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Primary students” argumentation skills on
evaporation: A teaching intervention

Anastasia Angeloudi George Papageorgiou
Democritus University of Thrace Democritus University of Thrace

Abstract. This paper reports the findings of a study exploring the possibilities of
improving students’ argumentation skills concerning evaporation process and factors
affecting evaporation by implementing two teaching schemes, with and without the use
of particle theory. The participants (ages 10/11, n = 77) were students of four fifth-grade
classes of two Greek regular public primary schools. The research data were collected
through an open-ended written test (pre- and post-intervention) and a semi-structured
interview (post-intervention). Results revealed that the improvement of students’
argumentation skills regarding the evaporation process and the factors affecting
evaporation is feasible through an appropriate teaching intervention. This concerns
mainly the components of claim and evidence, whereas the use of the particle theory
seems to contribute further to this improvement, as well as to the improvement of the
reasoning component. Implications for science education are also discussed.

Keywords: argumentation, evaporation, particle theory, primary education, teaching
intervention.

Introduction

Over the last decades, a trend in science education seems to have shifted its focus
from students’ final ideas, where memorization of concepts, facts and principles is
emphasized, to a science-as-practice vision, where students are engaged in science practices
constructing understanding of the natural world (Cherbow et al.,, 2020; Duschl, 2007;
McNeill & Berland, 2017). Argumentation is a typical form of scientific practice (Deng &
Wang, 2017) and is regarded to be one of the most important processes in contemporary
science education, incorporated in the curricula of many countries (McDonald & McRobbie,
2012). Students’ engagement in scientific argumentation promotes critical thinking and
reasoning skills (Jimenez-Aleixandre & Erduran, 2007; Kaya, 2013; Kuhn & Udell, 2007),
enhances the understanding of scientific epistemology (Berland & Reiser 2010; Sampson &
Blanchard, 2012), helps in adopting a positive attitude towards science (Jiminez-Aleixandre
& Erduran, 2007; Hong et al, 2013; McNeill & Krajcik, 2006) and contributes to the
development of conceptual understanding (Bell & Linn, 2000; Jiminez-Aleixandre &
Erduran, 2007; Kaya, 2013; McNeill & Krajcik, 2007; Sampson & Clark 2009; Zohar & Nemet,
2002). Regarding the relationship between argumentation and conceptual understanding,
there is evidence that the conceptual understanding of a topic influences the quality of
relevant arguments and vice versa (Cetin, 2014; Garcia-Mila et al., 2013; Sadler, 2004; von
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Aufschnaiter et al., 2008). As Ogan-Bekiroglou and Eskin (2012) suggest, students engage in
a scientific argumentation based on their prior knowledge. Thus, the conceptual
understanding of major topics of science education is considered to be one of the main
factors affecting the quality of students” arguments regarding these topics.

One of these major topics of science education is evaporation, which is taught from
the primary school onwards (Canpolat, 2006; Costu & Ayas, 2005). The conceptual
understanding of evaporation is essential for understanding other important related
concepts and helpful in explaining everyday phenomena (Costu & Ayas, 2005; Kirbulut &
Beeth, 2013). However, despite the importance of the evaporation concept, there is no
research evidence concerning primary students” argumentation skills on this topic. Thus, the
aim of this paper is to study the effect of a teaching intervention regarding evaporation on
tifth-grade primary school students” argumentation skills about the evaporation process and
the factors affecting evaporation.

Theoretical background

Arguments’ structure and analytical frameworks

According to Toulmin’s framework for argumentation structure (Toulmin, 1958,
2003), known as Toulmin’s Argumentation Pattern (TAP), the components of an argument
are: claim, data, warrant, backing, qualifier and rebuttal. Each of these components has its
own role in a well-structured argument. The claim is an assertion that one tries to justify, the
data are evidence providing support for the claim, the warrant explains the way in which
the data support the claim, the backing strengthens the validity of the warrant, the qualifier
indicates the conditions for the claim to be valid and the rebuttal represents the condition
under which the claim could be undermined.

The analytical framework developed by Toulmin (1958, 2003) has had a wide appeal
and has been employed by the majority of researchers in studies of argumentation in science
education (Bag & Calik, 2017). However, this framework has often been criticized for being
difficult to apply in the argument analysis of school students (Naylor et al., 2007), as the
differentiation between the components of an argument appears to be difficult (e.g.
difficulty in distinguishing between warrant and backing) (Erduran et al., 2004; Keith &
Beard, 2008; Mcneill et al., 2006). Thus, some modified versions of the TAP have been
proposed by a number of researchers, taking into account the particularities of students’
arguments. As students” arguments are usually less complex than scientific ones (Mendonca
& Justi, 2014), there is a need for simpler frameworks of analysis. In the recent literature one
can find such analytical frameworks which take into consideration the common structure of
students’ arguments and usually include three or four components (e.g. Evagorou et al.,
2011; Kulatunga et al., 2013; McNeill et al., 2006; McNeill and Krajcik, 2011). Among them,
the most characteristic framework is that developed by Mcneill et al. (2006) and also McNeill
and Krajcik (2011). According to this, a student’s argument includes a claim, evidence
(similar to Toulmin’s data), reasoning and rebuttal. The component of ‘reasoning’ is a
combination of Toulmin’s warrant and backing, explaining the link between claim and
evidence, based on scientific principles (Mcneill et al., 2006), whereas the ‘rebuttal’
component explains how or why an alternative claim is incorrect (McNeill & Krajcik, 2011).

Although the simplification of the analytical frameworks can be characterized as a
positive step towards an effective methodology for analyzing students” arguments in science
education, another issue is raised regarding the suitability of the components’ content of an
argument. As Sampson and Clark (2006) state, the majority of argumentation studies
evaluate solely the quality of the students’ arguments from a structural perspective, based
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on the presence or absence of a particular structural component, whereas there is little
information on the suitability of the content of each one of the argument components. Thus,
the need for an analytical framework evaluating the quality of both the structure and the
content suitability of students” arguments has resulted in the development of new
frameworks. The analytical framework of Chen et al. (2016), for instance, is such a
framework, combining the evaluation of the quality of both the structure and the suitability
of the content in students” arguments. For the purposes of their research, they developed a
four-level scoring scale (0-3) evaluating the content suitability of each one of the four
components of students” arguments (claims, evidence, warrants, rebuttals). The criteria for
assigning a particular score on this scale were based on the completeness and correctness of
the component.

Students’ ideas for evaporation

To date, several studies (e.g. Bar & Galili, 1994; Bar & Travis, 1991; Canpolat, 2006;
Costu et al., 2010; Costu & Ayas, 2005; Kirikkaya & Gulu, 2008; Osborne & Cosgrove, 1983;
Russell et al., 1989; Tsikalas et al., 2014) have been conducted on students’ ideas about
evaporation, investigating a number of relevant issues such as the evaporation process or
factors affecting evaporation. Findings indicated that students’ ideas regarding these issues
differ significantly from scientifically accepted views. With regard to the evaporation
process, research evidence (Bar & Galili, 1994; Osborne & Cosgrove, 1983; Russell et al., 1989;
Tsikalas et al.,, 2014) has shown that students often perceive this phenomenon as a
‘disappearance’ (evaporated substance disappears, e.g. the water does not exist anymore), as
‘absorption” (evaporated substance is absorbed by materials or surfaces, such as a plate, or
the floor, or even by the sun), or as ‘transfer/displacement’ (evaporated substance is
transferred to another location, such as the ground, the clouds, the sun, or the ceiling).

As for the factors affecting evaporation, students’ alternative conceptions and
misconceptions have been recorded concerning temperature, the nature of the liquid
substance, liquid surface and air current. For instance, heating seems to be necessary for the
evaporation of a liquid according to students’ rationale (Canpolat, 2006; Costu et al., 2010;
Johnson, 1998; Prain et al., 2009), as it is believed that the temperature of the liquid should be
higher than the room temperature. Also, students have alternative conceptions concerning
the nature of the evaporated substance, believing in some cases that only water and water
solutions can evaporate, whereas in cases where they accept the evaporation of other
liquids, they believe the rate is the same as that of water (Costu et al., 2010; Costu & Ayas,
2005; Tsikalas et al., 2014). Regarding the effect of air current (above the surface of the liquid)
on evaporation, students erroneously often have the view that it decreases the evaporation
of the liquid (Costu et al., 2010; Costu & Ayas, 2005). In addition, students’ conceptions
concerning the liquid surface are also different from the scientific view, as they do not
recognize the effect of the liquid surface on the evaporation rate (Costu et al., 2010).

As a number of researchers suggest (Gopal et al., 2004; Paik, 2015), the above
misconceptions originate from the abstract nature of the evaporation process, where an
invisible state of a substance is formed. The problem is bigger for primary students, where
the concept of the substance itself is not clear. According to Johnson (1998), when the
understanding of this concept is not clear, there no chance to understand the changes of a
substance during a physical or chemical phenomenon. As a result, the process of
evaporation is even more difficult, since, beyond the change of state of a substance (from
liquid to gas), also mixing with air components takes place during the phenomenon
(Johnson & Papageorgiou, 2010). Thus, in order for students to imagine this complex
process, appropriate representational resources must be developed. As some researchers
suggest (e.g., Johnson, 1998; Tytler et al. 2007, Wang & Tseng, 2018), such resources are
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based on particle ideas. Indeed, there is evidence supporting that a particle model enables
students to visualize this ‘invisible’ phenomenon and to develop deep understanding of the
whole evaporation process (Kirbulut & Beeth, 2013; Papageorgiou & Johnson, 2005). As a
result, particle theory seems to play a critical role in understanding evaporation, and it could
be a promising tool when used in teaching interventions.

Rationale

Although many studies have focused on the importance of students” argumentation
skills in a number of physics and biology topics (Bag & Calik, 2017), limited attention has
been paid to the investigation of such skills in evaporation topics. Evaporation is a
fundamental concept of science and students” understanding at the submicroscopic level is
important, as it is the basis for the understanding a number of everyday situations and other
related concepts (Chang, 1999). However, argumentation on evaporation is not a stand-alone
issue and, as noted above, many scientists suggest that students’ prior knowledge and
conceptual understanding of the arguments’ subject matter is an important factor that affects
the quality of students” arguments (Cetin, 2014; Faize et al., 2018; Garcia-Mila et al., 2013;
Venville & Dawson, 2010). Taking also into account that there is no research focusing on
primary students’ argumentation on the evaporation phenomenon, it was considered
important to focus on this phenomenon in relation to students’ relevant prior content
knowledge. In particular, the present research aims to study the effectiveness of a teaching
intervention regarding evaporation, with and without the use of particle theory, on fifth-
grade students’ argumentation skills concerning the evaporation process and factors
affecting evaporation. The following research questions were investigated in this study:

e What are the primary students' argumentation skills regarding the evaporation
process and the factors affecting evaporation following a relevant teaching
intervention? Are there any significant differences between pre- and post-
intervention?

e What is the effect of using particle theory during the teaching intervention? Are there
any significant differences between students who received the particle theory and
those who did not, during the intervention?

Methodology

The sample

The research was conducted in two regular public primary schools, located in an
urban area of central Greece in the 2019-2020 academic year. The total number of
participants was 77, attending two fifth-grade classes of each school (age 10/11). All the four
classes of the sample were of mixed academic abilities, with no significant differences in
school academic performance according to their teachers’ evaluation. Additionally, students’
socioeconomic backgrounds in all the four classes were similar. To access the schools,
permission from the Greek Ministry of Education was obtained. All students voluntarily
participated in the study and parents’ informed consent was also obtained. Participants
were also informed about the aims of this study and its anonymity.

The procedure

A combination of quantitative and qualitative methods was implemented in the
present study. In particular, to answer the first research question, a ‘one-group pre-test post-
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test’ pre-experimental design was implemented (Cohen et al., 2007) following the structure
pre-test> teaching intervention> post-test (see Figure 1). In this design, the ‘group’
comprised all students of four classes (n = 77). Before the intervention, all classes had
followed the National Science Curriculum for Greece (Plakitsi et al., 2014) using the same
textbooks. Therefore, students' prior knowledge about the phenomenon of evaporation was
similar for all students and very limited, since the concept of evaporation was approached
only in the context of the water cycle during the second grade.

Pre-experimental process | Quasi - experimental process

One group (n =77) : : : Two groups (n = 39, n = 38)
P o o o oD oD G TP D S S G e | "o s e e s e e e e e s s e e e e s S
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= 4 I Teachil?g Teachu?g
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g | basic particle Texthook
] : theory
I
I
: \\ J
I
I
\ " | :
Post-test ] : | Post-test
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Figure 1 An overview of the whole procedure

In order to address the second research question, a quasi-experimental design was
implemented, where two of the classes (randomly selected) comprised the experimental
group (EG, n = 39) and the other two classes comprised the control group (CG, n = 38).
During the teaching intervention, particle theory was used to teach evaporation only for the
experimental group, as it is described in “The teaching intervention” section.

For both research questions, the same test was used pre- and post- intervention to
measure students’ argumentation skills. Furthermore, twenty-four students, twelve from
each group (EG and CG), were selected on the basis of their science performance (four
students from high, intermediate and low bands of performance in each group), to take part
in a semi-structured individual interview.
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Instruments

To assess students” argumentation skills, a written open-ended test was developed,
based on relevant studies (Bar & Travis, 1991; Chen et al.,, 2016, Costu et al., 2010;
Papageorgiou et al., 2008; Prain et al., 2009). The test was administered to all students, one
week before (pre-test) and three weeks after (post-test) the intervention.

The instrument consisted of two parts and took one hour to complete. The first part
included three tasks concerning the evaporation process and the second part included four
tasks regarding the factors affecting evaporation (Table 1).

Table 1 A description of the instrument

Part Task Description of the Task
1  What happens to water spilled on the floor as it dries?
2 How can we smell a perfume when the lid of its bottle is opened?
3  What happens to water as the laundry is drying?
4  What happens to water left in two plates for some days, in a hot and
a cold classroom, comparatively?
II 5  What happens to water left for some days, in a plate with a small
surface and in another with a larger one, comparatively?
6  What happens to alcohol left in a vessel for several hours, in front of
a fan and in a cupboard, comparatively?
7 What happens to small quantities of alcohol and water left in a vessel
for several hours, comparatively?
In each task, students had to choose the correct one out of a number of proposed
views and they were asked to answer the following questions:
a. Which student do you agree with? (Claim)
b. Why do you agree with this point of view? Please explain. (Evidence +
Reasoning)
c. Why do you not agree with the other students? Please explain. (Rebuttal)

Additional data were collected through semi-structured interviews. The average
duration of the interviews was approximately twenty minutes for each one of the twenty-
four students. The interview’s protocol was structured following exactly the same structure
and content of the written test, but students had more opportunities to further express their
arguments, especially at the microscopic level. It was considered that an 11-year-old student
could more easily present an oral than a written argument referring to the microscopic level
(using particle ideas). Therefore, when the students did not refer to particles spontaneously,
the interviewer asked relevant questions, reminding the student of the existence of particles,
e.g. 'Imagine that you could use a really powerful microscope and the beakers’ content was magnified
many times. What would you see?” Furthermore, regarding the component ‘reasoning” where a
justification should provide evidence supporting the claim, students were asked to draw this
‘magnified” picture in each task, as an additional method of evaluation (Kaya, 2018).
Students thus had the chance to support their reasoning with drawings, something very
when it was difficult for them to express it verbally.

The teaching intervention

The students attended a six-lesson course that lasted seven hours in total, for each group.
Two teaching schemes on evaporation were developed for the two groups (EG and CG),
respectively. Dealing with the same phenomena, the teaching schemes’ contents differed
only in relation to the submicroscopic level concepts and explanations. More specifically,
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one scheme included the basic particle theory, as introduced by Johnson and Papageorgiou
(2010), whereas the other did not. The scheme with the particle ideas was implemented in
the EG. In this case, the focus was on the idea of a substance as a collection of particles
which can hold on to each other and are always moving in some way (Johnson &
Papageorgiou, 2010). The scheme implemented in the CG was designed in accordance with
the submicroscopic level topics in the conventional textbook. According to this scheme’s
design only some superficial explanations were given and no particular particle model was
adopted (i.e., 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 of movement differ).

Both schemes were designed based on similar teaching schemes developed in
previous studies (Papageorgiou et al., 2008, 2010; Papageorgiou & Johnson, 2005), where the
concept of evaporation was adapted. An outline of the teaching schemes is presented in
Table 2. All scheme units are common for both schemes, apart from unit 3, which was taught
only in the EG. Furthermore, in the EG any explanation in units 4, 5 and 6 took place in
terms of basic particle theory (Johnson & Papageorgiou, 2010), whereas in CG, explanations
were given in the context of the textbook material.

Table 2 The teaching scheme

1. Studying materials and objects in terms of their properties. Distinguishing
between the two.

2. Studying substances and mixtures. Substances have characteristic properties
that can be used to differentiate them from mixtures and from each another.

3. Introducing a simple particle model (for EG only)

e Substances are collections of particles. Empty space exists between
particles.

e The particles can hold on to each other. There is always motion among
the particles.

e All particles of a substance remain the same during changes of state.

4. A substance can exist in any of the three states (solid, liquid or gas)
depending on the temperature. Different substances can exist in different
states at the same room temperature.

5. Describing the evaporation process (a change from liquid to gas state).
Mixing particles of the substance evaporated with those of the air.

6. Factors affecting evaporation (temperature, surface, breeze, the substance
itself).

The instructional material was designed based on the teaching model 5E (Bybee et
al., 2006), which combines a constructivist approach with an inquiry-based learning
approach. The learning activities during the implementation of this teaching model required
students to work in small groups and participate in a way that activated their pre-existing
knowledge, as a prerequisite to build new knowledge.

Data analysis

To evaluate students’ argumentation skills, their answers to written tests were
analyzed. The quality of students” arguments was evaluated based on their structure and
content. The structure of an argument depends on the number of the relevant components
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and the content of an argument relates to the suitability of its components when they are
evaluated on the basis of school scientific knowledge (Skoumios & Hatzinikita, 2014).

Using a four-level scoring scheme (0-3), based on that developed by Chen et al.
(2016), the arguments” content was analyzed to assess the suitability of each one of the three out
the four components of their arguments, namely, the evidence, the reasoning and the rebuttal.
Zero represents an irrelevant or wrong answer, 1 shows a low level suitability answer constituting
a simple component, 2 indicates a moderate level constituting a partially complete component and
3 was assigned to a high level suitability answer constituting a clear and complete component. As
far as the claim was concerned, a two-level scoring scheme was used, because students had to
choose the correct one out of a number of proposed views. Therefore, for claims, 0 was assigned to
an incorrect choice and 1 to the correct one. Apart from the assessment of the suitability of each
component separately, the overall argumentation skill can be evaluated calculating the sum of the
component scores (Chen et al., 2016). The absence of an answer-component was considered as a
‘missing value” and affected the arguments” structure quality. Appendix 1 shows some examples
of scoring students’ answers per argument component.

Statistical analyses were performed by using the software SPSS applying a significance
level of 5%. As far as the first research question is concerned, the Wilcoxon Signed Ranks Test was
used to determine any differences in students’ argumentation skills before and after the
intervention. Addressing the second research question, any differences in students' argumentation
skills between the EG and the CG, the non-parametric test of Mann-Whitney U was conducted.

Data collected from the interviews were analyzed using content theme analysis,
identifying key themes and students’ ideas referring to the microscopic level or not. In addition,
these data were categorized using the same scoring scheme used for the quantitative analysis as
described above. Finally, to assess students” drawings generated during the interviews, a second
scoring scheme was developed especially for the needs of this study (Table 3).

Table 3 Scoring scheme for the evaluation of students” drawings

Score Level Description
0 - Irrelevant content/ Microscopic ideas not depicted.
1 Low Representation of particles of only one state (only in liquid or

gaseous state).

2 Moderate Representation of particles of both liquid and gaseous state,
as well as representation of the evaporation process only one
way (either due to movements of the particles of liquid state
with increased energy or due to the collisions of air particles
with the particles of the liquid state).

3 High Representation of all particles and representation of the
evaporation process both ways.

Results and discussion

The effectiveness of the intervention on students’ argumentation skills

Table 4 presents an overview of students’ scoring in pre- and post- tests.
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Table 4 Frequencies (and percentages) of scores concerning students” argumentation skills
pre- and post- teaching intervention. ‘M’ denotes ‘missing values’.

2 sé’ Claim Evidence Reasoning Rebuttal
a A Pre- Post- Pre- Post- Pre- Post- Pre- Post-
0 36 (46.8) 12 (15.6) 53 (68.8) 29 (37.7) 3 (3.9 1(1.3) 43 (55.8) 28 (36.4)
1 41 (53.2) 65 (84.4) 15(19.5) 37 (48) 2 (2.6) 19(24.7) 23(29.9) 39 (50.6)
1 2 3 (3.9) 8 (10.4) 5 (6.5)
3 2 (2.6) 1(1.3)
M 9 (11.7) 6 (7.8) 72(93.5) 48 (62.3) 11 (14.3) 5 (6.5)
0 21 (17.3) 12 (15.6) 47 (61) 32 (41.6) 1(1.3) 47 (61) 42 (54.5)
1 53 (68.8) 65 (84.4) 17 (221) 36 (46.8) 3 (5.9) 15 (19.5) 7 (9.1) 14 (18.2)
2 2 4 (5.2) 3 (3.9) 4 (5.2)
3 1(1.3)
M 3 (3.9) 13 (16.9) 4 (5.2) 73 (94.8) 59 (76.6) 23(29.9) 17 (22.1)
0 72 (93.5) 43 (55.8) 64 (83.1) 52(67.5) 5 (6.5) 3 (3.9) 57 (74) 46 (59.7)
1 5 (6.5) 34 (44.2) 2 (2.6) 20 (26) 14 (18.2) 1(1.3) 15 (19.5)
3 2 3 (3.9) 1(1.3)
3
M 11 (14.3) 5 (6.5) 72 (93.5) 57 (74) 19 (24.7)  15(19.5)
0 34 (44.2) 17 (22.1) 50 (64.9) 32 (41.6) 2 (2.6) 50 (64.9) 39 (50.6)
1 39 (50.6) 60 (77.9) 10 (13) 38 (49.4) 5 (6.5) 18 (23.4) 8 (10.4) 18 (23.4)
4 2 3 (3.9) 3 (3.9) 2 (2.6)
3 1(1.3)
M 4 (5.2) 17 (22.1) 3 (3.9) 70 (90.9) 56 (72.7) 19(24.7) 18(23.4)
0 63 (81.8) 30 (39) 59 (76.6) 44 (57.1) 1(1.3) 1(1.3) 54 (70.1) 42 (54.5)
1 13 (16.9) 47 (61) 2 (2.6) 24 (31.2) 1(1.3) 7(9.1) 3(3.9) 12 (15.6)
5 2 5 (6.5) 4 (5.2) 1(1.3)
3
M 1(1.3) 16 (20.8) 4 (5.2) 75(97.4) 65 (84.4) 20 (26) 22 (28.6)
0 49 (63.6) 20 (26) 56 (72.7) 39 (50.6) 3 (3.9) 42 (54.5) 38 (494)
1 25(325) 56 (72.7) 3 (3.9) 28 (26.4) 1(1.3) 3 (3.9) 1(1.3) 8 (10.4)
6 2 3(3.9) 2 (2.6) 1(1.3) 1(1.3)
3 1(1.3)
M 339 1(1.3) 18 (23.4) 7(9.1) 73 (94.8) 71(92.2) 33 (42.9) 30 (39)
0 53 (68.8) 31(40.3) 55(71.4) 42 (54.5) 4 (5.2) 41 (53.2) 42 (54.5)
1 20 (26) 45 (58.4) 1(1.3) 22 (28.6) 2 (2.6) 11 (14.3) 4 (5.3) 8 (10.4)
7 2 1(1.3) 1(1.3)
3
M 4(5.2) 1(1.3) 21 (27.3) 13(16.9) 71(92.2) 65(84.4) 32(41.6) 26 (33.8)

On the basis of a general evaluation of data presented in Table 4 on the structure of
students’ arguments pre-intervention, a common characteristic in all tasks is that over two-
thirds of students provided arguments with an evidence, over a half of them articulated a
rebuttal and there were no missing values in claims for the vast majority. In contrast only a
small minority of students articulated reasoning. This situation appears to be improved
post-intervention, since the number of missing values in all components and almost all tasks
decreased. However, the improvement is quite limited in cases of reasoning and rebuttal
with percentages varying according to the task. These findings seem to be in line with other
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studies (Deng & Wang, 2017; Heng et al., 2015; Jiménez-Aleixandre et al., 2000; McNeill &
Krajcik, 2008; Sandoval & Millwood, 2007; Skoumios & Balia, 2020), where students mainly
construct simple arguments consisting of claim and evidence, struggling to provide
reasoning and rebuttal.

As far as the content of students’ arguments is concerned, it seems that their
suitability pre- intervention was not satisfying since a significant number of students
supported incorrect claims and their evidence, reasoning and rebuttal were scored 0 and 1 in
almost all tasks. Post- intervention, the suitability of the content seems to have changed,
although not dramatically. In particular, the majority of students” responses were scored 1,
whereas those at score levels 2 and 3 were a small minority. As Table 4 shows, even though
most of the students post- intervention were able to support a correct claim, they still had
difficulties providing suitable evidence and reasoning compatible with the school level
knowledge of science (Skoumios & Hatzinikita, 2014), as well as explaining why an
alternative claim is incorrect (rebuttal). These findings support a number of suggestions
found in literature according to which, students often fail to appropriately connect claims
and evidence (Ryu & Sandoval, 2012) even after an argumentation-based intervention
(McNeill & Krajcik’s research, 2007). Student’s difficulty in producing suitable rebuttals
leads to the conclusion that this component may require higher order thinking skills
(Christenson & Chang Rundgren, 2015).

Table 5 presents a clearer view of changes pre- and post- intervention, comparing
students’ scores on the basis of the Wilcoxon Signed Ranks Test. As mentioned above, the
improvement reflects the structure of the arguments rather than the suitability of their
content, which continues mainly to be scored at level 1, with only a few scored at levels 2
and 3. However, regarding the claims there is a remarkable increase of students who made
the correct choices. Also, claim and evidence seem to be the most improvable components
for almost all the tasks, regarding both the structure and the suitability of their content. This
advocates other researchers’ suggestions that claim is the most manageable component for
students ( McNeill & Krajcik, 2008) followed by the component of evidence (Heng et al.,
2015). On the other hand, the components of reasoning and rebuttal appear to be the most
difficult to improve across all the tasks for reasoning and tasks 2, 6 and 7 for rebuttal.
Moreover, reasoning constitutes the most difficult component to improve as it is missing
even after the intervention. Similarly, McNeill and Krajcik (2007) demonstrated that
although students’ reasoning improved after an intervention, its quality was lower in
relation to other components. Also, according to some studies (Faize & Dahar, 2017; McNeill
& Krajcik, 2007) both components are considered to be difficult for students to construct
with suitable content. As far as the difficulty of tasks is concerned, it seems that students’
performance was not satisfactory in task 3, pre- and post-intervention for all the
components, as well as in tasks 5, 6 and 7 for the components of reasoning and rebuttal. This
could be possibly explained by students’ prior experiences of everyday situations related to
the tasks. According to Ogan-Bekiroglu and Eskin (2012), when students are familiar with a
task, it is more likely that they will engage in a relevant argumentation and construct its
components.

The effectiveness of particle theory on students” argumentation skills

Results presented in Tables 6 and 7 concern the comparison of students’
argumentation skills between the two groups EG and CG, post-intervention. It is apparent
that there are differences in both the structure and the content of the arguments. As regards
the structure, the main difference was detected in the component of reasoning, where the EG
students used reasoning to a greater extent in their arguments compared to CG students, as
shown by the percentages of missing values for this component. Regarding the content of
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the components, it seems that the EG students were able to construct arguments with more
suitable content. Although most of the EGs’ suitability of evidence, reasoning and rebuttal
was still scored 1, post- intervention, there were also components at levels 2 and 3 -
something that, for CG holds true only in two cases of score 2 (Table 6).

Table 5 Comparison of students” performance pre- and post- intervention.

Claim Evidence Reasoning Rebuttal
Task Mnea Mean Mean Mean
z Rank z Rank z Rank z
Rank

Pre- 175 15.5 0 15

1 -4.116* -4.498* -1.414 -3.588*
Post- 17.5 18.32 1.5 16.85
Pre- 13 16 0 7

2 -1.8 -3.642* - -2.209
Post- 13 18.5 0 9
Pre- 18 10.5 0 7.5

3 -4.902* -3.578* - -3.3%*
Post- 18 10.5 1 8.04
Pre- 16 13 0 95

4 -3.053* -4.421* -1.414 -3.3%*
Post- 16 14.62 1.5 95
Pre- 18 12 0 5

5 -5.578* -4.604* - -2.496%**
Post- 18 14.08 1 5.56
Pre- 20 11 0 55

6 -4.644* -4.327* -1 -1.081
Post- 20 12.57 1 3.1
Pre- 205 10 0 5

7 -3.479* -3.9% -1414 -1
Post- 20.5 10 1.5 5

Note: *p<0.001, **p<0.01, ***p<0.05

Table 7 can better highlight the significant differences between EG and CG in the
suitability of the components’ content using the Mann-Whitney U-test. Although EG
students seem to have performed better than CG students, some difficulties are also present
in this group. The construction of ‘reasoning’ appears to be the most difficult component for
EG in tasks 5, 6, 7, whereas ‘reasoning’ in task 6 and ‘rebuttal’ in task 7 seem to be the most
difficult components regarding their suitability of content. Some researchers have
highlighted that these two components are the most difficult for the students, being usually
absent from their arguments (Faize & Dahar, 2017; McNeill & Krajcik, 2007), as students
tend to focus on their own position without considering it necessary to support it or to
defend it against others” views (Felton & Kuhn, 2001). On the other hand, apart from ‘claim’,
which is generally considered the most improvable component (Krajcik & McNeill, 2008),
‘evidence’ also appears to be an improvable component for EG students, both structurally
(in all the tasks) and as to the suitability of its content (in tasks 1 and 2). As for the
evaluation of the EG students’ performance across the tasks, it can be inferred that two tasks,
namely task 6 and 7, were more difficult for them, especially the components of ‘reasoning’
and ‘rebuttal’. This advocates again the view, that the task itself can somehow influence
students’ argumentation (Deng & Wang, 2017).
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Table 6 Frequencies (and percentages) of scores concerning students” argumentation skills

of EG and CG, post- intervention ("M’ indicates ‘missing values’).

~ sé’ Claim Evidence Reasoning Rebuttal
= 8 cG EG CG EG CG EG cG EG
0 10(26.3) 2(5.1) 22(57.9) 7(17.9) 1(26) 21(55.3) 7(17.9)
1 28(73.7) 37(949) 14(36.8) 23 (59) 4(10.5) 15(38.5) 14(36.8) 25(64.1)
1 2 3(77) 1(26) 7(17.92) 5 (12.8)
3 2(5.1) 1(2.6)
M 2(5.3) 4(10.3) 33(86.8) 15(385) 3(7.9) 2(5.1)
0 7 (18.4) 5(12.8) 20(52.6) 12(30.8) 23 (60.5) 19 (48.7)
1 31(81.6) 34(87.2) 16(421) 20(51.3) 2(53) 13(33.3) 4(10.5) 10 (25.6)
2 2 4 (10.3) 3(7.7) 4 (10.3)
3 1(2.6)
M 2(5.3) 2(5.1) 36 (947) 23(59) 11(289) 6(154)
0 25(65.8) 18(46.2) 34(89.5) 18 (46.2) 2(5.3) 1(26) 26(68.4) 20 (51.3)
1 13(342) 21(53.8) 2(5.3) 18 (46.2) 14 (35.9)  3(7.9) 12 (30.8)
3 2 3(7.7) 1(2.6)
3
M 2(5.3) 3(7.7) 36 (947) 21(53.8) 9(23.7) 6(154)
0 8 (21.1) 9(23.1) 21(55.3) 11(28.2) 25(65.8) 14 (35.9)
1 30(789) 30(76.9) 14(36.8) 24(615) 5(13.2) 13(33.3) 3(7.9) 15 (38.5)
4 2 3(7.7) 1(2.6) 2(51) 2(5.1)
3 1(2.6)
M 3(7.9) 32(842) 24(61.5) 10(26.3) 8(20.5)
0 16(421) 14(359) 25(65.8) 19(48,7) 1(2.6) 24 (63.2) 18 (46.2)
1 22(579) 25(641) 11(28.9) 13(33.3) 1(2.6) 6 (15.4) 2(5.3) 10 (25.6)
5 2 5 (12.8) 4 (10.3) 1(2.6)
3
M 2(5.3) 2(5.1) 36 (947) 29 (744) 12(31.6) 10 (25.6)
0 15(39.5) 5(12.8) 24 (63.2) 15(38.5) 22 (57.9) 16 (41)
1 23(60.5) 33(84.6) 10(26.3) 18 (46.2) 1(2.6) 2(5.1) 8 (20.5)
6 2 3(7.7) 2(5.1) 1(2.6)
3 1(2.6)
M 1(2.6) 4 (10.5) 3(7.7) 37(974) 34(87.2) 16(42.1) 14(35.9)
0 15(39.5) 16 (41) 23 (60.5) 19 (48.7) 23 (60.5) 19 (48.7)
1 22(57.9) 23 (59) 7(18.4)  15(38.5) 3(7.9) 8 (20.5) 2(5.3) 6 (15.4)
7 2 1(2.6) 1(2.6)
3
M 1(2.6) 8(21.1) 5(12.8) 35(921) 30(76.9) 13(342) 13(33.3)

A clearer view of the effect of teaching the particle theory on the improvement of the
suitability of content can be seen in the of their responses during the interview process.
Table 8 presents an overview of students’ scoring in the interviews. The scoring scale is the
same as that used in the written tests. Additionally, in the same Table, there are data
regarding the students’ drawings, designed in order to clarify and/or to complement what
was verbally mentioned as ‘reasoning’. To assess students’ drawings, the scoring scale
described in ‘Methodology’ was used. Some examples of such student drawings are
presented in Appendix 2.
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Table 7 Comparison of students’ performance between the two groups EG and CG, post-
intervention.

Claim Evidence Reasoning Rebuttal
Task Mean . Mean . Mean 7 Mean 7
Rank Rank Rank Rank

CG 34.87 27.83 13.7 27.9

1 -2.546%** -3.803* -0.449 -3.835*
EG 43.03 44 4 15.27 44 .64
CG 3791 31.61 8 25.65

2 -0.673 -2.399%** -0.652 -2.425%%*
EG 40.06 4224 9.69 34.47
CG 35.17 28.5 2 26.66

3 -1.723 -4.181* -2.653** -2.608**
EG 4275 445 11.44 35.76
CG 39.39 30.5 11.25 23.05

4 -0.213 -2.996** -0.192 -3.573*
EG 38.62 43.78 10.9 36.27
CcG 37.79 32.89 3 23.58

5 -0.555 -1.892 -1.715 -2.627**
EG 40.18 41 7.2 31.97
CG 335 29.85 2 19.5

6 -2.588%** -2.583%** -0.949 -3.089**
EG 43.5 40.83 3.8 27.96
CG 38.59 28.97 6 23.5

7 -0.043 -1.733 -0.577 -1.78
EG 3841 35.62 6.67 28.4

Note: *p<0.001, **p<0.01, ***p<0.05

As Table 8 shows, more EG students articulated arguments with suitability content
scoring level 2 compared to CG, whereas only EG students achieved score 3. Although there
were also CG students who used particle ideas in their argument, it is apparent that the
achievement of scores 2 and 3 by EG students is generally in line with a wider use of the
particle theory, which was also present in their reasoning-related drawings. This use of
particle ideas can be seen almost exclusively in ‘evidence’ and ‘reasoning’, whereas in
‘rebuttals’ it is present only in few cases. Some examples of students’ ‘evidence’ and
‘reasoning’ using particle ideas can be seen in Appendix 3. It should be noted that using
particle ideas, even by the CG students to a certain degree, is not something usual and could
be considered a consequence of the corresponding teaching intervention. As Costu and Ayas
(2005) suggest, students do not often use particle ideas to explain phenomena like
evaporation, whereas, although they are able to construct ‘reasoning’, they do not often use
scientific principles (McNeill et al., 2006). As for differences found among the tasks, they are
also present in interviews, being generally in line with those recorded during the written
tests.

When contrasting students” performance in the interviews and the written tests, it is
quite obvious that scientific knowledge is more often obvious in the content of the
arguments constructed during the interviews, especially in ‘evidence’” and ‘reasoning’. This
is possibly due to the general context of an interview, which can be seen as a kind of a
‘social’ context, where students have the chance to argue more explicitly about their own
position during a discussion with another person. As Heng et al. (2015) suggested, students
involved in group argumentations can construct arguments of better quality, with more
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scientific elements at the macro- and submicro- levels. As for the ‘rebuttal’, although there is
a slightly better performance in interviews, it seems that generally it is a quite problematic
component, where both EG and CG students have difficulties in articulating the possibility
and suitability of content. It might be possible that when students use school scientific
knowledge in their ‘evidence” and ‘reasoning’, they feel confident about their arguments and
do not consider it necessary to rebut an opposite claim.

Table 8 Students’” performance in the interviews: Frequencies of EG and CG students ("M’
denotes “Missing values’).

—_

Reasoning

Task

sé‘ Claim Evidence Verbal Drawing Rebuttal
©n EG CG EG CG EG CG EG CG EG CG
0 1 1 1 2 7 4
1 12 11 3/1*/2**  5/2%*  1/1%/1* 2/2* 2* 3 6
2 1/2%/3**  1/2** 5%/3**  1/2%/2** 5% 7* 2 1
3 1* 6*

M 1 1 1 1 1
0 1 1 1 2 1
1 11 12 1/1** 4/1% 1/1** 2%/ 3** 2* 4 6
2 1/2*/ 7** 1/5** 2*/4** 1*/4** 5* 7* 3
3 2*/ 1** 6*

M 1 2 1 2 3 5
0 2 3 1 2 2 4
1 12 10 2/1*/3* 3/1* 2/1%/2%* 1 2* 5 3
2 1/2*/3** 1/2*/ 2** 1*/ 6** 2*/ *% 5* 7* 3 2
3 1 6*

M 3 1 1 2 3
0 1 1 1 3 1 4
1 12 12 1*/2* 5 3* /1% 3* /1% 2* 3 1
2 1/1*/5**  1/2%/3**  3*/4* 3%/ 3** 4* 6* 1 1
3 2** 1** 6* 1*

M 1 1 1 6 6
0 1 1 1 3 1 2
1 12 11 1** 1 1** 2% 2% 1 1
2 7** 1/ 1*/ 7** 10** 1*/ 7** 3* 6* 2/ 2** 3
3 4** 6*

M 1 1 3 1 1 6 6
0 1 1 4 5 5 5 4 6 2 3
1 11 1 1/2%  1/1%/1* 2%* 1/2%* 1* 2% 1
2 1*/4** 1/2** 1** 2** 4* 3* 1/2** 1**
3 1** 2*

M 3 2 1 1 7 7
0 1 1 1 4 4 3 6 6 3
1 11 1 6 4/1* 1/1* 2/2% /1% 1* 1 1
2 2** 1/1** 1/1** 2* 4*

3 1* 3*
M 2 1 4 4 1 1 11 8

Note: The slashes (/) are used to separate the number of students’ responses without any use of
particle theory (without any asterisk) from those responses spontaneously using particle theory (two
asterisks **) and those using particle theory after prompting (one asterisk *).
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Conclusions and implications for science education

The findings of this study suggest that the improvement of students” argumentation
skills regarding the evaporation process and the factors affecting evaporation is feasible
through the implementation of a relevant teaching intervention. This improvement concerns
mainly claim and evidence, which seem to be the most improvable components (whether
using or not using particle theory), whereas reasoning and rebuttal appear to be the most
difficult to improve. However, when using particle theory, it can be argued that
considerable progress was made, even in the case of the reasoning component, whereas
further improvement was recorded in relation to the claim and evidence components.

As a result, some conclusions can be drawn concerning the relationship between
argumentation skills and both prior knowledge and conceptual understanding. As teaching
interventions enriched students’ prior knowledge on evaporation, they could also produce
arguments of better quality, advocating the view that any enhancement of students” prior
knowledge affects their argumentation skills (Cetin, 2014; Ogan-Bekiroglu & Eskin, 2012).
However, the EG students” performance in argumentation was better, where the teaching of
particle theory appears to have contributed to a deeper conceptual understanding of the
evaporation concept (Kirbulut & Beeth, 2013). This rather implies that a conceptual
understanding of a topic can lead to better argumentation skills concerning this topic.

On the other hand, students’ performance was not satisfying in two tasks, even after
the teaching of particle theory. The students’ difficulty in arguing about the factors of
‘breezes’ and the ‘nature of the liquid” may be related to their (alternative) ideas and the lack
of a deeper understanding of these factors during the interventions. As reported in the study
of Costu et al. (2010), both of these factors are part of the students’ alternative conceptions’
about evaporation and thus, these ideas are highly robust and extremely resistant to change
even after instruction (Canpolat, 2006; Subramaniam & Harrell, 2013). In particular, the first
cases of alternative conceptions (concerning breezes) could possibly be attributed to
students’ everyday experiences, where breezes are related to making something cold. Thus,
when students try to explain the impact of the breeze on the evaporation of a liquid, they
transfer this experience to the microscopic level, believing that in the same way breezes cool
down liquids, so evaporation decreases (Costu & Ayas, 2005). In the same study (Costu &
Ayas, 2005) the second case of alternative conceptions (concerning nature of the liquid) is
attributed to the almost exclusive use of water by teachers and textbooks in teaching about
evaporation.

Evaluating all the above, some practical implications emerge concerning the method
of presenting and analyzing the topics in the school curriculum, as well as the methodology
of teaching these concepts in the classroom. As for the former, the better results of the EG
seems to suggest that particle theory and the interpretation of phenomena at the microscopic
level (along with an analysis at the macroscopic one) can lead to a deeper understanding,
which is connected to better argumentation skills. Many studies stress the importance of
such multiple representations for students” deeper understanding regarding many concepts
of science (Ainsworth, 1999; Kirbulut & Beeth, 2013), including the evaporation concept
(Tytler et al., 2007). In such representations, using particle theory appears to have a critical
role, especially in the case of evaporation (Johnson, 1998; Johnson and Papageorgiou, 2010),
since it is about a change of state, where the distribution of energy across the particles of the
liquid state plays a significant role, whereas the particles of the air components are also
involved. Besides, as Prain et al. (2009) explain, without particulate ideas the notion of
change from a liquid to a gas cannot be successfully imagined.

As for the teaching methodology, the integration of some technological tools could
help students to understand better the relevant concepts. For instance the study of
Papageorgiou et al. (2008) found that using a software package which included a particle
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simulation of evaporation helped students understand particulate explanations of this
phenomenon. In addition, a collaborative effort, providing students with the opportunity to
work in groups, might also enhance students’ understanding of scientific concepts
(Kulatunga et al., 2013; Osborne, 2010), since they can help each other change alternative
ideas in order to reach a consensus (Berland & Lee, 2012). Moreover, collaborative learning
contexts, where students can substantively interact with peers and actively participate in
discussion activities, could further support the improvement of their arguments’ quality
(Chen et al., 2016; Gonzalez-Howard & McNeill, 2019; McNeill & Berland, 2017).

However, it should be taken into account that the students of the sample were not
used to argumentation engagements at the time of the study. As a number of researchers
suggest (Ogan-Bekiroglu & Eskin, 2012; Venville & Dawson, 2010; Zohar & Nemet, 2002),
‘cultivation of argumentation” in the classroom could lead to an even better improvement of
the argumentation components, especially those that seem to have been already improved
(claim, evidence and reasoning). Thus, an effort to develop argumentation in the classroom
could be a good idea. This could be implemented through the explicit teaching of
argumentation, which includes practices such as focusing on an argument’s structure,
developing criteria to distinguish between good and bad arguments and, creating many
opportunities for students to practice their argumentation skills (Zohar & Nemet, 2002). The
improvement of students” argumentation skills on the basis of such practices has also been
highlighted by a number of researchers (e.g. Chen et al. 2016, Mastrogiorgaki & Skoumios,
2018; McNeill & Krajcik, 2008; Skoumios & Balia, 2020). However, any change in students’
practice of argumentation presupposes a change in the culture of the classroom by designing
an environment in which argumentation skills are embedded in the learning tasks (Jiménez-
Aleixandre, 2007; Ryu & Sandoval, 2012; Sandoval et al., 2019).

As Cross et al. (2008) stated, engagement in argumentation can be more safely
developed in a context of understanding prerequisite concepts and, at the same time, when
students argue in groups, they have the chance to discover other students” ideas, increasing
their knowledge and correcting their alternative ideas. Taking these together, the suggestion
seems to be that any effort to improve students” argumentation skills regarding evaporation
contributes to a deeper understanding of this topic and vice versa, the enhancement of a
conceptual understanding of evaporation, especially when using the particle theory, leads to
the development of relevant argumentation skills.
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Appendix 1 Some examples of scoring students” answers per argument
component.

Component Example of student answer Score

Claim I agree with Vasilis who believes that the water disappeared and 0
doesn’t exist anymore.

I agree with Aris who believes that the water dispersed into the air 1
and exists there (in the air).

Evidence The water and the alcohol are the same and they will evaporate at 0
the same time.

The water has dried; it has gone into the air. 1

The second container has a larger surface, so more air particles can
go proceed and collide with liquid particles.

Both substances are liquids, so they will evaporate, but the one with 3
the larger surface will evaporate faster, because it has more particles
on its surface.

Reasoning ~ When there is a breeze the liquid cannot evaporate, because its 0
temperature decreases.
Air particles help water particles evaporate. 1
Evaporation takes place only from the surface of the liquid and the 2

larger it (the surface) is, the more particles it has and the faster the
liquid evaporates.

The air particles collide with the perfume particles, and they go into 3
a gaseous state. They (air particles) give energy to liquid particles

and so they defeat the attraction from the other liquid particles and

leave the liquate state.

Rebuttal I don’t agree with this point of view because it is wrong.
I don’t agree because both substances will evaporate. 1

I don’t agree with them because we did an experiment and we saw
that both substances (water and alcohol) evaporate, but the alcohol
evaporates more quickly, under the same circumstances.

I don't agree with them because: All liquids evaporate. The only 3
difference is the rate at which the evaporation occurs. Also, it is not
possible for the liquid to evaporate faster in the cold class because at

5 °C there is little energy in the particles, thus little holding energy

that is more difficult to overcome.
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Appendix 2 Examples of EG and CG students” drawings (where there is use of
particle ideas).

Task EG CcG
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Plate with water Plate with alcohol Plate with water Plate with alcohol

Appendix 3 Examples of EG and CG students’ ‘evidence’ and ‘reasoning’ using
particle ideas in interviews.

Task Component Group Example Score

The perfume is a liquid and it evaporates. Its
2 evidence EG  particles leave the bottle and disperse into the air 2
we breathe and thus we smell it.
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Task Component

Group

Example

Score

CG

The perfume particles evaporate, they go from the
liquid to the gaseous state and so they reach our nose.

2

2

reasoning

EG

The air particles collide with the particles in the
liquid state. So, the particles in the liquid state take
energy, defeat the forces of attraction and leave,
pass from the liquid to the gaseous state, or some
perfume particles remain alone, because they have
increased energy due to movements of the
particles in the liquid state. Everything that is in the
gaseous state can come into our nose when we
breathe and so we can smell it.

CG

The particles of the liquid state that are at the
surface evaporate and go into the air. Then, these
particles move freely in the air and can come into
our nose.

evidence

EG

There is the same amount of water in both plates,
but the temperature is different. Water that is at 30
°C will evaporate faster because its particles have
more energy.

CG

Here (at 30 °C), the water particles will receive
more heat and they will evaporate faster.

reasoning

EG

When the temperature is high, the particles in the
liquid state overcome the holding energy more
easily and they can go to a gaseous state faster.

CG

The higher the temperature is, the more heat the
water particles receive, and they evaporate faster.

evidence

EG

The two plates contain the same liquid substance
(water) but the water in the plate with a larger
surface will evaporate faster, because it has more
particles on its surface.

CG

The second plate has larger surface, so more
particles can evaporate.

reasoning

EG

All liquids evaporate. [...] Evaporation takes place
only from the surface of the liquid. The larger the
surface is, the more particles it has and so, the
faster the liquid evaporates.

CG

Only the particles that are on the surface of a liquid
evaporate. If the surface is large, it has more
particles that can evaporate.
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