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ABSTRACT

The study explored the possibilities to improve students’ argumentation ability concerning factors that affect dissolving, through the
implementation of two versions of a teaching scheme, with and without particle theory. The participants (age range 10-11, n = 27)
belonged to two fifth-grade classes of a primary school in Northern Greece. Data were collected through an open-ended written test and a
semi-structured interview targeting four of the components of an argument: Claims, data, warrants, and rebuttals, for five factors affecting
the dissolving of a solid substance in water: Temperature, stirring, amount of the substance, grain size, and nature of the substance itself.
Results showed an improvement concerning the structure of students’ arguments, whereas improvements in content quality appeared
mainly in some cases where particle theory was implemented. Study limitations and implications for science education are discussed.
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INTRODUCTION

earching the literature, one realizes that there is an

increasing interest of science researchers for studies

concerning “argumentation,” especially during the
past two decades (Garcia-Mila et al., 2013; Cetin, 2014).
Although researchers have not agreed on a precise definition
of “argumentation” (Sandoval and Millwood, 2008), the
majority have adopted the definition proposed by Jimenez-
Aleixandre and Erduran (2008), according to which, the term
“argumentation” can be defined from both individual and social
perspectives. From an individual perspective, an “argument”
refers to any information that an individual produces to justify a
claim or an explanation. From a social perspective, an argument
refers to the defense of contrasting sides of an issue by people
opposing each other in a dispute or a debate.

Studies related to argumentation focus on the quality of
students’ argumentation ability (Sandoval, 2003; Erduran et al.,
2004). Such interest in students’ ability is justified by its critical
role in the learning procedure (Louca, 2009; Cetin, 2014). For
instance, according to Driver et al. (2000), engaging students
in an argumentation has many potential benefits, which can
be classified into four categories: (a) The development of
conceptual understanding, (b) the development of investigative
competence, (c) the development of the understanding of
scientific epistemology, and (d) the development of the
understanding of science as social practice. However, as for the
first category (conceptual understanding) the reverse is also
true; that is, conceptual understanding of a topic leads to the
generation of more qualitative relevant arguments (Garcia-Mila
et al., 2013; Cetin, 2014). In general, the students’ relevant

prior content knowledge and conceptual understanding of the
subject for which the argument is developed significantly affect
students’ argumentation ability. This is also connected with a
wider discussion in science education concerning the factors
affecting the development of students’ prior knowledge and
conceptual understanding. For instance, there is evidence that
the teaching of particle theory of matter can help students to
develop a better conceptual understanding of major science
concepts and phenomena (Papageorgiou and Johnson, 2005;
Johnson and Papageorgiou, 2010).

Focusing on concepts and phenomena relevant to dissolving,
many researchers emphasize the importance of conceptual
understanding for the explanation of everyday situations and
a further understanding of more advanced chemistry topics
(Ebenezer, 2001; Calik et al., 2009; Adadan and Savasci, 2012).
Particle theory seems to play an important role here. As Calik
et al. (2009) suggest, the teaching of particle theory leads to
a conceptual understanding of dissolving, and thus, it could
contribute to a student’s argumentation ability. However, the
nature of this contribution has not been investigated. Taking
into account its importance for science education, in the present
study, we explore from an individual perspective of the effects
of a teaching intervention using particle theory on fifth-grade
primary school students’ argumentation ability about factors
affecting the dissolving of a solid in a liquid solvent.

Theoretical background

The components of an argument

An argument contains several specific components (Ogan-
Bekiroglu and Eskin, 2012; Kulatunga et al., 2013). Among
models describing its components, Toulmin’s (1958), known
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as Toulmin’s argument pattern (TAP), is considered to be
by far the most appropriate for the analysis of an argument
(Nielsen, 2013). In TAP, claims, data, warrants, backings,
rebuttals, and qualifiers are the main components, connected
to each other as shown in Figure 1 (Evagorou et al., 2008;
Simon, 2008).

The data appear to be the basis of the argument, consisting of
evidence, information, facts, or procedures, that can lead to
the foundation of the claim (Evagorou et al., 2008; Garcia-
Mila et al., 2013; Kulatunga et al., 2013). The claim is the
conclusion that one draws when trying to convince others
about the truth of the argument (Evagorou et al., 2008;
Kulatunga et al., 2013). The warrants explain how the data
lead to the claim, proving why and/or how the data support
the claims (Evagorou et al., 2008; Garcia-Mila et al., 2013).
This means that warrants act as bridges between claims and
data (Evagorou et al., 2008) by invoking rules, definitions,
analogies, or other scientific tools or principles. For
Kulatunga et al., 2013, these three components (claim, data,
and warrants) constitute the core of the argument, whereas
stronger arguments include also backings that explain why the
warrants are valid, giving validity to the core of the argument.
The rebuttals and the qualifiers are also additional components
that may be present in more complex arguments (Evagorou
et al., 2008). A rebuttal is a counterclaim or a refutation of
any of the components of the argument (Kulatunga et al.,
2013), which justifies how or why an alternative claim could
be wrong (Evagorou et al., 2008). A qualifier is a limiting
statement describing the conditions under which the claim is
valid (Evagorou et al., 2008).

An argument could be articulated by students of any age.
Although young children’s argumentation ability has been
often underestimated, they are capable of quite sophisticated
scientific thinking and reasoning, such as argumentation
(Duschl et al., 2007). Particularly, with the appropriate support
and under appropriate circumstances, elementary students
could move beyond observing and describing and can articulate
arguments (Varelas et al., 2008). In such arguments, they
commonly include three (claim, data, and warrant) or four
(claim, data, warrant, and rebuttal) components (Osborne et
al., 2004; Krajcik, 2012).

QUALIFIER

>|| CLAIM I
REBUTTAL

DATA }

BACKING

Figure 1: Toulmin’s argument pattern

Students’ argument quality

Students’ arguments present particularities, and they are
usually less complex than scientific ones (Mendonga and Justi,
2014). Thus, the methodology used for analyzing students’
arguments is one of the challenges in the field of science
argumentation (Erduran, 2008). In recent literature, one can
find several related analytical frameworks, most of which are
based on the TAP (Sampson and Clark, 2008; Kulatunga et al.,
2013). Although many researchers in science education have
widely used the TAP as a framework of analysis (Garcia-Mila
etal., 2013; Kulatunga et al., 2013; Cetin, 2014; Mendonga and
Justi, 2014; Chen et al., 2016), this has often been criticized
(Naylor et al., 2007; Duschl, 2008; Keith and Beard, 2008).
The criticism focuses on the difficulty in identifying the main
components of TAP and in differentiating between them,
for example, between warrants and backings (Keith and
Beard, 2008). Thus, a number of researchers proposed some
modifications to the TAP to make it simpler as a framework of
analysis and more suitable for the research context (Chin and
Osborne, 2010; Osborne et al., 2004; Zohar and Nemet, 2002;
Kulatunga et al., 2013; Mendonga and Justi, 2014).

Nevertheless, the majority of the previously mentioned research
using the TAP or any of its modified versions evaluated the
strengths and the quality of students’ arguments on the basis of
the presence or absence of a particular structural component.
According to Sampson and Clark (2006), such studies have
provided a significant information for the structure of students’
talk or writing, but they have provided little information for the
quality of the content of each one of the argument components.
Thus, the evaluation of the content quality of an argument is
a significant part of the analysis framework. An example of
such an analytical framework, evaluating both structure and
content quality of students’ arguments, is that of Chen et al.
(2016). For the purposes of their research, they developed a
four-level scoring scale (0-3) evaluating the content quality
of each one of the four components of students’ arguments,
i.e. claims, evidence, warrants, and rebuttals.

Students’ ideas for the factors affecting dissolving of
solid substances in liquid solvents

Since dissolving is a critical concept for explaining phenomena
and situations of the everyday life (Calik et al., 2009), several
studies have been conducted to identify students’ relevant
ideas. Especially for the factors affecting dissolving, research
evidence has consistently shown that, according to students’
rationale, an active external agent is needed for the dissolving
process to occur (Blanco and Prieto, 1997; Taber and Garcia-
Franco, 2010). Thus, students often believe that agents/
factors, such as heating, stirring, shaking, or the addition of
more solvent, are prerequisites for dissolving or for increasing
solubility (Blanco and Prieto, 1997; Taber and Garcia-Franco,
2010; Adadan and Savasci, 2012).

Among the factors affecting dissolving of solid substances in
liquid solvents, stirring and heating are reported as the most
common. In both cases, it seems that students do not make
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the distinction between the rate of dissolving and solubility.
For instance, Blanco and Prieto (1997) suggested that students
(age range 12-18) considered stirring as a process having an
impact on the amount of a solute when dissolving in a solvent.
Calik et al. (2005) attributed this idea to misinterpretations of
students’ everyday experiences, such as the dissolving of sugar
in tea. In this case, if one stirs, it dissolves quickly, whereas if
not, it dissolves slowly.

With respect to the factor of heating, several researchers have
shown similar problematic students’ ideas (Blanco and Prieto,
1997; Ebenezer, 2001). In these relevant studies, students
seem to believe that heating can permanently increase the
amount of the solute into the solvent. In terms of particle
theory, when the solvent is heated, students believe that, as
its particles accelerate their movements, the amount of the
solute dissolved in the solution is greater (Calik et al., 2005).
According to the same researchers (Calik et al., 2005), it can
be further concluded that students who have such difficulties
may also have problems in visualizing the particle movement
and understanding the particle theory itself.

Rationale
Due to the important contribution of students’ argumentation
ability in the learning procedure, any investigation of the
factors affecting the quality of relevant arguments is critical
for science education. Among these factors, students’ prior
content knowledge and conceptual understanding of the
arguments’ subject matter are included (Garcia-Mila et al.,
2013; Cetin, 2014).Taking into account that conceptual
understanding of dissolving is one of the main interests
of science research and that there is no research evidence
relevant to students’ argumentation on this topic, we decided
to focus on this subject in relation to students’ relevant prior
content knowledge. In particular, the present study explores
the effect of a teaching intervention regarding the dissolving
process, with or without the use of particle theory, on fifth-
grade students’ argumentation ability concerning the factors
that affect dissolving. In this context, two research questions
were investigated:

*  What is the level of primary students’ argumentation
ability about the factors affecting the dissolving of a solid
into a liquid following a teaching intervention? What are,
if any, the significant differences before and after the
intervention?

*  How does the teaching of particle theory affect primary
students’ argumentation ability concerning these factors?

METHODOLOGY
The Sample

Two fifth-grade classes in a primary school in Northern
Greece took part in this empirical study during the academic
year 2016—17. The school was public, located in an urban
area, and the total number of participants was 27 (age range
10-11, n = 14 and n = 13 for the two classes, respectively).
Both classes comprised students of average socioeconomic
background, who were of mixed academic ability with no

significant differences in school performance across subjects,
according to their teachers’ evaluation.

The Procedure

To address the first research question, a “one-group pre-
test post-test” pre-experimental design was implemented
(Cohen et al., 2007), following the structure pre-test >
teaching intervention > post-test (Figure 2). In this case,
the “group” comprised all students of both classes (n=27).
Before intervention, both classes were following the
National Science Curriculum for Greece using the same
textbook. According to this, students’ prior knowledge
was very limited, since they had been taught only the
concept of mixture and relevant to its separation concepts
(e.g. filtration), during the previous year. To this extent, the
classes could be considered as parallel groups. For the second
research question a quasi-experimental design was followed,
where one of the classes (randomly selected) consisted the
“experimental group” (EG, n = 13) and the other consisted
the “control group” (CG, n = 14). Particle theory was used
for the teaching of dissolving during the intervention, only
for the experimental group.

In all cases, the same test was used pre- and post- intervention
to assess the initial and final students’ argumentation ability,
respectively. In addition, six students from each group were
chosen on the basis of their science performance during
the previous school year, to participate in a semi-structured
individual interview. From each group, two students
were selected representing students working at a high, an
intermediate, and a low achievement level.

Instruments

All students completed a written open-ended test a week
before the intervention, and the same test was administered a
month after the intervention. The instrument was developed,
especially, for the needs of the study based on other instruments
used in studies (Zohar and Nemet, 2002; Adadan and Savasci,

Pre- experimental process Quasi- experimental process
One group (n=27) Two groups (n=13, n=14)
Both classes EG cG

n=27 n=13 n=14

Teaching Teaching
Intervention Intervention

C i [ Teaching Intervention ]
Based on the Based on the
particle theory Textbook
Post-test ] Post-test
Comparison

Figure 2: An overview of the whole procedure
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2012; Ogan-Bekiroglu and Eskin, 2012; Chen et al., 2016).

The instrument consisted of five tasks concerning the
dissolving process of a solid substance in a liquid solvent
(water or tea). In each one of the tasks, five factors affecting
the dissolving were studied using two similar beakers with the
same quantity of a solvent. The five factors were as follows:

»  Task 1: Temperature (cool/warm)

o Task 2: Stirring (with/without)

»  Task 3: Amount of the substance (small/large)

»  Task 4: Grain size of the substance (small/large)

»  Task 5: Nature of the substance itself (salt/sugar).

In each task, students were asked to answer:

*  What would happen in the beakers? Compare dissolving
in the two beakers (Claim)

*  What are the data leading to the above aspect? (Data)

*  Why do you think that the above data justify your aspect?
(Warrant)

*  What would you say, if another student had a different
aspect? (Rebuttal)

In addition to the written tests, six students of each group
(two each assessed as working at a high, intermediate, and
low achievement level) were interviewed, to further clarify
their answers to the tests. Although the issues discussed in
these semi-structured interviews were the same with those
included in the test tasks, students had more possibilities
to further express their arguments at the microscopic level,
since, when there was not any spontaneous reference to
particles, the interviewer was asking relevant questions
reminding the existence of particles, for example,
“Supposing that you have a powerful microscope that can
magnify the content of the beakers a very large number of
times, what would you see?”

The Teaching Intervention

Two teaching schemes related to dissolving consisted of six 1-h
lessons each were designed for the two classes, respectively.
Covering the same phenomena, one scheme incorporated the
basic particle theory as it was introduced by Johnson and
Papageorgiou (2010), whereas the other did not. The scheme
with the particle ideas was implemented in the one class/
group (EG), whereas the scheme designed in accordance to the
relevant topics of the conventional textbook was implemented
in the other (CG). In the first case (EG), the focus was on the
idea of a substance as a collection of particles, which have the
ability to hold on to each other and they are always moving in
some way (Johnson and Papageorgiou, 2010). In the second
case (CQG), only some superficial references to the microscopic
level took place (i.e. the matter consists of molecules, which
consist of atoms, the basic components of which are protons,
neutrons, and electrons - in solids, liquids, and gases, the
distances between molecules and their freedom in movements
differ), without the adoption of any particular particle model.

Both schemes were developed based on similar teaching
schemes developed in previous studies (Papageorgiou and
Johnson, 2005; Papageorgiou et al., 2008; Johnson and

Papageorgiou, 2010; Papageorgiou et al., 2010), where the
concept of dissolving was adapted. Table 1 presents an outline
of these teaching schemes, common for both schemes, except
unit 3, which was taught only in the EG. In addition, in the
EG, any explanations in units 4, 5, and 6 took place in terms
of particle theory.

In both the EG and CG, the schemes were implemented
through the teaching model 5E (Bybee et al., 2006), which
combines a constructivist approach with an inquiry-based
learning. During this teaching approach, students working in
small groups were asked to participate in learning activities
aiming to activate their pre-existing knowledge to build
their new knowledge. For instance, using two beakers with
the same amount of water and at the same temperature,
they were asked to make two solutions, adding different
amounts of the same substance (sugar) or the same amount
of different substances (sugar and salt), and to predict the
dissolving procedure. Postactivity, they were asked to
explain the results.

Data Analysis

For the analysis of students’ argumentation ability, the
components of their arguments were initially qualitatively
analyzed to evaluate the quality of each one of them (data,
claim, warrant, and rebuttal), whereas then, they were coded
on the basis of a four-level scoring scheme (0-3) similar to
that developed by Chen et al. (2016). Score 0 was assigned
to any irrelevant or wrong answer, whereas the absence of
an answer was considered as a “missing value.” Score 1 was
assigned to low-level quality answers with simple or unclear
elements, Score 2 indicates a moderate level with clear and
partial elements, and Score 3 represents high-level quality
answers with clear and complete elements. According to
Chen et al. (2016), the sum of the scores of all components
shows the overall argumentation ability. Some examples
of scoring students’ answers per argument component are
presented in Table 2. As shown, Score 3 does not appear
in Table. This could be expected to a certain degree since,

Table 1: An outline of the teaching scheme

1.Distinction of material and object in terms of their properties

2.What a substance is. Distinction of substances and mixtures in terms of
melting point
3.An introduction of a simple particle model - (for EG only)
A substance is presented as a collection of particles with empty space
between
The particles have an ability to “hold on” each other and they are
always moving in some way
In a substance, the particles remain the same during changes of state
4.A substance could be in any of the three states (depending on the
temperature). Different substances could be in different states at room
temperature
5.Mixtures could be in any of the three states. A liquid solution is a
mixture in liquid state, where clarity is the key criterion
6.Description of the dissolving process. Presentations of the factors
affecting dissolving of solid substances in liquid solvents (nature of
solute, temperature, stirring, amount of a solute, and solute’s grain size)
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although young children can articulate quite sophisticated
arguments (Duschl et al., 2007) including three or four
structural components (Osborne et al., 2004; Krajcik, 2012),
the quality of these components is constricted by their
inefficiency in formal reasoning (Cho and Jonassen, 2002).
Students at these ages may not be able to activate all the
corresponding mental resources to achieve more integrated
answers (Slavin, 2007).

To address the first research question, a series of t-tests for
paired samples was conducted, before and after the teaching
intervention. Cohen’s d was computed as a measure of
effect size (Cohen, 1988). The differences between the
two groups EG and CG (second research question) were
investigated using the non-parametric test of Mann—Whitney
U. All statistical analyses were carried out at a significance
level of 5%.

Table 2: Some examples of scoring students’ answers
per argument component

Component

Claim

Example of student answer Score

More salt can be dissolved in cold water 0

More sugar will be dissolved in the beaker 1
with stirring
More salt dissolves in hot water due to its 2
higher temperature
- 3
Data The cold sea contains salt, but it is
dissolved
As we stir it, it dissolves more easily
When I add sugar in my tea under stirring, 2
I see that sugar dissolves easily, but if I do
not stir the sugar, most of it remains at the
bottom and it dissolves slowly. Hence, the
more I stir, the faster the sugar dissolves
- 3
If you stir, the sugar will dissolve. If you
do not stir, it will remain at the bottom

Warrant

As we have two different substances, they 1
dissolve differently
If we stir it, we will help the water 2
particles get in faster between the sugar
particles and so the sugar will dissolve
more easily
- 3
Rebuttal I would give an explanation 0
I would explain that when we prepare
it [the solution], it is not easy to dissolve
salt when water is cold, while hot water
can easily dissolve salt
I would explain that it is reasonable for the 2
smallest quantity to be dissolved faster.
Let say that in a cup of milk you add 3
teaspoons of sugar, whereas in another
one you add 5 teaspoons of sugar, under
stirring in both cups. It is certain that the
sugar in the first cup would dissolve faster

- 3

RESULTS

The Effectiveness of the Intervention on Students’
Argumentation Ability

Table 3 presents an overview of students’ scoring of their
argumentation ability per factor and argument component,
pre- and post- intervention. Although there were questions
in the instrument requiring answers for each one of the four
components of the arguments, the large number of missing
values (M, Table 3), especially for “warrants” and “rebuttals,”
indicates that these questions are not easy for students at this
age. This aspect is also supported by the significant number
of students working at Level 0 in many cases.

Among the students who gave an acceptable answer (Levels
1 and 2), the overwhelming majority is at Level 1, whereas
only a few at Level 2. In addition, as Table 3 shows, in general
terms, most of the students could articulate a claim, whereas it
seems to be more difficult to use data for their arguments. The
use of warrants and rebuttal appears to be even more difficult.
In addition, “temperature” and “stirring” are factors with
relatively satisfying students’ answers, compared to “amount,”
“grain size,” and “substance” that follow.

Comparing students’ scores pre- and post- intervention in
Table 3, the general impression is that there is an improvement
in their percentages (concerning Levels 1 and 2), especially in
the cases where scores were low pre-intervention. This holds
true for warrants and rebuttals across all factors, as well as,
for data concerning the factors of “amount,” “grain size,”
and “substance.” The existence of such an improvement is
also supported by the results of paired #-tests as presented in
Table 4, where statistically significant differences appear to
exist across all five factors. Furthermore, in Table 4, differences
increase progressively from the “temperature” factor (¢[26] =
—2.152,p=0.041, Cohen’s d= 0.41) to the “substance” factor
(#19] =—4.355, p <0.001, Cohen’s d = 0.97), supporting the
aspect that the intervention was more effective in cases where
students’ performance was initially low.

In other words, Tables 3 and 4 support the aspect that the
intervention contributed significantly to the improvement
of students’ argumentation, as for their ability to support
their claims with data, to explain how the data led to their
claims (warrants), and to justify why an alternative claim
could be wrong (rebuttals). However, there is not an apparent
improvement concerning the quality of these argument
components, since their majority remains at Level 1 across
the five factors.

The Effectiveness of the Particle Theory on Students’
Argumentation Ability

When comparing students’ argumentation ability between
the two groups EG and CG, post- intervention, interesting
differences result. According to Table 5, the Mann—Whitney
U-test indicates that the teaching of the particle theory in EG
causes statistically significantly differences between EG and
CQG, regarding the factors of stirring (EG: Mean rank = 17.04,
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Table 3: Students’ performance as for their argumentation ability. Frequencies (and percentages), pre- and
post- intervention (“M” denotes “missing values”)

Factor Score/Level Claim Data Warrant Rebuttal
Pre Post Pre Post Pre Post Pre Post

Temperature 0 2(7.4) 0 1(3.7) 5(18.5) 7(25.9) 10 (37) 10 (37) 5(18.5)

1 25(92.6) 26 (96.3) 21(77.8) 20 (74.1) 3(11.1) 11 (40.7) 7(25.9) 13 (48.1)

2 0 1(3.7) 1(3.7) 1(3.7) 1(3.7) 0 0 0

M 0 0 4 (14.8) 1(3.7) 16 (59.3) 6(22.2) 10 (37) 9(33.3)
Stirring 0 1(3.7) 0 1(3.7) 2(7.4) 9(33.,3) 4(14.8) 5(18.5) 6(22.2)

1 26 (96.3) 27 (100) 21(77.8) 21(77.8) 3(11.1) 12 (44.4) 5(18.5) 10 (37)

2 0 0 1(3.7) 1(3.7) 0 1(3.7) 0 0

M 0 0 4 (14.8) 3(11.1) 15 (55.6) 10 (37) 17 (63) 11 (40.7)
Amount 0 0 3(11.1) 0 5(18.5) 6(22.2) 9 (35.5) 7 (25.9) 8 (29.6)

1 23 (85.8) 19 (70.4) 16 (59.3) 21(77.8) 2(7.4) 6(22.2) 3(11.1) 7 (25.9)

2 2(7.4) 4(14.8) 0 0 0 0 0 1(3.7)

M 2(7.4) 1(3.7) 11 (40.7) 1(3.7) 19 (70.4) 12 (44.4) 17 (63) 11 (40.7)
Grain size 0 5(18.5) 5(18.5) 5(18.5) 6(22.2) 4 (14.8) 7 (25.9) 7 (25.9) 4 (14.8)

1 16 (59.3) 21(77.8) 8 (29.6) 16 (59.3) 1(3.7) 7 (25.9) 2(7.4) 9(33.3)

2 1(3.7) 1(3.7) 0 1(3.7) 0 0 0 0

M 5(18.5) 0 14 (51.9) 4 (14.8) 22 (81.5) 13 (48.1) 18 (66.7) 14 (51.9)
Substance 0 9(33.3) 6(22.2) 9(33.3) 11 (40.7) 5(18.5) 5(18.5) 7(25.9) 2(7.4)

1 11 (40.7) 21(77.8) 4 (14.8) 11 (40.7) 0 8 (29.6) 0 10 (37)

2 0 0 0 4 (14.8) 0 0 0 0

M 7(25.9) 0 14 (51.9) 1(3.7) 22 (81.5) 14 (51.9) 20 (74.1) 15 (55.6)

Table 4: Comparison of pre- and post- intervention students’ argumentation ability using paired t-test

Factor Measure Mean SD t df Cohen’s d p-value

Temperature Pre 2.22 1.18 —2.152 26 0.41 0.041
Post 2.74 1.05

Stirring Pre 2.11 0.84 -2.565 26 0.49 0.016
Post 2.74 1.05

Amount Pre 1.95 0.69 -3.021 26 0.62 0.006
Post 2.58 1.17

Grain size Pre 1.31 0.94 -3.813 26 0.81 0.001
Post 2.13 1.16

Substance Pre 0.75 0.78 —4.355 26 0.97 <0.001
Post 2.14 1.72

Table 5: Comparison of students’ argumentation ability between the two groups (EG and CG) using Mann-Whitney U-test

Factor Group Mean rank Mann-Whitney U z p-value

Temperature CG 11.25 52.5 —1.942 0.052
EG 16.96

Stirring CG 11.18 51.5 —1.989 0.047
EG 17.04

Amount CG 11.92 64.0 -1.108 0.268
EG 15.08

Grain size CG 10.64 44.0 —-2.368 0.018
EG 17.62

Substance CG 10.68 44.5 —2.294 0.022
EG 17.52

CG: Mean rank = 11.18, U = 51.5, z = —1.989, p= 0.047), U =44, z = -2.368, p= 0.022), and substance (EG: Mean
grain size (EG: Mean rank = 17.62, CG: Mean rank = 10.64, rank = 17.52, CG: Mean rank = 10.68, U=44.5, z=—-2.294,
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p=0.018). On the contrary, in “temperature” and “amount,”
there are not statistically significant differences between the
two groups.

However, one can have a more spherical view of the effect
of particle theory on students’ argumentation ability when
students’ responses to the interviews are also studied. Among
them, seven of twelve interviewed students (three from CG
[one from each achievement level] and four from EG [two
from high and two from the intermediate achievement level])
supported their claims by quoting data and warrants referring
to the microscopic level, some of them after a reminder for
the existence of particles. Even for the EG students, it was
not easy to use particle ideas in their claims spontaneously.
Table 6 presents the number of students who used particle
ideas spontaneously (symbol **) and those who used them
after a reminder (symbol *), whereas all the others did not
use any of them. In Table 6, the quality of these answers is
also presented using the same scoring scheme as in the case
of the written test.

What seems to be apparent from Table 6 is that particle ideas
were used almost exclusively in the articulation of data and
warrants supported the claim and not in the claim itself. In
the cases of rebuttal, such ideas are almost totally absent.
As for their quality, there are more EG students’ answers
with particle ideas at Level 2 in data, compared to those
of CG which mainly were at Level 1, whereas there are no
apparent differences in warrants’ quality between EG and CG.
Some examples of “data” used in such students’ answers are
presented in Table 7.

DISCUSSION AND CONCLUSIONS

The Effectiveness of the Teaching Intervention on
Students’ Argumentation Ability

The results of the present study were evaluated to investigate
the effectiveness of the intervention on students’ argumentation
ability. It seems that there was an overall significant
improvement mainly concerning the structure of their
arguments. All students generally use more data, warrants,
and rebuttals in their arguments across all the factors post-
intervention. This advocates the aspect that any enrichment
of students’ prior knowledge influences their participation in
relevant argumentation processes (Ogan-Bekiroglu and Eskin,
2012) and brings to the foreground the relationship between
learning gains and engagement in argumentation. As other
researchers suggest (Cross et al., 2008; Cetin, 2014), students
tend to feel more comfortable and more able to argue about
concepts that they have studied and understood. To that extent,
the improvement in students’ argumentation ability possibly
implies that the teaching scheme was effective for their
understanding of the factors affecting the dissolving process.

The improvement was not the same for all components.
Missing values for warrants and rebuttals in Table 3 are
significantly reduced post-intervention across all factors, and
students seem to use these components much more often than
pre-intervention. However, relevant students’ scores post-
intervention were not better compared to the corresponding
ones of the other two components, and any difference is rather
due to the very low scores pre-intervention. In any case,
warrants and rebuttals appear to be the weakest link in the

Table 6: Students’ performance in the interviews. Frequencies of EG and CG students (“M” is assigned to “missing

values”)
Factor Score/Level Claim Data Warrant Rebuttal
EG CG EG CG EG CG EG CG
Temperature 0 1 1 1 1 1 1 1
1 5 5 1/1%/1%* 3/2% 1/1%/1%* 3 4 3/1%*
2 1#/1%* 1#/1%*
M 2 1 2
Stirring 0
1 6 5 3/1%* S/1%* 3 4/1* 6 5
M 2 1 1
Amount 0
1 5 5 6 6 6 4 6 4
2 1 1
M 2 2
Grain size 0
1 6 5 4/1%/1%* 5/1%% 2/1%/1%* 3/1%* 4 4
2 1 1
M 2 2 1 2
Substance 0 2 1 2 2 1 1
1 3 3 3 3 2/1%* 2 3 4
2 1 1/1* 1
M 1 3 2 2
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Table 7: Examples of “data” in students’ argumentation
using particle ideas (interview)

Group Example of student answer Score

EG The hot water in the beaker can dissolve the salt more 2
quickly. [...] I would see that the particles in the
beaker of hot water move faster and they get faster
between the salt particles

The sugar will dissolve more easily as we have seen 5
in the experiment we have done. When we stir it,
we help the water particles get in faster between the
sugar particles
The particles are closer to each other in the sugar
cube, and so they need more time to dissolve
They [salt and sugar] will not dissolve easily the 1
same because they are different substances [...] their
particles are different

CG If we stir, the sugar will dissolve more easily [...], the 1
particles will move faster and the sugar particles will
dissolve faster
In the sugar cube, the particles are closer and the 1
water gets harder between them

argumentation process possibly because students at this age
give much more value to their own position without feeling the
need to support it or to defend it against others’ position (Felton,
2004; Kuhn and Udell, 2003). As Vasiliadis (2014) suggests,
the articulation of a counter argument prerequisites the study
of the others’ views, their understanding, and identification of
their weaknesses. To this extent, it is possible that students’
improvement in these two components is associated with the
adoption of the teaching model 5E during the intervention,
which offers such opportunities through its constructivist tools.

Regarding the five factors affecting dissolving, although there
is an overall significant improvement in students’ scores for all
components (Table 4), it seems that this was more obvious for
the factors “amount,” “grain size,” and “substance,” especially
for “data” (Table 3). This is possibly related to students’ prior
experiences. As Kuhn (1991; 1993) supports, people tend to
argue better for subjects that they already know better, and
probably this holds true here for the factors “temperature”
and “stirring.” In other words, these two factors are possibly
more often involved in students’ everyday experiences at
this age compared to the other three factors, something that
is more obvious in the “data” pre-intervention. Thus, the
possibilities for further improvement in students’ scores for
these two factors in “data” post-intervention were not so high
compared to the other three factors (“amount,” “grain size,” and
“substance”), where the constructivist tools of the SE teaching
scheme offered them the missing information to improve their
corresponding scores post-intervention.

However, in contrast to any progress concerning the structure
of students’ arguments, there is not an apparent improvement
concerning the content quality of their arguments. This is
related to the possibility of a deeper understanding of the
dissolving process and the factors involved during intervention.
As Subramaniam and Harrell (2013) suggest, students’ ideas

are highly robust and persistent to any change even after
instruction, and thus, it is rather expected that a short-term
teaching intervention like this one described in the present
work is not sufficient to make such a significant conceptual
change regarding dissolving. Instead, their thinking seems
still to be influenced by everyday life experiences and linked
to alternative conceptions about dissolving. Consequently,
since each of those conceptions acts as an obstacle to their
learning (Adadan, 2014), it also affects the content quality of
their arguments. Besides, as Ryu and Sandoval (2012) suggest,
interventions of limited duration, actually, have no high
possibilities to cause significant improvements in arguments’
content quality.

The Contribution of Particle Theory to Students’
Argumentation Ability

Regarding the effectiveness of the particle theory on
students’ argumentation ability, improvements seem again
to concern the structure of their arguments, although one can
see an improvement in their content quality (Tables 6 and
7). These improvements could also be attributed to a better
understanding of the dissolving process by the EG students
during intervention and it was expected to a certain degree,
since also other teaching schemes based on particle theory have
shown similar results. For instance, Kabapinar et al. (2004)
found that students who had attended a particular teaching
scheme included a simple particle model of matter were better
able to explain the dissolving process than the students who
did not follow that scheme. Furthermore, Adadan (2014) found
that students who had developed a better understanding of the
particle theory had more possibilities to develop a scientific
understanding of solution chemistry.

However, any better argumentation ability of EG students
recorded in comparison to that of CG students was not
present across all factors and all components. This is probably
connected to the short duration of the teaching intervention,
which could not cause a deeper understanding of the dissolving
process using particle theory. As already mentioned, the degree
of understanding of a concept affects the relevant argumentation
ability (Cross et al., 2008; Ogan-Bekiroglu and Eskin, 2012;
Cetin, 2014). Thus, students seem to apply particle ideas in
the factors that they better understand as they are possibly
more familiar to them, without any other obvious reason.
However, judging mostly from the interviews and despite a
quite better data quality of the EG students’ arguments, what
was obvious, is the students’ difficulty in the spontaneous use
of particle ideas. Although this could be again attributed to
the short duration of the intervention, to a certain degree, a
number of researches have indicated so far that the adoption of
particle theory is not just a matter of an intervention’s duration
(Papageorgiou and Johnson, 2005; Johnson and Papageorgiou,
2010; Papageorgiou et al., 2010). On the contrary, it is a more
complicated situation, which needs a systematic progressive
implementation, starting from the teaching of a simple particle
model in younger ages (like this one of the teaching scheme
of the present work) and continuing with the introduction
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of more advanced particle ideas in elder ages followed by a
sufficient number of applications concerning cases of physical
and chemical phenomena.

CONCLUSIONS AND IMPLICATION FOR
SCIENCE EDUCATION

The main message of this paper is that, although there are
significant indications for the improvement of students’
argumentation ability for the factors affecting dissolving
after a relevant teaching intervention, this is not something
that is easy and it requires particular circumstances. That
is, any endeavor should be designed appropriately to cause
a deeper understanding of the relevant topics and over a
significant duration. As for the former, the paper provides
evidence that, from a methodological point of view, a teaching
scheme with constructivist characteristics could facilitate a
conceptual change toward a more scientific position for the
factors affecting dissolving, whereas from a content point of
view, the teaching of particle theory would also contribute
to a deeper understanding of such concepts. As for the latter,
any intervention seems to have as a prerequisite a sufficient
duration to develop relevant concepts in a progressive way,
giving the opportunity to the students to rethinking and
elaborate new ideas including the particle ones. In fact,
this suggests an incorporation of such ideas in the school
curriculum, starting from younger ages, to have more time
available for such a progressive manipulation (Johnson and
Papageorgiou, 2010; Papageorgiou, 2013). Of course, apart
from the above, any explicit instruction for the argumentation
itself would enhance students’ argumentation ability (Zohar
and Nemet, 2002). This would take place through the use
of appropriate activities and teaching strategies, such as
the scaffold of students’ understanding of the criteria that
well-stated arguments characterize (Zohar and Nemet, 2002;
Sandoval, 2003; McNeill et al., 2006).

However, a question could be probably raised here. What is
the gain of such a successive teaching scheme toward better
students’ augmentation ability? This question brings things
to the beginning, where the benefits of an engagement of
students in an argumentation process are a key issue for science
education. As many researchers suggest (Driver et al., 2000;
Chenetal., 2016), argumentation has a critical role in learning
science, contributing to the development of a conceptual
understanding, an investigative competence, an understanding
of scientific epistemology, and an understanding of science as
social practice. Consequently, there is in fact, a cycle where
a better understanding leads to a better argumentation ability
and vice versa, and thus, any effort to improve any point of this
cycle will ultimately provide benefits for science education.

LIMITATIONS

Apart from the limited duration of the implementation, it
should be noted that the above findings are also subjected to the
limitations of sample size and way of its selection since both the

experimental group and the control group were formed under a
non-probability convenience sampling. Actually, participants
belonged to classes, where there were access and willingness
for cooperation. These factors may affect the statistical power
of the tests carried out in the present work, and thus, it would
be useful to take them into account in the design of relevant
future researches.
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