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This study aims to determine the effectiveness of applying the learning model in linear algebra at a university in the cty of
Jombang, Indonesia, which is indicated by looking at student learning outcomes, student learning activities, and the ability of
lecturers to manage to learn. The quasi-experimental research method was carried out for 3 months involving two dasses
of students consisting of an experimental class (infusion learning model) and a control class (conventional leaming). Data were
collected through test sheets (pretest and posttest), student activity observation sheets, and lecturers’ ability observation sheets in
managing to learn. Data were analyzed using two techniques, namely, inferential statistical analysis and descriptive statistical
analysis. Based on inferential statis analysis, it shows differences in students’ argumentation abilities between the control and
experimental groups. In addition, based on the results of the descriptive analysis, student learning outcomes in the infusion
learning model obtained more than the minimum standard value, students were active in learning activities, and lecturers’ abilities
were good and very good in managing to learn. Thus, the infusion learning model effectively learns linear algebra with vector
subspace topics. These findings indicate that students are enthusiastic about solving problems, building arguments not in dialog
and arguments in dialog, and actively discussing with other students in class. We suggest that lecturers apply infusion leaming to
other math topics so that students can be enthusiastic about learning mathematics in class. Alternatively, lecturers can use the
infusion learning model with technology-assisted learning to make learning more interesting for students.

1. Introduction

One of the mathematics materials students consider linear
algebra is difficult to learn [1]. In linear algebra, stude
study vectors and linear transformations [2]. The causcs@
students having difficulty in learning linear algebra are
abstract concepts, the area of applicatg'l is unusual for stu-
dents, most students cannot prove, the basic concepts of
linear algebra are not displayed geometrically, memorizing
concepts without really understanding them, and the inabil-
ity of students to interpret bols [3]. In addition, students
also experience difficulties mn implementing the definitions
and concepts they have learned to solve problems [4].
When students solve problems, they need arguments
[5-8]. These arguments are used to produce, define, and

support a plausible solution. However, some students do
not use deductive arguments when delivering arguments
[9-12]. In developing argumentation skills, students in solv-
ing evidentiary problems must change nondeductive argu-
ments into deductive arguments [13]. Therefore, the learning
objectives must gradually improve students’ argumentation
skills to produce formal evidence [14]. Therefore, research is
needed to solve these problems in an enjoyable linear algebra
learning process to improve students’ argumentation skills.

One of the exciting learning models is infusion leamning.
Infusion learning is a learning model that aims to assist
students in developing argumentation skills [15]. In this
model, argumentation skills are taught and identified along
with learning content as implemented by Davies [16]. In
addition to applying the infusion learning model, Tristanti
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TasLe 1: Differences between a traditional class and an infusion learning class.

Traditional class Infusion learning class
The lecturer gives students proof questions and asks them to The lecturer gives proof questions to students and asks students to
solve the problem individually or in groups and then present it solve the problem individually in small groups and then present it

. Students pre their work and must convince the audience and be
Students present their work p

able to argue the truth of their work

Students solve the proof problems in an inductive way Students solve proof problems in inductive and deductive ways
and Nusantara [17] have applied the CIRC-typed cooperative The following is the syntax of the infusion learning
learning model and problem-based learning to describe its model [19]:
impact and advantages in students’ mathematical arguments.

This infusion learning model refers to the infusion (1) Introduction
learning approach first introduced by Swartz [18]. The infu- (a) Lecturers prepare students to study. Activities at
sion learning approach aims to teach specific critical thinking this stage include conveying learning objectives,
skills along with different subjects and inculcate necessary teaching materials, and motivation or impor-
thinking skills by teaching defined learning materials. tance of learning teaching materials.

Infusion learning is recommended in the Indonesian curric-
ulum, which is superior to conventional learning models in
improving students’ argumentation skills and involving stu-
dents in learning [19].

In recent years, there have been many studies related to
infusi@ learning, including Apache and Rizzo [20] that eval-
uated the e of the infusion learning model on the attitudes
of stude disabilities in physical education. The results
showed a significant positive change in students’ attitudes
toward disabilities and increased their confidence in learning.

(2) For the presentation of teaching materials
(a) Lecturers present teaching materials packaged in
student worksheets (LKM). Then the lecturer con-
veys the components of mathematical arguments,
including data, claims, warrants, backing, coun-
terexamples, and qualifiers. The lecturer provides
examples of applying mathematical argument

components in solving proof problems.

(3) Reasoning

In addition, the research of Tristanti and Nusantara [15] (a) The lccturcrl presclnts ?Of problem, asks the
described the effect of infusion learning on improving stu- students to investigate the truth of a statement,
dents’ argumentation skills. However, the results of this study and then is asked to think actively in generating
show that the impact of infusion learning is only based on ideas and zllpplying them to solve proof problems
students’ argumentation skills. In contrast, the sign of learn- accompanied by reasons.

ing effectiveness is the active involvement of students [21]. (4) Argument not in dialog

In addition to learning outcomes, learning effectiveness is also (a) Students are asked to show and ensure the correct
determined by the level of teaching, time, and appropriate view through an argument addressed to them-
q‘:cnti\'cs [22]. Based on the abovementioned description, selves. Students try to convince themselves so
this study aims to test the effectiveness of the infusion learning that there is something to approach and argue
model in linear algebra learning from three aspects, namely, with themselves.

argumentation skills, student learning activities, and lecturers’

- . (5) Conveying arguments in small dialogs
ability in managing to learn.

(a) Students are formed into small groups consisting
? . . of three students. The formation of small group

. Review of Literature members is based on heterogeneous ideas used in
solving proof problems. Next, students have a crit-
ical discussion, where each group member tries to
show the correct view by way of an argument
addressed to other members. The purpose of the
argument in the dialog is to speak that other mem-
bers can understand and accept, so that other
members believe and believe.

The infusion learning model is a case-based learning process
that presents proof problems so that students are expected to
express mathematical arguments in solving and finding solu-
tions to these cases and be abl convince others [19].
The infusion learning model aims to assist students in devel-
oping their mathematical argumentation competence. The

;r;ﬁslxz:tzl e[al:;;rinarztoiicl[ ;\.;s, :ls:le?;:)uclcrlnt;‘lls[cil]o n the theory (b) In this phase, the lecturer also provides guidance,
guiding the process of solving evidentiary problems

in the LKM individually or in groups. This activity
aims to assist students who have difficulty solving
proof problems correctly and independently.

In conventional learning, students are preoccupied with
theories, examples, and exercises [25], but the emphasis is
not on how students argue. It contrasts with the infusion
learning model, where students are allowed to develop
argument skills in critical discussions and new situations. (6) Presenting arguments in class dialog
The difference between the traditional class and the infusion (a) Students present their arguments in class and
learning class is described in Table 1. other students respond to these arguments.
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The purpose of the argument in class dialog is to
speak, which can be understood and accepted by
other students so that other students can believe.
(7) Assessing student arguments
(a) The lecturer checks the comprehension and pro-
vides feedback as an evaluation. Gagne states that
feedback (feedback phase) is a phase in learning
[26].
(8) In conclusion
(a) The lecturer concludes and confirms the teaching
material studied as a form of strengthening stu-
dent knowledge.

3. Methods

s research is quasi-experimental research using a p: —
posttest control group design. The experimental class
applies the infusion learning model, while the control class
applicsvcntional learning. The experimental and control
classes were divided into small groups of students with low,
medium, and high math abilities (having heterogeneity). The
ma@natic:ﬂ ability is based on the grade point average.

e participants of this study were divided into two clas-
ses selected using random cluster sampling from three classes
ﬁhc same class from a university in Jombang, Indonesia.

e partici were divided into experimental and control
classes [27]. The control class consisted of 26 students, while
the experimental group consisted of 28 students. All partici-
pants were in the second semester and aged between 18 and
19 years.

The research instrument consisted of students’ learning
activity, observation sheets, lecturers’ ability observation
sheets in managing learning, and pretest and posttest. The
observation sheet was adapted from the research of Tristanti
and Nusantara [19]. Meanwhile, the pretest and posttest
were developed by the researcher.

Data on the ability of lecturers to manage learning were
analyzed using the average score of the lecturer’s ability level
adopted from Tristanti and Hidayati [28], as shown in
Table 2.

The ability of lecturers to manage learning is said to be
good if the average score of each aspect assessed for each
meeting is in the good or very good category.

Student learning activity data were analyzed using per-
Pﬂtages. The percentage of student activity is determined

ased on the time allocation planned in the lesson plan. The
suitability of the ideal activity determines the effectiveness of
student learning activities, which is indicated by the ideal
time of 5% with a tolerance of 0.1%.

The data on argumentation ability were collected by giv-
ing pretest and posttest. The pretest was given before learn-
ing, while the posttest was given after learning in the
experimental and control classes. The research used a pretest
and posttests consisting similar two essay questions. Each
item was tested for validity and reliability in different classes
from the control and experimental classes. Each question
were assessed using a score of 0-50. The score details convey

3
TasLe 2: Categorization of lecturer ability to manage learning,

Lecturer ability level (LAL) Criteria
LAL=4.00 Very good
3.00 <LAL<4.00 Good
200 <LAL<3.00 Medium
1.00 <LAL<2.00 Not good enough
0.00 <LAL < 1.00 Not good

the data: 0-5; apply warrants: 0-30; using backing: 0-10;
conclusion: 0-5. Score. Therefore, each subject’s total pretest
and posttest scores ranged from 0 to 100. The following is a
description of the score description:

(1) Convey the data
(a) If do not convey the data, then given a score of 0
(b) If convey the incorrect data, then given a score of 2
(c) If convey the incomplete but correct data, then
given a score of 3
(d) If convey the complete and correct data, then
given a score of 5
(2) Apply warrant
(a) If do not apply a warrant, then given a score of 0
(b) If apply a warrant but it is wrong, then given a
score of 2
(c) If apply a warrant that is not complete but cor-
rect, then given a score of 15
(d) If apply a warrant that is complete and correct,
then given a score of 30
(3) Using backing
(a) If do not using backing, then given a score of 0
(b) If using backing but wrong, then given a score
of 2
(c) If using backing is not complete but correct, then
given a score of 5
(d) If using backing is complete and correct, then
given a score of 10
(4) Convey conclusion
(a) If do not convey a conclusion, then given a score
of 0
(b) Ifthe conclusion is wrong, then given a score of 2
(c) If the conclusion is not complete but correct,
then given a score of 3

(d) If the conclusion is complete and correct, then
given a score of 5

The pretest and posttest validity tests used product—
moment correlation, while the reliability test used alpha
coefficient [29]. Pretest an sttest are considered valid
if the R, value is >040. At the same time, the pretest
and posttest meet the reliability criteria if the ry, value is
0.71-0.85 [30].

Data were analyzed using two techniques, namely, infer-
ential and descriptive statistics. Inferential statistical data
analysis was used to see the difference in the argumentation
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Pretest Posttest
Define W = {(a,0) | a € R}. Define W= {(a, b, ¢&) € R* | b=a +c}. Check if Wisa
Check if W is a subspace of R*! subspace of R*!

Fisure 1: Test instruments.

Taste 3: Reliability and validity of pretest instruments.

Correlations Sig. (2-tailed) Reliability
Problem_1 0.705 0.000
0.645
Problem_2 0.554 0.003
TasLe 4: Reliability and validity of posttest instruments.
Correlations Sig. (2-tailed) Reliability
Problem_1 0.727 0.000
0.652
Problem_2 0517 0.007
TABLE S:Qrmalit}r test of experimental class and control class data using Kolmogorov—Smirnov.
. Kolmogorov—Smirnov* Shapiro-Wilk
Class Data o ) . o ) .
Statistic df Sig. Statistic df Sig.
- Pretest_1 0.131 26 0.200" 0.940 26 0.133
Control .
Posttest_2 0.164 26 0.070 0.936 26 0.107
i Pretest_1 0.139 28 0.180° 0.960 28 0.356
Experiment .
Posttest_2 0.160 28 0.065 0.936 28 0.087

*This is a lower bound of the true significance. *Lilliefors significance correction.

ability of students who took lessons on infusion learning
models and conventional learning with linear algebra mate-
rial. Before the pretest—posttest data were analyzed using
inferential statistics, the first data were tested for normality
and homogeneity.

Descriptive statistical analysis was used to test the effec-
tiveness of the infusion learning model on linear algebra
material. Student activities are effective if the percentage of
each aspect observed at each meeting is in the ideal time-
frame. The ability of lecturers to manage learning is said to
be effective if the average score of each aspect assessed for
each meeting is in the good or very good category. Data on
students’ argumentation skills were analyzed descriptively to
describe students’ mathematical argumentation skills based
on tests.

4, Results and Discussion

The research instrument was pretest and posttest for Q
experimental and control groups. The test is designed con-
cerning the student’s argumentative ability. This test con-
tains proving problems. An example of the problem used
in this study is shown in Figure 1.

Before the pretest and posttest on, the control and exper-
imental groups must be distributed to specific classes for
validation and reliability tests. The test is considered valid
if the Ry, value >0.40 and the test is said to be reliable if

r11 > 0.60. The results of the validation test through SPSS are
presented in Tables 3 and 4.

Table 3 shows that the correlation values of problems 1
and 2 are 0.705 and 0.554, respectively. It shows that both
pretest questions are valid because the R,, value is >0.40.
Cronbach’s & value ry; is 0.645, indicating that the pretest
is reliable because the r; value is >0.60. Meanwhile, Table 4
shows that the correlation values for problems 1 and 2
are 0.727 and 0.517, respectively. It indicates that both post-
test questions are valid because the R,, value is >0.40.
Cronbach’s a value ry; is 0.652, indicating that the posttest
is reliable because ry; > 0.60.

This study found the results of inferential statistical data
analysis and descriptive data analysis obtained during the
research process.

4.1. Inferential Statistical Data Analysis. %Dre carrying out
statistical tests, normality homogeneity tests were first
carried out. The normality test is to determine whether the
sample data taken are normally distributed. Normality is
essential for inferential statistics, which aims to generalize
the results of sample data analysis.

Based on Table 5, the Kolmogorov-Smirnov test shows
that the control class’s Sig. values of the pretest and posttest
data are 0 and 0.070 > 0.05, respectively. Thus, Ho is
accepted, meaning that the pretest and posttest data for the
control clas@g@me from a normally distributed population.
Meanwhile, the pretest and posttest data in the experimental
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%LE 6: Test of homogeneity of variances.

Levene statistic dfl df2 Sig.

0.105 1 52 0.747

TABLE 7: Eroup statistics.

Kelas N Mean Std. deviation Std. error mean

S Control class 26 6231 6.361 1.247

core
Experiment class 28 89.64 6.372 1.204
TapLe & Independent samples test.
@; confidence interval of
t df Sig. (2-tailed) Mean difference Std. error difference the difference
Lower Upper
=15.764 52 0.000 —27.335 1.734 =30815 —23.856
TasLe 9: Comparison of student learning outcomes in the experimental class and the control class.

Information Experiment class Control class

Average learning outcomes
Percentage of students who finished studying

89.64
100%

62.31
42.3%

class were 0.180 and 0.065 > 0.05, respectively, so the pretest
and posttest data for the experimental class came from a
no: ly distributed population.

able 6 sho e significant value of Levene’s test
results of 0.747, which indicates that the data variance
in the experimental and control classes is homogeneous.
Because students’ argumentation ability data are normally
distributed and have homogeneous variants, an independent
test can be performed to describe the effect of student’s initial
ability (x) on students’ argumentation ability in each experi-
mental and control group.

Table 7 shows the mean of each class; namely, in the
control class, the value is 62.31, which is lower than the
experimentalfss, which is 89.64. Meanwhile, Table 8 shows
that the two-way (t-tailed) significance value is 0.000 < 0.05.
Therefore, there is a difference in mathematical argumenta-
tion ability between the control and experimental groups.

4.2. Descriptive Statistical Data Analysis Results. Analysis of
the data obtained regarding the implementation of the infu-
sion learning and conventional learning models are as follows.

4.3. 8t t Learning Outcomes. Table 9 shows the compari-
son of student learning outcomes in the experimental class
and the control class.

Regarding the mastery of learning outcomes, 28 students
in the experimental class passed the lesson @o scored more
than the minimum standard >75). Thus, the percentage of
student ning completeness is 100%. While in the contr@
class, 15 of the 26 students failed the learning process; thus, 1
can be concluded that students in the control class did not
pass the study.

4.4. Student Activity Observation Results. @e results of
observations on student activities in learning that apply the
infusion learning model for three meetings are expressed in
percentages. The conclusions of the observations are pre-
sented in Table 10.

Table 10 shows the time of students learning activities in
learning (no. 1-16) >5% and the treatment of students who
are not relevant to learning activities (no. 17) <0.1%. There-
fore, student learning activities that apply infusion learning
can be concluded to be effective. However, some students do
irrelevant activities in conventional classrooms, such as
studying other materials and playing games. Therefore, the
control class does not meet the adequate category.

4.5. Observation Results of Lecturer Ability to Manage Learning.
The results of observing ability of lecturers to manage the
infusion learning model can be seen in Table 11.

From Table 11, it can be seen that the average value of
each aspect assessed in managing the infusion learning
model learning from three meetings is in the good or very
good category. This shows that educators who use the infu-
sion learning model are effective in managing learning.
Meanwhile, in conventional learning, the lecturer’s ability
to manage learning is good or good enough.

The achievement of the learning effectiveness of the infu-
sion learning model is determined based on the argumentation
ability of students, the ability of lecturers to manage learning,
and student laing activities. Based on the learning effective-
ness criteria, 1t can be concluded that the infusion learning
model is effective for teaching linear algebra.

The difference in argumentation ability occurs in the
control and experimental classes because the infusion




6 Education Research International

Taste 10: Results of observation of student learning activities.

Activity percentage at meeting

No. Aspects observed Average
I 11 11
Reading teaching materials and learning indicators through student o _ _ _
1. worksheets (LKM) 6.75 6.74 6.78 6.76
5 Linking teaching materials with material that has been studied through 6.50 6.60 6.90 6.67
LKM
3. Work on an individual LKM 6.65 6.60 6.50 6.58
4 Desc_r}bmg argument components (data, claim, warrant, backing, 6.60 6.30 5.60 6.17
qualifier)
5. Generating ideas that are used to solve problems 6.80 6.90 6.80 6.83
6. Giving reasons for each idea used, combine, and insert ideas 5.50 5.70 5.60 5.60
7. Describing the ideas used to solve the problem 6.50 6.30 6.60 6.47
8. Making schematic of mathematical argument 6.43 6.23 6.30 6.32
9. Asking himself directly about his thoughts, r?ﬂectmg on \c\_'hat thoughts 6.23 6.1 6.28 627
were done, how to do them, and how effective the thinking was
10. Presenting ideas and arguments that have been compiled 5.50 5.70 5.60 5.
11. Exchanging ideas in small groups 6.30 6.00 6.50 6.27
12, Convincing group members that the idea is correct by using logical 5.5 6.05 6.14 5.90
arguments
13, Expressing the discussion results with logical arguments in front of the 64 6.32 6.20 6.31
class
14. Responding to or dealing with presentations made by friends 6.10 6.30 6.14 6.18
Listening to th hasis/reinf t on the discussi sults i
15. istening to the emphasis/reinforcement on the discussion results in 6.50 6.67 6.72 6.63
the truth of the arguments presented
16. Inferring or emphasizing the core material that has been studied 5.67 5.24 5.31 5.41
17. Treatment that is not relevant to learning activities 0.05 0.04 0.03 0.04
Total percentage of learning time 100 100 100 100
TasLe 11: Observation result in managing the infusion learning.
Meeting
Rated aspects Average
1 2 3
Phase 1: Introduction
Informing the topic to be studied and learning indicators through student worksheets
3 4 4 3.67
(LKM)
Assigning students to link teaching materials with material that has been studied through
4 4 4 4.00
LKM
Allowing students to ask questions that are not clear 3 3 4 3.33
Explain or provide direction to students about questions asked by students (things that are 3 4 4 3.67
not understood)
Phase 2: Presentation of teaching materials
Presenting information on teaching materials through LKM 4 4 4 4.00
Allowing students to do an introduction to initial knowledge at the LKM 3 3 4 3.33
Discussi e introduction to initial knowledge with students 4 4 4 4.00
Inviting students to ask questions about material that has not been understood 3 3 4 3.33
Giving direction to students about questions asked by students (things that have not been 3 4 4 3.67

understood)

Phase 3: Reasoning
Asking students to solve problems in the LKM by revealing the components of mathematical
arguments, namely, data, claims, warrants, backing, and qualifiers and making mathematical 3 3 4 3.33
argument schemes
Allowing students to ask questions related to problem solving, if something is not

understood 4 4 4 4.00

Provide direction related to student questions by providing stimulation so that they can

4 4 4 4.00
come up with ideas to solve problems

(confinued)
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Taste 11: Continued.
Rated aspects Meeting Average
1 2 3
Phase 4: Arguments not in-dialog
king students to directly ask themselves about their thoughts, what to do, how to do it
and how effective their thinking is 3 4 4 3.67
Asking students to reflect on the truth of their answers to convince themselves that there is 3 3 4 333
something to approach and argue with themselves
Phase 5: Aarguments in small dialogue
Forming small groups (2-3 students) based on student answers 4 4 4 4.00
Asking students to havea discussion 4 4 4 4.00
Asking students to submit ideas and arguments that have been compiled 3 3 4 3.33
Asking students to exchange ideas 3 4 4 3.67
Asking students to convince their group members that their ideas are correct with logical 3 3 4 133
arguments
Asking students to give conclusions from the results of their group discussions 4 4 4 4.00
Phase 6: Arguments in large/class dialog
Asking group representatives to present the results of the discussion with logical arguments 4 4 4 4.00
Asking students to respond to presentations made by their friends 3 4 3.33
Phase 7: Assessing student arguments
Paying attention to and checking/correcting student arguments and student work 3 4 4 3.67
Providing emphasis/reinforcement on the discussion results in the truth of the arguments 3 4 4 3.67
presented
Phase 8: Conclusion
Asking students to conclude or emphasize the core of the material that has been studied 3 3 4 3.33
Delivering the material that will be studied at the next meeting 4 4 4.00
learning model is a means of practising argumentation skills. o - {owmer € el beosey
Argumentation skills are determined by the amount of prac- = '
tice facilitated in the infusion learning model. Therefore, the pto cevorarg SOt N e, % T dorq, » QA6
more practice, the more skilled at arguing. Osborne [31] ) 5 ¢ A.f ¥ M LRat.
stated that arguing is a long process that requires repeated Bulch vl .. ew P .
practice and experience. In addition, the difference in argu- w (8. A o) ™
mcntlation ability oceurs because thcl ir]fusioln learr?.irllgl mocllcl supngodeon  asvo EW o))
provides opportunities for students in learning activities with pocor: . (9.-9. -0 ) Al . 4
a strong understanding of basic, factual, and application awe =84 Y A G L P )
knowledge, students demonstrate accurate and effective com- = (8.4 A% £, A r_')
munication skills in writing and verbally, working indepen- 4. - s 8

dently and cooperatively in small groups [19].

Lecturer’s ability to manage the infusion learning model
affects the development of students’ thinking processes and
arguments. Conner et al. [32] stated that teacher actions
could develop students’ argumentation skills because tea-
chers can encourage students to explain, write, and justify
their reasons during class discussions. Student arguments
depend on the culture in the classroom, the nature of the
assignments, and the type of reasoning emphasized by the
teacher [19]. Therefore, the purpose of infusion learning
instruction is to gradually improve students’ argumentation
skills, which impacts students’ proving abilities. It is in line
with the expectation [14] that instructional learning should
be clear and gradually improve the students’ evidence scheme
moving towards a formal (deductive) proof scheme.

Based on Toulmin’s argument scheme, the answers of
students in the experimental class to question number 2
have brought up all components of the argument. In

(g, e

rcEeE el . derSan
N oawl odddn

Sevor v, - (2e0)* v (. «r.z
A G )
: . o L€ AV
cevrepa 0P EW

FiGure 2: The students’ written answers.

addition, students can also understand the concept of sub-
vector space. Students’ answers have shown the correct
line of thinking and arguments that contain data, claims,
warrants, backing, and rebuttals. The data, warrants, and
backings put forward have led to claims. The following
(Figures 2 and 3) are the students’ written and oral
answers.
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only if for every scalar kand a, b€ Wapplya + kbe W,

a= (W n) pugure Randgy=p +n

b= (ps, g2, 12),

The qualifieris W={(a, b, )€ R*|b=a+c} Wis a subspace of R*.

On the statement defined W = {(a, b, ¢) € R*| b= a + ¢}. Check if W is a subspace of R® the datais W={(a, b, )€ R*|b=a+ c}. Based on these data,
it can be seen that W is a subset of R and there is (0,0,0) € W so W is not an empty set.
Backing includes the conditions for the subvector space, namely W is a nonempty subset of the vector space V. The set W is a subspace V of if and

Meanwhile, warrants are steps to prove that W is a subspace of IR?. Take any scalar k and a, b € W, can be written

Po gy e md G=pr+n
Will be shown a + kb € W. Note that + kb = (p), gy, 1)) + k(P §a, 72) = (P, G 1) + (kpy, ko, ko) = (py + kpa, g, + ko, 1) + kry). Each component of
a+kbisareal bcr. with gy + kgy = (py+ r) + k(py +ra) = (pr+ ) + (kpy + kry) = py + kpy + v + kry. Sothat a + kb € W, Wisa subspace of R,

While the rebuttal is the definition of the element W added a number, for example, W= {(a, b, ¢} € B} |b=a+c+5}, 50 Wisnota subspace of R?,
becausek = 2and a =(1, 3, -1) obtained ka = (2, 6, -2) In which 6+ 2 + (-2) + 5.

Ficure 3: The students’ oral answers.

W={labcecR|b=a+c),

The definition of the element W is added to
a nl.u11. for instance
W={labe e |b=a+c+5}

}

Wisasu fIR3, i »
in which (0, U0,0) € W. So Wisnot an
empty set.

Certain

W is a subspace of R?

Take any scalar k aau. b € W, can be written

a=(ppqp
b=(py ga 12).
Will be shown a + kb € W. Note that

Each component of a + kb is a real number, with
=(p+r)+

Soa+kbeW

a+kb=(pn qu ) +k(pa g 12)
=(py qus v+ (kpy, kg, Kry)
=(py+kpy g+ Kgy, 1y + )

gy +kgy =(py+r)+kipy+ry)

=pi+kp+r +kry

Pp gy ry €Randg, = py + 1)
Pr qp 1y €ERandq, = p, + 1,

(kpy + Fry)

1

Vector subspace conditions

FiGure 4: Student mathematical argumentation scheme.

The visualization that can be given for the student’s
answer is as Figure 4.

The student argument is formal because it uses deductive
warrants [9, 33]. Students use formal mathematical truths
to guarantee the conclusion of the argument [14] where
students use chunks of axioms to establish the truth. For
example, in operating k(p,. g,. ry) = kp,. kq,. kr, where
students use the rule of multiplication of scalars with vectors.

In addition to data, claims, backing, and warrants, students
have conveyed the right qualifier, namely, a pair of deductive
warrants with absolute qualifications. It means that students
understand that nonformal arguments are used to reduce
uncertainty while formal arguments are used to eliminate
uncertainty. Students also think about a rebuttal, where an

exception condition rebuttal the conclusion. In this case, the
students convey no rebuttal in his argument. Therefore, the
infusion learning model also emphasizes the use of qualifiers
and rebuttals in argumentation. It answers the concerns of
Inglis et al. [9] that qualifiers and rebuttals are not used in
mathematics education; the role of qualifiers and rebuttals is
underestimated, marginalized, or eliminated, even though
they help to analyze the arguments presented by students.

5. Conclusions

7
Based on the study results, it can be concluded that the
infusion learning model in linear algebra learning on sub-
space topics meets the effective criteria. Student learning
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outcomes are more significant than the standard values,
active student activities, and the ability of lecturers to man-
age learning in good or very good criteria. In addition, the
experimental class that applied the infusion model was more
effective than the control class that used conventional learn-
ing. Thus, the infusion learning model showed higher learn-
ing outcomes than the conventj group.

Further research should be conducted to determine the
importance of the infusion learning model and its relevance
in mathematics. This research can be repeated on different
topics, either in mathematics or other disciplines. Further-
more, experimental studies can be carried out to find the
dynamics of the infusion learning model to compare argu-
ments, not in dialog with argum in dialog. Or the use of
specific technologies to describe the effect of the process of
applying the infusion learning model.
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support the findings of this stu s shown in Table 5.
Data (student learning activities) used to support the find-
ings of this study are included in the article, as shown in

ble 10. Data (the ability of lecturers in managing learning)
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