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Abstract

Argumentation is considered to be one of the fundamental pillars of science. As such, numerous
efforts have been made to evaluate the quality of arguments by way of European programs such as
PISA or to analyse argumentation in primary or secondary school preservice teachers. Many of these
studies have used rubrics to evaluate arguments. In light of this, herein we present CoRubric as a tool
to help in this evaluation process. This research is based on a study with 38 students taking the
"Educational evaluation of learning" module in the 3rd year of the Pedagogy Degree at the University
of Malaga (Spain). An argumentative task based on the problem of the appearance of tooth decay was
proposed as a pilot experience in a socio-scientific framework. The activity required students to argue
whether there is a relationship between bacteria and the appearance of caries. Students were told to
create arguments and evaluate their partners' contributions in a peer-assessment manner. As a result
of this work, an argument evaluation methodology is presented using the free online tool CoRubric.
Furthermore, the initial conceptions as to what students understand by arguing in science were
analysed and categorized on the basis of what pedagogy students think about how they should assess
a scientific argument made by their peers.
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1. Introduction

Argumentation is considered to be one of the main pillars of science teaching [1,2], and the Toulmin
model [3] the most suitable model for explaining the structure of an argument. However, as teaching
and recognising the elements in an argument can be a complex task, some authors have simplified
this model by including only the essential elements [4], nhamely a conclusion, which aims to provide a
statement regarding a controversial topic, evidence/s to support that conclusion and a justification to
link this evidence to the conclusion.

Argumentation is also relevant socially as people need to know how to reason in different situations
they may come across. As such, it is important to provide future teachers with an understanding of an
argumentation model that they can pass on to their students. Unfortunately, the literature shows that
trainee teachers and educators, and even serving teachers, are rarely trained in argumentation
programmes, a deficiency that means they do not teach how to reason [5]. Despite this, numerous
efforts have been made to evaluate the quality of the reasoning used by students. These include
European programmes such as the Programme for International Student Assessment (PISA) [6] or
research concerning argumentation-based training programmes with students from all levels, from
preservice [7,8] to secondary [8,9] or primary education [10].

Although the evaluation of reasoning may be a useful tool in the teaching/learning process [11], this is
not a simple task, and much less so if the responsibility for evaluating the quality of reasoning is
passed to the students themselves [8]. Despite its importance, very little effort has been dedicated to
ensuring that trainee teachers learn to evaluate.

Various instruments can be used to accurately and objectively evaluate the quality of an argument.
Although rubrics are the most widely used such instrument [12-14], some authors prefer to use
guestionnaires [7] or argumentation questions to aid this process [15]. Despite this, peer evaluation is
perhaps the most appropriate instrument for initiating students in evaluation training provided it is
carried out in accordance with rules that are clear and well-defined for the students [16]. Recent
studies concerning peer evaluation when learning to reason have shown an improvement in the quality
of the arguments put forward by students [17]. E-rubrics, which allow the results of the evaluations to
be shown dynamically and instantaneously, are typically used for this type of evaluation. This study
uses CoRubric [18], a tool that aids this peer-evaluation process and allows a range of data
concerning the evaluations to be collected, the results to be shown instantaneously, groups to be
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created, evaluator roles to be assigned, data to be exported for analysis, 360-degree evaluation
methodologies for self-evaluation, peer co-evaluation and evaluation of the lecturer.

The aim of this study is to demonstrate the pre-fixed ideas held by preservice elementary pedagogy
teachers (hereinafter PEPTs) concerning evaluation of the quality of an argument and how peer
evaluations slowly converge with those of the lecturer as an argumentative model is explained and the
evaluation rubrics are presented.

2. Method

The participants in this study were 38 PEPTSs taking the “Educational evaluation of learning” module in
the 3rd year of the Pedagogy Degree at the University of Malaga (Spain). This subject includes a
module concerning evaluation methodologies and technological tools The study was carried out as
part of that module, including a 12-hour training programme in argumentation that explained how to
present a good scientific argument and how this can be evaluated. All the tasks proposed as part of
that programme had a level equivalent to that of a student upon completing compulsory secondary
education as the participating PEPTs had not taken any science subjects or had any contact with them
since grade 10 (16 years of age). This paper presents the results corresponding to a task in the
programme that was conducted over two sessions.

Session 1: PEPTs were asked to answer an argumentative question drawn from PISA [15] on tooth
decay, which addressed the influence of bacteria on the formation of tooth decay. The text of the
question was: “Bacteria that live in our mouths cause dental caries (tooth decay). Caries has been a
problem since the 1700s when sugar became available from the expanding sugar cane industry.
Today, we know a lot about caries. For example: a) Bacteria that cause caries feed on sugar. b) The
sugar is transformed to acid. ¢) Acid damages the surface of teeth. d) Brushing teeth helps to prevent
caries (figure 1). Do bacteria play an important role in the onset of dental caries? Justify your
response”.

teeth

1 - Sugar

2 - Acid

3 - Minerals from the tooth's
enamel covering

Fig. 1. Image in the tooth decay task [15]

Once the task had been completed, each PEPT was assigned an identifier and asked to evaluate and
justify whether the responses given by another two randomly selected PEPTs were well reasoned and
score them on a scale of 1 to 10. In parallel, the lecturer, who is also the first author on this paper,
evaluated and scored the responses of all PEPTs. The evaluations performed by the PEPTs were
coded reflexively and iteratively by the members of the research team, who derived emergent themes
(or categories) on the basis of the criteria used [3].

Session 2: The lecturer explained Toulmin’s argumentation model [3] and presented a basic rubric
(figure 2) for evaluating the quality of an argument using three element (evidence, justification and
conclusion). This basic rubric consisted of a generic rubric that can be adapted to argumentation
tasks.
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Fig. 2. General basic rubric to assess arguments

The specific rubric on tooth decay was designed with a different number of achievement levels from
the basic rubric in order to reflect whether the question is asked in a tentative way.
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Fig. 3. Assessment rubric for the task on tooth decay

Once the simplified Toulmin model and the task-specific rubric had been explained, the PEPTs re-
evaluated the responses of two randomly chosen peers using the CoRubric platform.

To determine the agreement between the scores awarded by the PEPTs in the two sessions and
those awarded by the lecturer, the Pearson’s correlation coefficient r was calculated using the
statistical software package SPSS 23.0.
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3. Results

3.1. Criteria used by the PEPTSs to evaluate the arguments

An analysis of the evaluations by the PEPTSs in session 1 allowed their justifications to be categorised
on the basis of four criteria, which are ordered on the basis of the percentages obtained (figure 4): a)
Justifications based on the argumentation itself (e.g., “uses information from the lecture” or “lack of
argumentation”; b) based on an understanding of the task required and its solution (e.g. “has correctly
interpreted the information provided in the lecture” or “overly simple response”; c) use of language
when expressing him-/herself (e.g. “appropriate vocabulary” or “drafting errors”); d) scientific
understanding (e.g. “clear concepts” or “relates concepts”); e) other aspects (e.g. “response with a
more personal type of reasoning missing”).

®a)

Fig. 4. Percentages in each category for the criteria used by the PEPTs

It can be seen that, as the PEPTs have no prior training in argumentation, they initially evaluated the
responses on the basis of their own preconceptions concerning the quality of an argument. Only 38%
of the criteria applied in the evaluations are related to argumentation (category a). Scientific
understanding (category d) also presents a very low percentage (5.5%). Both these criteria (a and d)
are most directly related to the quality of an argument.

3.2. Correlation with the score awarded by the lecturer in the two tasks

The statistical analysis between the scores awarded by the PEPTs and the lecturer in the first
evaluation without rubric for session 1 showed no correlation between groups (r = 0.18, p > 0.05).
However, the second time that it was evaluated using the rubric shown in figure 3, this score was more
similar to that given by the lecturer, with a mean of Pearson’s correlation of r = 0.30 (p = 0.00) being
obtained overall. The following correlations were obtained for each element in an argument: r = 0.33 (p
< 0.01) for evidence and r = 0.10 (p > 0.05) for justification and conclusions.

4. Conclusions

Our findings show the importance of reaching how to argue and to evaluate an argument [19] as the
initial criteria used by the PEPTs are not related to important aspects concerning the quality of
arguments.

An understanding of argumentation and the components of an argument improves the quality of the
evaluations provided by PEPTs to some degree as they become more similar to those of the lecturer.
The CoRubric tool used for peer review most likely also has an influence in this regard. However, the
results obtained show the need to offer PEPTs more opportunities to acquire skills concerning
argumentation and its evaluation.
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