The final publication is available at link.springer.com

(https://link.springer.com/article/10.1007/s11165-020-09985-7)

An Assessment Using Rubrics and the Rasch
Model of 14/15-Year-Old Students’
Difficulties in Arguing About Bottled Water

Consumption

Francisco Rodriguez-Mora; Daniel Cebrian-Robles & Angel

Blanco-Lopez

Francisco Rodriguez-Mora franrodriguez@uma.es

Daniel Cebrian-Robles dcebrian@uma.es

Angel Blanco-Loépez ablancol@uma.es

Facultad de Ciencias de la Educacion, Didactica de las Ciencias Experimentales,

Universidad de Malaga, Campus de Teatinos s/n. 29071, Malaga, Spain


https://link.springer.com/article/10.1007/s11165-020-09985-z

An assessment using rubrics and the Rasch model of 14/15-year-old

students' difficulties in arguing about bottled water consumption

Abstract: The development of students' argumentation competence is one of the major
aims of science education and everyday problems, such as decisions on the
consumption of tap water or bottled water, may be suitable contexts to encourage
it. Citizens consider of interest certain controversies associated with the bottled
water consumption as an alternative to tap water, which has a significant effect on
several aspects of their daily lives. Deciding whether or not to drink bottled water
can be used as an interesting context for science teaching activities. To make
appropriate decisions on this issue, students must know how to argue with
scientific rigor. This paper presents an assessment of the degree of performance
of 14/15-year-old students in scientific argumentation within this context. A
specific rubric has been designed for each of the assessment activities used, and
the Rasch model has been applied to analyse the degree of difficulty that each of
the essential elements of an argument (evidence, justification, and conclusion)
has for the students. Thus, evidence is generally shown to be the most difficult
element of the argument for students followed by justifications and finally
conclusions. The analysis procedure used can help to establish a sequence of
argumentation activities within a particular context. Finally, the results obtained
can be used in teaching to prepare the appropriate assistance according to the

argumentation activity at hand.
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Introduction

As the literature has shown, helping students develop their argumentation competence is
a complex issue (Bravo-Torija & Jiménez-Aleixandre, 2018; Osborne et al., 2016). It is
complicated for different reasons, among them, the difficulty of the specific activities
that are posed to students, many of which are due to the scientific knowledge involved
(Berland & McNeill, 2010), the nature and number of evidences needed to argue

(Bravo-Torija & Jiménez-Aleixandre, 2018) and finally, the context of the argument



itself (Simonneaux, 2008). Three fundamental aspects should be considered when
assessing argumentative performance: the instructional framework, the argumentative
product and the argumentation process (Berland & McNeill, 2010), which are assessed
and considered in progressive learning proposals in different ways by different authors.
Other authors analyse in the argumentative products the use of evidence for decision
making in different contexts (Bravo-Torija & Jiménez-Aleixandre, 2018).The
importance of connecting science through carefully selected concepts and principles for
students to see their application in their daily lives is widely recognised nowadays (King
& Ritchie, 2012). It is important to improve the capacity to detect the bias that can
occur in certain arguments and, therefore, to avoid being too partisan to achieve a
balanced perspective in the argument (Walton, 1989). Today, citizens are educated to
make critical readings of the media and scientific news appearing in the everyday
context (Oliveras, Marquez, & Sanmarti, 2013), such as those related to the controversy
between the consumption of tap water or bottled water, for instance (Doria, 2006).
Rodriguez-Mora (2016) substantiates the importance of citizens’ decision on whether or
not to drink bottled water and how its treatment in the teaching of sciences can be used
to help students consider this problem. This demands students to argue for or against its
consumption.

In this sense, this paper presents a procedure to assess the difficulty of specific
argumentation activities on the consumption of bottled water, providing a more
objective performance assessment of Compulsory Secondary Education students which
makes it possible to identify the specific elements of the arguments that are most
difficult for students and to provide appropriate teaching aids when necessary (Erduran,
2007). This procedure combines specific assessment rubrics (Cebrian-Robles,

Franco-Mariscal, & Blanco-Lopez, 2018) and the Rasch model (Masters, 1982) that has



already been successfully tested in other science teaching works (Hsieh, Lin, Liu &

Tsai, 2019)

The following research questions are posed:

A. Which elements (evidence, justification and conclusion) are the most difficult
for students in argumentation activities about the consumption of bottled water?

B. To what extent does the explicit inclusion of evidence in the description of an
activity influence the difficulty of argumentation?

C. To what extent does the scientific knowledge involved in an activity influence

the difficulty of argumentation?

Literature review

Scientific argumentation

There are different ways of understanding and defining scientific argumentation.
Osborne et al. (2016) consider that the argumentation “is not simply an aptitude that can
be assessed, but rather, a competency which draws on a mix of content knowledge,
procedural knowledge, and epistemic knowledge (OECD, 2012). The construction of an
argument requires the ability to remember appropriate information and to construct a
justified relationship between this and the claim.” (p. 3). Jiménez-Aleixandre &
Puig-Mauriz (2010) consider that for there to be argumentation there has to be
knowledge subject to assessment, in our case scientific knowledge, and evidence to
confirm or refute it. The review of the literature on argumentation by Pinochet (2015)
reflects the importance of learning argumentation skills, since it improves science
education processes and their culture. Besides, this review also reveals difficulties and

challenges for teaching scientific argumentation. One of the primary difficulties and



challenges seen in scientific argumentation is the lack of the scientific knowledge
necessary to argue based on evidence (Henderson, McNeill, Gonzalez-Howard, Close,
& Evans, 2018; Grooms, Sampson & Enderle, 2018). On the one hand, the absence or
lack of scientific backing to understand the depth of a problem may drive students to
justify themselves based on guesswork and, failing to incorporate multiple justifications
or explanations can result in their omission of the implied backing (Bell & Linn, 2000).
This situation can further lead to the creation of fallacies due to false beliefs rooted in
the student body, such as problems with the validity of claims; naive conceptions about
the argumentative structure; the effects of beliefs over claims based on evidence;
inadequate sampling of evidence; and alteration of the argument and evidence leading to
biased results (Zeidler, 1997). The importance of beliefs in argumentation has been
highlighted (Zeidler, 1997; Godden, 2010). So, Bravo-Torija & Jiménez-Aleixandre
(2018) said that “Evagorou, Jiménez-Aleixandre and Osborne (2012) examined
students’ difficulty in identifying counterevidence to their existing beliefs, even in cases
when their choices contradicted the available evidence” (p. 623). Furthermore, the use
of evidence in arguments presents many difficulties for students. Bravo-Torija &
Jiménez-Aleixandre (2018) analysed these difficulties, among which are: the
interpretation of data and the establishment of connections between the different
datasets; the inclusion of the evidence within justifications; and the demonstration of an
appropriate level of understanding to interpret the evidence and thus assess different
options from the point of view of the strengths and weaknesses of each one. Students
also tend to make explanations without evidence or use single pieces of evidence in the
argument rather than a set of them (Evagorou & Avraamidou, 2008). Teachers are,
therefore, required to strive to design learning activities that encourage the use of

evidence in arguments within training programmes (Bravo-Torja &



Jiménez-Aleixandre, 2018). Henderson et al. (2018) addressed these difficulties by
proposing a series of challenges in their work, including: establishing and fostering an
argumentative culture in class; assessing arguments in a valid and reliable manner;
encouraging and supporting the collaborative and social discourse of students; raising
awareness about the professional development of teachers in argumentation; and
ascertaining whether the failure to argue is due to lack of knowledge or whether,

epistemologically, they do not know how to argue.

Another important aspect is the contexts in which argumentation can be considered,
which can be theoretical, empirical, decision making, confirmation of predictions or
critical evaluation of statements. In this sense, teaching activities and strategies should
be designed and proposed in appropriate contexts that enable students to understand and
use scientific discourse and models. They should also be able to handle science-related
situations from a critical perspective that allows them to provide a solution and establish
a debate on authentic problems (Jiménez-Aleixandre et al., 2000), that is, interesting
and significant problems for students. The so-called socio-scientific issues stand out

among these issues (Sadler & Zeidler, 2005).

The Toulmin model (1958) has long been used as a theoretical framework to analyse the
argumentation product in science class (Jiménez-Aleixandre & Diaz-de-Bustamante,
2003), as it offers a valuable approach for analysing the elements of students’ arguments
when attempting to substantiate their conclusions (Pinochet, 2015). However, some
authors have argued that this Toulmin model has limitations, especially for the oral or
dialectical dimension of argumentation (Nielsen, 2012).

This model gathers the generic structure that any argumentative text should have, and

identifies its fundamental components, as well as the order in which they should appear



in discourse. To this end, the scheme proposed by Toulmin (1958) has six fundamental
components to assess the quality of argumentation, each of which has a certain function
in the argumentative discourse as follows: claim, data, warrant, backing, qualifiers, and
rebuttals. These elements are known as the Toulmin’s Argument Pattern (TAP) and
according to Erduran (2007) in addition to a claim, the argument needs: “data that
support that claim; warrants that provide a link between the data and the claim;
backings that strengthen the warrants; and finally, rebuttals which point to the
circumstances under which the claim would not hold true” (p. 57). The TAP has been
used by Capkinoglu, Yilmaz & Leblebicioglu (2019) to evaluate the quality of
argumentations presented by students about to local socio-scientific issues. However,
some works such as those of Osborne et al. (2016) focus on claim, evidence and
warrant, with the understanding that: “Taken as a whole, a competency for scientific
argumentation demands a complex orchestration of construction and critique of claims,
warrants, and evidence in situations that require scientific knowledge to resolve”
(Osborne et al., 2016, p. 6). Cebrian-Robles, Franco-Mariscal & Blanco-Lopez (2018)
have named these three elements of the Toulmin’s model as ‘justification’ (instead of
warrant in Toulmin’s model), ‘evidence” (instead of data) and ‘conclusion’ (instead of

claim).

The use of the TAP model has allowed different authors, such as Capkinoglu, Yilmaz &
Leblebicioglu (2019), or Erduran (2007) among others, to analyze the quality of the
arguments of different groups of students. This establishes five levels in which the
elements of the Toulmin (1958) model are combined. However, other works deal more
analytically with the assessment of the arguments by differentiating the components of
such a scheme (Belland, Glazewski & Richardson, 2011; Osborne et al. 2016)

understanding that the difficulties such elements present for students may be very



different. For example, Bravo-Torija & Jiménez-Aleixandre (2018) have found that
students' difficulty in using evidence in their arguments has been attributed to a lack of

scientific knowledge (Berland & McNeill, 2010).

Use of rubrics to assess the arguments

Rubrics are well-established assessment instruments in the educational literature for
grading the level of achievement (Stevens & Levi, 2005) and also for researching new
learning progression of argumentation competence (Osborne et al., 2016). In the
assessment contexts, its use allows students to clarify what is important and helps them
to know the strengths and weaknesses of their arguments (Lu & Zhang, 2013). Other
authors such as Jonsson & Svingby (2007) point out that the rubrics have benefits for
the assessment: “increased consistency of scoring, the possibility to facilitate valid
judgment of complex competencies, and promotion of learning” (p. 131). Therefore,
this can be very useful to assess the students' ability to argue (Osborne et al. 2016) in a
more analytical way, taking into account each of the components of the arguments.

In secondary education, rubrics have been used to assess arguments, as in the work of
Belland, Glazewski & Richardson (2011) in which numerical scores for the claim,
evidence, and connection of claim to evidence quality were assigned, or in the work of
Deng & Wang (2017) in which, in addition to these elements, the rebuttal was also

evaluated.

The Rasch model in Science Education

The Rasch model (1960) is a quantitative analysis based on the item response theory
models which is part of a group of mathematical test validation models. It is considered
that this model allows a good adjustment of the data and the joint measurement of

people and items in the same dimension or construct. The Rasch model according to



Osborne et al. (2016): “provide convenient and rich ways to model both person
proficiency and item difficulty on the same scale” (p. 10) and has been used by these
authors to propose Learning Progression for Argumentation in Science based on the

elements of an argument among other aspects.

The Rasch model has been used in conjunction with the rubrics in the area of
argumentation as a piece of validity evidence for learning progression-based assessment
items (Gotwals & Songer, 2013). Lee et al. (2014) use them for the assessment of
progressive learning of scientific argumentation, but focused on uncertainty-infused
scientific argumentation and, at the same time, He et al. (2020) use them to improve the

quality of questionnaire items with argumentation questions for high school students.

Instructional context

This research was carried out in the context of a teaching proposal entitled “Is it
necessary to drink bottled water?”, aimed at 25 students of 9™ grade (14-15 years old)
studying Physics and Chemistry. The sequence required 13 one-hour sessions for

implementation in the classroom.

This proposal seeks to bring specific controversies associated with the consumption of
bottled drinking water as an alternative to public mains water (tap water) (Ferrier, 2001;
Gleick & Cooley, 2009) to the sphere of science education. And for that, it combines the
processing of knowledge of chemistry with decision making (Siribunnam,
Nuangchalerm, & Jansawang, 2014). To this end, students were asked two key
questions that constitute the backbone of the classroom activities: Do we have to
consume bottled water? and Is bottled water better than tap water? These two key
questions were broken down into other more specific ones with the aim of organising

the development of the sequence of activities in the classroom (see Table 1).
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[INSERT HERE TABLE 1]

The teaching proposal aimed to develop students' scientific competences following the
scheme proposed by PISA (OECD, 2006): identification of issues, elaboration of
explanations, and use of scientific evidence. In particular, according to OECD (2006)
“using scientific evidence includes accessing scientific information and producing
arguments and conclusions based on scientific evidence” (p. 30). In the teaching
proposal the argumentation was focused on the three aspects under consideration: the
recognition of drinking water as an example of dissolution, the differences in chemical
composition between tap and bottled water, and the reasons for deciding which water is
the best. From the Toulmin model mentioned above, these argumentation activities
required the student to identify evidence, develop justifications and draw conclusions.
Once the teaching proposal was finished, the students completed an assessment
questionnaire that included the three argumentation activities from which the data used

in this research have been taken.

Methods

Data collection instruments and analysis tools

Once the teaching proposal was completed, three argumentation activities were used for
data collection in this research. And for each of them, a rubric as instruments to analyse
the degree of student performance was designed. These rubrics, specific to each of the
assessment activities, are the result of adapting a basic argumentation rubric to the
characteristics of each activity being evaluated (Cebridn-Robles, Franco-Mariscal, &

Blanco-Lopez, 2018).
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Activity 1. Is bottled water pure?

This activity is related to the characterisation of bottled water as a solution. The belief
in the “purity” of bottled drinking water —as opposed to tap water— is one the water’s
main identifying marks for consumers, and one of the main reasons for their
consumption (Ferrier, 2001). The presence of the phrase Pure Water, truly pure in a
bottled water label and the difference in meanings of this term in colloquial or scientific
language, are used in this activity. Students are expected to interpret the data provided
by the chemical analysis seen on the label to justify this phrase from a chemical point of
view. Its development, therefore, requires basic chemical knowledge of homogeneous

mixtures of substances (solutions) and the chemical concept of pure substance (Figure

).

[INSERT HERE FIGURE 1]

The specific rubric to assess the quality of the arguments given by the students is shown

in Figure 2.

[INSERT HERE FIGURE 2]

An appropriate response to this question, in order to achieve a maximum level in all
sections of the rubric of this assessment activity would be something in the lines of:
“The bottled water on the label is not chemically pure, because it contains several
dissolved substances. It contains gas, calcium and sodium that make this bottled water a
homogeneous mixture.” This answer includes two pieces of evidence provided by the
label “Sparkling water” and “Contains calcium and sodium”; a justification “Not
chemically pure because it contains several dissolved substances. Bottled water is a

homogeneous mixture” and a conclusion “This bottled water is not chemically pure”.

The letter "S", followed by a number corresponding to the alphabetical order, is used to

11



identify the students, while the assessment of their answers is indicated by a code
corresponding to the levels of the rubric, which are represented by a number followed
by a letter (E -evidence-, J -justification- or C —conclusion-), for each of the elements of
the argument. Thus, an argument assessed as 4ES5J5C means the highest level of

achievement.

Activity 2. Does bottled water have lime?

This activity is related to the differences in chemical composition between tap water and
bottled water. It refers to one of the most widespread beliefs among students: bottled
water does not contain “lime” (it is not hard); so, the presence of lime in tap water
appears as one of the most important reasons to justify the consumption of bottled
drinking water instead of tap water, according to different preliminary studies developed

in this research (Rodriguez-Mora & Blanco-Lopez, 2012).

The hardness of tap water —a term related to the concentration of calcium and
magnesium ions in chemistry— is one of the most common basic parameters used to
determine the quality of drinking water, as it largely determines its taste, among other
features. Although the consumption of hard water does not generally pose a problem for
people’s health (WHO, 2011), it is usually perceived as a negative aspect linked to low
quality and potential health risks and, therefore, viewed as a determining factor in the

choice of bottled water as an alternative to public tap water (Doria, 2010).

The use of hard water in daily life generates whitish incrustations commonly known as
“lime”. Therefore, the lime found in water is a well-known term, frequently used in
student’s daily lives to refer to the hardness of water, which is why the colloquial term

was used in the teaching proposal and during the activities.
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The activity was presented in the following manner: “Argue the veracity or falsity of the
following statement: ‘Bottled water has no lime. Only tap water has lime.” State as
many reasons as you can to complete your answer.” Students were expected to evaluate
the statement in the light of scientific knowledge and provide adequate evidence as to
the veracity or otherwise of the proposed conclusion. This activity required students to
know the chemical fundamentals of water hardness and its relationship with the
presence of calcium and magnesium ions in a solution, fundamentally. The rubric shown

in Figure 3 was proposed to assess students’ responses:

[INSERT HERE FIGURE 3]

The answer considered adequate of this assessment activity (Figure 3) would be in the
lines of “Bottled water also has lime, as it contains calcium and magnesium in its
composition. These salts are primarily responsible for the hardness of water, which we
colloquially refer to as “lime” in water. Students are expected to provide proof that
“Bottled water has calcium and magnesium”; a justification such as “The calcium and
magnesium salts we find in water are primarily responsible for water hardness, which
we colloquially refer to as 'lime' in water” and the conclusion similar to “It is false,

bottled water also contains lime”.

Activity 3. Is high mountain water the same as tap water?

This activity is related to the characterisation of the reasons on which is the best type of
water: tap or bottled. A person's body water supply is renewed continuously at a rate
that depends on the amount of water ingested, but it can be said that 99% of the body’s
water supply is renewed every 50 days (Péronnet et al., 2012). The bottled water
industry has used this physiological fact of continuous renewal of water in our body as

the cornerstone of some advertising campaigns, and certain brands have used “this
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perpetual renewing flow of water in our bodies” to invite us to drink bottled water,
water carrying “wonderful” properties thanks to its composition and origin

(Gavidia-Catalan, 2009).

According to the above, a real advertisement from a well-known brand of bottled
drinking water, published in a national newspaper was chosen to present this third
activity to students. The images inform the students of the need to drink water due to a
continuous process of “renewal” of this liquid in our organism: “Up fo 60% of your
body is water that is renewed every 6 weeks. Would you renew yourself with just any
water (...)? Renew the water in your body with L, pure high mountain water”. Students

were asked to answer the following question in a justified way (Figure 4).

[INSERT HERE FIGURE 4]

Based on the idea that we need to drink water for our body to develop its functions
correctly, students were expected to propose different reasons (evidence) that justify or
refute the validity of the advertising message. The assessment rubric used in this

activity is shown in Figure 5.

[INSERT HERE FIGURE 5]

A response considered adequate is “I would renew myself equally by drinking tap water
or high mountain water since both contain the minerals necessary to renew the water
inside me”. Students were expected to provide the following evidence: “High mountain
water contains minerals”, “Tap water contains minerals” and/or “We need water with
minerals to renew the water inside ourselves”; a justification such as “Since both types
of water have minerals and I need these to renew myself, they would be equally valid”

and the conclusion in the lines of "I would renew myself equally by drinking high

14



mountain water or tap water”.

Using these rubrics, the students’ responses were analysed independently by two of the
authors participating in this project. The reliability of the categorisation (allocation of
responses to different levels of the rubrics) was examined by comparing the assessments
of the authors of the work for the same answers. The research team agreed by consensus
on the categorization of responses where there was no agreement (Escobar-Pérez &
Cuervo-Martinez, 2008).

An example of student response and how it was assigned to the different levels of the
rubric is shown below. The following answer was given by student S05 to the activity 1

(Figure 6):

[INSERT HERE FIGURE 6]

This student’s response is considered as inadequate, because it does not provide any
evidence in his argument, so the level assigned is 1E. In addition, his justification is
considered level 2], when he says that “pure water in chemistry is formed only by one
substance”, but there is no link between the evidence and the conclusion. However, he
makes an accurate but not entirely adequate conclusion, which is assigned level 4C,
because it the statement “I think that, in scientific terms, it is not pure” is not entirely

explicit.

Hypotheses on the level of difficulty of these activities

In a previous study (Cebridn-Robles & Rodriguez-Mora, 2018), a hypothesis on the
difficulty of these activities was considered based on the evidence needed to make an
adequate scientific argument and the scientific knowledge involved in each of them.
Taking into account these two aspects, the following hypotheses, related to research

questions 2 and 3 respectively, were raised (Table 2):
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a) the difficulty of the argumentation activity increases if the evidence does not appear
in the description of a given activity (research question 2).
b) the difficulty increases if the necessary scientific knowledge has not been taught to

the students during the teaching proposal (research question 3).

[INSERT HERE TABLE 2]

Since these assessment activities were completed after the implementation of the
teaching proposal described above (Rodriguez-Mora, 2016), the chemical knowledge
required to respond to each of them was considered as an essential variable when
analysing their degree of difficulty. Thus, the activities should have a lower level of
difficulty when the scientific knowledge involved in them had been explicitly taught

during the teaching proposal.

Three levels of difficulty were hypothesised combining both criteria (availability of
evidence and chemical knowledge), so the evaluation activity Is bottled water pure?
would be the simplest (level 1) and the Is high mountain water the same as tap water?

the most complex (level 3), as shown in Table 2.

Statistical processing

Once the students’ answers were categorised according to the levels of achievement of
each rubric, the degree of performance in the argumentation activities and the
complexity differences of these activities. The levels of achievement of each rubric are
analysed independently (O if the student fails and 1 if he/she succeeds at least in this
level of achievement) in the Rasch model and they were calculated using the
one-dimensional Rasch model for answers scored in two or more ordered categories

(Masters, 1982), which allowed analysing the questions on the same scale. This
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one-dimensional model has been selected because Barnes & Wise (1991) have shown
that, in addition to small samples, it remains robust. In this case, the student reliability
must be greater than 0.5 in good agreement with the Rasch model (Boone et al., 2013, p.

230).

In this research, this model allowed converting the individual scores assigned to the
students in the specific assessment rubrics to a logical scale, placing the position of the
difficulty of the activities and the estimation of the individual ability of the students on a
single scale using equal intervals and relative differences between the scores obtained. It
was thus possible to visualise where the activities were placed in terms of difficulty with
respect to the students in a relative and escalated manner (Masters, 1982). The R'
calculation program was needed for this analysis. This program allows, among other
things, presenting the results, through the TAM, eRm and WrightMap libraries, in a
WrightMap graph, designed for simple psychometric studies on categorical data,
according to its order of difficulty, showing the activities ordered by their difficulty on
the right and the normal curve of students’ responses on the left (Wright & Stone,
1979). This permitted assessing the difficulty of such activities for the selected sample

of students.

Results

Student responses (n= 75) were analysed applying the specific rubrics for each activity
(Figures 2, 3 and 5). As can be seen in Table 3, the distribution of achievement levels
attained in Evidence is very similar in activities 1 and 3, while in activity 2 most of the
students were at level 1. Something similar happens concerning Justification, students

reached almost all the levels of achievement simultaneously, except for activity 2, in

" The R Project for Statistical Computing https://www.r-project.org/
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which they did not exceed level 3. Students showed that both tap and bottled water
contain mineral salts, a knowledge that had been addressed in the teaching proposal.
However, the idea of water hardness was not reflected in any of the justifications, so
none reached level 4. The conclusion was one of the elements of the argument that
scored the highest, with a high percentage of responses at the highest levels of

achievement (3, 4 and 5) for the three activities.

[INSERT HERE TABLE 3]

The most frequent applications of the Rasch model use dichotomous values (Osborne et
al., 2016). Thus, the criteria used to convert the rubric scores into dichotomous values
(adequate 1 and not adequate 0) were decided, considering the results shown in Table 3.
Thus, concerning Evidence, appropriate responses have been found to be those that
attain at least a level 3 in the rubrics (Figures 2, 3 and 5), since it is understood that
responses at this level or higher provide relevant evidence even though they are not
sufficient to answer the question posed. The same has been applied for Justification
purposes, considering adequate justification from level 3 upwards. This level implies
that the justification provided links evidence to the conclusion in a relevant manner
even if it does not do so with scientific rigour. For the Conclusion, which turned out to
be the simplest element of the arguments (Table 3), the adequate responses of the
students should be those that reach level 4 at least. This would indicate that the correct

response has been provided with scientific rigour, albeit not in an exhaustive manner.

In this way, the results shown in Table 4 are obtained as the product of the
transformation of the frequencies for each of the levels of the rubrics (Table 3) into

dichotomous values (adequate or not adequate) to be analysed with the Rasch model.

[INSERT HERE TABLE 4]
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These data were used in the Rasch model to construct the WrightMap graph shown in

Figure 7.

[INSERT HERE FIGURE 7]

In Figure 7, the first column represents the curve showing the distribution of the
performance of the students in carrying out the three assessment activities. This
represents the frequency of students in the horizontal axis, being higher its values the
more to the left and the performance in the vertical axis, being more difficult the more
upwards. In the successive columns are represents the results obtained for each of the
three elements of the arguments. The coding used corresponds to two characters X7,
where X represents the assessment activity (Activity 1. Is bottled water pure? Activity
2. Does bottled water have lime? or Activity 3. Is high mountain water the same as tap
water?), while the character Y represents the essential element of an argument (£
-evidence-, J -justification- or C —conclusion-). The reliability of the student responses
for the three activities was 0.543, and since this value is greater than 0.5 (Boone et al.,

2013, p. 230), which makes the data valuable for analysis.

It shows that the evidence is the most challenging element of an argument for the
students, because in general they are located higher than the other elements (figure 7)
and this, according to the Rasch model, represents a greater difficulty for the students.
However, in the specific case of activity 3, the conclusion (3C) presents a greater
difficulty than the evidence (3E). A lower difficulty level shows the justifications since
two of them are in the central part (1J and 3J) and one on a lower level (2J) of Wright's
map. Furthermore, it is clear that most students can give a correct conclusion, except in

the case of activity 3 Is high mountain water the same as tap water?
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Conclusions and teaching implications

With regard to the first research question, the results obtained show that the provision of
evidence is the element of the argument that represents the greatest difficulty for
students. This is in accordance with what is stated in the literature, in general, for all
types of scientific argumentation contexts (Bravo-Torija & Jiménez-Aleixandre; 2018).
The justifications are at an intermediate level of difficulty and the conclusions at the
lowest level, except in the case of activity 3 Is high mountain water the same as tap
water?, which may be due to the complexity of the activity for students of these ages, in

particular maybe to the difficulty of the concept of water renewal in the human body.

With regard to the second research question, we consider that the hypothesis a) (Table
2) is accepted, since the results show the influence of the presence or not of evidence in
the description of the activity on the difficulty of the argumentation task involved in it,
so, this hypothesis anticipates the best performance grades obtained in the Is bottled
water pure? activity compared to Does bottled water have lime? These results reaffirm
those found in the literature regarding students’ difficulty to provide evidence
(Bravo-Torija & Jiménez-Aleixandre; 2018). By including evidence in the description
of the activity, the quality of the arguments can be improved, to make up for the absence
or lack of scientific knowledge that might lead to the formulation of justifications based

on conjectures to give explanations, as Bell and Linn (2000) explain in their work.

The same does not apply to the chemical knowledge (research question 3, hypothesis b),
Table 2). Thus, in the activity Does bottled water have lime?, in which the scientific
knowledge necessary to answer it was taught during the teaching proposal, it has been
found, contrary to expectations, to have lower performance than in the activity Is high

mountain water the same as tap water? in which scientific knowledge had not been
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taught (Table 4), This may be due to the complexity of the Does bottled water have
lime? assessment activity primarily focused on the students’ difficulty to provide
evidence (Table 4). These results, which are different from those obtained by Grooms,
Sampson & Enderle (2018) with students enrolled in a high school chemistry course
(age 15-17) can be explained, as Zeidler (1997) indicated, as one of the typical errors
of student argumentation, in which the effects of students’ beliefs are more convincing
than those that are contrary to their beliefs. This situation leads to weak arguments that
compromise their ability to construct and assess their arguments. The teaching proposal,
although explicitly addressing the concept of water hardness, was unable to help
students overcome their initial —albeit deeply-rooted— beliefs about the presence of lime

in water (Rodriguez-Mora & Blanco-Lopez, 2012).

The analysis methodology used in this research allows testing the initial hypothesis and
sequencing the activities to increase the performance of the students in all of them. The
Rasch model allows working with small samples, so it is suitable for research like the
one presented here. Combining the specific assessment rubrics and the Rasch model can
help establish a sequence of argumentation activities within a particular context,
considering the degree of difficulty for students both from a general point of view and
each of the elements of the arguments according to the simplified Toulmin scheme used

in this research.

The results and conclusions obtained should be considered with caution due to the small
number of students who received the teaching proposal. Likewise, it should be noted
that two aspects (evidence and scientific knowledge) have been explored that influence
students' capacity to argue, while other aspects of the scientific argumentation, such as

their understanding of this scientific practice itself (Grooms, Sampson & Enderle,
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2018), are also important.

In accordance with the objectives of this research, the results obtained can be used in
teaching to prepare the appropriate assistance according to the argumentation activity at
hand. For instance, in the Does bottled water have lime? activity, it seems clear that
students need help in providing evidence since they are not able to do so on their own.
This difficulty for students to provide evidence is not only attributed to the lack of
scientific content (Berland & McNeill, 2010) as stated in some papers, but to the
connections that students have to make between such scientific knowledge and other
factors that appear in the socio-scientific issues of daily life (Wu & Tsai, 2007), among
them, beliefs about such issues, sometimes very far from scientific knowledge.
Therefore, it is necessary to help students to be aware of their beliefs, of their origins

(Zeidler, 1997) and to confront them with scientific knowledge about them.
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Appendix

Table 1. Phases of the teaching sequence on the consumption of bottled water and
questions addressed in each of them

PHASES OF THE
SEQUENCE

QUESTIONS

Phase 1. =  Why is it important to consider the consumption

[dentification of the of bottled drinking water?

problem
= What are the differences between bottled
drinking water and tap water for you?
= What are your reasons for drinking bottled
drinking water?
=  Which of your reasons can be scientifically
proven?
Phase I1.

»  What is bottled water from a chemical point of

Treatment of the problem view?

= What are the differences between tap water and
bottled water?

*  Why do we drink bottled water?

Phase I11. » What are the advantages and disadvantages of
Sy nth?szs afqd drinking tap water and bottled water?
recapitulation
= Do we have to drink bottled water? Is it better
than tap water?
Phase 1V.

»=  What have I learned about the subject?
Reflection on learning and
assessment

Table 2. Hypotheses on the level of difficulty of assessment activities

Evidence that is provided b
P Y Chemical Level

Activity
knowledge Difficulty

The activity The student
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description

Is  bottled water

All None Teached NI - Low
pure?
Does .bottled water None All Teached N2 - Medium
have lime?
Is  high mountain
water the same as None All No teached N3 - High

tap water?

Table 3. Frequency of students that reached a certain level of achievement in the

elements of the argument

Total number of students that achieved the maximum value at different levels of the
rubric

Evidence Justification Conclusion

Activity 1 2 3 4 1 2 3 4 5 1 2 3 4 5

1. Is bottled

water pure?

10 3 11 1 1 11 0 4 9 0 0 2 8 15

2. Does bottled

water  have 22 2 1 0 0 1 24 0 - 0 1 2 11 11
lime?

3. Is high
mountain

water the 8 8 7 2 7 9 6 1 2 0 8 12 3 2

same as tap
water?

Table 4. Frequency of students passing each of the elements of the argument

Elements of the argument

Evidence Justification Conclusion

1. Is bottled water pure? 12 13 23
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2. Does bottled water have lime? 1 24 22

3. Is high mountain water the
same as tap water?

A label on a bottle of a brand of bottled water (front and back). Read it
carefully:

BRAND

pure water, truly pure

Do you think the water in this bottle is “pure water, truly pure” as the label
says? Substantiate your answer based on the information (terms or data)
that appears on the label.

Figure 1. Image of the Is bottled water pure? assessment activity.

O @ 1 Evidence
o 9 e O Provides enough and
Although there is evidence, i It DITVIdES s..fnme . appropriate eviden.ce to
There is no evidence it has nothing to do with evidence that justiies the | defend that the water is not

walter purity reason the water is not pure ' pure from a scientific point of
from a scientific point of view view (which has gas,

calcium and sodium)

O ® 2 justification

o 0 o There is a justification o Provides a justification o Provides a justification
There is a justification, butit | that links the evidence with that links the conclusion that links the conclusion
does not link the evidence  the conclusion/s but it is not | With the evidence. There are  to the evidence. There are
There is no justification | with the conclusions or does | enough to argue that the sufficient correct scientific  sufficient correct scientific
so without chemical water is not pure from a ideas with implicit chemical = ideas with implicit chemical
knowledge scientific point of view and/or knowledge, but the terms knowledge. Terms are used
lacks chemical knowledge | &re not used accurately or | accurately without showing
are done so tentatively any doubt

© @ 3.conclusion

o 9 e Despite it being the right OThe conclusion is correct 9
Reaches an erroneous answer, it has not been The conclusion is correct

. i d well-defended
conclusion by thinking that | well defended scientifically an W,e etende and well-defended
- scientifically but uses . .
the water is chemically pure | and/or it mixes the colloguial scientifically without showing

) ) tentative terms (1 think, in my
meaning of “pure” with its any doubt
opinion...)
chemical meaning

There is/are no conclusions
(Unknown or it says it
cannot be known)

Figure 2. Specific rubric of the Is bottled water pure? assessment activity.



 1.Evidence

° o The student gives o o The student produces

evidence about bottled  The student provides evidence that both bottled

. and tap waler, but itis evidence that both bottled and tap water have mineral
meseriginare | wonet e evece s | 0G0 10 i s s

ppropriate and/or does examples of them, such as

not support the conclusion, = dive any examples of them
for saying that it tastes
better, for instance

¥ 2. Justification

calcium and magnesium

o °The student makes some o The student makes a o There is a justification
Justification, but it has justification related to the related to the presence of
nothing to do with the presence of lime intap and  lime in tap and bottled water
The student gives no statement or is mistaken by bottled water, butitis not  and is sufficient to argue that
justification whatsoever saying that bottled water is = enough to argue that there  there are mineral salts in the
different from tap water in  are mineral salts in the water water that give it its
terms of whether mineral that give it its hardness and = hardness and that is why it
salts are present that is why it is called lime is called lime

@ 3.Conclusion

e 6 o Despite knowing that oThe student believes that e The student gives an
7 The sFudem reaches an both bottled and tap water hoth bottled and tap accurate conclusion that
The student reaches no inappropriate conclusion by contain lime, the conclusion = Water contain lime, and the both bottled and tap water
conclusion saying that tap and/or is scientifically inaccurate by conclusion is scientifically contain lime. Besides, the
bottled water fﬁﬂes not arguing that all water has | 8ccurate, but the formula he | conclusion is scientifically
contain lime lime or she uses is tentative (| accurate without showing
think, in my opinion...) any doubt

Figure 3. Specific rubric of the Does bottled water have lime? activity.

Look at the following advertising statement and read it carefully:

RENUEVA EL AGUA
DE TU CUERPO CON {

Answer the following questions: Would you “renew yourself anyway” if instead of
drinking “pure mountain water” you drank “tap water”? Explain your answer.

Figure 4. Image of the Is high mountain water the same as tap water? assessment

activity.
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o 9 The student gives e The student provides o The student provides
incorrect evidence about the some evif:ience suchas  gyfficient and appropriate
The student aives no presence of mineral saltsin |~ [Nat mountain water or 8P ayigence 1o argue that high
e high mountain and tap water have similar mountain and tap water
evidence water. These are not compounds bt fails to have similar mineral salts
appropriate and/or do not explain the similar that help renew the body
support the conclusion composition that makes it equally
drinkable

9 2 Justification

o e e The student makes a o The student provides a e The student provides a
The student makes some  justification that states that | justification that relates the justification that relates

justification but thinks both types of water can conclusion to the evidence the conclusion to the

) wrongly that high mountain | serve to renew the body but | and includes appropriate evidence and includes
: Th_e Stl.!dem gIves no water and tap water are does not justify it and sufficient scientific ideas =~ @PPropriate and sufficient

Justification whatsoever different in terms of mineral = scientifically based on salts | for the argument but does scientific ideas for the
salts, and how they can but on assertions such as not use terms accurately = argumentation. The student

renew the body that one is safer or better and it is done showing also uses the terms
tasting than the other doubts accurately and without

showing any doubt

@ 3.Conclusion
o e e o The student thinks that e The student thinks that

The student reaches an Despite affirming that high mountain water and | high mountain water and tap
inappropriate conclusion by both renew equally, the tap water contain salts that | yarer contain salts that also
The student reaches no thinking that tap and/or high conclusion is not very also renew. He or she might renew. Besides, the
conclusion mountain water are different = precise or does not allude  pa scientifically accurate but | onclusion is scientfically
regarding their renewal correctly from a scientific expresses him or herself accurate and without any
capacity point of view tentatively (I believe, in my doubt
opinion...)

Figure 5. The rubric of the Is high mountain water the same as tap water? assessment

activity.

Yo P;zn&p o),ue en e‘i ég'rmiqo cien*(.kicc; NS €9 purs por"?&e
el Ssue QUi en “s(uimx‘u. es o-‘\fhe'\(r‘- apre sole esh o made

\ac»-r pne  Suslena®.

(I think that, in scientific terms, it is not pure because pure water in chemistry is formed
only by one substance).

Figure 6. Student SO5 response to the Is bottled water pure? assessment activity and
coded as 1E2J4C
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Wright Map

Evidence Justification Conclusion

Dim1 L 4

2E°

3C-

1E- 1J- -

Students
logical scale values

2C-
1C-

Elements of the arguments in each activity

Figure 7. Wright’s map showing the difficulty in reaching the levels considered

adequate for each of the elements of the three arguments analysed.
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