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INTRODUCTION 

In the area of science education, there has been a 
significant increase in research dealing with preconceptions and 
misconceptions. Nussbaum {1981) has aptly expressed ·that one of 
the instructional goals of most science curricula is the 
understanding of the particle theory of matter by students. 
Unfortunately, research evidence shows that students tend to have 
great difficulty in understanding and internalizing the particle 
model which can be defined as "all matter is made up of 
particles". Students appear to use naive preconceptions of the 
particle model to interpret the behaviour of matter in daily 
phenomena. 

Novick and Nussbaum {Novick & Nussbaum, 1978 & 1981, 
Nussbaum, 1985) , Dow et al. { 1978) and Brook et al. { 1984) 
conducted similar studies on students' understanding of the 
particulate nature of matter in five different countries. The 
countries are Israel {Novick & Nussbaum, 1978), USA {Novick & 
Nussbaum, 1981; Nussbaum, 1985), England {Nussbaum, 1985), 
Scotland {Dow et al., 1978) and Australia {Brook et al., 1984). 
The studies involved students of different age groups ranging 
from elementary school to university. Interview or paper-and
pencil method was used. Though the students of these studies 
were from different countries and hence different cultures, the 
results of the studies were very similar. The results showed 
that the majority of the students did not demonstrate the 
internalization of the ideas of empty space between particles and 
of the continual particle motion. For instance, they believed 
the space between particles was filled with other particles such 
as air, dust and germs. They thought that matter changed its 
size or state because the particles expanded and contracted, 
particles melted or could get hot. Some of them even attributed 
living characteristics to particles and claimed that particles 
could swim, burn, shrivel, die and explode! The results also 
showed that the students hung onto the misconceptions stubbornly 
even with the increase of age and exposure to chemical education 
through the years. 

An insight of students' conceptual understanding of 
particle model over everyday phenomena can help us to understand 
how children form their misconception, and to identify the 
existing common misconceptions. The understanding of children's 
conceptions could also effectively facilitate the planning of 
appropriate instructional procedures to match with the intended 
learning outcomes and thus aiming to produce effective teaching 
in Chemistry. 

The aim of this paper is to document the ideas that our 
secondary school students {Express and Normal streams) have in 
the topic of the Particulate Nature of Matter. In particular, 
this paper focuses on the three areas in which the sample of 
students have misconceptions: (i) gas particles are uniformly 
distributed in a closed system; {ii) there is an empty space 
between the particles in a gas; (iii) gas particles are in 
constant motion. 
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METHODOLOGY 

The study involved students from two different secondary 
schools. The sample comprised 20 Express stream students who 
took Chemistry and 36 Normal stream students who took Combined 
Science (Physics/Chemistry). Two different techniques, namely 
the interview method and the paper-and-pencil test method, were 
used to investigate the students' conceptual understanding of the 
particulate nature of gases. 

THE INTERVIEW METHOD 

The students from - the Express- stream were interviewed 
outside the normal class time after they were taught the topic. 
The interview content was adapted from a study undertaken by 
Novick and Nussbaum (1978). The set-up of a Buchner flask and 
a hand vacuum pump were arranged as shown in Figure 1. The 
interviewer first demonstrated the operation and function of the 
pump. The pump was then connected and operated for several 
strokes to remove some of, the air from the flask. The students 
were asked to work on four tasks during the interviews. The four 
tasks include: (1) students draw how air in a flask would look 
like before and after a vacuum pump is used to remove some of the 
air; ( 2) students choose an answer from a number of given 
drawings. in Figure 2 (Figure 2 shows some 'before and after' 
sketches of air in the flask before and after evacuation. 
Interviewer uses only either Figure 2a or 2b for Task 2, 
depending on the students' responses in Task 1. Students who 
draw a 'continuous picture' in Task 1 are shown a page with 
various predictions based on a continuous model (Figure 2a) • On 
the other hand, Figure 2b is shown to students who draw a 
'particulate picture'.); (3) students tell what is between the 
particles in a gas and ( 4) students explain what holds the 
particles up. 

Figure 1 Buchner flask and vacuum pump used in Task 1 

Figure 2a Predictions based on 
a continuous model 
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The instructions of the tasks were also written on cards 
for the students to read. Students' responses during the 
interviews were recorded on audio tapes which were analysed 
later. The interview time was limited to not more than ten 
minutes for each student. 

THE PAPER-AND-PENCIL TEST METHOD 

Two tests were designed for the Normal stream students: the 
pre-test and post-test. Each test lasted for ten minutes. The 
post-test was administered to the same students two weeks after 
they took the pre-test. Between these tests, formal teaching on 
the topic was carried out. 

Both the pre-test and post-test consisted of 3 multiple
choice questions with spaces provided for students to give 
reasons for their choice. These questions were adapted from a 
study ·undertaken by Novick and Nussbaum {1981). The same 
questions, Q's 1 & 3, except Q2, were used in both the pre- and 
post-tests. Q2 of the pre-test was slightly modified for the 
post-test in order to minimize the possible recall effect. 'rn 
Q1, students were asked to write down what was present between 
the particles in an evacuated flask in order to identify the 
number of students who pictured empty space in a gaseous medium. 
In Q2, students were asked to explain why the particles of a gas 
in a closed flask did not fall to the bottom of the flask. This 
question was the most direct in probing the extent to which 
inherent particle motion was viewed as the cause of uniform 
particle distribution in a gas. Q3 dealt with the uniform 
distribution of particles in the flask-balloon system containing 
heated air. The pre- and post-test questions are shown below. 

Pre-Test 

(1) What is there between the particles in an evacuated flask? 

(A) Air 
(B) No material 
(C) Vapour 
(D) Oxygen 

(2) Gas particles in a closed flask do not fall to the bottom 
because 

(A) the particles have a very small density 
(B) particles are in constant motion 
(C) air keeps the particles from falling 
(D) there are repulsive forces between the particles 

(3) A flask containing air was connected to a rubber balloon. 
Then the air in the flask was heated with a flame and the 
balloon inflated. Choose the drawing you think is the best 
description of the air after the balloon becomes inflated. 
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Post-test 

(Q's 1 and 3 are the same questions as in the pre-test) 

(2) The following question was posed to students in a 
chemistry class. 

Qn: Why don't all the particles fall down on each other and 
stay at the bottom of the flask? 

The following were .answers given by four different 
students. Which one of the answers do you think is the 
best? 

(A) 
(B) 
(C) 

(D) 

Soh 
John: 
Ali 

Lim 

The density of air is very small 
The particles have their own constant motion 
In the spaces between the particles, there 
is air that holds the particles in place~;.'; 
There are repulsive forces between the ,-:-~·. · 
particles that keep them far apart /~:;_:,=~ 

.-:{-}:.i/~:.:: ... 
RESULTS AND DISCUSSION 

The analyses of the responses from the interview and paper
and-pencil methods were focussed on the following three areas of 
conceptions, namely (1) gas particles are uniformly distributed 
in a closed system; (2) there is an empty space between the 
particles in a gas; {3) gas particles are in constant motion. 

The Interview Method 

Twenty students' responses to the interview questions 
recorded on audio tapes were transcribed. Three examples of 
students' interview transcripts are shown below. Student A 
clearly showed that he had no misconception in this area. He had 
successfully internalized the particle model. Student B had 
conceived air as continuous. He had not internalized the 
particle model although he was taught the concept before the 
interview. Student c had some idea of the particle model but 
exhibited misconception on the behaviour of particles. 
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STUDENT A's transcript 

BEFORE 

,.... 

AFTER 

STUDENT B's transcript 

-----, 
AFTER'_ 

., 

I 

s 

I 

s 

I 

s 

I 

s 

I 

s 
I 

s 
I 

s 

Can you please explain what 
you have drawn ? 
There was much more air inside the 
flask in 'before' diagram, so 
the air was not so·spaced out. 
·In 'after' diagram, there was 
much more space for air to move. 
Why was there much more space 
for the air to move ? 
Because air was drawn out by 
the pump, so·there was lesser 
air inside. 
What are the circles that you 
have drawn ? 
Air particles. 

Can you please explain what 
you have drawn ? 
When air was pumped out, particles 
became loose and sank to the 
bottom. 
What are the circles that you 
have drawn ? 
Air molecules. 
What was the arrangement of air 
particles in 'before' diagram ? 
Air particles were closely packed. 
What about in the 'after' 
diagram ? 
Also c~osely packed. 

Can you please explain what 
you have drawn ? 
Everything in the flask in 'before' 
diagram was air. When some air was 
drawn out, vacuum was formed. 
Why was vacuum formed after some air 
was drawn out ? 
When some air was drawn out, less 
air was present so there was a 
vacuum.· 
Was there vacuum in the 'before' 
drawing ? 

: l._No. 

The students' responses to Tasks 1 and 2 were analysed to 
identify their misconceptions in the first area·af conception. 
The students' responses to Tasks 3 and 4 were analysed for.the 
second and third areas of conceptions respectively. The-results 
are summarized as follows:. 
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( 1} Gas particles are uniformly distributed in a closed system 

* About 65% of the students used particulate ideas 

* More than half of the students knew gas particles are 
uniformly distributed in any closed system 

* Alternative ideas include:, 
gas particles are closely packed 
air exists as groups of different air molecules 

* About 15% used the continuous model 

(2} There is an empty space between the particles in a gas 

* 66% of the students knew empty space existed between gas 
particles 

* Alternative ideas include: 
other gases, dust particles and impurities fill the 
space between air particles 
vacuum is generated after'some air is removed from an 
enclosed space 

(3) Gas particles are in constant motion 

* 60% of the students knew gas particles were free to move 
in any direction 

* Alternative ideas include: 
density of vacuum is less than density of air 
vacuum pump sucks all the air to the top of the flask 
air exists as groups of different air molecules 
only top part of air is removed by vacuum pump 

From the above results, it was found that although the 
students were taught the topic on the particulate nature of 
matter, some of them still could not internalise the particle 
model which they had learned. The t:r:ansition from the continuous 
model to particle model was not successful for this group of 
students. This was probably because the students' continuous 
model of matter was very deeply-rooted in them. It was very 
difficult for the students to abandon the old model (the 
continuous model) which was closer to reality and to accept the 
new model (the particle model) which might be too abstract for 
them. There was another group of students who had some ideas of 
particle model but had interpreted it alternatively. Some new 
misconceptions were identified in this study. They include the 
ideas that air exists as groups of different molecules, density 
of vacuum is less than density of air and vacuum is generated 
only after some air is removed from an enclosed space. 
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The Paper-and-Pencil Test Method 

The students' responses to the questions in the pre- and 
post-tests were analysed by first finding the percentages of 
students giving the correct option. The reasons given by the 
students for their choice were further analysed. Some common 
misconceptions in the above three areas were also identified. 

(1) Gas particles are uniformly distributed in a closed system 

{A) Pre-test 

* About 36% chose the correct option that air was in equal 
proportion throughout 

* Alternative idea includes: 
air particles become hot and move to cooler places 

(B) Post-test 

* Only about 39% chose the correct option 

* Alternative idea includes: 
air particles gain heat from the flame and move to 
cooler places 

{2) There is an empty space between the particles in a gas 

{A) Pre-test 

* Only about 14% of the students responded that there was 
an empty space between particles in an evacuated flask. 
The reason given was that there was no air in a vacuum 
and hence there must be an empty space between the 
particles. 

* The other 86% of the students showed alternative ideas 
such as: 

air occupies space 
air is everywhere, even in a vacuum 

(B) Post-test 

* About 31% chose the correct option 

* About 61% responded that air was present between the 
particles 

* About 8% of the students used alternative particulate 
ideas that vapour was present 

* The popular notion that "nature abhors vacuum" {Toulmin, 
1962) had left a strong impression as students learned 
that air was everywhere since young and this idea was 
clearly a misconception. 
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(3) Gas particles are in constant motion 

(A) Pre-test 

* Only about 11% responded that gas particles were in 
constant motion. The reason given for this answer was 
that the particles 'were always moving without stopping' 

* Alternative ideas include: 
- particles have low density and therefore too light to 

fall to the bottom 
air is everywhere so it keeps particles from falling 
repulsive forces present between particles prevent 
the particles from falling 

(B) Post-test 

* Only about 31% chose the correct option that the gas 
particles were in constant motion 

* The remaining students gave the same reasons as in the 
pre-test 

From the above results, it is_ evident that students' 
thinking was strongly influenced by stereotypical views such as 
'air is everywhere', 'air occupies space', 'when a substance is 
heated, it expands and cools when contracted'. These pieces of 
knowledge were frequently utilized and could sometimes lead 
students to make errors. Their thinking was also greatly 
animistic and analogical. students wrote things such as 'the 
particles cannot stand heat and therefore they expand' or 'the 
particles try to move to cooler places' which clearly showed 
animism. Therefore, it could be said that these stereotypical 
views and animistic thinking had further marred their 
internalization of the particle model. 

LIM~TATIONS OF THE TECHNIQUES 

In the interview method, a considerable amount of time was 
required to administer the individual interviews, record and 
transcribe interview data, and to analyse findings, especially 
for an inexperienced researcher. The time limitation of ten 
minutes spent on each student together with the small sample size 
of twenty students might not necessarily represent the results 
that could be obtained from a larger group of students with more 
time given to each student. However, the interview method did 
allow the interviewer to clear any doubts that arose in the 
course of the interview. 

In contrast to the interview method, the paper-and-pencil 
test method requires a much shorter time-frame to analyse the 
data. Nevertheless, many students, especially the normal stream 
students appeared to have difficulty in explaining their answers 
due to their language deficits. Besides, this method did not 
allow the researcher to clear any doubts that arose unless 
interview method was employed. As a result, the misconceptions 
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identified by this method might not completely reflect the 
students' understanding across the board. 

CONCLUSION AND RECOMMENDATIONS 

From the results of these two studies discussed in this 
paper, the misconceptions of the students regarding the particle 
model are clearly evident. Despite the different techniques used 
for each of the two groups of students, the misconceptions 
identified are common to both. Both groups of students had 
difficulties in almost the same areas, but to different degrees. 
Table 1 summarizes the percentages of students from each group 
who showed misconceptions in the three aspects of particle model. 
The results of these two studies also support the findings of the 
previous studies as discussed earlier. For instance, our 
students believed that 'air is everywhere, even in vacuum' which 
is similar to what was found before that 'space between particles 
is filled with other particles, including air, dust and germs'. 

Table 1: Percentages of students with misconceptions in the three 
aspects of particle model 

Particulate concepts Express Normal* 

1. Gas particles are uniformly 35% 61% 
distributed in a closed system 

2. There is an empty space 33% 69% 
between the particles in a 
gas. 

3. Gas particles are in constant 40% 69% 
motion. 

(* percentages were taken from post-test) 

The present study is just an additional evidence to show 
that our students did have difficulty in conceptually 
understanding the particulate nature of gases. It is suggested 
that, as teachers, we should make every effort to understand how 
our students think and take note of areas in which there are 
common misconceptions, prior to the formal instruction. The use 
of paper-and-pencil test and interview methods are recommended, 
either separately or together, to effectively explore students' 
understanding of Chemistry concepts. 
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