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Abstract. This study aimed to develop infusion learning strategy to improve students’
mathematical argumentation skill. One problem of mathematical learning in college was that
students had low competence to solve problems, particularly in argumentation. To cope with
that issue, therefore, infusion learning strategy was developed. It aimed to assist students in
improving their argumentation skills. The stages of infusion learning strategy were based on
theory of argument by Walton. This study applied Research & Development (R&D) method
with procedures of development by Borg & Gall which had been modified into 10 stages, but
it was restricted to 6™ stage. The instrument of this study used validation sheet, test of
mathematical argumentation, and interview guidelines. The result referred to a valid product of
infusion learning strategy which implementation could improve students’ mathematical
argumentation. Another result of this study found that students’ argumentation skill
progressed/improved

1. Introduction

Argumentation and verification are two interrelated components in learning and understanding
mathematics. One part of understanding mathematics is developing mathematical arguments and
proofs before making evaluation [1]. Mathematical argumentation and verification aim to reveal the
truth of conclusion making [2]. The general characteristic function of mathematical argumentation and
verification referred to rational justification that aims to convince universal audience [3].

A valid argument is deductive which premises were based on definition, theorem, or verified actual
facts [4] [5] [6][7]. In college level, however, students are found still having non-deductive arguments
such as structural intuitive and inductive ones [8]. Such fact shows that they have no competence to
make a scheme of valid arguments. Similarly, [9] [10] [11] [12] [13] argue that students’ mathematical
arguments are incomplete yet, as not all students use deductive argument and they are confused
distinguishing between valid and invalid evidence. Students with non-deductive arguments have low
capability to develop evidence in formal way. Furthermore, they overlook evidence validation process.
They feel confused to start and have no idea how to verify evidence in formal way [14].

The use of non-deductive argument makes students difficult to manipulate mathematical
expressions which are equivalent to other forms. This condition leads to failure in making formal
argument. As the result, they may fail to develop their cognitive skill. Following Piaget, the
development of cognitive skill for students in 20-40 age range is on formal operational stage. Piaget
describes those people thought as “hypothetico deductive” which means that they could develop
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hypotheses and design an experiment to verify them [15]. Therefore, students’ mathematical
argumentation should be improved.

Responding to that issue, it needs to develop a strategy of Infusion Learning that aims to improve
students’ mathematical argumentation skill. The stages of this strategy are based on Walton’s theory.
As presented in Figure 1, [16] argues that reasoning activities happen in making arguments, and it may
occur in either dialogue or non-dialogue.

NOT IN DIALOGUE

| REASONING I__'l IN ARGUMENT H IN DIALOGUE |

NOT IN ARGUMENT

Figure 1. The Correlation between Reasoning and Argument

Walton’s theory is applied in the stages of infusion learning strategy which aims to assist students

to develop their mathematical argumentation skill. The learning stages of this strategy are as follow.

a. Reasoning
A mathematical problem that deals with argumentation is provided for students. They are asked
to think actively to construct ideas and apply them to solve the problem.

b. Argument Not In Dialog
Students are asked to show and confirm their ideas using arguments addressed to themselves.
They should convince themselves and thus, it leads to an approach and debate inside.

c. Argument In Small Dialogue
Students get engaged in a small group discussion consisting of three students. The group
formation is based on heterogeneity of ideas in solving argumentation problem. Then, students
are asked to have a critical discussion and each member of the group should show the right ideas
with arguments addressed to another member. This small dialogue aims to make students speak
clearly and convince other members.

d. Arguments in Class Dialogue
A student is asked to present his arguments in class and the other students give their response to it.
This class dialogue aims to assist students to speak clearly and convince a number of students
collectively (at least 10 students).

2. Methodology

This study aimed to develop Infusion Learning Strategy to improve students’ mathematical
argumentation skill. It used Research & Development (R&D) method with development procedures by
Borg & Gall modified into 10 stages including potency and problem, data collection, product design,
design validation, design revision, product trial, product revision, trial run, product revision, and
massive production [17]. In this case, however, it was restricted up to 6th stage. This simplification
and restriction was due to limited time and personnel [18]. The subject of this study was the students
of STKIP PGRI Jombang, particularly those in class 2019B.

The instrument of this study involved validation sheet, test of mathematical argumentation, and
interview guidelines. Validation sheet was used for data collection of validity assessment on infusion
learning strategy and teaching media by experts and practitioners. Based on the validation result, the
mean scores of indicators and aspect for each experts and practitioners were all calculated.
Furthermore, the total mean of validation score (Va) would be confirmed by category classification
interval of infusion learning strategy based on [19], as presented on Table 1.
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Table 1. Range and Criteria of Validation Result (V)

Range of Mean Score on Validation Result (V) Criteria
1,0<V,<1,8 Not valid
1,8 <V, <26 Less valid
2,6<V,<3,2 Valid
32<V, <40 Very valid

The criterion to decide that infusion learning strategy had adequate level of validity was score V,
for all minimum aspects classified into valid category. Otherwise, it needed revision as validators’
suggestion or by reviewing the aspects with low scores. Subsequently, re-validation and re-analysis
should be conducted. The stages run over and over again until V, score reached, at least, the
minimum range of valid category.

The data of students’ mathematical argumentation skill was used to describe their skill on
mathematical argumentation using either deductive or non-deductive arguments. This data was all
collected through several instruments including mathematical argumentation test and interview
guidelines. The elements of students’ mathematical argumentation skill were as follow.

a. The completeness of mathematical argumentation, that is:revealing facts/claim, revealing warrant
and making conclusion

b. The quality of mathematical argument would be confirmed by having students use deductive
argument correctly.

The data of students’ mathematical argumentation skill was analyzed quantitatively by giving
scores on each of the elements. The scoring guidelines were as follow.

- Score 2, if the students revealed the elements correctly
- Score 1, if the students revealed the elements wrongly
- Score 0, if the students did not reveal any element
Furthermore, the conclusion of completeness level and quality of students’ mathematical
argumentation skill (i.e., TPM) was made based on several criteria presented in Table 2 [20], as
follow.
Table 2. Range and Criteria of TPM

Range of mean score of validation result (V) Criteria
90 < TPM <100 Very good
70 < TPM < 90 Good
40 < TPM < 170 Less good
0% < TPM < 40 Not good

3. Result and Discussion

The study realized a potency of problem that: the first problem is some students of STKIP PGRI
Jombang were found still using non-deductive arguments. This condition corresponded to some
previous studies by [8] [21] [22] that many students in college level were found using non-deductive
arguments such as intuitive and structural intuitive arguments. the second problem is Some students
were found capable to construct mathematical arguments in complete way. This issue was in
accordance to what [9] called as malfone. The third problem, in the process of teaching and learning,
the lecturer gave a task that should be done immediately in group and asked the students to discuss to
complete it. Hence, they were not ready yet to understand the task. as the result, they had no idea to
complete the task.

The fourth problem is the students were not exclusively trained to express statements in the
form of mathematical arguments. They were not trained to prepare any valid mathematical
arguments to convince others in a dialogue. Their mathematical argumentation skill was built during
their learning process with teacher in class. It was based on [23] [24] [25] [26] that teachers’
treatments might develop students’ mathematical argumentation skill, since they were able to
encourage their students to describe, note, and justify their arguments during class discussion. Students’
arguments were dependent on their learning culture in class, features of tasks, and types of reasoning
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their teacher stressed on. The lecturers’ and students’ activities were also influenced by the applied
teaching and learning strategy

In the stage data collection, any information on literature reviews from several textbook references
and supporting journals was all collected. Then, a product would be developed in the form of infusion
learning strategy. The stages of this strategy were based on Walton’s theory [16], while the analysis of
mathematical argumentation completeness was based on Toulmin’s theory [27].

After collecting information from field studies and literature reviews, the data was then used as
references to plan the development of infusion learning strategy. It was also used as references to
analyze the needs of infusion learning strategy to be developed. Moreover, designing infusion learning
strategy was about to come. It was based on Walton’s theory [16]. It involved several stages such as
reasoning, argument not in dialog, argument in small dialog and arguments in class dialogs.

The validity of infusion learning strategy considered two aspects including the content and the
construct. This strategy was assessed by three validators (V-1, V-2 and V-3). Those three validators
gave scores in a validation sheet in addition to some notes for revision. The mean scores of each
validity assessment aspect of infusion learning strategy were presented in Table 3.

Table 3. Validity Assessment of Infusion Learning Strategy

No. Assessment Aspects Validator 1 Validator 2 Validator 3 Mean
1  Rationality 3.17 3.17 3.29 3.21
2 Theoretical Base 3.00 3.29 3.17 3.15
3 Model Component 3.29 3.17 3.29 3.25
4  Instruction 3.00 3.17 3.29 3.15
Total mean 3.12 3.20 3.26 3.19

Table 3 showed the mean score of the total aspects was I, = 3,19. Referring to the classification of
validity level in Table 1, this strategy was classified into valid level.

The revised product which became a draft of qualified infusion learning strategy must be tested to
see the improvement of students’ mathematical argumentation skill. This product trial was conducted
in a small group. It was conducted in STKIP PGRI Jombang, particularly in class of space geometry.
Infusion learning strategy was implemented three times in class 2019B. 30 students participated in the
class. The result of product trial was as follow.

Table 4. The Results of Students' Mathematical Argumentation Abilities

Mathematical argumentation skill Meeting 1  Meeting 2  Meeting 3
The completeness of Students’ Revealing fact/claim 12 17 25
mathematical argumentation Revealing warrant 11 15 23
Making conclusion 11 14 21
Using deductive argument correctly 9 14 19
Mean of TPM 65 71 77

According to Table 4, it showed that implementing infusion learning strategy may improve
students’ mathematical argumentation skill in each of the meetings. In meeting 3, 25 students (83%)
were found capable to reveal facts/claim, 23 students (77%) were capable to reveal warrant, 21
students (70%) were capable to make conclusion, and the mean score of TPM= 77. Referring to the
predetermined criteria of completeness level of students’ mathematical argumentation skill, the result
was classified into good category. However, 19 students (63%) used deductive argument correctly.
Referring to the predetermined criteria of students’ mathematical argumentation quality level, it was
classified into less good category.

The result of this study found that implementing infusion learning strategy could improve students’
mathematical argumentation skill, and it also showed that their argumentation skill was improved. The
correlation between argumentation and verification in mathematics was as a rational justification [3],
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since the reasoning process during argumentation played an important role in verification construction
[23][24] [28].

Implementing infusion learning strategy was found capable to improve students’ argumentation
and verification skills. Arguments and evidence in mathematics were developed when someone
wanted to convince himself and others about the truth of a statement [29]. Therefore, this study could
be used as reference to improve students’ mathematical argumentation skill through infusion learning
strategy. However, further researches would still be necessary to see the effectiveness and impact of
this strategy in improving students’ argumentation and verification skill in bigger sample.

Before implementing infusion learning strategy, a lecture should make sure his students’ initial
competence in basic course and argumentation. They used their initial competence to produce
mathematical arguments. Otherwise, students might not know how to start constructing evidence if
they had no initial competence in argumentation. [30] argued that the common fault of making
argument was that students had no idea how to start writing evidence.

4. Conclusion

This study showed that the development of infusion learning strategy had met the criteria of valid
category, and its implementation could improve students’ mathematical argumentation skill. The
stages of infusion learning strategy involved reasoning, argumentation not in dialogue, argumentation
in small dialogue, and argumentation in class dialogue. To drill, develop, and improve students’
mathematical argumentation skill, the researchers suggested to implement this strategy in mathematics
learning. This study brought some implications to researches and practices such as (1) the result of this
study could be used as inspiration for education observer particularly to issues dealing with
mathematical argumentation for further researches, and (2) infusion learning strategy could be used as
an alternative way to explore students’ mathematical argumentation skill in learning math which might
eventually bring positive impacts for their skills in solving argumentation problems.
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