half burnt). The half burnt was lit for
a short time. Explain the missing candle wax of the half burnt candle.

c) Ice was added to a glass of water. After a couple of minutes moisture appeared on the outside.
Explain the formation of the moisture.

d) A bit of candle wax was cautiously melted while the student was watching. She was then asked
if it could become solid wax again, and about the weight of the liquid wax compared to the
solid one.

e) Some coarse table salt was dissolved in a glass of water. After all the salt had disappeared, the
student was asked to explain what had happened to it. The weight of the solution compared to
water and solid salt was discussed. The possibility to retrieve the salt again was also discussed.

The sequence of these demonstrations is intentional. Evaporation and condensation, and melting
and burning of candle wax did not follow directly after each other. The hope was to reduce transfer
of new thoughts from one task to the other as a result of questioning.

The interview was finished with a discussion of the meaning of some (Norwegian) words: “stoff”
(stuff / matter) and “materiale” (materials), the borderline between “stoff” (stuff / matter) and not
“stoff” and the difference between “enkeltstoff (reint stoff)” (a substance) and “stoffblanding” (a
mixture).

The interesting parts of the interviews were partly transcribed. Parts giving no relevant informa-
tion about their views were omitted. The results were coded, sorted and analyzed. The analysis
showed that the students could be distributed among four main groups for evaporation and three
main groups for dew formation, both including some subgroups.

The analysis showed that the students hold many different ideas. Each student also expresses se-
veral ideas and combines them in many different ways. In reality each student (almost) holds her
own unique view. Some students, therefore, were difficult to assign to one broad category. The
category fitting best was chosen.

RESULTS

Evaporation at room-temperature

When asked to explain the disappeared water from a dish without a lid, all students gave some
kind of macroscopic explanation. Almost everyone answered evaporation (29/31), or some other
relevant macroscopic statements such as “became gas”, “it has become vapor”, “mixed with the
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Table 1. Groups based upon the students conceptions of evaporation

Category Description stﬂz'e‘:lfts
E1 Their explanations included statements that could be taken
Disappear to mean that the "water” or "vapor” had disappeared. Some of 4
PP these statements are difficult to interpret.
Ea Vapor / water adheres to, binds to and / or is pulled by some-
Adheres to thing (wall, ceiling, air, oxygen). 4 students include some kind 7
of particles in their explanation
E Water decomposes or splits when it become vapor. 8 students
Decorr% ose explicitly mention hydrogen and oxygen. 8 include some kind 1
P of particles in their explanation
= Eqm Macroscopic statements only. The water has evaporated and )
‘® | Macro-statement | gone into the air
£ E4d
=] 4 . .
£ Droplets The water has gone into the air as small droplets 2
% The water has gone into the air. The students’ explanations
;. E4p include some kind of particles (particles, molecules, atoms).
3 Particles Only 3 explain the evaporation process (almost) correct using a >
molecular model

air” etc. In addition everyone gave some other relevant macroscopic statements showing that they
think that the water has gone into the air. 27/31 even say that they think the evaporated water
still is in the air. All these answers might indicate that the students have a notion of water as a
substance and that it somehow maintains its identity even though it “has disappeared” and is now
invisible and has become “something else”.

However, when they were asked to explain what this means, many had problems answering and
several explanations emerged. On the basis of these additional explanations the students could be
distributed among 6 groups (Table 1).

4/31 students (Table 1. Category E1 - Disappear) gave statements that could be taken to mean that
the “water” or “vapor” had gone to the air and then disappeared, but some of these statements
have no obvious interpretation. 3 of these students do not mention that the “water” or “vapor” still
is present in the air. A closer look reveals that they either think the water evaporates because of
the surroundings / oxygen in the air and then disappears, or that it first goes into the air and then
disappears. “Disappear” might then mean that they cannot imagine where it has gone.

7/31 students (Table 1. Category E2 — Adheres to) seem to have problems with the notion that
water could stay in the air on its own. It had to adhere to something. 3 different ideas emerged.
3/31 think the water (vapor) rises until it meets the ceiling, the window or something else. First the
water goes into the air, but almost all of it leaves again. Only a small fraction may remain in the air.
3/31 say, on a macroscopic level, that the water adheres to, binds to or is pulled into the air. 3/31
think that oxygen plays a role in that respect and pulls the water out. Two of the students combine
two of these ideas in their explanation. 4 mention some kind of particles in their explanation.

11/31 students (Table 1. Category E3 - Decompose) seem to have problems with water as a gas.
They think water somehow decompose or split when it evaporates. It has to be changed into so-
mething else. 8 of the students in this category mention some kind of particles in their explanation.
One just states that the water split without any further particulate explanation and two thinks
the molecule structure is somehow changed. 8 explicitly mention that it is split into oxygen and
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hydrogen. It should be mentioned, however, that a couple of the students became uncertain about
this during the talk.

9/31 students (Table 1. Category E4 — Water in the air) seem to think that the water evaporates,
goes into the air and stays there without changing its identity. The following three subcategories
emerged:

2/31 students (Table 1. Category E4m - In the air. Macrostatement) state, on a macroscopic level,
that the water has evaporated, has gone into the air and that it still remains there. They could not,
however, give any further explanation of their notions.

2/31 students (Table 1. Category E4d - In the air. Droplets) seem to think that the water stays in
the air, but see it as small water droplets rather than as a gas.

5/31 students (Table 1. Category E4d - In the air. Particles) used some sort of particles when
they explained their notions about how the water could stay in the air. It should be mentioned,
however, that only 3 of these explain the evaporation process (almost) correct using a molecular
model (e.g. “the water molecules separate and float into the air ... as moisture in the air”).

17/31 students, from all groups except E1, put forward opinions that could be interpreted as some
kind of a particulate view of matter. 3 (all from group E4p) explain the evaporation process (al-
most) correct (see above). 5 know that the water molecules consist of oxygen and hydrogen atoms,
and think that the molecules split in the process. 8 mention molecules, atoms or particles in their
explanations, but demonstrate big holes in their knowledge. 2 just mention the formula H,O.

Some students (12/31), from all the groups, also gave rather neutral macroscopic statements about
the evaporation process telling that the water moves from liquid water to the air: “water goes to
the air”, “the water dissolves, dilutes or mixes with the air”.

11/31 students included a “because explanation” stating that the water evaporated “because of

” «

heat”, “heat pulls it up”, “air is warmer than water and pulls it into the air”.

Dew formation

It is not a trivial task to explain why a layer of water develops outside a glass of water cooled with
some ice cubes. One needs a firm grasp of the ideas that there is water in the air, as invisible vapor,
and knowledge of that if the temperature lowers below a critical value, the air cannot hold all its
water (vapor). One must also acknowledge the idea that “new matter” must come from somewhe-
re and that the substance “water” can vary between different states without changing its identity.

All students rightly knew that the phenomenon is called condensation or dew formation and /
or that it is water that is developed on the outside of the cooled glass. 22/31 students, distributed
among all groups (see below), also explained that the reason has something to do with the tem-
perature differences (e.g. “has to do with temperature difference”, “cold attracts moisture from the
air”’). When they were asked to explain this further, several notions emerged. On the basis of these
additional explanations it is possible to distinguish 3 main groups with some subgroups. These are
shown in Table 2.

It should be mentioned, however, that 5/31 students indicated that they had never reflected on

the condensation phenomenon. It is something that just happens. Even so, they gave off some
considerations on the spot. These considerations are used in this analysis.
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Table 2. Groups based upon the students’ conceptions of dew formation

Category Description st':gg:lfts
C Just stating that it is condensation and / or dew formation
. and the cause is temperature differences. Very little could
Confirmation - - 5
be inferred about the students’ view of matter and /or
of state
substances.
Some of the students’ statements indicate that they think
C2e water is formed from heat or that heat and cold react to
S Energy to water | form water. They seem to lack a strict line between energy 3
& and matter. One student mentioned particles.
€
é C20 Oxygen is involved in water formation. Oxygen is trans-
4 0 formed to water or oxygen liberates water. One student 2
S xygen to water - -
= mentioned particles.
d C2h Water is formed when oxygen and hydrogen from the air
Hydrogen and | reunite to water.To these students vapor must be oxygen 4

oxygen to water | and hydrogen gas. 3 students mentioned particles.

S Nc\gzrr‘o The water comes from the air. These students seem to ap- 12
2o preciate that there is vapor or water in the air all the time.
‘;“ < statements
Llfj\ g C3p The water is formed from water molecules (or particles)
b Particles from the air. >

5/31 students (Table 2. Category C1 - Confirmation of state) just state that it is condensation / dew
formation and that the reason is the temperature differences. This is really just a confirmation of
the state with new words. Very little could be inferred about their additional notions from this.

9/31 students (Table 2. Category C2 - Transformation) seem to hold a view that the water, the
dew, has to be made from something else. These students do not seem to think that water, as a
substance, could stay in the air. 3 subgroups emerged.

3/31 students (Table 2. Category C2e - Transformation. Energy to water) gave statements that
could indicate an idea that it is energy or heat that had been transformed into water, but their
statements are somewhat unclear (e.g. “when heat meets the cold glass, then it is changed into wa-
ter molecules”, “must be some reaction between heat and cold”). This indicates some uncertainty
about their ability to preserve the matter / substance. One of these, at the same time, says that the
water (vapor) comes from the air. Another mention that oxygen is involved (see below).

2/31 students (Table 2. Category C20 - Transformation. Oxygen to water) think that oxygen is
involved (e.g. “it is oxygen in the air on the sides that is cooled and changes form”, “the oxygen
molecules liberate H,0”).

4/31 students (Table 2. Category C2h - Transformation. Hydrogen and oxygen to water) expressed
a notion that hydrogen and oxygen in the air reunite and form water. 3 of these gave additional
statements indicating that they think the water (dew) came from the air. To them “water (or va-
por)” in the air must mean hydrogen and oxygen.
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The rest of the students (17/31) (Table 2. Category C3 - Water from the air) indicate that they think
the water in the dew formation comes from the air. They seem to acknowledge the idea that water
is a (single) substance and that it can vary between liquid water and water as vapor in the air. 2
subgroups emerged.

12/31 students (Table 2. Category C3m - Water from the air. Macro statements) state, on a pure
macroscopic level, that the water comes from the air. No particles were mentioned.

5 students (Table 2. Category C3m - Water from the air. Particles) included particles in their ex-
planations. 4 of these explicitly mentioned water molecules in the air.

8/31 students, from subgroup C2h and C3m, gave additional macroscopic statements about the
process explaining that when the temperature goes down, less water (or vapor) could be held in
the air. Another 2/31, from subgroup C3p, included reduced speed of the molecules and/or atoms
in their explanations. All these 10 students seem to have a rather good idea about that it is water
(vapor) from the air that is turned into water on the outside of the glass. It should be noticed,
however, that 3 of these think of “vapor” as hydrogen- and oxygen gas.

Table 3. Correlation between categories. Number of students displaying the different ideas about
evaporation and dew formation. Number of students mentioning particles in the different catego-
ries, are included.

Dew formation
C2 - Transformation (3 - Water
from the air
5 w
L = g , 2
€L | Ep | &5 [285| S8 B
g ° '-':4 ‘8 (@] -8 I X% _8 < g
[ = . © T © "ok £ .
O® o2 Ol |UsL| O% o
Tot.No.of
students 5 3 2 4 12 :
No. of
students o 1 1 ]
mentioning 3 5
particles
E1 Disappear 4 o ] : 1 )
E2 Adheres
o ! ¢ ! 5 1
c E3 Decom-
; Pose ! 8 2 1 4 2 2
o
a E -
Q 4m Macro
gz statements 2 o 1 1
w5 =
B
(]
glf, E4d Droplets| 2 o . 1
<
w
E4p Particles 5 5 ] ] ]
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Comparing the students’ responses to evaporation and dew formation
As the students gave several statements each, it is not an easy task to make clear comparisons.
Table 3 gives a matrix correlating the different categories from evaporation and dew formation.

One striking aspect of this matrix (Table 3) is the low degree of consistency between the statements
given for evaporation and those given for dew formation. The 3 students that imply that the con-
densed water is formed from energy / heat (C2e) do not mention anything like that in connection
with evaporation. Those (2) students stating that the condensed water is made from oxygen or
liberated from oxygen (C20) are not the same students that think oxygen is involved in connection
with evaporation (E2). Of the 11 students stating that water is decomposed / split into hydrogen
and oxygen in connection with evaporation (E3), only 4 use the same idea for dew formation. A
total of 20 students mention some kind of particles. Particles are mentioned with regards to eva-
poration by 17 students, while only 10 mentioned particles in explaining condensation. Only 7 use
particles in both instances and only 2 of these use a relatively advanced model for both evapora-
tion (E4p) and condensation (C3p).

DiscuUsSIONS

Evaporation and dew formation

Most students start with macroscopic statements that are sensible. They know that the disap-
pearance of water from an open dish, over time, is called evaporation, and that means that the
water has gone into the air. They also know that the phenomenon that a liquid is formed outside
a cooled glass is called condensation or dew formation and / or that it is water that is developed
on the glass.

If one assumes that these statements include all the scientific ideas as oneself, as a scientist, holds,
and stops there, one would have the impression that almost all students have understood both
the evaporation process and condensation. Probing deeper into what these statements mean to
students reveals that many of them hold ideas that differ from the scientific view. This is an illus-
tration of the double translation problem that Johnson and Gott (1996) have discussed. One has
a tendency to interpret what is said from one’s own point of view. This may generate problems for
the students to understand what the teacher (researcher) says, and the teacher may misunderstand
the students’ responses.

Russel et al. (1989) say: “For a teacher, it may be virtually meaningless to claim that a child ‘under-
stands evaporation’. It makes more sense to locate that child on a qualitative scale of understan-
ding in relation to various manifestations of the concept” (p. 575). This is the case for our students,
too. Some have very faint ideas about what goes on, most have some sensible ideas, but also some
nonscientific views, and some have an almost full understanding.

One can only speculate why some students think that the water adheres to something, the cei-
ling, the windows, the air or oxygen, or is pulled out into the air in connection with evaporation.
One explanation could be that they have problems to imagine water “floating” in the air by itself.
As Johnson (1998b) and Lee et al. (1993) have demonstrated, water as a gas like air might be a
problem. Therefore there has to be an “agent” moving it (Russell, et al., 1989; Tytler & Peterson,
2000). Also see the discussion of the hydrogen - oxygen problem below.

The idea that oxygen plays a role is also expressed in connection with condensation. This notion
seems to be a new one to this investigation for condensation. Oxygen might be a substitute word
for air that is reported by Chang (1999). Of the 3 students that mention this, 2 use some kind of
particles in their explanations.
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To students not familiar with the intrinsic movements of the water molecules, it is quite natural
to think of something “else”, some agent, which moves the water. This might be the idea behind
the notion that oxygen plays a role. That the water does it “by itself” and stays in the air must be a
mystery for them. Also see the discussion of heat below.

The notion that water is split into hydrogen and oxygen when it evaporates is also reported from
other investigations (Bar & Galili, 1994; Bar & Travis, 1991; Osborne & Cosgrove, 1983). Both
research groups explain it primarily as a result of the use of questionnaires where this option was
introduced. In this investigation the notion was introduced by the students themselves without
any hinting from the researcher. My guess is that it is a result of sloppy treatment in teaching as
well as textbooks, where it is customarily said that water consists of hydrogen and oxygen without
specifying that it is the individual water molecules that is built of hydrogen and oxygen atoms.
Some kind of important information must have been omitted, so the students infer that the atoms
in water easily can split and reunite.

Another explanation could be that if one has a notion of three kinds of substances: solids, liquids
and gases (Johnson, 1998a), water can only exist as a liquid and has to split into known gases to
become gas. Evaporation as small droplets in the air also avoids the problem of water as a gas.

The view that “water” exists as hydrogen and oxygen when it is “vapor”, is also found in connec-
tion with condensation. The view has also been reported from other investigations (Bar & Travis,
1991; Osborne & Cosgrove, 1983). The water formed is the result of oxygen and hydrogen in the
air, reuniting. 3 of these students use some conception of particles in their explanations.

The idea that heat, or the sun, is the cause of evaporation has been reported from several other
investigations (e.g. Lindner & Redfors, 2006a, 2006b; Osborne & Cosgrove, 1983; Papageorgiou
& Johnson, 2005; Russell, et al., 1989; Tytler & Peterson, 2000), but is not much discussed.

It is hardly possible to observe any temperature differences in connection with evaporation of
water at room temperature. The practical situation is therefore not likely to inspire the students to
think of heat as a reason for evaporation. As the focus of this investigation was matter and sub-
stance, the statements about heat were not probed any further with follow-up questions. One can
therefore only speculate on the ideas behind. Most probably it is a result of schooling, but I would
guess that only a few of the students could explain it to any depth. It could also be their answer
to the problem of an agent, a “something” that moves the water into the air (Tytler & Peterson,
2000). See also the discussion above regarding the role air and oxygen play in the evaporation
process.

It has been reported that especially younger children think that the water just has disappeared in
connection with evaporation (Bar & Galili, 1994; Bar & Travis, 1991; Lee, et al., 1993; Osborne &
Cosgrove, 1983). A closer inspection of the statements of the 4 students indicating that the water
had disappeared revealed that they might have problems with the idea that water resides in the air.
They think it has gone somewhere else, but they don’t know for sure where.

It is interesting to note that even though all students seem to know the phenomenon of moisture
formed outside a cold glass, several had never reflected upon it. This demonstrates that many
people seem to accept phenomena as such and never reflect upon them unless somebody focuses
on it. This should be remembered in science teaching. One could never assume that the students
know anything about, or, by themselves, have “investigated” well known physical and chemical
phenomena.

A little more than half of the students (17/31) gave a reasonably good explanation for condensa-
tion, which I think is a good result and higher than for evaporation. High scores have also been
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reported from other investigations (Chang, 1999; Johnson, 1998b; Osborne & Cosgrove, 1983).
However, only 5 of these 17 students explaining condensation well use particles in their explanations.

Most students know that condensation has something to do with temperature differences. This is
also reported from other investigations (e.g. Chang, 1999). It is interesting to notice, however, that
only 10/31 gave further explanations that were reasonably correct.

The transformation of heat (energy) into water is not a common idea among our students in con-
nection with condensation. Unpublished material shows that it is more common in connection
with burning of candles (Héland, submitted). It has also been reported from other investigations
(Bar & Travis, 1991; Osborne & Cosgrove, 1983). The idea indicates that for these students the
border between matter and not matter is somewhat unclear. However, it might also be an unfor-
tunate result of attempts to make the answers sound more scientific. The idea might just be that it
has something to do with temperature differences.

Johnson (1998b, 2002) has pointed out the crucial role the particulate view of matter plays in the
understanding of matter and substances and their transformations, but several researchers have
demonstrated that students only to a small degree spontaneously make use of particles in their
explanations (Johnson, 1998c; Lee, et al., 1993; Nakhleh, et al., 2005).

Altogether 20 students mentioned some kind of particles (particles, molecules, atoms, H,0) in
their explanations, 17 in connection with evaporation and 10 in connection with condensation.
Only 3, though, utilized the ideas (almost) correctly in their explanations of evaporation. 7 used
their knowledge of water molecules to explain the evaporation as a splitting of water into oxygen
and hydrogen. The rest, I think, understands that evaporation has something to do with molecules
and atoms, but they have never really understood the concept. For that reason they might try, as
Lee et al. (1993) point out, to use “molecular language as a “veneer” without substantially chan-
ging their conceptions of matter” (p. 268).

Only 7 students use particles in their explanation of both evaporation and condensation (E4p,
C3p), and only 2 of these use a relatively “advanced” model in both instances.

This illustrates the point made by other investigators showing that students can use different ideas
to explain related phenomena (e.g. Boujaoude, 1991; Nakhleh & Samarapungavan, 1999; Nakh-
leh, et al., 2005). Many of the students in this investigation seem to hold ideas that are “fragmen-
ted, diffuse and unconnected” (Nakhleh, 2001, p. 2) and resembles diSessas (1993) p-primes. The
other discrepancies between statements given for evaporation and condensation further under-
score this point (see “Comparing the students’ responses to evaporation and dew formation”).

Those 4 students that use the idea about splitting and reunion of water in both instances, plus
those 6 that seem to hold an idea of invisible water / vapor in the air (see below), appear to have
more consistent views. This agrees with Nakhleh (2001) who points out that some students may
hold more coherent (naive) theories while other students use p-primes. Students may even com-
bine these.

Contrary to this investigation, Johnson (1998b) reports a high degree of correlation between the
children’s views on evaporation and condensation. One can give at least two possible explanations
for this. 1) His interviews come in-between sequences of teaching units on these ideas, and the
children have learnt from these. 2) He operates with broader categories that might camouflage
differences in the details.
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General views on matter and substances

The ways the students talk about evaporation and dew formation have shed some light on their
general views on matter and substances. 5 aspects will be addressed: matter / non-matter, sub-
stances, three types of substances (solids, liquids and gases), phase transitions and water as invis-
ible vapor and a particular view of matter.

In order to understand chemistry (and physics) and what takes place when substances are trans-
formed, it is crucial for the students to differentiate between matter and non-matter. This is not a
trivial “borderline”. Children (and students) tend to classify material / matter into other ontologi-
cal categories than scientists do (Chi, Slotta, & Leeuw, 1994; Nakhleh & Samarapungavan, 1999).
For example, several children would not include liquids and gases in the concept matter (Stavy,
1991).

In this material we find traces of an unclear borderline between matter and non-matter in con-
nection with dew formation. The 3 students who think heat and cold react or heat is transformed
into water molecules demonstrate a view of possible matter - energy transformation. This is an
example from the transmutation category according to Andersson (1990). Some of the students
that state that they have not reflected upon the phenomenon, also seem to be content with the
water coming from “nowhere”.

Johnson (1996, 2000, 2005) has discussed the crucial role of the concept of a substance in con-
nection with students’ view about the behavior of matter and substances. Students lacking a firm
notion of substances that can be recognized by its properties, and being able to change between
different states, may also have problems with phase transitions and water as invisible vapor. The
latter notion is shown to be crucial for the understanding of evaporation and condensation (John-
son, 1998b; Lee, et al., 1993). It also, most probably, has connections to the idea of three un-
changeable types of substances: solids, liquids and gases (Johnson, 1998a).

The interviews indicate that many students have problems with these ideas. Those thinking that
the evaporated water has somehow disappeared from the room (E1), and those thinking that it has
to adhere to something (oxygen, the ceiling etc) (E2) seem to have difficulties in perceiving water
as invisible vapor in the room around us. The same must be true for those thinking water somehow
is coming from oxygen in connection with condensation (C20).

Those thinking that water decompose or split into hydrogen and oxygen when it becomes vapor
(E3), and those thinking that water is formed from hydrogen and oxygen in connection with dew
formation (C2h), also must have problems with water as invisible vapor in the air. Instead they
“solve the problem” by letting “water as vapor” change into known gasses. At the same time they
demonstrate a vague idea about what constitutes a substance and a poor general understanding
of change of state.

It might be reasonable to assume that several of these students (E1, E2, E3, C20, C2h) have an idea
of water as a “liquid”, and have to seek different ways to explain that it disappear as “vapor”.

One interesting question is how many students hold a relatively stable idea about invisible water
and / or vapor that goes to the air and stays there during evaporation, and is removed from the air
during condensation. Only these students can have some conception of water as an unchangeable
substance that can switch between different states. 9 students (E4m, E4d and E4p) give state-
ments that can be interpreted in that direction in connection with evaporation, and 12 (C3m and
C3p) in connection with condensation. Only 6 gave such statements for both instances. All the
other students gave statements pointing to other and non-scientific ideas. Several of these ideas
sound scientific, but must be some kind of misinterpretations of instructions.
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Among others Johnson and Nakhleh (e.g. Johnson, 1998b, 2002; Nakhleh, 1994a) argue that a firm
grasp of the particulate view of matter is crucial for the understanding of matter and substances
and their transformations. Although about 2/3 of the students in this material mention some kind
of particles, only 7 use it both in connection with evaporation and condensation and only 2 in an
“advanced” way. This indicates that these ideas have little explanatory power for students.

CONCLUSIONS AND IMPLICATIONS FOR TEACHING

This investigation demonstrates that the phenomena of evaporation and dew formation are not
well understood among teacher students. Many of them seem to have many of the same problems
as younger students / pupils. Only 6 students out of 31 gave a reasonably correct explanation of
both evaporation and dew formation.

The way the students talk about evaporation and dew formation reveals that many of them have
problems with the concepts of matter and substances. A few demonstrate an unclear border bet-
ween matter and not matter, having the idea that matter can transform into energy and vice versa.
More students show that they have problems with the concept of substance. Water transforming
into invisible vapor and the permanent existence of vapor in the air is one aspect of this. The idea
that water can change into oxygen and hydrogen and vice versa is another.

Although many students mentioned some kind of particles, only a few students really tried to use
the particulate model of matter to explain these phenomena. Many students seem to need an agent
to move the water. Very few take the internal movement of the water molecules into consideration.

Several students use different ideas to explain the scientifically related phenomena of evaporation
and dew formation. Their ideas on matter and substances seem to be unstable and rather vague.
It is reasonable to conclude, therefore, that to many students their problems with evaporation and
dew formation are a result of their conceptions on matter and substances.

The concepts of matter, substances, the particulate view of matter and phase changes constitute
central parts of what pupils are expected to learn in compulsory primary and secondary schools
in Norway (Utdanningsdirektoratet, 2009). These concepts are also part of the curriculum for the
compulsory parts of upper secondary education. According to the official plans it should there-
fore be well known. Without “hard facts” pointing in other directions, like this investigation, it
is therefore quite reasonable to take these concepts as anchoring points (Ausubel, et al., 1978) in
introductory chemistry courses for student teachers in colleges and universities.

If one at the outset of the courses assumes that these phenomena and concepts are well under-
stood, one probably at least has a great communication problem. For some of the students the
consequence once more has to be to fall back on rote learning with a low degree of understanding.
When the student later starts to practice as a teacher he would have difficulties in guiding pupils
towards fruitful conceptions of matter and substances. The “bad circle” is repeated once more.

My recommendation is therefore: in the beginning of new chemistry courses for student teachers
one has to include some activities that can reveal how well the students understand the above
mentioned concepts. If they, as one on basis of this investigation might suspect, have difficulties,
the teacher has to reach further back for good anchoring concepts and reorganize the course so
that the concepts discussed in this paper are addressed in an understandable way. Haland (2009)
give some suggestions for possible anchoring points.

This paper uncovers which views that could be expected among student teachers. Chemistry cour-
ses should therefore include sections that can discuss these views and show how they are at odds
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with the scientific views. In particular, problems in viewing water as invisible vapor, but still water,
seem to generate problems students relate to in various ways. This aspect, therefore, needs special
attention and treatment. Good instructions that expand the substance concept also have to be se-
arched for, and there has to be more focus on particles and the intrinsic movements of particles.

A low percentage of Norwegian student teachers include science courses (that also include some
chemistry) in their education. Many science lessons in Norway are therefore done by teachers with
no science education beyond secondary school. The low degree of understanding that this inves-
tigation reveals, is rather distressing in view of this. Measures to improve the in service teachers’
understanding, therefore have to be searched for.
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