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E-learning: Student’s Perspective about Asynchronous and
Synchronous Learning at Elementary Linear Algebra Material

Abstract. Since the end of 2019, Indonesia had experienced a COVID-19 pandemic] It had
changed the learning process from face-to-face to full-online. In early 2020, [STKIP PGRI
Bangkalan ]implemented online learning through WAG (WhatsApp Group). However, the
learning result showed that 75% of students were not being complete in elementary linear
algebra material. Online learning through Asynchronous learning by using e-learning with
moodle platform was one solution to solve the problem. However, asynchronous learning
needs to be combined with synchronous learning so that students can fface-to-face virtual |
with lecturers. The purpose of this study was to determine improvement in students'
learning outcomes and [determine| students’ responses. The research design used was one

group posttest-only design. 23 subjects were selected by clustered random sampling. Data
were analyzed by descriptive statistical analysis. Results show that asynchronous and
synchronous learning can improve students' learning outcomes. Results of the
questionnaire showed that most students gave a positive response to asynchronous learning
and synchronous learning.

Keywords: Asynchronous learning, synchronous learning, e-learning, elementary linear
algebra

Abstract. Sejak akhir tahun 2019, Indonesia mengalami pandemic covid-19. Pandemic ini
mengubah proses pembelajaran dari tatap muka menjadi fullonline. Di awal tahun 2020,
STKP PGRI Bangkalan melaksanakan pembelajaran daring melalui WAG (WhatsApp
Group). Namun pembelajaran ini mengakibatkan 75% mahasiswa tidak tuntas dalam
belajar materi aljabar linear elementer. Pembelajaran daring melalui Asynchronous
learning dengan memanfaatkan e-learning berupa platform moddle menjadi salah satu
solusi dalam mengatasi masalah. Namun demikian, Asynchronous learning perlu
dikombinasikan dengan synchronous learning agar mahasiswa dapat melakukan tatap
muka secara virtual dengan dosen. Tujuan penelitian adalah untuk mengetahui
peningkatan hasil belajar mahasiwa dan respon mahasiswa. Desain penelitian
menggunakan one group posttest only design. Subjek adalah 23 mahasiswa yang dipilih
secara clustered random sampling. Data dianalisis dengan analisis statistik deskriptif.
Hasil menunjukkan bahwa pembelajaran asynchronous dan synchronous learning dapat
meningkatkan hasil belajar mahasiswa. Hasil angket menunjukkan bahwa sebagian besar
mahasiswa memberikan respon positif terhadap pembelajaran asynchronous dan
synchronous learning.

Keywords: Asynchronous learning, synchronous learning, e-learning, aljabar linear
elementer
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The covid-19 pandemic in Indonesia had a big impact in various fields, ranging from
Health, Economy, and Education fields. In education fields, educational’s institutions ranging
from Kindergarten to Universities didn't implement face-to-face learning to reduce personal
contact. Furthermore, Azhari & Fajri (2020) stated that to avoid the spread of Covid-19, the
government gave the policy to close classrooms without stopping learning, so that schools
implemented distance learning. Since 2020, learning had changed from face-to-face learning
to online learning by using information technology (Rehman & Fatima, 2021).

In early 2020, online learning was implemented at STKP PGRI Bangkalan through
WAG (WhatsApp Group). However, learning through WAG had many shortcomings,
especially in an elementary linear algebra course. Based on learning outcomes data, it showed
that 75% of students didn’t complete studying. This means that 20% of students had
completed studying. This learning outcome had decreased significantly compared to results of
previous studies regarding the effectiveness of learning in an elementary linear algebra
course, which showed that 86% of students had completed their studies (Sari, 2016).

Whereas elementary linear algebra course is a basic course that must be mastered by
students because elementary linear algebra course is a prerequisite course for studying further
courses such as abstract algebra. This is under the opinion of Suryaningsih (2016) & Ruswana
(2019) who stated that elementary linear algebra was a basic subject that must be mastered by
low-level students.

Based on the explanation above, online learning needs to be changed. It can be
implemented by using asynchronous learning. Skylar (2009) stated that Asynchronous courses
provide students with a flexible environment that was self-paced with students accessing
course content using a variety of tools. Students were not restricted to a set day/time for
communicating, and it allowed students more time to prepare a response to a set of directions
or questions. Asynchronous learning is implemented by using the university’s e-learning with
moodle platform. According to Hambrecht in Ogbonna, Ibezim & Obi (2019) e-learning was
defined as a generic term covering a wide range of ICT technology-based applications and
processes, including computer-based learning, web-based learning, virtual classrooms, digital
collaboration, and networking. E-learning contains content for one semeste[r, bre materials,
discussion forums, and assignments. Yuhasriyati et.al (2020) stated that the use of e-learning
may force educational processes to run faster in terms of accessibility and quality. The use of
e-learning was also very influential on learning activities and students' learning outcomes
(Fitriani & Nurjannah, 2019). Furthermore, Lin, Tseng & Chiang (2017) explained that
students gave positive feedback on the use of Moodle learning platform for mathematics after

experiencing blended learning.
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Before pandemic, e-learning can be implemented in blended learning, namely
combining online learning through e-learning with face-to-face learning directly. There were
several studies had shown that blended learning showed significant success in improving
students' learning outcomes. As research results by Lin, Tseng & Chiang (2017) stated that
ANCOVA and MANCOVA analyses showed that blended learning experience benefitted
students in the experimental group by having a positive effect not only on learning outcomes
but also on their attitudes toward studying mathematics in a blended environment. These
results are in line with the research of Sukma & Priatna (2020) which explained that the
implementation of blended learning in Mathematics had the potential to improve student's
critical thinking skills (CTS).

However, during this pandemic learning was implemented fully online (Trenholm &
Peschke, 2020), which means that learning was implemented using e-learning without face-to-
face directly. Therefore, synchronous learning was an alternative to virtual face-to-face learning
between lecturer and students. Shi & Morrow in Skylar (2009) stated that in real-time
synchronous courses, the instructor leads the learning, and all learners were logged on
simultaneously and communicated directly with each other.

Synchronous learning at STKIP PGRI Bangkalan was implemented by using zoom
application, google meet application, etc. The aims of synchronous learning to students could
understand the material so that student's learning outcomes were good. This is in line with the
research results of Aisyah and Sari (2021) which stated that the use of the Google meet platform
could improve students' learning outcomes.

Therefore, online learning using asynchronous learning through e-learning and
synchronous learning through the virtual conference was an alternative in implementing
elementary linear algebra learning. Many previous research results showed the success of
asynchronous and synchronous learning. Research by Ogbonna & Ibezim (2019) showed that
synchronous and asynchronous e-learning modes increased the cognitive academic
achievement of students in word processing.

In the middle of 2020, STKP PGRI Bangkalan took a policy related to online learning
implemented in 2 ways, namely asynchronous and synchronous learning. However,
synchronous learning was implemented between 7-8 meetings. While asynchronous learning
was implemented in full, namely 14-16 meetings. Asynchronous learning was implemented in
e-learning classes, while synchronous learning was implemented in webinar classes (zoom,
google meet, etc.).

However, this implementation’s change of online learning needs to be evaluated for its

implementation. One of them was the student’s perspective because students were objects of
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learning. Student success was the output of learning application by the lecturer. Based on this
explanation, the aims of this study were 1) to determine the improvement of students' learning
outcomes through asynchronous and synchronous learning in elementary linear algebra material

and 2) to determine students' responses to asynchronous and synchronous learning.

Method |
Research Design

The author applied treatment to the participant's group, to determine the improvement of
students' learning outcomes on elementary linear algebra material and students' responses to
asynchronous and synchronous learning. Asynchronous learning was implemented in e-learning
classes with moodle platform. Meanwhile, synchronous learning was implemented in the
webinar class using zoom application.

The learning effectiveness was measured using two types, namely tests and a list of
questions. [Instruments Mere given to participants after learning implementation. The author
applied to learn in one class by asynchronous and synchronous learning. Therefore, this study

was an experimental study using a one-group posttest-only design.

Participants

The population in this study was all students of the mathematics education study program
at STKIP PGRI Bangkalan in the odd academic year 2021/2022, totaling 34 students. The
author took a sample using clustered random sampling so that there were 23 students as a
sample. The sample was heterogeneous based on gender and initial mathematical ability. Initial

math skills were taken from calculus scores in the previous semester.

Instruments

Research instruments were lesson plans, e-books, modules, several learning videos, mid-
test, final-test, and questionnaires. The lesson plan consists of sixteen meetings, eight meetings
were implemented in e-learning and webinar classes, eight more meetings were implemented in
e-learning classes and WhatsApp Group (WAG), and then two other meetings were
implemented for tests. The author implemented 8 webinar classes because it was under campus
rules that implementation of synchronous learning through webinar classes was implemented 7-
8 times, this was due to constraints in purchasing internet quota. In this case, the 8" meeting
(mid-test session) and the 16" meeting (final-test session) were conducted in e-learning and
webinar class.

[Table 1. Activities of each meeting
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Meeting  Activities Application
1 a. Students learn about linear equations and systems and linear ~ E-learning class and
equations in e-learning WAG
b.  Students discuss through discussion forums in e-learning
c.  Students did assignments and upload their answers on e-
learning
2 a. Students pay attention to the lecturer's exploration about E-learning class and
Gauss and Gauss Jordan elimination through zoom Webinar class (zoom)
application
b. Students discuss and ask if there is a concept that is not
understood
¢. Students discuss through discussion forums in e-learning
d.  Students did assignments and upload their answers on e-
learning
3 a. Students learn about matrix and matrix operations in e- E-learning class and
learning WAG
b.  Students discuss through discussion forums in e-learning
c. Students did assignments and upload their answers on e-
learning
4 a. Students pay attention to the lecturer's explanation about E-learning class and
algebra properties of the matrix through zoom application Webinar class (zoom)
b. Students discuss and ask if there is a concept that is not
understood
c. Students discuss through discussion forums in e-learning
d.  Students did assignments and upload their answers on e-
learning
5 a. Students learn about elementary matrices and methods to E-learning class and
find matrix inverse in e-learning WAG
b.  Students discuss through discussion forums in e-learning
c.  Students did assignments and upload their answers on e-
learning
6 a. Students pay attention to the lecturer's explanation about E-learning class and
solving systems of linear equations and inverse matrix Webinar class (zoom)
properties through zoom application
b. Students discuss and ask if there is a concept that is not
understood
c. Students discuss through discussion forums in e-learning
d. Students did assignments and upload their answers on e-
learning
7 a. Students learn about diagonal, symmetrical, and triangular E-learning class and
matrices in e-learning WAG
b.  Students discuss through discussion forums in e-learning
¢. Students did assignments and upload their answers on e-
learning
8 Mid-test E-learning class and
a. Students download mid-test questions on e-learning Webinar class (zoom)
b. Students did mid-test and upload their answers on e-learning
9 a. Students learn about determine determinants by cofactor E-learning class and
expansion and row reduction in e-learning WAG
b.  Students discuss through discussion forums in e-learning
c. Students did assignments and upload their answers on e-
learning
10 a. Students pay attention to the lecturer's explanation about E-learning class and
determinant properties and Crammer's rule through zoom Webinar class (zoom)
application
b. Students discuss and ask if there is a concept that is not

understood
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c. Students discuss through discussion forums in e-learning
d. Students did assignments and upload their answers on e-
learning
11 a. Students learn about vector space in e-learning E-learning class and
b.  Students discuss through discussion forums in e-learning WAG
¢. Students did assignments and upload their answers on e-
learning
12 a. Students pay attention to the lecturer's explanation about E-learning class and
vector subspace through zoom application Webinar class (zoom)
b. Students discuss and ask if there is a concept that is not
understood
¢. Students discuss through discussion forums in e-learning
d. Students did assignments and upload their answers on e-
learning
13 a. Students learn about linear combination and span in e- E-learning class and
learning WAG|
b.  Students discuss through discussion forums in e-learning
¢. Students did assignments and upload their answers on e-
learning
14 a. Students pay attention to the lecturer's explanation about E-learning class and
linearly independent and linearly dependent Webinar class (zoom)
b. Students discuss and ask if there is a concept that is not
understood
c. Students discuss through discussion forums in e-learning
d. Students did assignments and upload their answers on e-
learning
15 a. Students learn about base and dimensions in e-learning E-learning class and
b. Students discuss through discussion forums in e-learning WAG
c. Students did assignments and upload their answers on e-
learning
16 Final-test E-learning class and
a. Students download final-test questions on e-learning Webinar class (zoom)
b. Students did final-test and upload their answers on e-

learning

The author [gives mid-test and final-test at the 8" and 16" meetings. Test questions were

developed according to the material in the lesson plan.
Table 2. Mid-Test Grid (duration 90 minutes)

Learning Level Learning Question  Max
No Indicators _Domain Material Number  Score
C AP
System of
Given several equations, linear
1  students determine whether V Cc2 equationsand 1 10
linear equations or not Linear
equation
Students can make the system N System of
2 of linear equations with 3 Cc2 linear 2 10
equations and 5 variables equations
Given several matrices, students
5 can Qetermme row echelon c2 Matrix 3 10
matrix, reduced row echelon
matrix, or not both.
4 Given the system of linear N C3 Gauss Jordan 4 15
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equations, students can solve Elimination
the system of linear equations
using Gauss Jordan elimination
Given the system of linear N
equations, students can
determine the coefficient value Solving
of one linear equation so that system of
5 the system of linear equations, 3 linear 5 20
a) has no solution, b) has one equations
solution, and c¢) has many
solutions
Given 2 matrices, students can N Matrix
6 determine the operation result Cc2 j 6 10
; operation
of two matrices
Given a matrix, students can N Inverse
7 determine inverse matrix by the C2 . 7 15
: - matrix
inverse algorithm
Given several matrices, students
g can Qetermine upper triangule}r c2 Matrix 8 10
matrix, lower triangular matrix,
and diagonal matrix
Tabel 3. Final Test Grid (duration 90 minutes)
Learning Level Learning Question  Max
No Indicators Domain Material Number  Score
cC AP
Given a matrix, students can Cofactor
1 determine matrix determinant R C3 . 10
by usi factor expansion Expansion
Yy using co p
Given a system of linear
2 equations, stud_ents can so_lve c3 Crammers' 5 10
the system of linear equations rules
using Crammers' rules
Given three sets, students can N
3 prove that three sets are vector C4 Vector Spaces 3 15
spaces or not
Given three pairs of W and V R
4 sets, students can prove whether C4 Subspace 4 15
set V is a subspace of set W
Given a set S and four vectors,
students can determine whether Linear
5 . C3 L 10
four vectors are linear combinations
combinations of vectors in set S
Given three sets, students N Linearly
determine that three are linearly independent
6 - . C3 B 15
independent or linearly and linearly
dependent on R® or M2 dependent
Given several sets S, students N
7 can show that these sets are not C3 Basis 7 15
the basis of R®
Given a set S, students can v
show basis S of My, and Basis and
8  students can determine C3 . - 8 10
dimension

dimensions of the S subspace of
Mz,
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[The author developed b questionnaire to measure students' responses to the approach. The

statements on the questionnaire used a Likert scale. Aspects of the questionnaire and indicators

can be seen in Table 4.

Table 4. Aspects and Indicators of The Questionnaire

No  Aspects Indicators Statements
1. Knowledge  Students can Student’s knowledge of elementary linear algebra
understand material through online learning

elementary linear
algebra material

Student’s ability to understand every elementary linear
algebra material through online learning

Student’s ability to solve problems related to
elementary linear algebra material through online
learning

2. Attitude

Students are active in
Asynchronous and
synchronous learning

Student’s response when independently learning
through learning resources in e-learning

Student’s responses when responding to discussion
forums

Student’s responses when downloading assignments in e-
learning, work it and upload answers in e-learning

Student’s responses about taking synchronous learning

Student responses when discussing through webinar
classes

Frequency of students accessing e-learning

3. E-learning
dan Webinar
classes
applications

Ease of access and
usefulness for
students

Ease of accessing e-learning class application

Ease of accessing webinar class application

The usefulness of accessing e-learning class application

The usefulness of accessing e-learning class application

The Procedure of Data Collection

Data collection was done by giving tests and questionnaires. The instrument was given

online by using e-learning and google form. Learning implementation by using asynchronous

and synchronous learning in line with lesson plan design.

Data Analysis

Data analysis in this study used descriptive statistical analysis because the aim was to

explain and provide an overview of characteristics of a series of data, without doing any

generation. After the test result data and student’s response data were collected, authors

analyzed data as follows:

1. Analysis of test result data

Data analysis of test results was measured using a completeness test. This completeness

test consists of an individual completeness test and a classical completeness test. The

Ministry of Education and Culture categorizes students' scores into 5 categories as follows.

0 <score <35
35 <score <55

:very low
> low
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55<score <65 :medium
65 <score <85 :high
85 <score <100 :very high

Furthermore, Widoyoko (2009) determines the classical completeness criteria as follows.

p >80 : very good
60 <p<80 : good
40<p <60 : quite
20<p <40 : less
p=<20 2 very less

Based on the criteria above, the author established criteria for individual completeness,
namely that students were said to have completed learning if they got a score of 65% of the
total score. While classical completeness criteria were 80% of students have completed
their studies. Improved learning outcomes were achieved if students' learning outcomes
after mid-test were higher than students' learning outcomes before being given treatment.
Then students' learning outcomes of the final-test were higher than students' learning
outcomes of the mid-test.

2. Analysis of student’s response data
Student’s response data obtained from questionnaires consists of 2 types. This was because
questions from the questionnaire consist of 2 kinds, namely questions with 4 answers
(1,2,3,4) and questions with 2 answers (yes and no).
For the first question, the criteria were as follows:

1, 00 < average < 1, 50: less

1, 50 <average < 2, 50: enough
2,50 < average < 3, 50: good

3, 50 < average < 4, 00: very good

Students' responses were said to be positive if they were in good and very good categories.
For the second question, students' responses were said to be effective if more than 50% of

students' responses were good.

Results and Discussion
The asynchronous and synchronous learning activities

Data collection was implemented for the first time on Tuesday, October 5, 2021, according to
the class schedule. Before the first meeting began, the lecturer filled out e-learning content at

https:/elearning.stkippgri-bkl.ac.id/. Required content, starting from the introductory session, 1st-7"

sessions, 9"-15" sessions, 8" sessions, and 16" sessions. The introductory session contains 1)
explanation of course descriptions, 2) course achievements, 3) introduction forum (lecturer

introduction video), 4) lecture contracts, 5) libraries, 6) attendance list. So, 17" sessions and 9"-15"


https://elearning.stkippgri-bkl.ac.id/

Jurnal Didaktik Matematika Vol. .., No. .., Month Year

sessions each contain 1) greetings and explanation sessions, 2) learning achievements, 3) learning
materials, 4) discussion forums, 5) assignments, 6) links to webinar class meetings. So, the 8"
sessions and 16" sessions contain 1) greetings and explanations sessions, 2) mid-test questions or
final-test questions according to the specified format. The display of e-learning can be seen in [Figures
land2,

A ® DwilayanaSari £
-«

ALJABAR LINEAR ELEMENTER
Program Studi Pendidikan Matematika

di kelas LMS pada matakuliah aljabar linear elemente

Semangat kuliah daring ya

Figure 1. Front view of Elementary Linear Algebra in E-learning

urutanda. apakah semua permasalahan dalam kehiduoan sehari-hari daoat dibentuk dalam Persamaan Linear? lelaskan!

Figure 2. Content Display at 1™ Meeting in E-learning
The first meeting was conducted in asynchronous learning through e-learning classes. Students

filled out attendance lists, accessed content in e-learning, studied teaching materials, responded to

discussion forums, hNork] assignments, and [upload Banswers in e-learning. Synchronous learning was

done through WAG. This was done if students didn’t understand and needed to ask. The duration of
the meeting was 10.30 - 13.00.
The second meeting was implemented in synchronous learning through a webinar class using

the zoom application. Student attendance was done by filling out the attendance list in e-learning. The
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lecturer explained the material in PowerPoint and video. Students could ask and answer directly and
then discussed this through this zoom application. The activity was continued with asynchronous
learning in e-learning class, where students downloaded tasks in e-learning and uploaded answers in
e-learning. Learning continued until the fourth, fifth, sixth, seventh meetings. Next, at the 8" meeting,
students worked on mid-test questions through synchronous learning in webinar class. Previously,
students downloaded questions in e-learning.

Data collection continued until the fifteenth meeting. The learning implementation on the ninth
to fifteenth meetings was implemented asynchronously and synchronously like previous meetings. At
the 16 meeting, students worked on final-test questions through synchronous learning in webinar

class. Previously, students downloaded questions in e-learning.

The student's learning outcomes and improvement of learning outcomes

The mid-test result showed that 17 of 23 students achieved scores of more than 65% of the
total score. This showed that 87% of students completed studying. This showed that there was an
improvement of students’ learning outcomes in elementary linear algebra material after online
learning through asynchronous and synchronous learning was implemented compared to students’
learning outcomes through just WAG. While results of the final test showed that all students achieved
a score of more than 65% of the total score. This showed that 100% of students have completed
studying. This showed that there was an improvement of students’ learning outcomes in elementary
linear algebra material after online learning through asynchronous and synchronous learning was
implemented compared to students' learning outcomes through just WAG. Furthermore, final-test
results had increased compared to mid-test results.

Based on the results of the research above, it showed that students’ learning outcomes in
elementary linear algebra material using asynchronous and synchronous learning approaches had
increased. The results of this study were in line with the results of Zaharah, Kirilova & Windarti's
(2020) research which stated that learning using E-learning brings progress and innovation to
education in Indonesia because almost 75% of students conducted online learning simultaneously
during the covid-19 epidemic. Sindu & Paramartha (2018) argued that theoretically, the use of
instructional media based on video and slide synchronization system facilitated students at the time of
learning, that is, at the time of material discussion and it made the use of instructional time more
effective.

The student’s responses

After all, learning was implemented, students were asked to fill out a student’s response

questionnaire to online learning through asynchronous and synchronous learning in elementary linear

algebra material. The student’s response questionnaire could be accessed by google form in link

11
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https://bit.ly/ANGKET MAHASISWA TERHADAP PEMBELAJARAN_ALIN. The results of
students' responses to the knowledge aspect can be seen in Figure 3.

| I IR N

L

[Figure 3]. A. My knowledge of elementary linear algebra is very good, B. | can explain the meaning of
the linear equation system, C. | can explain the Gauss Jordan elimination method, D. | can solve the
system of linear equations with Gauss Jordan elimination, E. | can explain the meaning of matrix, F. |
can determine operation result of two matrices, G. | can explain the meaning of determinant, H. | can
determine the determinant of a matrix by using cofactor expansion, . I can determine the determinant
of a matrix by using row reduction, J. | can prove that a set is a vector space, K. I can prove that a set
is a subspace of a vector space, L. | can show that some vectors are linear combinations of a vector,
M. | can show that a vector spans the set, N. | can show a linearly independent set or linearly
dependent, O. | can show that a set is the basis and dimension of a subspace in a vector space. Likert
scale, 1=less, 2=enough, 3=good, 4=very good.

Based on analysis results of student’s responses on knowledge aspect, it showed that (1)
student’s knowledge of elementary linear algebra material was good category, because |average
student’s response jwas 3, (2) student’s ability to explain the meaning of linear equation system was
good category, because average student’s response was 3, (3) student’s ability in explaining Gauss
Jordan Elimination method was good category, because average student’s response was 3, (4)
student’s ability to solve a system of linear equations with Gauss Jordan elimination was good
category, because verage student’s response was 3, (5) student’s ability to explain the meaning of
matrix was good category, because average student’s response was 3, (6) student’s ability to
determine operation result of two matrices was good category, because average student’s response
was 3, (7) student’s ability to explain the meaning of determinants was good category, because
average student’s response was 3, (8) student’s ability to determine determinant of a matrix using
cofactor expansion was good category, because average student’s response was 3, (9) student's ability
to determine determinant of a matrix using row reduction was good category, because average
student’s response was 3, (10) student’s ability to prove a set was a vector space was good category,
because average student’s response was 3, (11) student’s ability to prove that a set was a subspace of
another set was good category, because average student’s response was 3, (12) student’s ability to
show that a set was a linear combination of other sets was good category, because average student’s
response was 3, (13) student’s ability to show that an element spans a set was good category, because

average student’s response was 3, (14) student’s ability to show show a linearly independent set or
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linearly dependent was good category, because average student’s response was 3, (15) student’s
ability to show that a set was basis and dimension of a subspace in a vector space were good category,
because average student’s response was 3. This showed that students' response to the knowledge
aspect was positive.

The result of students' responses to the knowledge aspect supported the result of improving
students' learning outcomes in the previous analysis. These results indicated that students had good
knowledge of elementary linear algebra material after asynchronous and synchronous learning was
implemented. This was because the availability of teaching materials in e-learning or e-learning
classes was very helpful for students in understanding material before students discussed it in webinar
classes. Therefore, mathematics learning would not experience difficulties during this pandemic if the
material presentation had been presented in an e-learning class. This was under the opinion of Das
(2020) who stated that mathematics education would be easier if virtual math classrooms can be
presented to students through the internet. Furthermore, Noviani (2021) recommended that e-learning
design was under learning objectives to minimize barriers.

The result of students' responses to attitudes aspect in online learning (synchronous and
asynchronous learning) can be seen in Figure 4 below.

. .2 3 M4
15

0 .

D

Figure 4, A. I always download teaching materials in e-leamning, B. | always respond to discussion
forums on e-learning, C. | always download tasks in e-learning, work tasks, and upload answers in e-
learning, D. | always take webinar classes, E. | actively ask and answer during webinar class. Likert
scale, 1=less, 2=enough, 3=good, 4=very good.

Based on analysis results of student responses on attitudes aspect, it showed that (1) student’s
habits in downloading teaching materials in e-learning were a good category, because average
student’s response was 4, (2) student’s habits in responding to discussion forums in e-learning were
good category because average student’s response was 3, (3) student’s habits in downloading tasks in
e-learning, work tasks and uploading answers in e-learning were good category because average
student response was 4, (4) student’s habits in taking webinar classes were good category because
average student’s response was 4, (5) student’s habits to actively ask and answer during synchronous
classes were good category because average student’s response was 3. This showed that students'

response to attitudes aspect was positive.
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Students' attitude in asynchronous and synchronous learning was one of the factors of positive
students' knowledge of elementary linear algebra. Students were enthusiastic about this online
learning. Students were active in online learning, both asynchronous and synchronous learning. The
results of this study were in line with the results of Wijaya's research (2020) which resulted in there
was a good student learning attitude towards the learning video. Students felt that learning the video
was very interesting yet effective as they were able to understand the concept taught.

The result of students' responses to the use of e-learning and webinar classes applications can
be seen in Figure 5 and Figure 6 below.

1. Apakah Anda kesulitan dalam mengakses aplikasi kelas LMS (e-learning)?
23 jawaban

@ Ya
@ Tidak

Figure 5. The result of students' responses to the use of e-learning class applications. 23 students
responded to this question

2. Apakah Anda kesulitan dalam mengakses aplikasi kelas webinar (zoom, google meet, dll)?
23 jawaban

®va
@ Tidak

Figure 6. The result of students' responses to the use of webinar class application. 23 students
responded to this question

Based on Figure 5, showed that 60.9% of students had no difficulty in using e-learning class
applications. While Figure 6 showed that 82.6% of students had no difficulty in using webinar class
applications. This showed that students' skills in using e-learning and webinar classes applications

were effective.
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The result of students' responses to the use of e-learning and webinar classes applications
supported students' attitudes towards online learning through asynchronous and synchronous learning.
Students had no difficulty in participating in e-learning and webinar classes. This showed that
students were ready to face the industrial 4.0 period as suggested by Mairing, et. al (2021).

Furthermore, the result of students' responses to the usefulness of e-learning and webinar

classes applications can be seen in Figure 7 and Figure 8 below.

3. Apakah kelas LMS (e-learning) bermanfaat bagi Anda dalam proses pembelajaran?
23 jawaban

® Ya
@ Tidak

Figure 7. The result of student’s responses to the usefulness of e-learning class application

4. Apakah kelas webinar (zoom, google meet dll) bermanfaat bagi Anda dalam proses
pembelajaran?
23 jawaban

@® Ya
@ Tidak

Figure 8. The result of student’s responses to the usefulness of webinar class application

Based on Figures 7 and 8, showed that 100% of students responded that e-learning and
webinar classes were beneficial for them. The result of students' responses to the usefulness of e-
learning and webinar classes applications also supported students' attitudes towards online learning
through asynchronous and synchronous learning. Students felt that e-learning and webinar classes
were very useful so students were enthusiastic and active in online learning. This was in Amiti's
opinion (2020) which stated that the overall study results showed that even though there could be a
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preference for both e-learning methods, both synchronous and asynchronous e-learning methods if
combined right, it could help teachers and learners, have a successful course and results.

Figure 9 below showed the frequency of students accessing e-learning classes in a week.

5. Berapa kali Anda mengakses kelas LMS (e-learning) dalam seminggu?
23 jawaban

@ Tidak pernah
® 1kali

2 kali
@ 3 kali

Figure 9. The result of students' responses to the frequency of accessing e-learning class in a week.
There are 3 options, namely 1 time, 2 times, or 3 times in a week.

Based on Figure 9, there were 65.2% of students accessed e-learning classes 3 times a week,
17.4% of students accessed e-learning classes 1 or 2 times a week. These results indicated that
students were enthusiastic and active in online learning through asynchronous and synchronous
learning. More than 50% of students accessed e-learning 3 times a week. It reflected that students
made good use of this e-learning facility to support their learning process. E-learning could provide
everything students needed to learn. This was in line with the opinion of Xie, Liu, Bhairma, Shim
(2018) who stated that students preferred to use asynchronous learning because they could easily
access it offline. In addition, the asynchronous learning model was useful for shy students and was not
used in virtual discussions through computers. Raymond, Atsumbe, Okwori, and Jebba (2016)
recommend that higher education institutions used innovative e-learning platforms and encouraged

lecturers to not only use synchronous learning in teaching but also used asynchronous |Iearning.]

Conclusion

The results showed that the application of asynchronous learning and synchronous
learning could improve students' learning outcomes in online learning. It can be seen from
classical completeness studying after mid-test was higher than classical completeness studying
through just WAG. This also supported by the result of classical completeness studying after the
final test was higher than classical completeness studying after the mid-test.

The questionnaire results showed that most of the students gave a positive response to
asynchronous and synchronous learning. Students' response to the knowledge aspect was positive,

students' attitude towards learning was positive, students were able to access e-learning and
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webinars classes easily, students thought that e-learning and webinar classes were very useful and
helped their learning. Furthermore, students often accessed e-learning to study materials and
downloaded tasks, work tasks, and upload tasks' answers in e-learning.

Further research can apply asynchronous and synchronous learning with different
learning activity designs. An example of a research objective is to compare the effectiveness of
other online learning with asynchronous and synchronous learning on students' learning
outcomes and student responses. If the pandemic is over, then the effectiveness of blended
learning by combining directly face-to-face learning with asynchronous learning (e-learning)
also needs to be researched. Research’s focus can be done on 4Cs (critical thinking, creativity,

communication, and collaboration) because 4 abilities are very much needed in this 4.0 era.
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E-learning: Student’s Perspective about Asynchronous and
Synchronous Learning at Elementary Linear Algebra Material

Abstract. Since the end of 2019, Indonesia had experienced a COVID-19 pandemic. It had
changed the learning process from face-to-face to full-online. In early 2020, STKIP PGRI
Bangkalan implemented online learning through WAG (WhatsApp Group), However, the
learning result showed that 75% of students were not being complete in elementary linear
algebra material. Online learning through Asynchronous learning by using e-learning with
moodle platform was one solution to solve the problem. However, asynchronous learning
needs to be combined with synchronous learning so that students can face-to-face virtual
with lecturers. The purpose of this study was to determine improvement in students'
learning outcomes and determine students' responses. The research design used was one
group posttest-only design. 23 subjects were selected by clustered random sampling. Data
were analyzed by descriptive statistical analysis. [Results show that asynchronous and
synchronous learning can improve students' learning outcomes. Results of the
questionnaire showed that most students gave a positive response to asynchronous learning

and synchronous [IearningH [Commented [em1]: add research recommendations

[Commented [em2]: is there no difference?

Keywords: Asynchronous learning, synchronous learning, e-learning, elementary linear
algebra

Abstract. Sejak akhir tahun 2019, Indonesia mengalami pandemic covid-19. Pandemic ini
mengubah proses pembelajaran dari tatap muka menjadi fullonline. Di awal tahun 2020,
STKP PGRI Bangkalan melaksanakan pembelajaran daring melalui WAG (WhatsApp
Group). Namun pembelajaran ini mengakibatkan 75% mahasiswa tidak tuntas dalam
belajar materi aljabar linear elementer. Pembelajaran daring melalui Asynchronous
learning dengan memanfaatkan e-learning berupa platform moddle menjadi salah satu
solusi dalam mengatasi masalah. Namun demikian, Asynchronous learning perlu
dikombinasikan dengan synchronous learning agar mahasiswa dapat melakukan tatap
muka secara virtual dengan dosen. Tujuan penelitian adalah untuk mengetahui
peningkatan hasil belajar mahasiwa dan respon mahasiswa. Desain penelitian
menggunakan one group posttest only design. Subjek adalah 23 mahasiswa yang dipilih
secara clustered random sampling. Data dianalisis dengan analisis statistik deskriptif.
Hasil menunjukkan bahwa pembelajaran asynchronous dan synchronous learning dapat
meningkatkan hasil belajar mahasiswa. Hasil angket menunjukkan bahwa sebagian besar
mahasiswa memberikan respon positif terhadap pembelajaran asynchronous dan
synchronous learning.

Keywords: Asynchronous learning, synchronous learning, e-learning, aljabar linear
elementer

Introduction

At the end of 2019, Word was shaken by emerging a new coronavirus called Novel
Corona Virus (2019-nCoV). This virus was originally discovered in Wuhan China in
December 2019. A very significant spread to all countries in the world occurred in early 2020,

including Indonesia. This was the cause of the covid-19 pandemic in Indonesia.
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The covid-19 pandemic in Indonesia had a big impact in various fields, ranging from
Health, Economy, and Education fields. In education fields, educational’s institutions ranging
from Kindergarten to Universities didn't implement face-to-face learning to reduce personal
contact. Furthermore, Azhari & Fajri (2020) stated that to avoid the spread of Covid-19, the
government gave the policy to close classrooms without stopping learning, so that schools
implemented distance learning. Since 2020, learning had changed from face-to-face learning
to online learning by using information technology (Rehman & Fatima, 2021).

In early 2020, online learning was implemented at STKP PGRI Bangkalan through
hNAG (WhatsApp Group). ]However, learning through WAG had many shortcomings,
especially in an elementary linear algebra course. Based on learning outcomes data, it showed
that 75% of students didn’t complete studying. This means that 20% of students had
completed studying. This learning outcome had decreased significantly compared to results of
previous studies regarding the effectiveness of learning in an elementary linear algebra
course, which showed that 86% of students had completed their studies (Sari, 2016).

[Whereas elementary linear algebra course is a basic course that must be mastered by
students because elementary linear algebra course is a prerequisite course for studying further
courses such as abstract algebra. This is under the opinion of Suryaningsih (2016) & Ruswana
(2019) who stated that elementary linear algebra was a basic subject that must be mastered by
low-level students.

Based on the explanation above, online learning needs to be changed. It can be
implemented by using asynchronous learning. Skylar (2009) stated that Asynchronous courses
provide students with a flexible environment that was self-paced with students accessing
course content using a variety of tools. Students were not restricted to a set day/time for
communicating, and it allowed students more time to prepare a response to a set of directions
or questions. Asynchronous learning is implemented by using the university’s e-learning with
moodle platform. According to Hambrecht in Oghonna, Ibezim & Obi (2019) k-learning was
defined as a generic term covering a wide range of ICT technology-based applications and
processes, including computer-based learning, web-based learning, virtual classrooms, digital
collaboration, and networking. E-learning contains content for one semester, are materials,
discussion forums, and assignments. Yuhasriyati et.al (2020) stated that the use of e-learning
may force educational processes to run faster in terms of accessibility and quality. The use of
e-learning was also very influential on learning activities and students' learning outcomes
(Fitriani & Nurjannah, 2019). Furthermore, Lin, Tseng & Chiang (2017) explained that
students gave positive feedback on the use of Moodle learning platform for mathematics after

experiencing blended learning.
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Before pandemic, e-learning can be implemented in blended learning, namely
combining online learning through e-learning with face-to-face learning directly. There were
several studies had shown that blended learning showed significant success in improving
students' learning outcomes. As research results by Lin, Tseng & Chiang (2017) stated that
ANCOVA and MANCOVA analyses showed that blended learning experience benefitted
students in the experimental group by having a positive effect not only on learning outcomes
but also on their attitudes toward studying mathematics in a blended environment. These
results are in line with the research of Sukma & Priatna (2020) which explained that the
implementation of blended learning in Mathematics had the potential to improve student's
critical thinking skills (CTS).

However, during this pandemic learning was implemented fully online (Trenholm &
Peschke, 2020), which means that learning was implemented using e-learning without face-to-
face directly. Therefore, synchronous learning was an alternative to virtual face-to-face learning
between lecturer and students. Shi & Morrow in Skylar (2009) stated that in real-time
synchronous courses, the instructor leads the learning, and all learners were logged on
simultaneously and communicated directly with each other.

Synchronous learning at STKIP PGRI Bangkalan was implemented by using zoom
application, google meet application, etc. The aims of synchronous learning to students could
understand the material so that student's learning outcomes were good. This is in line with the
research results of Aisyah and Sari (2021) which stated that the use of the Google meet platform
could improve students' learning outcomes.

Therefore, online learning using asynchronous learning through e-learning and
synchronous learning through the virtual conference was an alternative in implementing
elementary linear algebra learning. Many previous research results showed the success of
asynchronous and synchronous learning. Research by Ogbonna & Ibezim (2019) showed that
synchronous and asynchronous e-learning modes increased the cognitive academic
achievement of students in word processing.

In the middle of 2020, [STKP] PGRI Bangkalan took a policy related to online learning
implemented in 2 ways, namely asynchronous and synchronous learning. However,
synchronous learning was implemented between 7-8 meetings. While asynchronous learning
was implemented in full, namely 14-16 meetings. Asynchronous learning was implemented in
e-learning classes, while synchronous learning was implemented in webinar classes (zoom,
google meet, etc.).

However, this implementation’s change of online learning needs to be evaluated for its

implementation. One of them was the student’s perspective because students were objects of
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learning. Student success was the output of learning application by the lecturer. Based on this
explanation, the aims of this study were 1) to determine the improvement of students' learning
outcomes through asynchronous and synchronous learning in elementary linear algebra material

and 2) to determine students' responses to asynchronous and synchronous learning.

Method
Research Design

The author applied treatment to the participant's group, to determine the improvement of
students' learning outcomes on elementary linear algebra material and students' responses to
asynchronous and synchronous learning. Asynchronous learning was implemented in e-learning
classes with moodle platform. Meanwhile, synchronous learning was implemented in the
webinar class using zoom application.

The learning effectiveness was measured using two types, namely tests and a list of
questions. Instruments were given to participants after learning implementation. The author
applied to learn in one class by asynchronous and synchronous learning. Therefore, this study

was an experimental study using a one-group posttest-only design.

Participants

The population in this study was all students of the mathematics education study program
at STKIP PGRI Bangkalan in the odd academic year 2021/2022, totaling 34 students. The
author took a sample using clustered random sampling so that there were 23 students as a
sample. The sample was heterogeneous based on gender and initial mathematical ability. Initial

math skills were taken from calculus scores in the previous semester.

Instruments

Research instruments were lesson plans, e-books, modules, several learning videos, [mid-
test, final-test, and questionnaires]. The lesson plan consists of sixteen meetings, eight meetings
were implemented in e-learning and webinar classes, eight more meetings were implemented in
e-learning classes and hNhatsApp Group (WAGQG), Land then two other meetings were
implemented for tests. The author implemented 8 webinar classes because it was under campus
rules that implementation of synchronous learning through webinar classes was implemented 7-
8 times, this was due to constraints in purchasing internet quota. In this case, the 8" meeting
(mid-test session) and the 16" meeting (final-test session) were conducted in e-learning and
webinar class.

Table 1. Activities of each meeting
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Meeting  Activities Application
1 a. Students learn about linear equations and systems and linear ~ E-learning class and
equations in e-learning WAG
b.  Students discuss through discussion forums in e-learning
c. Students did assignments and upload their answers on e-
learning
2 a. Students pay attention to the lecturer's exploration about E-learning class and
Gauss and Gauss Jordan elimination through zoom Webinar class (zoom)
application
b. Students discuss and ask if there is a concept that is not
understood
¢. Students discuss through discussion forums in e-learning
d. Students did assignments and upload their answers on e-
learning
3 a. Students learn about matrix and matrix operations in e- E-learning class and
learning WAG
b.  Students discuss through discussion forums in e-learning
¢. Students did assignments and upload their answers on e-
learning
4 a. Students pay attention to the lecturer's explanation about E-learning class and
algebra properties of the matrix through zoom application Webinar class (zoom)
b. Students discuss and ask if there is a concept that is not
understood
c. Students discuss through discussion forums in e-learning
d. Students did assignments and upload their answers on e-
learning
5 a. Students learn about elementary matrices and methods to E-learning class and
find matrix inverse in e-learning WAG
b.  Students discuss through discussion forums in e-learning
c. Students did assignments and upload their answers on e-
learning
6 a. Students pay attention to the lecturer's explanation about E-learning class and
solving systems of linear equations and inverse matrix Webinar class (zoom)
properties through zoom application
b. Students discuss and ask if there is a concept that is not
understood
c. Students discuss through discussion forums in e-learning
d. Students did assignments and upload their answers on e-
learning
7 a. Students learn about diagonal, symmetrical, and triangular E-learning class and
matrices in e-learning WAG
b.  Students discuss through discussion forums in e-learning
¢. Students did assignments and upload their answers on e-
learning
8 Mid-test E-learning class and
a. Students download mid-test questions on e-learning Webinar class (zoom)
b. Students did mid-test and upload their answers on e-learning
9 a. Students learn about determine determinants by cofactor E-learning class and
expansion and row reduction in e-learning WAG
b.  Students discuss through discussion forums in e-learning
c. Students did assignments and upload their answers on e-
learning
10 a. Students pay attention to the lecturer's explanation about E-learning class and
determinant properties and Crammer's rule through zoom Webinar class (zoom)
application
b. Students discuss and ask if there is a concept that is not

understood
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c. Students discuss through discussion forums in e-learning
d. Students did assignments and upload their answers on e-
learning
11 a. Students learn about vector space in e-learning E-learning class and
b.  Students discuss through discussion forums in e-learning WAG
¢. Students did assignments and upload their answers on e-
learning
12 a. Students pay attention to the lecturer's explanation about E-learning class and
vector subspace through zoom application Webinar class (zoom)
b. Students discuss and ask if there is a concept that is not
understood
¢. Students discuss through discussion forums in e-learning
d. Students did assignments and upload their answers on e-
learning
13 a. Students learn about linear combination and span in e- E-learning class and
learning WAG
b.  Students discuss through discussion forums in e-learning
¢. Students did assignments and upload their answers on e-
learning
14 a. Students pay attention to the lecturer's explanation about E-learning class and
linearly independent and linearly dependent Webinar class (zoom)
b. Students discuss and ask if there is a concept that is not
understood
c. Students discuss through discussion forums in e-learning
d. Students did assignments and upload their answers on e-
learning
15 a. Students learn about base and dimensions in e-learning E-learning class and
b. Students discuss through discussion forums in e-learning WAG
c. Students did assignments and upload their answers on e-
learning
16 Final-test E-learning class and
a. Students download final-test questions on e-learning Webinar class (zoom)
b. Students did final-test and upload their answers on e-

learning

The author gives mid-test and final-test at the 8" and 16™ meetings. Test questions were

developed according to the material in the lesson plan.
Table 2. Mid-Test Grid (duration 90 minutes)

Learning Level Learning Question  Max
No Indicators _Domain Material Number  Score
C AP
System of
Given several equations, linear
1  students determine whether V Cc2 equationsand 1 10
linear equations or not Linear
equation
Students can make the system N System of
2 of linear equations with 3 Cc2 linear 2 10
equations and 5 variables equations
Given several matrices, students
5 can Qetermme row echelon c2 Matrix 3 10
matrix, reduced row echelon
matrix, or not both.
4 Given the system of linear N C3 Gauss Jordan 4 15
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equations, students can solve Elimination
the system of linear equations
using Gauss Jordan elimination
Given the system of linear N
equations, students can
determine the coefficient value Solving
of one linear equation so that system of
5 the system of linear equations, 3 linear 5 20
a) has no solution, b) has one equations
solution, and c¢) has many
solutions
Given 2 matrices, students can N Matrix
6 determine the operation result Cc2 j 6 10
; operation
of two matrices
Given a matrix, students can N Inverse
7 determine inverse matrix by the C2 . 7 15
: - matrix
inverse algorithm
Given several matrices, students
g can Qetermine upper triangule}r c2 Matrix 8 10
matrix, lower triangular matrix,
and diagonal matrix
Tabel 3. Final Test Grid (duration 90 minutes)
Learning Level Learning Question  Max
No Indicators Domain Material Number  Score
cC AP
Given a matrix, students can Cofactor
1 determine matrix determinant R C3 . 10
by usi factor expansion Expansion
Yy using co p
Given a system of linear
2 equations, stud_ents can so_lve c3 Crammers' 5 10
the system of linear equations rules
using Crammers' rules
Given three sets, students can N
3 prove that three sets are vector C4 Vector Spaces 3 15
spaces or not
Given three pairs of W and V R
4 sets, students can prove whether C4 Subspace 4 15
set V is a subspace of set W
Given a set S and four vectors,
students can determine whether Linear
5 . C3 L 10
four vectors are linear combinations
combinations of vectors in set S
Given three sets, students N Linearly
determine that three are linearly independent
6 - . C3 B 15
independent or linearly and linearly
dependent on R® or M2 dependent
Given several sets S, students N
7 can show that these sets are not C3 Basis 7 15
the basis of R®
Given a set S, students can v
show basis S of My, and Basis and
8  students can determine C3 . - 8 10
dimension

dimensions of the S subspace of
Mz,
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The author developed a questionnaire to measure students' responses to the approach. The

statements on the questionnaire used a Likert scale. Aspects of the questionnaire and indicators

can be seen in Table 4.

Table 4. Aspects and Indicators of The Questionnaire

No  Aspects Indicators Statements
1. Knowledge  Students can Student’s knowledge of elementary linear algebra
understand material through online learning

elementary linear
algebra material

Student’s ability to understand every elementary linear
algebra material through online learning

Student’s ability to solve problems related to
elementary linear algebra material through online
learning

2. Attitude

Students are active in
Asynchronous and
synchronous learning

Student’s response when independently learning
through learning resources in e-learning

Student’s responses when responding to discussion
forums

Student’s responses when downloading assignments in e-
learning, work it and upload answers in e-learning

Student’s responses about taking synchronous learning

Student responses when discussing through webinar
classes

Frequency of students accessing e-learning

3. E-learning
dan Webinar
classes
applications

Ease of access and
usefulness for
students

Ease of accessing e-learning class application

Ease of accessing webinar class application

The usefulness of accessing e-learning class application

The usefulness of accessing e-learning class application

The Procedure of Data Collection

Data collection was done by giving tests and questionnaires. The instrument was given

online by using e-learning and google form. Learning implementation by using asynchronous

and synchronous learning in line with lesson plan design.

Data Analysis

Data analysis in this study used descriptive statistical analysis because the aim was to

explain and provide an overview of characteristics of a series of data, without doing any

generation. After the test result data and student’s response data were collected, authors

analyzed data as follows:

1. Analysis of test result data

Data analysis of test results was measured using a completeness test. This completeness

test consists of an individual completeness test and a classical completeness test. The

Ministry of Education and Culture categorizes students' scores into 5 categories as follows.

0 <score <35
35 <score <55

:very low
> low
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55<score <65 :medium
65 <score <85 :high
85 <score <100 :very high

Furthermore, Widoyoko (2009) determines the classical completeness criteria as follows.

p >80 : very good
60 <p<80 : good
40<p <60 : quite
20<p <40 : less
p=<20 2 very less

Based on the criteria above, the author established criteria for individual completeness,
namely that students were said to have completed learning if they got a score of 65% of the
total score. While classical completeness criteria were 80% of students have completed
their studies. Improved learning outcomes were achieved if students' learning outcomes
after mid-test were higher than students' learning outcomes before being given treatment.
Then students' learning outcomes of the final-test were higher than students' learning
outcomes of the mid-test.

2. Analysis of student’s response data
Student’s response data obtained from questionnaires consists of 2 types. This was because
questions from the questionnaire consist of 2 kinds, namely questions with 4 answers
(1,2,3,4) and questions with 2 answers (yes and no).
For the first question, the criteria were as follows:

1, 00 < average < 1, 50: less

1, 50 <average < 2, 50: enough
2,50 < average < 3, 50: good

3, 50 < average < 4, 00: very good

Students' responses were said to be positive if they were in good and very good categories.
For the second question, students' responses were said to be effective if more than 50% of

students' responses were good.

Results and Discussion
The asynchronous and synchronous learning activities

Data collection was implemented for the first time on Tuesday, October 5, 2021, according to
the class schedule. Before the first meeting began, the lecturer filled out e-learning content at

https:/elearning.stkippgri-bkl.ac.id/. Required content, starting from the introductory session, 1st—7"

sessions, 9"-15" sessions, 8" sessions, and 16" sessions. The introductory session contains 1)
explanation of course descriptions, 2) course achievements, 3) introduction forum (lecturer

introduction video), 4) lecture contracts, 5) libraries, 6) attendance list. So, 17" sessions and 9"-15"
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sessions each contain 1) greetings and explanation sessions, 2) learning achievements, 3) learning
materials, 4) discussion forums, 5) assignments, 6) links to webinar class meetings. So, the 8"
sessions and 16" sessions contain 1) greetings and explanations sessions, 2) mid-test questions or
final-test questions according to the specified format. The display of e-learning can be seen in Figures
land2.

A ® DwilayanaSari £
-«

ALJABAR LINEAR ELEMENTER
Program Studi Pendidikan Matematika

di kelas LMS pada matakuliah aljabar linear elementer semester 1|

Semangat kuliah daring ya

Figure 1. Front view of Elementary Linear Algebra in E-learning

urutanda. apakah semua permasalahan dalam kehiduoan sehari-hari daoat dibentuk dalam Persamaan Linear? lelaskan!

Figure 2. Content Display at 1™ Meeting in E-learning

The first meeting was conducted in asynchronous learning through e-learning classes. Students
filled out attendance lists, accessed content in e-learning, studied teaching materials, responded to
discussion forums, work assignments, and upload answers in e-learning. Synchronous learning was
done through WAG. This was done if students didn’t understand and needed to ask. The duration of
the meeting was 10.30 - 13.00.

The second meeting was implemented in synchronous learning through a webinar class using

the zoom application. Student attendance was done by filling out the attendance list in e-learning. The

10



Jurnal Didaktik Matematika Author

lecturer explained the material in PowerPoint and video. Students could ask and answer directly and
then discussed this through this zoom application. The activity was continued with asynchronous
learning in e-learning class, where students downloaded tasks in e-learning and uploaded answers in
e-learning. Learning continued until the fourth, fifth, sixth, seventh meetings. Next, at the 8" meeting,
students worked on mid-test questions through synchronous learning in webinar class. Previously,
students downloaded questions in e-learning.

Data collection continued until the fifteenth meeting. The learning implementation on the ninth
to fifteenth meetings was implemented asynchronously and synchronously like previous meetings. At
the 16 meeting, students worked on final-test questions through synchronous learning in webinar

class. Previously, students downloaded questions in e-learning.

The student's learning outcomes and improvement of learning outcomes

The mid-test result showed that 17 of 23 students achieved scores of more than 65% of the
total score. This showed that 87% of students completed studying. This showed that there was an
improvement of students’ learning outcomes in elementary linear algebra material after online
learning through asynchronous and synchronous learning was implemented compared to students’
learning outcomes through just WAG. While results of the final test showed that all students achieved
a score of more than 65% of the total score. This showed that 100% of students have completed
studying. This showed that there was an improvement of students’ learning outcomes in elementary
linear algebra material after online learning through asynchronous and synchronous learning was
implemented compared to students' learning outcomes through just WAG. Furthermore, final-test
results had increased compared to mid-test results.

Based on the results of the research above, it showed that students’ learning outcomes in
elementary linear algebra material using asynchronous and synchronous learning approaches had
increased. The results of this study were in line with the results of Zaharah, Kirilova & Windarti's
(2020) research which stated that learning using E-learning brings progress and innovation to
education in Indonesia because almost 75% of students conducted online learning simultaneously
during the covid-19 epidemic. Sindu & Paramartha (2018) argued that theoretically, the use of
instructional media based on video and slide synchronization system facilitated students at the time of
learning, that is, at the time of material discussion and it made the use of instructional time more
effective.

The student’s responses

After all, learning was implemented, students were asked to fill out a student’s response

questionnaire to online learning through asynchronous and synchronous learning in elementary linear

algebra material. The student’s response questionnaire could be accessed by google form in link

11
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https://bit.ly/ANGKET MAHASISWA TERHADAP PEMBELAJARAN_ALIN. The results of
students' responses to the knowledge aspect can be seen in Figure 3.

| I IR N

L

Figure 3.JA. My knowledge of elementary linear algebra is very good, B. I can explain the meaning of
the linear equation system, C. | can explain the Gauss Jordan elimination method, D. | can solve the
system of linear equations with Gauss Jordan elimination, E. | can explain the meaning of matrix, F. |
can determine operation result of two matrices, G. | can explain the meaning of determinant, H. | can
determine the determinant of a matrix by using cofactor expansion, I. | can determine the determinant
of a matrix by using row reduction, J. | can prove that a set is a vector space, K. I can prove that a set
is a subspace of a vector space, L. | can show that some vectors are linear combinations of a vector,
M. | can show that a vector spans the set, N. | can show a linearly independent set or linearly
dependent, O. | can show that a set is the basis and dimension of a subspace in a vector space. Likert
scale, 1=less, 2=enough, 3=good, 4=very good.l

Based on analysis results of student’s responses on knowledge aspect, it showed that (1)
student’s knowledge of elementary linear algebra material was good category, because average
student’s response was 3, (2) student’s ability to explain the meaning of linear equation system was
good category, because average student’s response was 3, (3) student’s ability in explaining Gauss
Jordan Elimination method was good category, because average student’s response was 3, (4)
student’s ability to solve a system of linear equations with Gauss Jordan elimination was good
category, because verage student’s response was 3, (5) student’s ability to explain the meaning of
matrix was good category, because average student’s response was 3, (6) student’s ability to
determine operation result of two matrices was good category, because average student’s response
was 3, (7) student’s ability to explain the meaning of determinants was good category, because
average student’s response was 3, (8) student’s ability to determine determinant of a matrix using
cofactor expansion was good category, because average student’s response was 3, (9) student's ability
to determine determinant of a matrix using row reduction was good category, because average
student’s response was 3, (10) student’s ability to prove a set was a vector space was good category,
because average student’s response was 3, (11) student’s ability to prove that a set was a subspace of
another set was good category, because average student’s response was 3, (12) student’s ability to
show that a set was a linear combination of other sets was good category, because average student’s
response was 3, (13) student’s ability to show that an element spans a set was good category, because

average student’s response was 3, (14) student’s ability to show show a linearly independent set or

12
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linearly dependent was good category, because average student’s response was 3, (15) student’s
ability to show that a set was basis and dimension of a subspace in a vector space were good category,
because average student’s response was 3. This showed that students' response to the knowledge
aspect was positive.

The result of students' responses to the knowledge aspect supported the result of improving
students' learning outcomes in the previous analysis. These results indicated that students had good
knowledge of elementary linear algebra material after asynchronous and synchronous learning was
implemented. This was because the availability of teaching materials in e-learning or e-learning
classes was very helpful for students in understanding material before students discussed it in webinar
classes. Therefore, mathematics learning would not experience difficulties during this pandemic if the
material presentation had been presented in an e-learning class. This was under the opinion of Das
(2020) who stated that mathematics education would be easier if virtual math classrooms can be
presented to students through the internet. Furthermore, Noviani (2021) recommended that e-learning
design was under learning objectives to minimize barriers.

The result of students' responses to attitudes aspect in online learning (synchronous and

asynchronous learning) can be seen in Figure 4 below.

. .2 3 M4
15

0 .

D

Figure 4. A. | always download teaching materials in e-learning, B. | always respond to discussion
forums on e-learning, C. | always download tasks in e-learning, work tasks, and upload answers in e-
learning, D. | always take webinar classes, E. | actively ask and answer during webinar class. Likert
scale, 1=less, 2=enough, 3=good, 4=very good.

Based on analysis results of student responses on attitudes aspect, it showed that (1) student’s
habits in downloading teaching materials in e-learning were a good category, because average
student’s response was 4, (2) student’s habits in responding to discussion forums in e-learning were
good category because average student’s response was 3, (3) student’s habits in downloading tasks in
e-learning, work tasks and uploading answers in e-learning were good category because average
student response was 4, (4) student’s habits in taking webinar classes were good category because
average student’s response was 4, (5) student’s habits to actively ask and answer during synchronous
classes were good category because average student’s response was 3. This showed that students'

response to attitudes aspect was positive.
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Students' attitude in asynchronous and synchronous learning was one of the factors of positive
students' knowledge of elementary linear algebra. Students were enthusiastic about this online
learning. Students were active in online learning, both asynchronous and synchronous learning. The
results of this study were in line with the results of Wijaya's research (2020) which resulted in there
was a good student learning attitude towards the learning video. Students felt that learning the video
was very interesting yet effective as they were able to understand the concept taught.

The result of students' responses to the use of e-learning and webinar classes applications can
be seen in Figure 5 and Figure 6 below.

1. Apakah Anda kesulitan dalam mengakses aplikasi kelas LMS (e-learning)?
23 jawaban

@ Ya
@ Tidak

Figure 5. The result of students' responses to the use of e-learning class applications. 23 students
responded to this question

2. Apakah Anda kesulitan dalam mengakses aplikasi kelas webinar (zoom, google meet, dll)?
23 jawaban

®va
@ Tidak

Figure 6. The result of students' responses to the use of webinar class application. 23 students
responded to this question

Based on Figure 5, showed that 60.9% of students had no difficulty in using e-learning class
applications. While Figure 6 showed that 82.6% of students had no difficulty in using webinar class
applications. This showed that students' skills in using e-learning and webinar classes applications

were effective.
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The result of students' responses to the use of e-learning and webinar classes applications
supported students' attitudes towards online learning through asynchronous and synchronous learning.
Students had no difficulty in participating in e-learning and webinar classes. This showed that
students were ready to face the industrial 4.0 period as suggested by Mairing, et. al (2021).

Furthermore, the result of students' responses to the usefulness of e-learning and webinar

classes applications can be seen in Figure 7 and Figure 8 below.

3. Apakah kelas LMS (e-learning) bermanfaat bagi Anda dalam proses pembelajaran?
23 jawaban

® Ya
@ Tidak

Figure 7. The result of student’s responses to the usefulness of e-learning class application

4. Apakah kelas webinar (zoom, google meet dll) bermanfaat bagi Anda dalam proses
pembelajaran?
23 jawaban

@® Ya
@ Tidak

Figure 8. The result of student’s responses to the usefulness of webinar class application

Based on Figures 7 and 8, showed that 100% of students responded that e-learning and
webinar classes were beneficial for them. The result of students' responses to the usefulness of e-
learning and webinar classes applications also supported students' attitudes towards online learning
through asynchronous and synchronous learning. Students felt that e-learning and webinar classes
were very useful so students were enthusiastic and active in online learning. This was in Amiti's
opinion (2020) which stated that the overall study results showed that even though there could be a
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preference for both e-learning methods, both synchronous and asynchronous e-learning methods if
combined right, it could help teachers and learners, have a successful course and results.

Figure 9 below showed the frequency of students accessing e-learning classes in a week.

5. Berapa kali Anda mengakses kelas LMS (e-learning) dalam seminggu?
23 jawaban

@ Tidak pernah
® 1kali

2 kali
@ 3 kali

Figure 9. The result of students' responses to the frequency of accessing e-learning class in a week.
There are 3 options, namely 1 time, 2 times, or 3 times in a week.

Based on Figure 9, there were 65.2% of students accessed e-learning classes 3 times a week,
17.4% of students accessed e-learning classes 1 or 2 times a week. These results indicated that
students were enthusiastic and active in online learning through asynchronous and synchronous
learning. More than 50% of students accessed e-learning 3 times a week. It reflected that students
made good use of this e-learning facility to support their learning process. E-learning could provide
everything students needed to learn. This was in line with the opinion of Xie, Liu, Bhairma, Shim
(2018) who stated that students preferred to use asynchronous learning because they could easily
access it offline. In addition, the asynchronous learning model was useful for shy students and was not
used in virtual discussions through computers. Raymond, Atsumbe, Okwori, and Jebba (2016)
recommend that higher education institutions used innovative e-learning platforms and encouraged

lecturers to not only use synchronous learning in teaching but also used asynchronous learning.

Conclusion

The results showed that the application of asynchronous learning and synchronous
learning could improve students' learning outcomes in online learning. It can be seen from
classical completeness studying after mid-test was higher than classical completeness studying
through just WAG. This also supported by the result of classical completeness studying after the
final test was higher than classical completeness studying after the mid-test.

The questionnaire results showed that most of the students gave a positive response to
asynchronous and synchronous learning. Students' response to the knowledge aspect was positive,

students' attitude towards learning was positive, students were able to access e-learning and
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webinars classes easily, students thought that e-learning and webinar classes were very useful and
helped their learning. Furthermore, students often accessed e-learning to study materials and
downloaded tasks, work tasks, and upload tasks' answers in e-learning.

Further research can apply asynchronous and synchronous learning with different
learning activity designs. An example of a research objective is to compare the effectiveness of
other online learning with asynchronous and synchronous learning on students' learning
outcomes and student responses. If the pandemic is over, then the effectiveness of blended
learning by combining directly face-to-face learning with asynchronous learning (e-learning)
also needs to be researched. Research’s focus can be done on 4Cs (critical thinking, creativity,

communication, and collaboration) because 4 abilities are very much needed in this 4.0 er@.
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Abstract. Proses pembelajaran berubah dari tatap muka menjadi fullonline, sejak Indonesia
mengalami pandemic covid-19 di akhir tahun 2019. Di awal tahun 2020, salah satu
perguruan tinggi keguruan di Bangkalan, Indonesia melaksanakan pembelajaran daring
melalui WhatsApp Group (WAG). Namun pembelajaran ini mengakibatkan 75% mahasiswa
calon guru tidak tuntas dalam belajar materi aljabar linear elementer. Pembelajaran daring
melalui asynchronous learning dengan memanfaatkan e-learning berupa platform moddle
menjadi salah satu solusi dalam mengatasi masalah. Namun demikian, asynchronous
learning perlu dikombinasikan dengan synchronous learning agar mahasiswa calon guru
dapat melakukan tatap muka secara virtual dengan dosen. Tujuan penelitian adalah untuk
mengetahui peningkatan hasil belajar mahasiswa calon guru dan respon mahasiswa calon
guru terhadap asynchronous and synchronous learning. Desain penelitian menggunakan one
group posttest only design. Subjek adalah 23 mahasiswa calon guru yang dipilih secara
clustered random sampling. Data dianalisis dengan analisis statistik deskriptif. Hasil
menunjukkan bahwa asynchronous dan synchronous learning dapat meningkatkan hasil
belajar mahasiswa calon guru. Hasil angket menunjukkan bahwa sebagian besar mahasiswa
calon guru memberikan respon positif terhadap pembelajaran asynchronous dan
synchronous learning. Dosen di perguruan tinggi keguruan dapat menerapkan pembelajaran
daring dengan synchronous dan asynchronous lening melalui e-learning, karena ini
berpengaruh pada Pedagogical Content Knowledge (PCK) mahasiswa calon guru.
Mahasiswa calon guru memiliki pengalaman mengenai pembelajaran online yang
mengkombinasikan synchronous and asynchronous learning melalui e-learning. Hal ini
dapat memberikan pengetahuan bagi mahasiswa calon guru dalam mengembangkan metode
pembelajaran daring.

Keywords: Asynchronous learning, synchronous learning, e-learning, mahasiswa calon
guru, aljabar linear elementer
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Introduction

At the end of 2019, Word was shaken by emerging a new coronavirus called| ]Novel
Corona Virus (2019-nCoV). This virus was originally discovered in Wuhan China in December
2019. A very significant spread to all countries in the world occurred in early 2020, including
Indonesia. This was the cause of the covid-19 pandemic in Indonesia.

The covid-19 pandemic in Indonesia had a big impact in various fields, ranging from
Health, Economy, and Education fields. In education fields, educational’s institutions ranging
from Kindergarten to Universities didn't implement face-to-face learning to reduce personal
contact. Furthermore, Azhari & Fajri (2020) stated that to avoid the spread of Covid-19, the
government gave the policy to close classrooms without stopping learning, so that schools
implemented distance learning. Since 2020, learning had changed from face-to-face learning to
online learning by using information technology (Rehman & Fatima, 2021).

In early 2020, online learning was implemented at STKIP PGRI Bangkalan through
[WhatsApp Group (WAG)I. However, learning through WAG had many shortcomings,
especially in an elementary linear algebra course. Based on learning outcomes data, it showed
that 75% of preservice teacher didn’t complete studying. This means that 20% of preservice
teacher had completed studying. This learning outcome had decreased significantly compared
to results of previous studies regarding the effectiveness of learning in an elementary linear
algebra course, which showed that 86% of students had completed their studies (Sari, 2016).

Whereas elementary linear algebra course is a basic course that must be mastered by
students because elementary linear algebra course is a prerequisite course for studying further
courses such as abstract algebra. This is under the opinion of Suryaningsih (2016) & Ruswana
(2019) who stated that elementary linear algebra was a basic subject that must be mastered by
low-level students. If students can master material of elementary linear algebra, then students
can easily learn other subjects|.

Based on the explanation above, online learning needs to be changed. It can be
implemented by using asynchronous learning. Skylar (2009) stated that Asynchronous courses
provide students with a flexible environment that was self-paced with students accessing course
content using a variety of tools. Students were not restricted to a set day/time for
communicating, and it allowed students more time to prepare a response to a set of directions
or questions. Asynchronous learning is implemented by using the university’s e-learning with
moodle platform. According to [Hambrecht (in Ogbonna, Ibezim & Obi, 2019) b-learning was
defined as a generic term covering a wide range of ICT technology-based applications and
processes, including computer-based learning, web-based learning, virtual classrooms, digital

collaboration, and networking. E-learning contains content for one semesterf are materials,
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discussion forums, and assignments. Yuhasriyati et.al (2020) stated that the use of e-learning
may force educational processes to run faster in terms of accessibility and quality. The use of
e-learning was also very influential on learning activities and students' learning outcomes
(Fitriani & Nurjannah, 2019). Furthermore, Lin, Tseng & Chiang (2017) explained that students
gave positive feedback on the use of Moodle learning platform for mathematics after
experiencing blended learning.

Before pandemic, e-learning can be implemented in blended learning, namely combining
online learning through e-learning with face-to-face learning directly. There were several
studies had shown that blended learning showed significant success in improving students'
learning outcomes. As research results by Lin, Tseng & Chiang (2017) stated that ANCOVA
and MANCOVA analyses showed that blended learning experience benefitted students in the
experimental group by having a positive effect not only on learning outcomes but also on their
attitudes toward studying mathematics in a blended environment. These results are in line with
the research of Sukma & Priatna (2020) which explained that the implementation of blended
learning in Mathematics had the potential to improve student's critical thinking skills (CTS).

However, during this pandemic learning was implemented fully online (Trenholm &
Peschke, 2020), which means that learning was implemented using e-learning without face-to-
face directly. Therefore, synchronous learning was an alternative to virtual face-to-face learning
between lecturer and students. Shi & Morrow in Skylar (2009) stated that in real-time
synchronous courses, the instructor leads the learning, and all learners were logged on
simultaneously and communicated directly with each other.

Synchronous learning at [STKIP] PGRI Bangkalan was implemented by using zoom
application, google meet application, etc. The aims of synchronous learning to students could
understand the material so that student's learning outcomes were good. This is in line with the
research results of Aisyah and Sari (2021) which stated that the use of the Google meet platform
could improve students' learning outcomes.

Therefore, online learning using asynchronous learning through e-learning and
synchronous learning through the virtual conference was an alternative in implementing
elementary linear algebra learning. Many previous research results showed the success of
asynchronous and synchronous learning. Research by Ogbonna & lbezim (2019) showed that
synchronous and asynchronous e-learning modes increased the cognitive academic
achievement of students in word processing.

In the middle of 2020, STKIP PGRI Bangkalan took a policy related to online learning
implemented in 2 ways, namely asynchronous and synchronous learning. However, synchronous

learning was implemented between 7-8 meetings. While asynchronous learning was implemented
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in full, namely 14-16 meetings. Asynchronous learning was implemented in e-learning classes,
while synchronous learning was implemented in webinar classes (zoom, google meet, etc.).
However, this implementation’s change of online learning needs to be evaluated for its
implementation. One of them was the preservice teacher’s perspective because they were objects
of learning. Their success was the output of learning application by the lecturer. And then, they
must have pedagogic and content knowledge to become professional teachers. From pedagogic
knowledge aspect, they must understand types of learning methods and from content knowledge
aspect, they must master mathematical material, especially basic material, such elementary linear
algebra. Based on this explanation, the aims of this study were 1) to determine the improvement
of preservice teachers' learning outcomes through asynchronous and synchronous learning in
elementary linear algebra material and 2) to determine preservice teachers' responses to

asynchronous and synchronous learning.

Method
Research Design

The author applied treatment to the participant's group, to determine the improvement of
preservice teachers' learning outcomes on elementary linear algebra material and preservice
teachers' responses to asynchronous and synchronous learning. Asynchronous learning was
implemented in e-learning classes with moodle platform. Meanwhile, synchronous learning was
implemented in the webinar class using zoom application.

The learning effectiveness was measured using two types, namely tests and a list of
questions. Instruments were given to participants after learning implementation. The author
applied to learn in one class by asynchronous and synchronous learning. Therefore, this study was
an experimental study using a one-group posttest-only design.

Participants

The population in this study was all preservice teachers of the mathematics education study
program at STKIP PGRI Bangkalan in the odd academic year 2021/2022, totaling 34 preservice
teachers. The author took a sample using clustered random sampling so that there were 23
preservice teachers as a sample. The sample was heterogeneous based on gender and initial
mathematical ability. Initial math skills were taken from calculus scores in the previous semester.
Instruments

Research instruments were lesson plans, e-books, modules, several learning videos, mid-
test, final-test, and questionnaires. The lesson plan consists of sixteen meetings, eight meetings
were implemented in e-learning and webinar classes, eight more meetings were implemented in

e-learning classes and WhatsApp Group (WAG), and then two other meetings were implemented
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for tests. The author implemented 8 webinar classes because it was under campus rules that
implementation of synchronous learning through webinar classes was implemented 7-8 times,
this was due to constraints in purchasing internet quota. In this case, the 8" meeting (mid-test

session) and the 16" meeting (final-test session) were conducted in e-learning and webinar class.
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2 a. Students pay attention to the lecturer's exploration about Gauss and Gauss Jordan E-learning . €
elimination through zoom application class and
b.  Students discuss and ask if there is a concept that is not understood Webinar
c.  Students discuss through discussion forums in e-learning class (zoom)
d. Students| |assignments and upload their answers on e-learning [r. ted [A17]: | have changed becomes ‘do’
3 a.  Students learn about matrix and matrix operations in e-learning E-learning
b.  Students discuss through discussion forums in e-learning class and
c.  Students| |assignments and upload their answers on e-learning WAG [r. ted [A18]: | have changed becomes ‘do’
4 a.  Students pay attention to the lecturer's explanation about algebra properties of the E-learning
matrix through zoom application class and
b.  Students discuss and ask if there is a concept that is not understood Webinar
c.  Students discuss through discussion forums in e-learning class (zoom)
d. Students| |assignments and upload their answers on e-learning [r ted [A19]: | have changed becomes ‘do’
5 a.  Students learn about elementary matrices and methods to find matrix inverse in e- E-learning
learning class and
b.  Students discuss through discussion forums in e-learning WAG
c. Students| |assignments and upload their answers on e-learning [r. ted [A20]: | have changed becomes ‘do’
6 a.  Students pay attention to the lecturer's explanation about solving systems of linear E-learning
equations and inverse matrix properties through zoom application class and
b.  Students discuss and ask if there is a concept that is not understood Webinar
c.  Students discuss through discussion forums in e-learning class (zoom)
d. Students| |assignments and upload their answers on e-learning [r. ted [A21]: | have changed becomes ‘do’
7 a.  Students learn about diagonal, symmetrical, and triangular matrices in e-learning E-learning
b.  Students discuss through discussion forums in e-learning class and
c.  Students| |assignments and upload their answers on e-learning WAG [r. ted [A22]: | have changed becomes ‘do’
8 Mid-test E-learning
a.  Students download mid-test questions on e-learning class and
b. Students[ ]mid—test and upload their answers on e-learning Webinar [Commented [A23]: | have changed becomes ‘do’
class (zoom)
9 a. Students learn about determine determinants by cofactor expansion and row E-learning
reduction in e-learning class and
b.  Students discuss through discussion forums in e-learning WAG
c. Students| assignments and upload their answers on e-learning [r. ted [A24]: | have changed becomes ‘do’
10 a.  Students pay attention to the lecturer's explanation about determinant properties and  E-learning
Crammer's rule through zoom application class and
b.  Students discuss and ask if there is a concept that is not understood Webinar
c.  Students discuss through discussion forums in e-learning class (zoom)
d.  Students| |assignments and upload their answers on e-learning [r. ted [A25]: | have changed becomes ‘do’
11 a. Students learn about vector space in e-learning E-learning
b.  Students discuss through discussion forums in e-learning class and
c.  Students| |assignments and upload their answers on e-learning WAG [r ted [A26]: | have changed becomes ‘do’
12 a. Students pay attention to the lecturer's explanation about vector subspace through E-learning
zoom application class and
b.  Students discuss and ask if there is a concept that is not understood Webinar
c.  Students discuss through discussion forums in e-learning class (zoom)
d. Students| |assignments and upload their answers on e-learning [r. ted [A27]: | have changed becomes ‘do’
13 a.  Students learn about linear combination and span in e-learning E-learning
b.  Students discuss through discussion forums in e-learning class and
c. Students| |assignments and upload their answers on e-learning WAG [r. ted [A28]: | have changed becomes ‘do’
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14 a.  Students pay attention to the lecturer's explanation about linearly independent and E-learning
linearly dependent class and
b.  Students discuss and ask if there is a concept that is not understood Webinar
c.  Students discuss through discussion forums in e-learning class (zoom)
d. Students| |assignments and upload their answers on e-learning [r. ted [A29]: | have changed becomes ‘do’
15 a.  Students learn about base and dimensions in e-learning E-learning
b.  Students discuss through discussion forums in e-learning class and
c.  Students| |assignments and upload their answers on e-learning WAG [r. ted [A30]: | have changed becomes ‘do’
16 Final-test E-learning
a.  Students download final-test questions on e-learning class and
b. Students| |final-test and upload their answers on e-learning Webinar [Commented [A31]: | have changed becomes ‘do’
class (zoom)
The author| | mid-test and final-test at the 8" and 16™ meetings. Test questions were | Commented [A32]: I have changed becomes ‘gave’

developed according to the material in the lesson plan.

Table 2. Mid-Test Grid (duration 90 minutes)

Learning Learning Question  Max
. Level .
No Indicators Domain Material Number  Score
cC A P
Given several equations, students determine N SyStem of linear
1 whether linear equations or not c2 equations and 1 10
Linear equation
Students can make the system of linear v System of linear
2 . . . A c2 - 2 10
equations with 3 equations and 5 variables eguations
Given several matrices, students can v
3 determine row echelon matrix, reduced row Cc2 Matrix 3 10
echelon matrix, or not both.
Given the system of linear equations, N Gauss Jordan
4 students can solve the system of linear C3 N 4 15
- : L Elimination
equations using Gauss Jordan elimination
Given the system of linear equations, N
students can determine the coefficient value Solving system
5 of one linear equation so that the system of C3 of linear 5 20
linear equations, a) has no solution, b) has equations
one solution, and c) has many solutions
Given 2 matrices, students can determine N Matrix
6 - - Cc2 8 6 10
the operation result of two matrices operation
7 _leen amatrix, studer_]ts can determlne v c2 Inverse matrix 7 15
inverse matrix by the inverse algorithm
Given several matrices, students can v
8 determine upper triangular matrix, lower c2 Matrix 8 10

triangular matrix, and diagonal matrix

Commented [A33]: | have explaned the validity of instrument
mid-test and final-test in here, according to the second reviewer’s
comment
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Tabel 3. Final Test Grid (duration 90 minutes)
Learning Level Learning Question  Max
No Indicators Domain Material Number  Score
cC AP
1 Given a matrix, students can determine matrix N c3 Cofactor 1 10
determinant by using cofactor expansion Expansion
Given a system of linear equations, students v c \
. ; : rammers
2 can solve the system of linear equations using C3 rules 2 10
Crammers' rules
Given three sets, students can prove that three v Vector
3 C4 3 15
sets are vector spaces or not Spaces
Given three pairs of W and V sets, students v
4 can prove whether set V is a subspace of set C4 Subspace 4 15
W
Given a set S and four vectors, students can N Linear
5 determine whether four vectors are linear C3 - 5 10
I . combinations
combinations of vectors in set S
Given three sets, students determine that three v :Blg:agnydent
6 are linearly independent or linearly dependent C3 P 6 15
on R¥or M and linearly
22 dependent
Given several sets S, students can show that N .
! these sets are not the basis of R® c3 Basis ! 5
Given a set S, students can show basis S of v Basis and
8 M2,2 and students can determine dimensions C3 B - 8 10
dimension
of the S subspace of M2
The author developed a questionnaire to measure preservice teachers' responses to the
approach. |

[ The statements on the questionnaire used a Likert scale.

Table 4. Aspects and Indicators of The Questionnaire

Commented [A34]: | have explaned the quality of instrument
questionnaire in here. The questionnaire is developed by author,
didn’t adaptation of another researcher

Commented [A35]: | have explaned the validity of instrument
mid-test and final-test in here, according to the second reviewer’s
comment

No  Aspects Indicators Statements
1. Knowledge Students can understand  Student’s knowledge of elementary linear algebra material
elementary linear through online learning
algebra material Student’s ability to understand every elementary linear
algebra material through online learning
Student’s ability to solve problems related to elementary
linear algebra material through online learning
2. Attitude Students are active in Student’s response when independently learning through
Asynchronous and learning resources in e-learning
synchronous learning Student’s responses when responding to discussion forums
Student’s responses when downloading assignments in e-
learning, work it and upload answers in e-learning
Student’s responses about taking synchronous learning
Student responses when discussing through webinar classes
Frequency of students accessing e-learning
3. Ease of accessing e-learning class application
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E-learning Ease of access and Ease of accessing webinar class application

dan Webinar usefulness for students ~_ The usefulness of accessing e-learning class application
classes The usefulness of accessing e-learning class application
applications

The Procedure of Data Collection
Data collection was done by giving tests and questionnaire. The instrument was given
online by using e-learning and google form. Learning implementation by using asynchronous and
synchronous learning in line with lesson plan design.
Data Analysis
Data analysis in this study used descriptive statistical analysis because the aim was to
explain and provide an overview of characteristics of a series of data, without doing any
generation. After the test result data and preservice teacher’s response data were collected,
authors analyzed data as follows:
1. Analysis of test result data
Data analysis of test results was measured using a completeness test. This completeness test
consists of an individual completeness test and a classical completeness test. The Ministry

of Education and Culture categorizes subjects' scores into 5 categories as follows.

0 <score <35 :very low
35 <score <55 : low
55 <score < 65 > medium

65 <score <85  :high
85 <score <100 :very high

Furthermore, Widoyoko (2009) determines the classical completeness criteria as follows.

p >80 : very good
60 <p <80 : good
40<p<60 : quite
20<p <40 > less

p <20 :very less

Based on the criteria above, the author established criteria for individual completeness,
namely that preservice teachers were said to have completed learning if they got a score of
65% of the total score. While classical completeness criteria were 80% of preservice teachers
have completed their studies. Improved learning outcomes were achieved if preservice
teachers' learning outcomes after mid-test were higher than preservice teachers' learning
outcomes before being given treatment. Then preservice teachers' learning outcomes of the
final-test were higher than preservice teachers' learning outcomes of the mid-test.
2. Analysis of preservice teacher’s response data

Preservice teacher’s response data obtained from questionnaires consists of 2 types. This
was because questions from the questionnaire consist of 2 kinds, namely questions with 4

answers (1,2,3,4) and questions with 2 answers (yes and no).
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For the first question, the criteria were as follows:

1, 00 < average < 1, 50: less

1, 50 <average < 2, 50: enough
2,50 <average < 3, 50: good

3, 50 <average <4, 00: very good

Preservice teachers ' responses were said to be positive if they were in good and very good
categories.

For the second question, preservice teachers' responses were said to be effective if more than
50% of students' responses were good.

Results and Discussion
The asynchronous and synchronous learning activities

Data collection was implemented for the first time on Tuesday, October 5, 2021, according to
the class schedule. Before the first meeting began, the lecturer filled out e-learning [contend. Required
content, starting from the introductory session, 1st-7" sessions, 9"-15" sessions, 8" sessions, and 16"
sessions. The introductory session contains 1) explanation of course descriptions, 2) course
achievements, 3) introduction forum (lecturer introduction video), 4) lecture contracts, 5) libraries, 6)
attendance list. So, 1"-7" sessions and 9"-15" sessions each contain 1) greetings and explanation
sessions, 2) learning achievements, 3) learning materials, 4) discussion forums, 5) assignments, 6) links
to webinar class meetings. So, the 8" sessions and 16" sessions contain 1) greetings and explanations
sessions, 2) mid-test questions or final-test questions according to the specified format. The display of
e-learning can be seen in Figures 1, 2 and 3, discussion and closing sessions can be seen in Figure 4

and 5, discussion sessions in WAG can be seen in Figure 6.
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METODE ELIMINASI GAUSSIAN DAN ELIMINASI GAUSS JORDAN

Kita telah lajari bagail lesaikan SPL dengan kan Matriks yang

diperbesar dengan menggunakan operasi baris elementer. Sckarang kita akan mempelajari
tentang_prosedur climinasi yang dapat digunakan untuk mereduksi matriks schingga menjadi
matriks ekselon baris tereduksi.

Contoh:
2 4 -10 6 12 28
2 4 -5 6 -5 -1

Langkah 1. Temukan kolom paling kiri yang tidak sluruhnya adalah 0 (nol)
‘ 0 -2 0 7 12'

IOO -2 0 7 lZl

4 -10 6 12 28
4 -5 6 -5 -1
baris pertama dengan baris lain, agar baris pertama bukan nol
|2 4 -10 6 12 zal Baris pertama ditukar
00 -2 0 7 12|/ ;
24 26 6 6ol dengan baris kedua
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The first meeting was conducted in asynchronous learning through e-learning classes.

Preservice teachers filled out attendance lists, accessed content in e-learning, studied teaching

materials, responded to discussion forums, [ ] assignments, and [ | answers in e-learning.

Synchronous learning was done through WAG. This was done if preservice teachers didn’t
understand and needed to ask. The duration of the meeting was 10.30 - 13.00.

The second meeting was implemented in synchronous learning through a webinar class using
the zoom application. Preservice teacher attendance was done by filling out the attendance list in e-
learning. The lecturer explained the material in PowerPoint and video. Preservice teachers could ask
and answer directly and then discussed this through this zoom application. The activity was continued

with asynchronous learning in e-learning class, where preservice teachers downloaded tasks in e-
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learning and uploaded answers in e-learning. Learning continued until the fourth, fifth, sixth, seventh
meetings. Next, at the 8" meeting, students worked on mid-test questions through synchronous learning
in webinar class. Previously, preservice teachers downloaded questions in e-learning.

Data collection continued until the fifteenth meeting. The learning implementation on the ninth
to fifteenth meetings was implemented asynchronously and synchronously like previous meetings. At
the 16" meeting, preservice teachers worked on final-test questions through synchronous learning in
webinar class. Previously, preservice teachers downloaded questions in e-learning.

The preservice teacher's learning outcomes and improvement of learning outcomes

The mid-test result showed that 17 of 23 preservice teachers achieved scores of more than 65%
of the total score. This showed that 87% of preservice teachers completed studying. This showed that
there was an improvement of preservice teachers’ learning outcomes in elementary linear algebra
material after online learning through asynchronous and synchronous learning was implemented
compared to preservice teachers’ learning outcomes through just WAG. While results of the final test
showed that all preservice teachers achieved a score of more than 65% of the total score. This showed
that 100% of preservice teachers have completed studying. This showed that there was an
improvement of preservice teachers’ learning outcomes in elementary linear algebra material after
online learning through asynchronous and synchronous learning was implemented compared to
preservice teachers' learning outcomes through just WAG. Furthermore, final-test results had
increased compared to mid-test results.

Based on the results of the research above, it showed that preservice teachers’ learning
outcomes in elementary linear algebra material using asynchronous and synchronous learning
approaches had increased. The results of this study were in line with the results of Zaharah, Kirilova &
Windarti's (2020) research which stated that learning using E-learning brings progress and innovation
to education in Indonesia because almost 75% of students conducted online learning simultaneously
during the covid-19 epidemic. Sindu & Paramartha (2018) argued that theoretically, the use of
instructional media based on video and slide synchronization system facilitated students at the time of
learning, that is, at the time of material discussion and it made the use of instructional time more
effective.

The preservice teacher’s responses

After all, learning was implemented, preservice teachers were asked to fill out a subject’s
response questionnaire to online learning through asynchronous and synchronous learning in
elementary linear algebra material. The subject’s response questionnaire could be accessed by google
form in link https://bit. y/ANGKET MAHASISWA TERHADAP PEMBELAJARAN_ALIN. The

results of preservice teachers' responses to the knowledge aspect can be seen in Figure 7.

12
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|

Based on analysis results of preservice teacher’s responses on knowledge aspect, it showed that
(1) preservice teacher’s knowledge of elementary linear algebra material was good category, because
[ LNas 3, (2) preservice teacher’s ability to explain the meaning of
linear equation system was good category, because [ Mas 3, (3)
preservice teacher’s ability in explaining Gauss Jordan Elimination method was good category,
because | Wwas 3, (4) preservice teacher’s ability to solve a system
of linear equations with Gauss Jordan elimination was good category, because|
| was 3, (5) preservice teacher’s ability to explain the meaning of matrix was good
category, because [ Mas 3, (6) preservice teacher’s ability to
determine operation result of two matrices was good category, becausel
]Was 3, (7) preservice teacher’s ability to explain the meaning of determinants was good
category, because [ Mas 3, (8) preservice teacher’s ability to
determine determinant of a matrix using cofactor expansion was good category, because[
was 3, (9) preservice teacher’s ability to determine determinant of a matrix
using row reduction was good category, because | }was 3, (10)
preservice teacher’s ability to prove a set was a vector space was good category, becausel

Nvas 3, (11) preservice teacher’s ability to prove that a set was a subspace of
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another set was good category, becausel L/vas 3, (12) preservice
teacher’s ability to show that a set was a linear combination of other sets was good category, because
[ L/vas 3, (13) preservice teacher’s ability to show that an element
spans a set was good category, because [ }was 3, (14) preservice
teacher’s ability to show show a linearly independent set or linearly dependent was good category,
because[ Mas 3, (15) preservice teacher’s ability to show that a set
was basis and dimension of a subspace in a vector space were good category, becausel

]was 3. This showed that preservice teachers' response to the knowledge
aspect was positive.

The result of preservice teachers' responses to the knowledge aspect supported the result of
improving preservice teachers' learning outcomes in the previous analysis. These results indicated that
preservice teachers had good knowledge of elementary linear algebra material after asynchronous and
synchronous learning was implemented. This was because the availability of teaching materials in e-
learning or e-learning classes was very helpful for preservice teachers in understanding material
before they discussed it in webinar classes. Therefore, mathematics learning would not experience
difficulties during this pandemic if the material presentation had been presented in an e-learning class.
This was under the opinion of Das (2020) who stated that mathematics education would be easier if
virtual math classrooms can be presented to students through the internet. Furthermore, Noviani (2021)
recommended that e-learning design was under learning objectives to minimize barriers.

The result of preservice teachers' responses to attitudes aspect in online learning (synchronous

and asynchronous learning) can be seen in Figure 8 below.
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Based on analysis results of preservice teacher’s responses on attitudes aspect, it showed that
(1) preservice teacher’s habits in downloading teaching materials in e-learning were a good category,
because| Wwas 4, (2) preservice teacher’s habits in responding to
discussion forums in e-learning were good category because[ Mas
3, (3) preservice teacher’s habits in downloading tasks in e-learning, work tasks and uploading
answers in e-learning were good category because[ L/vas 4, (4)
preservice teacher’s habits in taking webinar classes were good category because [

}was 4, (5) preservice teacher’s habits to actively ask and answer during
synchronous classes were good category because[ M/as 3. This
showed that preservice teachers' response to attitudes aspect was positive.

Preservice teachers' attitude in asynchronous and synchronous learning was one of the factors
of positive preservice teachers' knowledge of elementary linear algebra. Preservice teachers were
enthusiastic about this online learning. Preservice teachers were active in online learning, both
asynchronous and synchronous learning. The results of this study were in line with the results of
Wijaya's research (2020) which resulted in there was a good student learning attitude towards the
learning video. Students felt that learning the video was very interesting yet effective as they were able
to understand the concept taught.

The result of preservice teachers' responses to the use of e-learning and webinar classes

applications can be seen in Figure 9 and Figure 10 below.

1. Apakah Anda kesulitan dalam mengakses aplikasi kelas LMS (e-learning)?

23 jawaban

®va
@ Tidak

Figure 9. The result of preservice teachers' responses to the use of e-learning class applications
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2. Apakah Anda kesulitan dalam mengakses aplikasi kelas webinar (zoom, google meet, dll)?
23 jawaban

®va
@ Tidak

Figure 10. The result of preservice teachers' responses to the use of webinar class application.

Based on Figure 9, showed that 60.9% of preservice teachers had no difficulty in using e-
learning class applications. While Figure 10 showed that 82.6% of preservice teachers had no
difficulty in using webinar class applications. This showed that preservice teachers' skills in using e-
learning and webinar classes applications were effective.

The result of preservice teachers' responses to the use of e-learning and webinar classes
applications supported preservice teachers' attitudes towards online learning through asynchronous
and synchronous learning. Preservice teachers had no difficulty in participating in e-learning and
webinar classes. This showed that preservice teachers were ready to face the industrial 4.0 period as
suggested by Mairing, et. al (2021).

Furthermore, the result of preservice teachers' responses to the usefulness of e-learning and

webinar classes applications can be seen in Figure 11 and Figure 12 below.

3. Apakah kelas LMS (e-learning) bermanfaat bagi Anda dalam proses pembelajaran?
23 jawaban

®va
@ Tidak

Figure 11. The result of preservice teachers' responses to the usefulness of e-learning class application

16



Jurnal Didaktik Matematika Author

4. Apakah kelas webinar (zoom, google meet dil) bermanfaat bagi Anda dalam proses

pembelajaran?
23 jawaban

®vYa
@ Tidak

Figure 12. The result of preservice teachers' responses to the usefulness of webinar class application

Based on Figures 11 and 12, showed that 100% of preservice teachers responded that e-
learning and webinar classes were beneficial for them. The result of preservice teachers' responses to
the usefulness of e-learning and webinar classes applications also supported preservice teachers'
attitudes towards online learning through asynchronous and synchronous learning. Preservice teachers
felt that e-learning and webinar classes were very useful so they were enthusiastic and active in online
learning. This was in Amiti's opinion (2020) which stated that the overall study results showed that
even though there could be a preference for both e-learning methods, both synchronous and
asynchronous e-learning methods if combined right, it could help teachers and learners, have a
successful course and results.

Figure 13 below showed the frequency of preservice teachers accessing e-learning classes in a

week.

5. Berapa kali Anda mengakses kelas LMS (e-learning) dalam seminggu?
23 jawaban

@ Tidak pernah
® 1 kali

2 kali
@ 3kali

Figure 13. The result of preservice teachers' responses to the frequency of accessing e-learning class
in a week. There are 3 options, namely 1 time, 2 times, or 3 times in a week.

Based on Figure 13, there were 65.2% of preservice teachers accessed e-learning classes 3

times a week, 17.4% of preservice teachers accessed e-learning classes 1 or 2 times a week. These

17
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results indicated that they were enthusiastic and active in online learning through asynchronous and
synchronous learning. More than 50% of preservice teachers accessed e-learning 3 times a week. It
reflected that they made good use of this e-learning facility to support their learning process. E-learning
could provide everything needed to learn. This was in line with the opinion of Xie, Liu, Bhairma, Shim
(2018) who stated that students preferred to use asynchronous learning because they could easily access
it offline. In addition, the asynchronous learning model was useful for shy students and was not used in
virtual discussions through computers. Raymond, Atsumbe, Okwori, and Jebba (2016) recommend that
higher education institutions used innovative e-learning platforms and encouraged lecturers to not only
used synchronous learning in teaching but also used asynchronous learning.

Based on results, researcher recommends lecturers in teacher education program can apply
online learning by synchronous and asynchronous learning through e-learning, because it affects
Pedagogical Content Knowledge (PCK) of preservice teacher. PCK is a combination of two elements,
namely Content Knowledge (CK) and Pedagogical Knowledge (PK). Saifudin and Sukma (2018)
stated that two elements were very important for preservice teacher as educational professionals.
Content Knowledge (CK) was understanding and mastery of material in shaping and influencing
students' knowledge and thinking processes. Zubainur, Dazrulliza & Marwan (2017) stated that
measuring preservice teachers' understanding of material is important to do, in order to help improve
PCK of preservice teacher. But, Content Knowledge (CK) must be balanced with Pedagogical
Knowledge (PK) or how to teach and manage class, in order to create effective learning.

In the millennial 4.0, teachers are said to be professional if they are able to manage class by
virtual learning. Based on research results of Siregar, Solfitri & Siregar (2021) stated that preservice
teaachers have already had quite good perception of online learning while attending lectures during the
COVID-19 pandemic. Beside that, teachers are able to make teaching materials and assess student
assignments by online, so that student learning increases. This is line with result of Keller, Neumann
& Fischer (2017) that teacher’s PCK mainly influences student learning. Therefore, PCK of preservice
teachers can be developed by synchronous and asynchronous learning through e-learning. This is
because understanding of material develops and is accustomed to using online learning support

applications such as Zoom, Google Meet and Moodle.]

Conclusion

The results showed that the application of asynchronous learning and synchronous learning
could improve preservice teachers' learning outcomes in online learning. It can be seen from
classical completeness studying after mid-test was higher than classical completeness studying
through just WAG. This also supported by the result of classical completeness studying after the
final test was higher than classical completeness studying after the mid-test.
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The questionnaire results showed that most of preservice teachers gave a positive response
to asynchronous and synchronous learning. Preservice teachers' response to the knowledge aspect
was positive, preservice teachers' attitude towards learning was positive, preservice teachers were
able to access e-learning and webinars classes easily, preservice teachers thought that e-learning and
webinar classes were very useful and helped their learning. Furthermore, preservice teachers
often accessed e-learning to study materials and downloaded tasks, work tasks, and upload tasks'
answers in e-learning.

Referring to the research results, iynchronous learning and asynchronous learning through
e-learning can be used by lecturers in teacher education program, not only in elementary linear
algebra material but in other mathematics material, because it affects Pedagogical Content
Knowledge (PCK) of preservice teacher. Preservice teachers have experience about online learning
that combines synchronous and asynchronous learning through e-learning. This can provide knowledge
for preservice teachers in developing online learning methods. |Further research can apply
asynchronous and synchronous learning with different learning activity designs. An example of
a research objective is to compare the effectiveness of other online learning with asynchronous
and synchronous learning on students' learning outcomes. If the pandemic is over, then the
effectiveness of blended learning by combining directly face-to-face learning with asynchronous
learning (e-learning) also needs to be researched. Research’s focus can be done on 4Cs (critical
thinking, creativity, communication, and collaboration) because 4 abilities are very much needed

in this 4.0 era.
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Synchronous and Asynchronous Learning by Using E-Learning for
Preservice Teachers on Elementary Linear Algebra Material

Abstract. The learning process changed from face-to-face to full-online, since COVID-19
pandemic in the end of 2019. In early 2020, one of teacher education program in Bangkalan,
Indonesia implemented online learning through WhatsApp Group (WAG). However, the
learning result showed that 75% of preservice teacher were not being complete in elementary
linear algebra material. Online learning through asynchronous learning by using e-learning
was one solution to solve the problem. However, synchronous learning needs to be
implemented so that preservice teacher can face-to-face virtually with lecturers. The purpose
of this study was to determine improvement in preservice teachers' learning outcomes and
preservice teachers' responses to synchronous and asynchronous learning. The research
design used was one group posttest-only design. 23 subjects were selected by clustered
random sampling. Data were analyzed by descriptive statistical analysis. Results show that
synchronous and asynchronous learning can improve preservice teachers' learning outcomes
and most preservice teachers gave a positive response to synchronous and asynchronous
learning. [The combination of synchronous and asynchronous learning by using e-learning is
one solution for online learning during Covid-19 pandemic. Higher education institutions
provide innovative e-learning platforms and encouraged lecturers to not only used
synchronous learning in teaching but also to combine it with asynchronous learning by using
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Keywords: Synchronous learning, asynchronous learning, e-learning, preservice teacher,
elementary linear algebra

Abstract. Proses pembelajaran berubah dari tatap muka menjadi fullonline, sejak pandemic
covid-19 di akhir tahun 2019. Di awal tahun 2020, salah satu perguruan tinggi keguruan di
Bangkalan, Indonesia melaksanakan pembelajaran daring melalui WhatsApp Group (WAG).
Namun pembelajaran ini mengakibatkan 75% mahasiswa calon guru tidak tuntas dalam
belajar materi aljabar linear elementer. Pembelajaran daring melalui asynchronous
learning dengan memanfaatkan e-learning menjadi salah satu solusi dalam mengatasi
masalah. Namun demikian, synchronous learning perlu diterapkan agar mahasiswa calon
guru dapat melakukan tatap muka secara virtual dengan dosen. Tujuan penelitian adalah
untuk mengetahui peningkatan hasil belajar mahasiswa calon guru dan respon mahasiswa
calon guru terhadap synchronous and asynchronous learning. Desain penelitian
menggunakan one group posttest only design. Subjek adalah 23 mahasiswa calon guru yang
dipilih secara clustered random sampling. Data dianalisis dengan analisis statistik
deskriptif. Hasil menunjukkan bahwa synchronous dan asynchronous learning dapat
meningkatkan hasil belajar mahasiswa calon guru dan sebagian besar mahasiswa calon
guru memberikan respon positif terhadap pembelajaran synchronous dan asynchronous
learning. Kombinasi synchronous dan asynchronous learning adalah salah satu solusi untuk
pembelajaran daring selama pandemic Covid-19. Perguruan tinggi menyediakan platform
e-learning yang inovatif dan mendorong dosen tidak hanya menggunakan synchronous
learning dalam mengajar tetapi juga mengkombinasikan dengan asynchronous learning
melalui e-learning.

Keywords: Synchronous learning, asynchronous learning, e-learning, mahasiswa calon
guru, aljabar linear elementer
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Introduction

At the end of 2019, Word was shaken by emerging a new coronavirus called Novel
Corona Virus (2019-nCoV). This virus was originally discovered in Wuhan China in December
2019. A very significant spread to all countries in the world occurred in early 2020, including
Indonesia. This was the cause of the covid-19 pandemic in Indonesia.

The covid-19 pandemic in Indonesia had a big impact in various fields, ranging from
Health, Economy, and Education fields. In education fields, educational’s institutions ranging
from Kindergarten to Universities didn't implement face-to-face learning to reduce personal
contact. Furthermore, Azhari & Fajri (2020) stated that to avoid the spread of Covid-19, the
government gave the policy to close classrooms without stopping learning, so that schools
implemented distance learning. Since 2020, learning had changed from face-to-face learning to
online learning by using information technology (Rehman & Fatima, 2021).

In early 2020, online learning was implemented at STKIP PGRI Bangkalan through
WhatsApp Group (WAG). However, learning through WAG had many shortcomings,
especially in an elementary linear algebra course. Based on learning outcomes data, it showed
that 75% of preservice teacher didn’t complete studying. This means that 20% of preservice
teacher had completed studying. This learning outcome had decreased significantly compared
to results of previous studies regarding the effectiveness of learning in an elementary linear
algebra course, which showed that 86% of students had completed their studies (Sari, 2016).

Whereas elementary linear algebra course is a basic course that must be mastered by
students because elementary linear algebra course is a prerequisite course for studying further
courses such as abstract algebra. This is under the opinion of Suryaningsih (2016) & Ruswana
(2019) who stated that elementary linear algebra was a basic subject that must be mastered by
low-level students. If students can master material of elementary linear algebra, then students
can easily learn other subjects.

Based on the explanation above, online learning needs to be changed. It can be
implemented by using asynchronous learning. Skylar (2009) stated that Asynchronous courses
provide students with a flexible environment that was self-paced with students accessing course
content using a variety of tools. Students were not restricted to a set day/time for
communicating, and it allowed students more time to prepare a response to a set of directions
or questions. Asynchronous learning is implemented by using the university’s e-learning with
moodle platform. According to Hambrecht (in Ogbonna, Ibezim & Obi, 2019) e-learning was
defined as a generic term covering a wide range of ICT technology-based applications and
processes, including computer-based learning, web-based learning, virtual classrooms, digital

collaboration, and networking. E-learning contains content for one semester are materials,
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discussion forums, and assignments. Yuhasriyati et.al (2020) stated that the use of e-learning
may force educational processes to run faster in terms of accessibility and quality. The use of
e-learning was also very influential on learning activities and students' learning outcomes
(Fitriani & Nurjannah, 2019). Furthermore, Lin, Tseng & Chiang (2017) explained that students
gave positive feedback on the use of Moodle learning platform for mathematics after
experiencing blended learning.

Before pandemic, e-learning can be implemented in blended learning, namely combining
online learning through e-learning with face-to-face learning directly. There were several
studies had shown that blended learning showed significant success in improving students'
learning outcomes. As research results by Lin, Tseng & Chiang (2017) stated that ANCOVA
and MANCOVA analyses showed that blended learning experience benefitted students in the
experimental group by having a positive effect not only on learning outcomes but also on their
attitudes toward studying mathematics in a blended environment. These results are in line with
the research of Sukma & Priatna (2020) which explained that the implementation of blended
learning in Mathematics had the potential to improve student's critical thinking skills (CTS).

However, during this pandemic learning was implemented fully online (Trenholm &
Peschke, 2020), which means that learning was implemented using e-learning without face-to-
face directly. Therefore, synchronous learning was an alternative to virtual face-to-face learning
between lecturer and students. Shi & Morrow in Skylar (2009) stated that in real-time
synchronous courses, the instructor leads the learning, and all learners were logged on
simultaneously and communicated directly with each other.

Synchronous learning at STKIP PGRI Bangkalan was implemented by using zoom
application, google meet application, etc. The aims of synchronous learning to students could
understand the material so that student's learning outcomes were good. This is in line with the
research results of Aisyah and Sari (2021) which stated that the use of the Google meet platform
could improve students' learning outcomes.

Therefore, online learning using asynchronous learning through e-learning and
synchronous learning through the virtual conference was an alternative in implementing
elementary linear algebra learning. Many previous research results showed the success of
asynchronous and synchronous learning. Research by Ogbonna & lbezim (2019) showed that
synchronous and asynchronous e-learning modes increased the cognitive academic
achievement of students in word processing.

In the middle of 2020, STKIP PGRI Bangkalan took a policy related to online learning
implemented in 2 ways, namely asynchronous and synchronous learning. However, synchronous

learning was implemented between 7-8 meetings. While asynchronous learning was implemented
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in full, namely 14-16 meetings. Asynchronous learning was implemented in e-learning classes,
while synchronous learning was implemented in webinar classes (zoom, google meet, etc.).
However, this implementation’s change of online learning needs to be evaluated for its
implementation. One of them was the preservice teacher’s perspective because they were objects
of learning. Their success was the output of learning application by the lecturer. Based on this
explanation, the aims of this study were 1) to determine the improvement of preservice teachers'
learning outcomes through synchronous and asynchronous learning by using e-learning on
elementary linear algebra material and 2) to determine preservice teachers' responses to

synchronous and asynchronous learning by using e-learning.

Method
Research Design

The author applied treatment to the participant's group, to determine the improvement of
preservice teachers' learning outcomes on elementary linear algebra material and preservice
teachers' responses to synchronous and asynchronous learning by using e-learning. Asynchronous
learning was implemented in e-learning classes with moodle platform. Meanwhile, synchronous
learning was implemented in the webinar class using zoom application.

The learning effectiveness was measured using two types, namely tests and a list of
questions. Instruments were given to participants after learning implementation. The author
applied to learn in one class by synchronous and asynchronous learning by using e-learning.
Therefore, this study was an experimental study using a one-group posttest-only design.
Participants

The population in this study was all preservice teachers of the mathematics education study
program at STKIP PGRI Bangkalan in the odd academic year 2021/2022, totaling 34 preservice
teachers. The author took a sample using clustered random sampling so that there were 23
preservice teachers as a sample. The sample was heterogeneous based on gender and initial
mathematical ability. Initial math skills were taken from calculus scores in the previous semester.
Instruments

Research instruments were lesson plans, e-books, modules, several learning videos, mid-
test, final-test, and questionnaires. [The lesson plan consists of sixteen meetings, eight meetings
were implemented in e-learning class and webinar class (zoom), such as 2, 4™, 6t 8 10%, 121,
14" 16M. The eight more meetings were implemented in e-learning class and WhatsApp Group
(WAG), such as 1, 3, 5t 7t gt 11t 13" 150 The author implemented 8 webinar classes
because it was under campus rules that implementation of synchronous learning through webinar

classes was implemented 7-8 times, this was due to constraints in purchasing internet quota. In

Commented [A2]: | have summarized the table, like reviewers’
comment




Jurnal Didaktik Matematika Author

this case, the 8" meeting (mid-test session) and the 16" meeting (final-test session) were
conducted in e-learning class and webinar class (zoom).

The author gave mid-test and final-test at the 8" and 16" meetings. Test questions were
developed according to the material in the lesson plan. To get a valid mid-test and final-test, used
3 validities, namely construct validity, content validity, and face validity. Construct validity was
done by ensuring that results of mid-test and final-test actually measure preservice teachers’
abilities in elementary linear algebra and not other variables. Content validity was done by
reviewing and making mid-test and final-test grids. Grids covered questions and prepared
question indicators so that no indicators were missed. The mid-test and final-test grids can be seen
in Table 1 and Table 2. Face validity was done by 2 (two) experts. Experts evaluated elements of
concept truth, rules for writing questions, displays for example writing symbols and mathematical
formulas, punctuation marks, pictures and language. The face validation average result for mid-
test was 4.17. The face validation average result for final-test was 4.33. It means that mid-test and
final-test were valid to be used.

Table 1. Mid-Test Grid (duration 90 minutes)

Learning Level Learning Question  Max
No Indicators _Domain Material Number  Score
cC AP
Given several equations, students ﬁ%lzt;rz Oljations
1 determine whether linear equations or R Cc2 £ 1 10
and Linear
not -
equation
Students can make the system of linear System of
2 equations with 3 equations and 5 c2 linear 2 10
variables equations
Given several matrices, students can R
3 determine row echelon matrix, reduced c2 Matrix 3 10
row echelon matrix, or not both.
Given the system of linear equations, R
students can solve the system of linear Gauss Jordan
4 - : C3 AN 4 15
equations using Gauss Jordan Elimination
elimination
Given the system of linear equations, N
students can determine the coefficient .
. . Solving system
value of one linear equation so that the h
5 . - C3 of linear 5 20
system of linear equations, a) has no equations
solution, b) has one solution, and c) has a
many solutions
Given 2 matrices, students can v Matrix
6  determine the operation result of two c2 - 6 10
- operation
matrices
7 leen amatrix, studer_uts can deterr_mne R c2 Inverse matrix 7 15
inverse matrix by the inverse algorithm
Given several matrices, students can R
8 determine upper triangular matrix, c2 Matrix 8 10

lower triangular matrix, and diagonal
matrix
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Tabel 2. Final Test Grid (duration 90 minutes)

Learning Level Learning Question  Max
No Indicators Domain Material Number  Score
C AP
Given a matrix, students can determine Cofactor
1 matrix determinant by using cofactor \/ C3 . 1 10
. Expansion
expansion
Given a system of linear equations, N Crammers'
2 students can solve the system of linear C3 rules 2 10
equations using Crammers' rules
Given three sets, students can prove that Vector
3 Cc4 3 15
three sets are vector spaces or not Spaces
Given three pairs of W and V sets, v
4 students can prove whether set V is a C4 Subspace 4 15
subspace of set W
Given a set S and four vectors, students Linear
5 can determine whether four vectors are C3 N 10
. L : combinations
linear combinations of vectors in set S
Given three sets, students determine that v :‘n'(?:agln{jem
6 three are linearly independent or linearly C3 d :) | 6 15
dependent on R® or M2, and finearfy
' dependent
Given several sets S, students can show N .
! that these sets are not the basis of R® 3 Basis ! 15
Given a set S, students can show basis S V Basis and
8 of My and students can determine C3 di . 8 10
imension

dimensions of the S subspace of My

The author developed a questionnaire to measure preservice teachers' responses to the

approach. To get a valid questionnaire, used 3 validities, namely construct validity, content

validity, and face validity. Construct validity was done by ensuring that results of questionnaire

actually measure preservice teachers' responses to synchronous and asynchronous learning by

using e-learning. Content validity was done by reviewing and making questionnaire grids. Grids

covered questions and prepared question indicators so that no indicators were missed. Aspects of

the questionnaire and indicators can be seen in Table 3. Face validity was done by 2 (two) experts.

Experts evaluated elements of concept truth, rules for writing questions, displays for language.

The face validation average result for questionnaire was 4.83. The statements on the questionnaire

used a Likert scale.

Table 3. Aspects and Indicators of The Questionnaire

No  Aspects Indicators Statements
1. Knowledge  Students can Student’s knowledge of elementary linear algebra
understand material through online learning
elementary linear ~ Student’s ability to understand every elementary linear
algebra material algebra material through online learning
Student’s ability to solve problems related to elementary
linear algebra material through online learning
2. Attitude Students are active ~ Student’s response when independently learning through
in Asynchronous learning resources in e-learning
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and synchronous
learning

Student’s responses when responding to discussion
forums

Student’s responses when downloading assignments in e-
learning, work it and upload answers in e-learning

Student’s responses about taking synchronous learning

Student responses when discussing through webinar
classes

Frequency of students accessing e-learning

3. E-learning Ease of access and
dan Webinar  usefulness for
classes students
applications

Ease of accessing e-learning class application

Ease of accessing webinar class application

The usefulness of accessing e-learning class application

The usefulness of accessing e-learning class application

The Procedure of Data Collection

Data collection was done by giving tests and questionnaire. The instrument was given

online by using e-learning and google form. Learning implementation by using asynchronous and

synchronous learning in line with lesson plan design.

Data Analysis

Data analysis in this study used descriptive statistical analysis because the aim was to

explain and provide an overview of characteristics of a series of data, without doing any

generation. After the test result data and preservice teacher’s response data were collected,

authors analyzed data as follows:

1. Analysis of test result data

Data analysis of test results was measured using a completeness test. This completeness test

consists of an individual completeness test and a classical completeness test. The Ministry

of Education and Culture categorizes subjects' scores into 5 categories as follows.

0 <score <35 :very low
35 <score <55 : low
55 <score < 65 - medium

65 <score <85 :high
85 <score <100 : very high

Furthermore, Widoyoko (2009) determines the classical completeness criteria as follows.

p >80 : very good
60 <p<80 : good
40<p <60 : quite
20<p <40 : less
p=<20 2 very less

Based on the criteria above, the author established criteria for individual completeness,

namely that preservice teachers were said to have completed learning if they got a score of

65% of the total score. While classical completeness criteria were 80% of preservice teachers

have completed their studies. Improved learning outcomes were achieved if preservice

teachers' learning outcomes after mid-test were higher than preservice teachers' learning
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outcomes before being given treatment. Then preservice teachers' learning outcomes of the
final-test were higher than preservice teachers' learning outcomes of the mid-test.

2. Analysis of preservice teacher’s response data
Preservice teacher’s response data obtained from questionnaires consists of 2 types. This
was because questions from the questionnaire consist of 2 kinds, namely questions with 4
answers (1,2,3,4) and questions with 2 answers (yes and no).
For the first question, the criteria were as follows:

1, 00 < average < 1, 50: less

1, 50 <average < 2, 50: enough
2,50 <average < 3, 50: good

3, 50 < average < 4, 00: very good

Preservice teachers ' responses were said to be positive if they were in good and very good
categories.

For the second question, preservice teachers' responses were said to be effective if more than
50% of students' responses were good.

Results and Discussion
The asynchronous and synchronous learning activities

Data collection was implemented for the first time on Tuesday, October 5, 2021, according to
the class schedule. Before the first meeting began, the lecturer filled out e-learning content. Required
content, starting from the introductory session, 1st—7" sessions, 9"-15" sessions, 8" sessions, and 16"
sessions. The introductory session contains 1) explanation of course descriptions, 2) course
achievements, 3) introduction forum (lecturer introduction video), 4) lecture contracts, 5) libraries, 6)
attendance list. So, 1"-7" sessions and 9"-15" sessions each contain 1) greetings and explanation
sessions, 2) learning achievements, 3) learning materials, 4) discussion forums, 5) assignments, 6) links
to webinar class meetings. So, the 8" sessions and 16" sessions contain 1) greetings and explanations
sessions, 2) mid-test questions or final-test questions according to the specified format. The display of
e-learning can be seen in Figures 1, 2 and 3, discussion and closing sessions can be seen in Figure 4

and 5, discussion sessions in WAG can be seen in Figure 6.
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Figure 3. Content Display at 2" Meeting in E-learning
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Kita telah

diperbesar dengan menggunakan operasi baris
tentang. prosedur climinasi yang dapat digunakan u
matriks cksclon baris tereduksi.

Contoh:

2 4 -10 6 12 28
2 4 -5 6 -5 -1
Langkah 1. Temukan kolom paling kiri yang tidak seluruhnya adalah 0 (nel)
‘ 0 -2 0 7 12]

IOO -2 0 7 12]

4 -10 6 12 28
4 -5 6 -5 -1
Langkah 2. Gantilah baris pertama dengan baris lain, agar baris pertama bukan nol
4 -10 6 12 28 Baris pertama ditukar
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4 2% 6 <6 dengan baris kedua

Figure 4. Discussion Session in The Webinar Class (Zoom)

a
(0]
@ oo
[ .
v e

hmad Nasyi... P 8 -
o
o
8
o
[
)
»

T © 104 har v v ot € - Bme ©@% 0 B ~Goav gl 8

Figure 5. Closing Session in The Webinar Class (Zoom)
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Figure 6. Discussion Session in WAG

The first meeting was conducted in asynchronous learning through e-learning classes.
Preservice teachers filled out attendance lists, accessed content in e-learning, studied teaching
materials, responded to discussion forums, did assignments, and uploaded answers in e-learning.
Synchronous learning was done through WAG. This was done if preservice teachers didn’t
understand and needed to ask. The duration of the meeting was 10.30 - 13.00.

The second meeting was implemented in synchronous learning through a webinar class using
the zoom application. Preservice teacher attendance was done by filling out the attendance list in e-
learning. The lecturer explained the material in PowerPoint and video. Preservice teachers could ask
and answer directly and then discussed this through this zoom application. The activity was continued
with asynchronous learning in e-learning class, where preservice teachers downloaded tasks in e-
learning and uploaded answers in e-learning. Learning continued until the fourth, fifth, sixth, seventh
meetings. Next, at the 8" meeting, students worked on mid-test questions through synchronous learning
in webinar class. Previously, preservice teachers downloaded questions in e-learning.

Data collection continued until the fifteenth meeting. The learning implementation on the ninth
to fifteenth meetings was implemented synchronously anf asynchronously like previous meetings. At
the 16" meeting, preservice teachers worked on final-test questions through synchronous learning in
webinar class. Previously, preservice teachers downloaded questions in e-learning.

The preservice teacher's learning outcomes and improvement of learning outcomes

The mid-test result showed that 17 of 23 preservice teachers achieved scores of more than 65%
of the total score. This showed that 87% of preservice teachers completed studying. This showed that
there was an improvement of preservice teachers’ learning outcomes in elementary linear algebra

material after online learning through synchronous and asynchronous learning by using e-learning was

11
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implemented compared to preservice teachers’ learning outcomes through just WAG. While results
of the final test showed that all preservice teachers achieved a score of more than 65% of the total
score. This showed that 100% of preservice teachers have completed studying. This showed that there
was an improvement of preservice teachers’ learning outcomes in elementary linear algebra material
after online learning through synchronous and asynchronous learning by using e-learning was
implemented compared to preservice teachers' learning outcomes through just WAG. Furthermore,
final-test results had increased compared to mid-test results.

Based on the results of the research above, it showed that preservice teachers’ learning
outcomes in elementary linear algebra material through synchronous and asynchronous learning by
using approaches had increased. The results of this study were in line with the results of Zaharah,
Kirilova & Windarti's (2020) research which stated that learning using e-learning brings progress and
innovation to education in Indonesia because almost 75% of students conducted online learning
simultaneously during the covid-19 epidemic. Sindu & Paramartha (2018) argued that theoretically, the
use of instructional media based on video and slide synchronization system facilitated students at the
time of learning, that is, at the time of material discussion and it made the use of instructional time more
effective. This shows that the combination of synchronous and asynchronous learning by using e-
learning is one of the solutions for online learning during the Covid-19 pandemic.

The preservice teacher’s responses

After all, learning was implemented, preservice teachers were asked to fill out a subject’s
response questionnaire to online learning through through synchronous and asynchronous learning by
using e-learning in elementary linear algebra material. The subject’s response questionnaire could be
accessed by google form in link
https://bit.ly/ANGKET _MAHASISWA TERHADAP PEMBELAJARAN_ALIN. The results of

preservice teachers' responses to the knowledge aspect can be seen in Table 4.

[Table 4. The Results of Preservice Teachers' Responses to The Knowledge Aspecd

The number of preservice
teachers' responses in each
category (n)

Total of :
Statements in the respondents Analysis result

No

uestionnaire
q less enough good  very

nx1nx2 nx3 nx4 Average Category

(1) (@ (3 good(4)
My knowledge of

1 elementary linear 3 5 10 5 23 3 10 30 20 3 Good
algebra is very good

I can explain the
2 meaning of the linear 0 4 11 8 23 0 8 33 32 3 Good
equation system

I can explain the
3 Gauss Jordan 0 4 11 8 23 0 8 33 32 3 Good
elimination method

| can solve the
system of linear
equations with Gauss
Jordan elimination

5 9 8 23 1 10 27 32 3 Good
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I can explain the

meaning of matrix . 3 8 1 23 1 6 24 44 3 Good

| can determine
6 operation result of 1 3 7 12 23 1 6 21 48 3 Good
two matrices

I can explain the
7 meaning of 1 4 8 10 23 1 8 24 40 3 Good
determinant

| can determine the
determinant of a
matrix by using
cofactor expansion

1 4 10 8 23 1 8 30 32 3 Good

| can determine the
determinant of a
matrix by using row
reduction

4 9 9 23 1 8 27 36 3 Good

| can prove that a set

10 is a vector space

1 5 9 8 23 1 10 27 32 3 Good

I can prove that a set
11 s a subspace of a 1 4 11 7 23 1 8 33 28 3 Good
vector space

I can show that some
vectors are linear

12 o 1 6 8 8 23 1 12 24 32 3 Good
combinations of a
vector

13 lcanshowthata o, o, g 23 1 10 3 28 3  Good

vector spans the set

I can show a linearly
14 independent set or 1 7 7 8 23 1 14 21 32 3 Good
linearly dependent

I can show that a set
is the basis and
15 dimension of a 1 7 6 9 23 1 14 18 36 3 Good
subspace in a vector
space

Based on analysis results of preservice teacher’s responses on knowledge aspect, it showed that
(1) preservice teacher’s knowledge of elementary linear algebra material was good category, because
preservice teacher’s average respon was 3, (2) preservice teacher’s ability to explain the meaning of
linear equation system was good category, because preservice teacher’s average respon was 3, (3)
preservice teacher’s ability in explaining Gauss Jordan Elimination method was good category,
because preservice teacher’s average respon was 3, (4) preservice teacher’s ability to solve a system
of linear equations with Gauss Jordan elimination was good category, because preservice teacher’s
average respon was 3, (5) preservice teacher’s ability to explain the meaning of matrix was good
category, because preservice teacher’s average respon was 3, (6) preservice teacher’s ability to
determine operation result of two matrices was good category, because preservice teacher’s average
respon was 3, (7) preservice teacher’s ability to explain the meaning of determinants was good
category, because preservice teacher’s average respon was 3, (8) preservice teacher’s ability to
determine determinant of a matrix using cofactor expansion was good category, because preservice
teacher’s average respon was 3, (9) preservice teacher’s ability to determine determinant of a matrix

using row reduction was good category, because preservice teacher’s average respon was 3, (10)
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preservice teacher’s ability to prove a set was a vector space was good category, because preservice
teacher’s average respon was 3, (11) preservice teacher’s ability to prove that a set was a subspace of
another set was good category, because preservice teacher’s average respon was 3, (12) preservice
teacher’s ability to show that a set was a linear combination of other sets was good category, because
preservice teacher’s average respon was 3, (13) preservice teacher’s ability to show that an element
spans a set was good category, because preservice teacher’s average respon was 3, (14) preservice
teacher’s ability to show show a linearly independent set or linearly dependent was good category,
because preservice teacher’s average respon was 3, (15) preservice teacher’s ability to show that a set
was basis and dimension of a subspace in a vector space were good category, because preservice
teacher’s average respon was 3. This showed that preservice teachers' response to the knowledge
aspect was positive.

The result of preservice teachers' responses to the knowledge aspect supported the result of
improving preservice teachers' learning outcomes in the previous analysis. These results indicated that
preservice teachers had good knowledge of elementary linear algebra material after synchronous and
asynchronous learning by using e-learning was implemented. This was because the availability of
teaching materials in e-learning or e-learning classes was very helpful for preservice teachers in
understanding material before they discussed it in webinar classes. Therefore, mathematics learning
would not experience difficulties during this pandemic if the material presentation had been presented
in an e-learning class. This was under the opinion of Das (2020) who stated that mathematics education
would be easier if virtual math classrooms can be presented to students through the internet.
Furthermore, Noviani (2021) recommended that e-learning design was under learning objectives to
minimize barriers.

The result of preservice teachers' responses to attitudes aspect in online learning (synchronous
and asynchronous learning by using e-learning) can be seen in Table 5 below.
fTable 5. The Result of Preservice Teachers' Responses to Attitudes Aspect in Online Learning

(Synchronous and Asynchronous Learning by Using E-learning)

The number of preservice

. teachers' responses in each Total of Analysis result
Statements in the respondents
: h category (n)
questionnaire less enough good  very
) @) good (4) nx1nx2 nx3 nx4 Average Category
| always download
1 teaching materialsin 1 0 5 17 23 1 0 15 68 4 Good
e-learning
| always respond to
2 discussion forumson 1 5 7 10 23 1 10 21 40 3 Good
e-learning
| always download
tasks in e-learning,
3 work tasks, and 1 1 5 16 23 1 2 15 64 4 Good
upload answers in e-
learning
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| always take webinar

classes 1 0 5 17 23 1 0 15 68 4 Good

| actively ask and
5 answer during 1 6 8 8 23 1 12 24 32 3 Good
webinar class

Based on analysis results of preservice teacher’s responses on attitudes aspect, it showed that
(1) preservice teacher’s habits in downloading teaching materials in e-learning were a good category,
because preservice teacher’s average respon was 4, (2) preservice teacher’s habits in responding to
discussion forums in e-learning were good category because preservice teacher’s average respon was
3, (3) preservice teacher’s habits in downloading tasks in e-learning, work tasks and uploading
answers in e-learning were good category because preservice teacher’s average respon was 4, (4)
preservice teacher’s habits in taking webinar classes were good category because preservice
teacher’s average respon was 4, (5) preservice teacher’s habits to actively ask and answer during
synchronous classes were good category because preservice teacher’s average respon was 3. This
showed that preservice teachers' response to attitudes aspect was positive.

Preservice teachers'attitude in synchronous and asynchronous learning by using e-learning was
one of the factors of positive preservice teachers' knowledge of elementary linear algebra. Preservice
teachers were enthusiastic about this online learning. Preservice teachers were active in online
learning, both synchronous and asynchronous learning by using e-learning. The results of this study
were in line with the results of Wijaya's research (2020) which resulted in there was a good student
learning attitude towards the learning video. Students felt that learning the video was very interesting
yet effective as they were able to understand the concept taught.

The result of preservice teachers' responses to the use of e-learning and webinar classes

applications can be seen in Figure 7 and Figure 8 below.

1. Apakah Anda kesulitan dalam mengakses aplikasi kelas LMS (e-learning)?

23 jawaban

®va
@ Tidak

Figure 7. The result of preservice teachers' responses to the use of e-learning class applications
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2. Apakah Anda kesulitan dalam mengakses aplikasi kelas webinar (zoom, google meet, dll)?
23 jawaban

®va
@ Tidak

Figure 8. The result of preservice teachers' responses to the use of webinar class application

Based on Figure 7, showed that 60.9% of preservice teachers had no difficulty in using e-
learning class applications. While Figure 8 showed that 82.6% of preservice teachers had no difficulty
in using webinar class applications. This showed that preservice teachers' skills in using e-learning
and webinar classes applications were effective.

The result of preservice teachers' responses to the use of e-learning and webinar classes
applications supported preservice teachers' attitudes towards online learning through synchronous and
asynchronous learning by using e-learning. Preservice teachers had no difficulty in participating in e-
learning and webinar classes. This showed that preservice teachers were ready to face the industrial
4.0 period as suggested by Mairing, et. al (2021).

Furthermore, the result of preservice teachers' responses to the usefulness of e-learning and

webinar classes applications can be seen in Figure 9 and Figure 10 below.

3. Apakah kelas LMS (e-learning) bermanfaat bagi Anda dalam proses pembelajaran?
23 jawaban

®va
@ Tidak

Figure 9. The result of preservice teachers' responses to the usefulness of e-learning class application
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4. Apakah kelas webinar (zoom, google meet dil) bermanfaat bagi Anda dalam proses

pembelajaran?
23 jawaban

®vYa
@ Tidak

Figure 10. The result of preservice teachers' responses to the usefulness of webinar class application

Based on Figures 9 and 10, showed that 100% of preservice teachers responded that e-learning
and webinar classes were beneficial for them. The result of preservice teachers' responses to the
usefulness of e-learning and webinar classes applications also supported preservice teachers' attitudes
towards online learning through synchronous and asynchronous learning by using e-learning.
Preservice teachers felt that e-learning and webinar classes were very useful so they were enthusiastic
and active in online learning. This was in Amiti's opinion (2020) which stated that the overall study
results showed that even though there could be a preference for both e-learning methods, both
synchronous and asynchronous e-learning methods if combined right, it could help teachers and
learners, have a successful course and results.

Figure 11 below showed the frequency of preservice teachers accessing e-learning classes in a
week.

5. Berapa kali Anda mengakses kelas LMS (e-learning) dalam seminggu?
23 jawaban

@ Tidak pernah
® 1 kali

2 kali
@ 3kali

Figure 11. The result of preservice teachers' responses to the frequency of accessing e-learning class
in a week. There are 3 options, namely 1 time, 2 times, or 3 times in a week.

Based on Figure 13, there were 65.2% of preservice teachers accessed e-learning classes 3

times a week, 17.4% of preservice teachers accessed e-learning classes 1 or 2 times a week. These
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results indicated that they were enthusiastic and active in online learning through synchronous and
asynchronous learning by using e-learning. More than 50% of preservice teachers accessed e-learning
3 times a week. It reflected that they made good use of this e-learning facility to support their learning
process. E-learning could provide everything needed to learn. This was in line with the opinion of Xie,
Liu, Bhairma, Shim (2018) who stated that students preferred to use asynchronous learning because
they could easily access it offline. In addition, the asynchronous learning model was useful for shy
students and was not used in virtual discussions through computers. Raymond, Atsumbe, Okwori, and
Jebba (2016) recommend that higher education institutions used innovative e-learning platforms and
encouraged lecturers to not only used synchronous learning in teaching but also used asynchronous
learning by using e-learning.

[Referring to the research results, the combination of synchronous learning and asynchronous
learning by using e-learning is an alternative online learning method that can be applied by lecturers in
teaching mathematics material during the Covid-19 pandemic. This is because 1) the availability of
teaching materials and assignments in e-learning class (asynchronous learning) is very helpful for
preservice teachers in understanding material before they discussed it in webinar class (synchronous
learning). So that, synchorous learning becomes effective, because preservice teacher has studied
material, downloaded tasks, and done tasks in e-learning, 2) e-learning and webinar classes are not
difficult to access or use. Therefore, higher education institutions used innovative e-learning platforms
and encouraged lecturers to not only used synchronous learning in teaching but also used asynchronous
learning (Raymond, Atsumbe, Okwori, and Jebba, 2016).

In the millennial 4.0, teachers are said to be professional if they are able to manage class by
virtual learning. Based on research results of Siregar, Solfitri & Siregar (2021) stated that preservice
teaachers have already had quite good perception of online learning while attending lectures during the
COVID-19 pandemic. Beside that, teachers are able to make teaching materials and assess student

assignments by online, so that student learning increases. |

Conclusion

The results showed that the application of asynchronous learning and synchronous learning
could improve preservice teachers' learning outcomes in online learning. It can be seen from
classical completeness studying after mid-test was higher than classical completeness studying
through just WAG. This also supported by the result of classical completeness studying after the
final test was higher than classical completeness studying after the mid-test.

The questionnaire results showed that most of preservice teachers gave a positive response
to asynchronous and synchronous learning. Preservice teachers' response to the knowledge aspect

was positive, preservice teachers' attitude towards learning was positive, preservice teachers were

18

Commented [A5]: | have added recommendation based on
result, about alternative online learning in pandemic Covid-19




Jurnal Didaktik Matematika Author

able to access e-learning and webinars classes easily, preservice teachers thought that e-learning and
webinar classes were very useful and helped their learning. Furthermore, preservice teachers
often accessed e-learning to study materials and download tasks, do tasks, and upload tasks'
answers in e-learning.

[Referring to the research results, synchronous and asynchronous learning by using e-
learning is an alternative online learning method that can be applied by lecturers in teaching
mathematics material during the Covid-19 pandemic. Further researchers can apply synchronous and
asynchronous learning through e-learning to critical thinking, creativity, communication, and
collaboration (4Cs). And then if the pandemic is over, then the effectiveness of blended learning
by combining directly face-to-face learning with asynchronous learning (e-learning) also needs
to be researched. Research’s focus can be done on 4Cs because 4 abilities are very much needed

in this 4.0 era. |
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The Application of Synchronous and Asynchronous Learning by-Ysiag
Eusing e-Learning for-Preservice Teachers-on Elementary Linear
Algebra Materialfor Preservice Teachers

Abstract, Fhelearning-proeess-Learning activities were changed from face-to-face to full- [ Formatted: English (United States)

onIme%mee due to the COVID 19 pandemlc mat the end of 2019. tr-early-2020,-one-of
mplementedThis led to the application
of online Iearnlng through WhatsApp Group (WAG)—Hewever—the—learmqqg%suhshewed
that-) in early 2020 in one of the teacher education programs in Bangkalan, Indonesia. It
was discovered that 75% of preservice teacherteachers in the program were retbeirgunable
to complete intheir elementary linear algebra material—Ontine and this led to the proposal
of online learning through_an asynchronous learning—bymethod which involves using e-
learning was-eneas a solution to solve the problem. However;There is also the need to use a
synchronous learning-needs-to-be-implemented-so-thatmethod to allow preservice teacher
canteachers to have virtual face-to-face virtualyinteractions with their lecturers. Fhe
purpese-efTherefore, this study was conducted to determine the improvement in preservice
teachers' learning outcomes and preservice—teachers'—responses to synchronous and
asynchronous learning. The researchstudy design used was one group posttest-only
design-with 23 subjects were-selected bythrough clustered random sampling-—Bata used as
samples and the data obtained were analyzed byusing descriptive statistical analysis. Results
showThe results showed that synchronous and asynchronous learning eanwas able to
improve preservice-teachers'the learning outcomes and-for preservice teachers with most
preservice-teachers-gaveobserved to have provided a positive response-te-synehroneus-and
asynchronouslearning—Fhe. This means the combination of synchroneus-and-asynchronous
learning-bythe two methods using e-learning is one solution fer-to improve the effectiveness
of online learning during the Covid-19 pandemic. Higherlt is recommended that higher
education institutions provide innovative e-learning platforms and-with lecturers encouraged
lecturers-to-not-only-used-synchronouslearning-in-teaching-but-alse-to combine itwithboth
synchronous and asynchronous learning by-usingmethods through the application of e-
learning platforms.

Keywords: Synchronous learning, asynchronous learning, e-learning, preservice teacher,
elementary linear algebra

Abstract. Proses pembelajaran berubah dari tatap muka menjadi fullonline, sejak pandemic
covid-19 di akhir tahun 2019. Di awal tahun 2020, salah satu perguruan tinggi keguruan di
Bangkalan, Indonesia melaksanakan pembelajaran daring melalui WhatsApp Group (WAG).
Namun pembelajaran ini mengakibatkan 75% mahasiswa calon guru tidak tuntas dalam
belajar materi aljabar linear elementer. Pembelajaran daring melalui asynchronous
learning dengan memanfaatkan e-learning menjadi salah satu solusi dalam mengatasi
masalah. Namun demikian, synchronous learning perlu diterapkan agar mahasiswa calon
guru dapat melakukan tatap muka secara virtual dengan dosen. Tujuan penelitian adalah
untuk mengetahui peningkatan hasil belajar mahasiswa calon guru dan respon mahasiswa
calon guru terhadap synchronous and asynchronous learning. Desain penelitian
menggunakan one group posttest only design. Subjek adalah 23 mahasiswa calon guru yang
dipilih secara clustered random sampling. Data dianalisis dengan analisis statistik
deskriptif. Hasil menunjukkan bahwa synchronous dan asynchronous learning dapat
meningkatkan hasil belajar mahasiswa calon guru dan sebagian besar mahasiswa calon
guru memberikan respon positif terhadap pembelajaran synchronous dan asynchronous
learning. Kombinasi synchronous dan asynchronous learning adalah salah satu solusi untuk
pembelajaran daring selama pandemic Covid-19. Perguruan tinggi menyediakan platform
e-learning yang inovatif dan mendorong dosen tidak hanya menggunakan synchronous
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learning dalam mengajar tetapi juga mengkombinasikan dengan asynchronous learning
melalui e-learning.

Keywords: Synchronous learning, asynchronous learning, e-learning, mahasiswa calon
guru, aljabar linear elementer

Introduction

Atthe-end-of 2019 Werd-was-shaken-by-emerging The emergence of a new coronavirus
called Novel Corona Virus (2019-nCoV)—Fhis) at the end of 2019 shook the world. The virus
was originally discovered in Wuhan China in December 2019—A—very-significant- and later
spread significantly to all countries-in-the-world-oeccurred-in-earhy2020, including Indonesia-
Fhis-was-the-catse-ofthecovid-19-, in early 2020. The pandemic ir-Hrdenesia-

Ih&eewd—%g—pandeweHFmdane%had a blg |mpact m#aﬂeas%eids—mngmg#em

s-on different sectors

of the country including health, economy, and education. This is observed from the fact that
educational institutions ranging from Kindergartepkindergarten to Universities—didn't
implement-universities were restricted from using face-to-face learning in order to reduce
personal contact. FurthermereMoreover, Azhari & Fajri (2020) statedalso showed that to-aveid
the-spread—of-Cowvid-19,-the government gave-the—peliey—to—cleseenforced policies directed
toward closing classrooms without stopping learning-se-that-seheels-implemented activities

thereby leading to the implementation of distance learning—Since-2020-learning-had-changed
by schools. This led to the transition from face-to-face learpirg—to online learning by

wsirgmethods through the use of different information teehnelogytechnologies (Rehman &
Fatima, 2021).

Meaﬂy—ZOZGLWhatsAp Group (WAG) online Iearning was implemented at STKIP PGRI
Bangkalan th
early 2020 but this method was observed to have several shortcomings, espee&a”—y—m
anspecifically in the process of teaching elementary linear algebra-ceurse—Based-on-tearning
outcomes-data-itshewed-that-. It was discovered that 75% of preservice teacher-didn’t-teachers
were unable to complete studying—TFhis-meansthat20%-of preserviceteacherhad-their study

while only 20% completed—studying. This learning—outcome—had—decreased—significanthy
comparedis considered to resutts-ofbe a significant reduction in comparison with the 86% who

completed their studies as reported in previous studies regardingconducted on the effectiveness
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of learning in an elementary linear algebra course—which-showed-that-86%-of students-haft
completed-their-studies- (Sari, 2016).

Whereas-elementaryElementary linear algebra esurse-is a basic course that-mustrequirefl
to be masteredpassed by students because elementary-Hinearalgebra-course-it is a prerequisite
course—for studying—further courses such as abstract algebra. Fhis—is—under—the—opinien—of
Suryaningsih (2016) & Ruswana (2019) whe-statedalso showed that elementary-Hnear-algebrp
wasit is a basic subject that-mustneeded to be mastered by low-level students—H-studentscap
mastermateralatelementar-Hpsaralgebra—then-studentscaneasth-leara- duc to (s ability th
make learning other subjects easier.

Based-on-the-explanation-above-This background information shows that there is a nee
to change the online learning needs-te-be-changed—tt-approach. This can be implemented-by
wstpg-achieved through the implementation of asynchronous learning-- which was explained b
Skylar (2009) stated-that-Asynehronous-coursesprovideto be capable of providing students with
a flexible and self-paced environment that-was-self-paced-with-students-aceessingthey need t
access course content using a-variety-ofdifferent tools. Students-were-This is due to the fact thg
students are not usually restricted to a set day/ or time for communicating;—and—it
communication, but allowed students-more time to prepare a response to a set of directions o

.—r\u

questions. Asynchronous learning is usually implemented by-using-thethrough a university’s ¢
learning with—moedleMoodle platform. Aeccerding—toMeanwhile, e-learning is defined b
Hambrecht (in Ogbonna, Ibezim & Obi, 2019) e-learning-was-defined-asto be a generic term
covering a wide range of ICT technology-based applications and processes; including

computer-based learning, web-based learning, virtual classrooms, digital collaboration, and
networking. E-fearninglt normally contains the content for one semester aresuch as thp

materials, discussion forums, and assignments—_and its use has been reported by Yuhasriyati

et.al, (2020) stated-thatto have the i ability to, force educational processes tp

run faster in terms of accessibility and quality. Fhe—use—of-e-learning—was—It is also ver

influential on the Jearning activities and students"learning-outcomes for students (Fitriani &

Nurjannah, 2019)FurthermereLin-TFseng-&Chiang-(204A)-explained-that students-gave) with
the application of blended learning through Moodle platform reported to have received positive
feedback en-the-use-of-Moodle-learning-platferm-for-from students studying mathematics after
e*penenemg—biended—le&nwg—(bn Tseng & Chiang, 2017).

onlinelearningthrough-elearning-withBlended learning which involves the combination of ¢-
learning and direct face-to-face learning directhy—Fhere-were-is the norm before the pandemip
and this method has been reported in several studies had-shewn-that-blended-learning-showeft
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significantsueeess-in-to have the ability of improving students' learning outcomes. As-research
resttts—byFor example, Lin, Tseng & Chiang (2017) stated—thatconducted ANCOVA and
MANCOVA analyses and showed that blended learning-experience benefitted students in the

experimental group by having a positive effect net-enhy-on _their learning outcomes but-alse-en
theirand attitudes toward studying mathematics in a blended environment. These results are in
line with the-research-of-Sukma & Priatna (2020) which-explained-that the implementation of
blended learning in-Mathematics-had-the-peteptialwas able to improve student'sstudents' critical
thinking skills (CTS).
i implementedLearning activities were
conducted fully online during the pandemic (Trenholm & Peschke, 2020} -which-means-that
learning-was-implemented-using-) and this indicates the use of e-learning without face-to-face
directhy—TFherefore—interaction. This means synchronous learning wasis perceived to be an
alternative to virtual face-to-face learning between lecturer and students. This was further
explained by Shi & Morrow in Skylar (2009) stated-that-in-real-time-synehronous-courses-that
the instructor leads the learningard while all learners weretogged-ea-log in simultaneously and
communicatedcommunicate directly with each other in real-time.
Synchroneus—learning—at-STKIP PGRI Bangkalan was—implemented by—using—zoom

apphication—google—meet-apphication,—ete—TFhe—aims—of-synchronous learning through Zoom
Google Meet, and others to ensure students eeute-understand the-material-se-that student's-learning

materials effectively and produce adequate outcomes-were-good. This is in line with the research
resultsfindings of Aisyah and Sari (2021) which-stated-that the use of the Google meetMeet
platform eeuldwas able to improve students'students learning outcomes.
Fherefore—onlinetearning—using This means through asynchronous learning through e-
learning and-combined with synchronous learning through the virtual conference wasis an
alternative in-implementingmethod to teach elementary linear algebra learning—Many-previous
researeh—resultsin_the school. Several studies showed the success of asynehronous—and
synchroneous-learning—Researehthis combined method as indicated, by Ogbonrna-&thezim(2019)

asedits ability to increase, the
cognitive academic achievermentachievements of students instudying word processing-_as

reported by Ogbonna & Ibezim (2019).,
Inthe-middleof 2020 STHIRP-PCRIBangkalanteek The college also implemented a policy
considered to be related to online learning implemented-in2-ways;-ramehr-in the middle of 2020,
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which in the form of asynchronous and synchronous-earring. However, the synchronous learning

was implemented-between-applied for 7-8 meetings—Ahie-_through webinar classes such as
Zoom, Google Meet, and others while asynchronous learning—was implemented—in—full;
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namebyfully used for 14-16 meetmgs—Asyneh#eneus—leaFmag—was—rmpiemented—m through, g-

learning
rmeet-ete)—platforms.

D

is a need to evaluate the effectiveness of this method and this can be achieved through thp
perspectives of preservice teachers considered the learning objects-efearning—Fheirsuecess-was

were-1). Therefore, this study was conducted to determine the 1) improvement of preservicg

teachers' learning outcomes threughbased on the combination of synchronous and asynchronous
learning by—using—e-learning—on-to_elementary linear algebra—material, and 2) to—determing
preservice-teachers'their responses to synchroneus—and-asynehronousthe learning by-using—g-
learningmethod.

Method
ResearehStudy Design

Fhe-auther-Treatment was applied treatment-to the participant's group; to determine th
mpravementeifect of presepvies—encharslanrring—euieamas—on—alementary—linear—algehm
material-and-preservice-teachersresponses-to-synchronous and asynchronous learning by-using
e-learning-conducted on the outcome and responses of preservice teachers. Asynchronou
learning was implementedapplied in the form of e-learning classes with—moodle—platfornt:
Meanwhile;on the university Moodle while synchronous learning-was implemented-in the forn
of webinar elass-using-zoorm-appheationclasses on Zoom.

The learning effectiveness was measured-using-two-types;-ramelydetermined through test
and a list of questions—nstruments-were-givento- presented through instruments provided to the
participants after learring—implementation—The—author—applied—to—learnthe treatment. It i
important to note that the treatment was applied in enea class by-synchroneus-and asynehronod

learning—by—using—e-learning—Therefore—this study—wasmeans this is an experimental study
wsingwith a one-group posttest-only design.

D

D

=]

(2]

D

T

W

Participants

The population in-this-study-wasincludes all 34 preservice teachers efin the mathematics
education study program at STKIP PGRI Bangkalan iaduring the odd semester of the 2021/202p
academic year, 20212022 totaling-34-preservice-teachers—Fhe-authortoekwhile a sampletotal df

A

23 were selected as samples, using clustered random sampling se-that-there-were23-preservicp

teachers—as—a-sample-technique. The sample was heterogeneous based on gender and |n|t|a1l

[ Formatted: Highlight

[ Formatted: Expanded by 0.1 pt

[ Formatted: Expanded by 0.1 pt

[ Formatted: Expanded by 0.1 pt

A




Jurnal Didaktik Matematika Vol. .., No. .., Month Year

mathematical ability-—taitial-math-skills-were-takenfrom determined through their calculus scores
in the previous semester.

Instruments

ResearchStudy instruments wereinclude lesson plans, e-books, modules, several learning

videos, mid-test, final-test, and questionnaires. The lesson plan consists of sixteerl6 meetings;
with eight meetings-were-implemented-in-conducted through e-learning elass-and Zoom webinar
class—{zoom)—such-as2*classes in the 2™, 4™, 6™, 8" 10™, 12", 14", and 16" Theeight-more
meetings while the remaining were implemented-inthrough e-learning etass-and WhatsApp Group
(WAG)-such-as-1"-3") at the 1%, 3¢, 5% 7t 9t 11?0 13" and 15" The-author-implemented
meetings. It is important to note that 8 webinar classes beeause—it-was—under—campus—were
conducted in line with the rules that-implementation-of the campus in relation to synchronous

learning threugh-webinar—classes-was—implemented—7-8-times—this-was-due to constraints in
purchasing internet quota. ta-this-case;The mid-test provided to students at the 8™ meeting {mid-
and the final test session}-andat the 16" meeting (final-test-sessien)-were conducted inthrough e-
learning elass-and-webinarclass{zoom)-

TFhe-author-gave-mid-test-and-final-test-at-the-8"-and 16" meetings—FestZoom webinar
classes. The questions were developed according to the material in the lesson plan—Fe-get-a and
the tests were made valid mid-test-and—final-test—used-3-validities,—ramelythrough construct

validity, content-validity, and face validity—Coenstruct-validity-was-dene-validities such that the
construct aspect was implemented by ensuring thatthe results of mid-test—and—final-test

actuallyboth tests were able to measure preservice-teachers’the abilities of preservice teachers in
elementary linear algebra and-netwithout focusing on other variables. Content-validity-was-done
byreviewing—and-making—mid-testand—final-testThe content aspect involved the review and
development of ngdS—GHdS that covered questlons and prepaated—qeesnenrelated indicators se
without missing any
as indicated in FableTables 1 and Fable-2—+ace for mid and final tests respectively. Meanwhile,
the face validity was deneconducted by 2-{two} experts—Experts-evaluated with the focus on the
evaluation of the elements ef-for the truth concept-truth, rules fer-writingto prepare the questions,
displaysfor-example-writing-symbols and mathematical formulas, punctuation marks, pictures,
and language. The face-validationresults showed that the average resuttface validation value for
the mid-test was 4.17—Fhe-face-validation-averageresultfor and the final- test washad 4.33—+
means-that-mid-test-and-final-test, thereby indicating they were both valid to be used.

Table 1. Mid-Test Grid (duration 90 minutes)

Learning Level Learning Question  Max
No Indicators Domain Material Number  Score
cC AP
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and linearly
dependent
7 Given several sets S, studenFs can 3show N c3 Basis 7 15 [Formatted: English (United States)
that these sets are not the basis of R [ Formatted: Justified
Given a set S, students can show the basis Y Basis and h - -
8 S of My, and students-can-determine the C3  irension 48 10 ( Formatted: English (United States)
dimensions of the S subspace of My [ Formatted: English (United States)
. . [ Formatted: Justified
Fhe—author—developed—aA questionnaire was developed to measure the responses of [ Formatted: English (United States)

preservice teachers—respenses-teachers to the combined approach. Fe-geta-vahdThe validity of
the questionnaire;—used—3—validities,hamely was also determined through construct—vahidity,
content-validity, and face vahdity—Coenstructvalidity-was-dene-by-validities such that the construct
aspect focused on ensuring thatits results ef-questionnaire-actually measure preservice-teachers'
respenses—to-the teachers’ response to synchronous and asynchronous learning—by—using—e-

learning—Content-validity-was-done-by. The content aspect also involved reviewing and making
questlonnalre grlds—GHdsreeveFed to cover questlons and wepared—qeesﬂenrelated indicators se
eenwithout

missing any as indicated in Table 3. Face-Meanwhile, the face validity was dereconducted by 2

{two) experts—Experts-evaluated-elements through the evaluation of the concept truth_elements,
rules forwritingto write the questions, and displays for language. Fhe-The results showed that the

average face validation average-resuttvalue for the questionnaire was 4.83. Fhe-It is important to

note that the responses to the statements on the questionnaire usedwere designed to be provided

through a Likert scale.
Table 3. Aspects and Indicators of Fhethe Questionnaire
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3. E-learning Ease of access and [Ease of accessing the g-learning elass|« [ Formatted: English (United States)
and Webinar  usefulness for students applicationplatform [ Formatted: English (United States)
classes Ease of accessing the webinar, class| « -
applications applicationplatform ( Formatted: Justified

The usefulness, of accessing the g-learning elass| < [Formatted: English (United States)
aﬁpheaﬂe?pllatform : - [ Formatted: Justified
The usefulness of accessing e-learningthe| « ] "
webinar class licationplatform [ Formatted: English (United States)
[ Formatted: English (United States)
The Procedure effor Data Collection [ Formatted: Justified
Data colection-was—doneby-giving-were collected using tests and questionnaire—TFhp ( Formatted: English (United States)
. . ti . ided li inath h I . ! [Formatted: Justified
instrument—was—givenguestionnaires provided online by—usingthrou e-learning an - -
4 n througn 9 [ Formatted: English (United States)

googleGoogle  form.  Learning——implementation—by——using——asynchronous——an
synehrenreusMeanwhile, the learning was implemented asynchronously and synchronously &

indicated in Hne-withthe lesson plan design.
Data Analysis

Data analysis-in-thisstudy-used-were analyzed using descriptive statistical analysis becaus|
the aim was tenot to generate data but explain and provide an overview of the characteristics of

n—aeneration—Afte ha ta esy da nd—prese

data series

teacher’sresponse-data-were-colected,-authors-analyzed-data-. The processes involved are state

1

D

i

as follows:
1. Analysis of test result-data
Data-analysis-efThe data from the test resultswaswere measured using a completeness tes

Fhis-completeness—test-consists—ef-an_which includes individual eompleteness—test-and
classical—completeness—test—The. Meanwhile, the Ministry of Education and Cultur

11

categorizes subjects' scores into 5 eategeriesgroups as follows::

0 <score < 35 :very low
35 <score <55 : low
55 <'score < 65 - medium

65 <score <85  :high
85 <score <100 :very high

Furthermore,—Widoyoko (2009) determinesalso determined the classical completenes

criteria as follows—:

p >80 : very good
60 <p<80 : good
40<p <60 : quite
20<p <40 : less

p <20 :very less

Based-enThis information was used to establish the criteria abeve-the-authorestablishe
eriteria-for individual completeness—ramely-that by setting a score of 65% as the threshol

for the completion of learning by preservice teachers-were-said-to-have-completed-learninf

[ Formatted:

English (United States)
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ifthey-gota-score-0f 65%-of the-total-scoreWhile-, while the classical completeness eriteria
were—criterion is when 80% ef—preservice—teachers—have completed their studies.
tmprevedMoreover, improved learning outcomes were believed to be achieved if preserviee
teacherstearning-the obtained outcomes are higher after the mid-test were-higher-than
preservice—teachersearning-outcomes-before being-giventhe treatment—Fhen—preservice
teachers-learning-outcomes-of was provided, as well as those in the final- test wereare higher
than preserviceteachers-learning-outcomes-of-the mid-test.

2. Analysis of preservice-teacher’s-response data
Pmsewmﬂeam%m&sedam%mmedﬁemme questlonnalres copsisioe e TR

yresponses were

classified into two, including the questions with 4 answers {in the form of 1, 2, 3, 4} and

guestiens-with 2 answers {yessuch as Yes and re)-No.
For the first guestionguestions, the criteria wereare as follows:

1, 00 < average < 1, 50: less

1, 50 < average < 2, 50: enough

2, 50 < average < 3, 50: good

3, 50 < average <4, 00: very good

Preservice-teachers-The, responses were saidbelieved to be positive #when they wereare in
good and very good categories.

For the second guestion—preservice-teachersquestions, the responses were saidbelieved to
be effective ifwhen more than 50% efstudents'respenses-wereare good.

Results and Discussion

TFhe-asynehreneusAsynchronous and synchronous learning activities
Data-cellection-was-implementedfor-the-The first timeset of data was collected on Tuesday,

October 5, 2021, according to the class schedule-—Befere-the-first-meeting-began; with the lecturer

observed to have filled eutthe required e-learning content-Regquired-content-starting-from such as the
introductory session, 1st-7"-sessions, 9"-15" sessions, 8"-sessions, and 16" sessions: before the class

started. The introductory session contains 1) an explanation of course descriptions, 2) course
achievements, 3) an introduction forum (lecturer introduction video), 4) lecture contracts, 5) libraries,
and 6) an attendance list. Se—1*The contents in the 15-7" sessiens-and 9"-15" sessions each

eontaininclude 1) greetings and explanation-sessionsexplanations, 2) learning achievements, 3) learning
materials, 4) discussion forums, 5) assignments, and 6) links to webinar class meetings—Se; while the

8" sessions-and 16" sessions containwere 1) greetings and explanations sessions; and 2) mid-test
guestions-or final-test questions according to the specified format. The display of the e-learning ean-be
seenplatform is presented in Figures 1, 2, and 3, the discussion and closing sessions ean-be-seenare

10
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indicated in FigureFigures 4 and 5, and the discussion sessions iaconducted on WAG ean—be—see#ir
Figure 6.
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Figure 1. Front View of Elementary Linear Algebra in E-learning
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Figure 2. Content Display at 1”1 Meeting in E-learning

11



Jurnal Didaktik Matematika Vol. .., No. .., Month Year

:
a ~ me Aol
~ oo Bennda B FTaD N0

Figure 3. Content Display at 22" Meeting in E-learning

METODE ELIMINASI GAUSSIAN DAN ELIMINASI GAUSS JORDAN

Kita telah 1 i san! Jesaikan SPL dengan iks yang

diperbesar dengan menggunakan operasi baris clementer. Sckarang kita akan mempelajari

matriks cksclon baris tereduksi.
Contoh;
00 -2 0 7 12
2 4 -10 6 12 28
2 4 -5 6 -5 -1
Langkah 1. Temukan kolom paling kiri yang tidak seluruhnya adalah 0 (nol)
0\0 -2 0 7 12

1 24 -10 6 12 ZGI

2/4 -5 6 -5 -1
Langkah 2. Gantilah baris pertama dengan baris lain, agar baris pertama bukan nol

4 -10 6 12 28 Baris pertama dirukar
00 -2 0 7 12 >
2

¢ 28 6 ki dengan baris kedua

Figure 4. Discussion Session in The Webinar Class (Zoom)
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Figure 5. Closing Session in Fhethe Webinar Class (Zoom)
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Iya Ibu, setelah itu pas di Invers saya
bu

Maksud soal tsb adalah bentuk Ax=x
dapat ditulis (A-)x=0 jodi cari nilai x
dari persamaan (A1)x=0

Assalamualaikum lbu, mau
bertanya maksud soal no 4

latihan & bagaimana ya bu? J,

Saya tidak pahamnya kenapa
dikurangi | bu? J, &

Namanya itu dart soal
Matriks konstants nya dalam varlabel
18b x1, %2, x3 M_fery

0o jadi tidak ada hubungannya ya bu

Kerjakan saja ya & saya kira nanti hasilnya sama

Saya nyoba inversnya (A-) sama A

beda hasilnya bu Atau glsa dianalisa (A-)x=0

Ax-ix=0
Axx=0
M_fim Axex

Jadh (A4)x=0 sama dengan Ax=x
Ad bukan A invers, tapl matriks A 19
dikurangi matriks identitas 3x3 Jadh enpelebeliin Ax< dapmt
dilakukan dari persamaan (Af)x=0 =

® Kirim pesar > @ @[ @ kimpesan e @

Figure 6. Discussion Session in WAG

The first meeting was conducted ir-asynehroneustearning-asynchronously through e-learning
classes—Preservice with preservice teachers observed to have filled eutthe attendance lists, accesse|

content—in—e-learningcontents, studied teaching materials, responded to discussion forums, did
assignments, and uploaded answers into the e-learning—Synehreneus_platform. Meanwhilg,
synchronous learning was dereconducted through WAG—Fhis-was-done-tpreservice-teachersdidaft
to provide teachers the opportunities to ask questions on the parts they did not understand are-reede
to-ask—TFhe-duration-of the-meeting-wasfrom 10.30 - 13.00.

The second meeting was implemented i-synehroneus—earning—synchronously through g
webinar class using the zeemZoom application-Preservice-teacheratiendance-was-dene-by-filing-ogt

and preservice teachers filled the attendance list in e-learning—Fhe-lecturer after which lecturers

j=n

jox

explained the material irusing PowerPoint and video. Preservice-teachers-ceuld-They were allowe
to ask guestions and answer directly ane-then-discussed-this-through-thiszeem-followed by discussion
on the application. The activity was continued with-asyrehroneus-tearning-tasynchronously throug

the e-learning elass;platform where preservice—teachers-they downloaded tasks #-and uploade)
answers. These learning activities were continued in the 4", 5%, 6" and 7" meetings and followed by g

w

=

=5

mid-test conducted synchronously through a webinar class in the 8" meeting after the questions have

been previously downloaded from the e-learning platform.

Data collection was continued from the 9" to 15" meetings with the learning activities observef

to have been implemented synchronously and asynchronously such previous. The final test wds

conducted at the 16" meeting synchronously through the webinar class after the questions have beeh

downloaded from the e-learning and-uploaded-answers-in-e-learning-platform.

13
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Learning econtinued-until-the-fourthfifthsixthseventh-meetings—Next-at the- 8" meeting,-students<

and their improvement for preservice teachers-downloaded-guestions-in-e-learning:,

The mid-test resultresults showed that 17 out of 23 preservice teachers achieved-seeres-of-had
more than 65% of the total score. This shewed-thatmeans 87% of preservice-teachers-completed
studying—This-shewed-that-there-wasthe study, indicating an improvement efpreservice-teachers’in
the learning outcomes inof elementary linear algebra material-after entine-learningit was taught through
the combination of synchronous and asynchronous learning by-using-e-learning-was—mplemented
compared to preservice-teachers™learning-outeomesthe period it was conducted through justonly

WAG. While-results-efMoreover, the final test results showed that all preservice teachers achieved a
seore-efmore than 65% of the total score-—Fhis and this further confirms the improvement in the learning

outcome compared to the use of only WAG as indicated by the increase compared to the mid-test

results.

These findings showed that 1866% the learning outcomes of preservice teachers have-cempleted

ara n-improvement-of-preservice-teachers learnins—o omes-in

treughusAMACHurthermeore—final-testrasults-had-increased eomparcdduc to mid-tastresules
Based-on-the resultsapplication of the research-abeve—it-showed-that-preservice-teachers’

line with the results of Zaharah, Kirilova & Windarti'sWindarti (2020) research-which-stated-that

learning-usingthe application of e-learning bringsintroduced progress and innovation to education in
Indonesia beeause-as indicated by almost 75% of students eendueted-who participated in online learning

simultaneously during the eevidCovid-19 epidemie.pandemic. Moreover, Sindu & Paramartha (2018)
arguedshowed that theeretically—the use of instructional media based—ensuch as video and slide
synchronization systemsystems theoretically facilitated students-at-the time-of-learning,-that-is,-at-the
time-of ability of students during material discussion and #also made the use-ef-instructional time more

effective. This shews-thatmeans the combination of synchronous and asynchronous learning by-using
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e-learning-is one of the solutions for the challenges observed in online learning activities during the
Cevid-19 pandemic.
Fhepreservice-teacher-sPreservice teachers’ responses
After-all-learning-was-implemented,preservicePreservice teachers were asked to fill out p
subjeet’srespense-questionnaire to-entinelearning-through-through-synehroneusafter the class and
asynchroneus learning by using e-lcarning in-clementary tincar alecbramaterial- The subjects respon
guestionnaire-could-be-accessed-bythe responses are made available on google fermForms in the link
https://bit.ly/ANGKET MAHASISWA_TERHADAP_ PEMBELAJARAN_ALIN-—TFhe while thg [Formatted: Font color: Text 1
results ef-preservice-teachersrespoensesrelated to the knowledge aspect ean-be-seenare presented in [ Formatted: Font color: Text 1
the following Table 4.
Table 4. Fhe-Resulis-of Preservice-Teachers-Responses to Fhethe Knowledge Aspect
The nunl’lber of preservice Total of )
. teachers' responses in each Analysis result
N Statements in the category (n) Jespondents [ Formatted: English (United States)
questionnaire 1 - -
ess enough good  very [Formatted: English (United States)
nX1nx2 nx3 nx4 Average Cafegor
(1) @ (3 good(4) ge mareny :
My knowledge of < Formatted: Justified
1 elementary linear 3 5 10 5 23 3 10 30 20 3 Qood - -
algebra is very good [ Formatted: English (United States)
I can explain the “ [ Formatted: Justified
2 meaning of the linear 0 4 11 8 23 0 8 33 32 3 Good N - -
equation system [ Formatted: English (United States)
I can explain the “ [ Formatted: Justified
3 Gauss Jordan 0 4 11 8 23 0 8 33 32 3 Good - - .
elimination method [ Formatted: English (United States)
| ?anl solve the system “ [ Formatted: Justified
of linear equations
A \ith—Gauss a Jordan—2 5 9 8 23 1 10 27 32 3 Good [ Formatted: English (United States)
elimination
5 pesmgetmx T 13 8 u 22 1 6 24 44 3  dood | Formatted: Justfied
I can determine the P [Formatted: English (United States)
6 operation result of 1 3 7 12 23 1 6 21 48 3 Good [ Formatted: Justified
two matrices " ;
| can explain the > [ Formatted: English (United States)
./ meaning of 1 4 8 10 23 1 8 24 40 3 Qood [Formatted: English (United States)
determinant i [ Formatted: Justified
I can determine the - [
i Formatted: English (United States
8 d*"ter.m'”a’;t of a, 4 10 8 23 1 8 3 32 3  Good ol ( )
matrix by using [ Formatted: Justified
cofactor expansion - -
| can determine the - [Formatted: English (United States)
g feterminent Of 21 4 9 9 23 1 8 21 3% 3  Goog | Formatted: Jusified
reducti ony 9 [ Formatted: English (United States)
Lo e 1 5 9 8 23 I 10 27 3 3  Good | Formatted: Justfie
I can prove that a set P [ Formatted: English (United States)
11 is a subspace of a 1 4 11 7 23 1 8 33 28 3 Good [ Formatted: Justified
vector space A B
| can show that some > [ Formatted: English (United States)
g Yetors are lnear ;5 g g 23 I 12 2 3@ 3 qood Formatted:Justid
Sggo:na fons—or—a [ Formatted: English (United States)
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13 Lo oo - L5 10 7 22 1 10 30 28 3  Good | Formatted: Justfied
I can show a linearly [ Formatted: English (United States)
14 independent set—por 1 7 7 8 23 1 14 21 32 3 Good [ Formatted: Justified
linearly dependenti?g [ Formatted: English (United States)
| can show that a set is NN
the basis and [ Formatted: English (United States)
15 dimension of a 1 7 6 9 23 1 14 18 36 3 Good [Formatted: English (United States)
subspace in a vector
space [ Formatted: Justified
[ Formatted: English (United States)
Based—en—analysis—The results efshowed that preservice teacher’steachers’ responses on [Formatted: Condensed by 0.25 pt
knowledge-aspeet-itshowed-that (1) p#eseme&teaehthhe knowledge of elementary linear algebra
material svas
teacher’s-as well as the ability to (2) explain the meaning of linear equation systemwa&geedreategew [ Formatted: Highlight

explain Gauss Jordan Elimination method%aygeeekaategefy—beews&presemeaeaehem%mge
respon-was-3,-{4)-preservice-teacher s-ability-to, (4) solve a system of linear equations with Gauss
Jordan elimination—s-s—pood—etatepon—heeme—preseprec—tenchers—ecrnec—espon—wva~—2, ()
preservice-teacher’s-ability-to-explain the meaning of matrix-was-goed-category,-because-preservice
teachors-averaserosponvas3, (6) pFesemee—teaeher—s—abm%y—terdetermme operation result of two

» (7) preservice
teaehe#s—ab*hw—te—explam the meaning of determlnants—was—geed—eategew—beeause—presamee
fercherbpremperespoi-nns3, (8) pmsemee%aeher—s—abﬂam&determme determinant of a matrix
. (9)
pmsemc—e—teaeher—s—abﬂ%y—te—determme determinant of a matrix using row reductlon—was—geeel
category: because preservice leacher saverage respon-was-3, (10) presemee%aeher—&abﬂaye&prove
. (11)
preservice-teacher s-ability-to-prove that a set wasis a subspace of another set—was—geed—eategew
Loonsepesiaedestanehaslo s s e popene ©(12) mresepsieclepehoral e e show that a set
wasis a linear combination of other sets-was good-category; because preserviee-teacher’s-average respon
was-3, (13) preserviceteacher sability-to-show that an element spans a set-was-good-category,-becadse
preservice teacher’saverage respon-was -3, (14) preservice teacher s ability-to-show-show a linearly
independent set-or linearly dependent was-good-category;beecause preservice-teacher’s-average respon
was-3-set, and (15) preservice-teacher s-ability-to-show that a set wasis the basis and dimension of a
subspace in a vector space were g

usmg cofactor expan5|0n WaS

a set wasis a vector Space-wa

impreving-preservice-teachers™learning-outcomes-all in the previous-analysis.—Fhese-results-good
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category as indicated thatby an average score of 3 for all the indicators. This means the response df

preservice teachers hadto the knowledge aspect is positive.

These results support the improvement observed in the learning outcomes of preservice teache

D

as presented in the previous analysis and this simply means they have good knowledge of elementan
linear algebra material after synchrenous-and-asynechreneusthe combined learning by-using-e-syster]
was applied. This is associated with the fact that the learning was-implemented-—This-was-because-th
avaHability-of -teaching-materials inplaced on the e-learning er-e-learning-classes-wasplatforms we
very helpful ferto preservice teachers ir-understanding-matertalto understand the materials before the
were discussed i-in the webinar classes. Fherefore-This shows the process of learning mathematig
fearning-would not experience-diffieultieshave been difficult during thisthe pandemic H#-the-materis
presentation-had it been the materials were presented i-anthrough e-learning etassplatforms. This w4

= <

1)

D

= <<

g

wnderis in line with the epirienfindings of Das (2020) whe-stated-that mathematics education

beis usually easier #when conducted through virtual math-classrooms
through-the-internet-Furthermere-as well as the recommendation of Noviani (2021) recommended-that
e-learning design was-underlearning-objectivescan be used to minimize the barriers to the achievemer)t
of learning objectives.

The resultresults of prese#wee%eaehepsthe responses to the attitudes aspect in-entine-learning

tnare presented in the

—

(D

following Table 5-below.
Table 5. Fhe-Result-of-PreserviceTeachers-Responses to the Attitudes Aspect-in-Ontine-Learping

The number of preservice
teachers' responses in each
category (n)

Total of

respondents Analysis result

Statements in the

No questionnaire
less enough good very

@ @ (3 good(®)

nx1nx2 nx3 nx4 Average Catg¢gory

| always download «
teaching  materials

[ Formatted:

Condensed by 0.25 pt

Formatted

: English (United States)

Formatted:

Justified

Formatted:

English (United States)

Formatted:

English (United States)

Formatted:

English (United States)

Formatted:

Justified

Formatted: English (United States
1 infrom the, e-learning 1 0 5 17 23 1 0 15 68 4 Good glish ( )
platform Formatted: English (United States)
:j always r:spond to “ Formatted: English (United States)
iscussion forums on
1 5 7 10 23 1 10 21 40 3 Good i
2 the e-learning Justified
platform, Formatted: English (United States)
:asﬁlways download * Formatted: English (United States)
3 \;\I/%rku&?él;(sj nan;fxemrs 1 1 5 16 23 1 5 15 64 4 Gbod Formatted: English (United States)
. P A Formatted: English (United States)
on__the, e-learning
platform, Formatted: English (United States)
A ::Iilsv::gls take webinar 0 5 17 23 1 0 15 68 4 Good Formatted: Justified
| actively ask < Formatted: English (United States)
5 questions and answer 1 6 8 8 23 1 12 24 32 3 Good Formatted: Justified

during webinar class
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showed that {(1)preservice-teacher’s-habitsin-dewnloadingthe habit to download teachmg materials
non the e-learning were-platform was in a good category;-becavse preservice teacher’s-averagerespen
was-4(2)-preservice-teacher’s-habits-inrespending_as indicated by a score of 4 and the same was

observed for the habit to download, work, and upload answers, and take webinar classes. Meanwhile,
the habit to respond to discussion forums #on the e-learning Weregeeéeategwbeea&septesewwe

platform as
well as actively ask questions and answer during synchronous classes were found to be in a good

category because—preserviece—teacher’sas indicated by the average respen—wasscore of 3. This
shewedsimply shows that preservice teachers'teachers response to the attitudes aspect wasis positive.

Preservice-teachers-The attitude of preservice teachers in synchronous and asynchronous

learning byconducted using e-learning was observed to be one of the factors-of-positive preservice
teachers'factors that affected their knowledge of elementary linear algebra. Preservice-teachers-They
were enthusiastic about thisthe online learning—Preservice—teachers—were and active in—online
fearning;on both synehroneus—and-asynchronous—tearning—by—using—e-learning-platforms used. The
results ef-this-stuey-were discovered to be in line with the resuktsfindings of Wijaya'sresearchWijaya
(2020) which-resutted-in-there-was-that showed a good student learning attitude towards the-learning
video—Students- because they felt that-learning-the-video-was-very-interesting-yet-it was effective as
they-were-able-tein making them understand the concept being taught.

The resutresults related to the responses of preservice teachers—respensesteachers to_the e-
learning and webinar classes applications ean-be-seen-inare also presented in the following Table 6.
Table 6. Fhe-Resuttof Preservice Feachers' Responses to E-learning and Webinar Classes Applications

The number of

. . . preservice teachers' Total of Analysis result
No Questions in the questionnaire _ responses  respondents
Yes No Yes No
Do you have difficulty accessing the LMS B o
4 (e-learning) class application? 9 14 23 39 618
Do you have difficulty accessing webinar «
2 class  applications  (zeem,——gooegle 4 19 23 17%, 83%, |
rmeetZoom, Google Meef, etc.)?
3 Is LMS (e- Iearnlpg) class useful for you 23 0 23 100% 0%
induring the learning process? A A
Is the webinar class (zoem,—goegle o
A meetZoom, Google Meef, etc.) useful for 23 0 23 100%, 0%,

you induring, the learning process?
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Based-on-Table 6;-shewed shows that 61% of preservice teachers had no difficulty in using the
e-learning class applications—\While;application while 83% ef preservice-teachers-had no difficulty
aproblems using webinar class appllcatlonsJFhls—shewed-thaLpresenﬂee—teaehem—sI%m—usmgﬁ-
learning- and webi

Preservice-teachers-this means they have the appropriate skills to use these platforms. These findings

were observed to be related to the previous results on the attitudes of respondents to the combinef

learning strategy. This shows they have had no difficulty in participating in e-learning and webingr

classes—Fhis-shewed-that-preservice-teachers-were and are ready to face the industriatindustrial 4.0
period as suggested by Mairing, et. al (2021).

Based—en—Table—6,—The results also showed that 1006%—efall preservice teacherg
Fespeﬁded greed that e-learning and webinar classes were beneficial fer—them—'FhHesukef-pFesep\%e

e-and this is

supported preservice-teachers-attitudes-towards-ontinelearning-through-by the feeling of enthusiasm

and activeness expressed in using the combined learning method as indicated in the attitude analysis.

This is in line with the findings of Amiti (2020) that appropriate combination of synchronous anf

asynchronous le

forbeth-e-learning metho
itcould-help-teachers-and-earners-have-a_can assist teachers and students in having successful course

and results: despite the preference of students for both methods.

The resuttresults of the responses of preservice teachersrespensesteachers to the frequency gf [ Formatted: Condensed by 0.25 pt
preservice-teachers-accessing e-learning classes in a week ean-be-seenare presented in Table 7.
Table 7. Fheresult-of-preservice—teachers—+espensesResponses to the frequency of accessing g-
learning elassclasses in a week
The frequency of Total of .
Lo . . access in a week respondents Analysis result
No Questions in the questionnaire [ Formatted: English (United States)
one | two | three one | two | three
time | times | times time | times | times
How many times do you access LMS (e- “ Formatted: Justified
i ~learning) elassclasses in a week? 4 4 5 2 17% | 17% | 65%,

2]

Based-on Table 7;-there-were shows that 65% of preservice teachers accessed e-learning classe
3 times a week; while 17% ef preservice-teachers-accessed e-learning-classes-1 erand 2 times a week.
These results indicated that they were enthusiastic and active in enline-learning-through-using th
synchronous and asynchronous e-learning platforms as indicated by usirg-e-learning—Merethe fact thqt
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more than 50% ef preservice-teachers-accessed e-learningit 3 times a week. Hreflected-that This means
they made good use of this-e-learning-the facility to support their learning process—E-learning-coutd
due to its ability to provide everything needed to learn. This wasis in line with the epirtenfindings of
Xie, Liu, Bhairma, Shim (2018) whe-stated-that students preferred to use asynchronous learning
because they-ceuldit can be easily aceess-itaccessed offline—tnr-addition-the-asynehronoustearning
rmodelwas-useful as well as its suitability for shy students-ane-was-net-used-in-virtual-discussions
threugh-computers:. Raymond, Atsumbe, Okwori, and Jebba (2016) recormmend-that-higheredueation
iastitutiens—used-also recommended the use of innovative e-learning platforms in higher education
institutions and eneeuragedpromoted lecturers to net-enhy-used-synchronous-learning-in-teaching-but

arping—use both

synchronous and asynchronous learning by-usingin the form of e-learning isplatforms.
These findings showed that synchronous and asynchronous learning through e-learning can be

combined as an alternative online learning method that-can-be-applied-by-lecturers-in-teachingto teach
mathematics material-during the Covid-19 pandemic. This is because-jassociated with several reasons

which include the availability of teaching materials and assignments i7on the e-learning elass
{asynehroneustearning)platform which is asynchronous learning and considered very helpful ferto
preservice teachers in understanding raterial-the materials before they-diseussed-it-in-the discussion
during the webinar class {which is synchronous learning)-Se-that-synehereus. Asynchronous learning

beeemesmakes the learning process more effective; because preservice-teacher-has-studied-material;
downloadedit provides opportunities to study materials, download tasks, and deneupload tasks in-e-

learning-2)as well as the ease with which both e-learning and webinar elasses-are-notdifficultto-aceess
er—use-platforms can be accessed and used. Therefore, it is recommended that higher education

institutions useduse innovative e-learning platforms and-enceuragedwhile lecturers are promoted to net
onby-useduse both synchronous learning-in-teaching-but-alse-usedand asynchronous learning methods
(Raymond, Atsumbe, Okwori, and Jebba, 2016).

In-Teachers are considered professional in the millennial 4.0-teachers-are-said-to-be-professional

H-they-are-able when they have the ability to manage elass-bytheir classes through virtual learning:
Based-on-research-results-of activities. Siregar, Solfitri & Siregar (2021) statedshowed that preservice

teaachers-have-teachers already had quite a good perception of online learning while attending lectures
during the SOMABCovid-19 pandemic. Beside-that-teachers-are-ablete-makeTheir lecturers also have
the ability to formulate teaching materials and assess student-assignments by-online;-se-thatstudent in

order to increase the learning inereasesopportunity for students.

Conclusion
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The results showed that the application of synchronous and asynchronous learring-ang

heus-learping-cotle-improve-preserdeatencherstlearning-suteomes-a-online learning-|

a3

g

can-be-seenfrom- methods was able to improve the learning outcomes of preservice teachers. Thi

was indicated by the higher classical completeness studying—after—mid-test-was—higher—thaf
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studyingrecorded after the mid-test—_ compared to the learning activities conducted through onl

WAG as well as the higher value during the final test compared to the mid-test.
The guestionnaire-resuttsquestionnaires analysis showed that most of preservice teachers

gave—aprovided positive respenseresponses to asynchroneus—and-—synehroneusthis combinefl

learning—Preservice-teachersrespenseto method as indicated by, the knowledge aspectwaspesitive,
preservice-teachers-and attitude towards-learning-was-positive-preservice-teachers-were-able-tp

aspects as well as the ease of access and usefulness of the e-learning and webinars elasses-easihy;

preservice-teachers-thoughtplatforms. It was also discovered that they often access the e-learning
. . . . X

v

often-aceessed-e-learningplatform to study materials-and, download tasks;and do tasks, andas we|l
as upload tasks-answers-in-e-learning.

Referring-teThis means the research-+esults;combination of synchronous and asynchronous
learning by-using-e-learningactivities is an alternative online learning method that-can-be-applief
byfor lecturers in—teachingto teach mathematics materialmaterials during the Covid-19 pandemig.
Further—researchers—eanlt _is recommended that further studies apply synehrenous—angt
asynehroneusboth learning__methods through e-learning to critical thinking, creativity,
communication, and collaboration (4Cs)--And-then-the- pandemic-is-over-then the-effectiveness

learning)-nlse-neads) considered to be rescarehed—escarchtoer—enn-bedoneontCsrbeenusy

4-abilities-are-very-mueh-very relevant and needed in this 4.0 era. There is also the need to access
its effectiveness after the pandemic is over.
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The Application of Synchronous and Asynchronous Learning using e-
Learning on Elementary Linear Algebra for Preservice Teachers

Abstract. |Learning activities were changed from face-to-face to full-online due to the
COVID-19 pandemic at the end of 2019. This led to the application of online learning
through WhatsApp Group (WAG) in early 2020 in one of the teacher education programs in
Bangkalan, Indonesia. It was discovered that 75% of preservice teachers in the program
were unable to complete their elementary linear algebra material and this led to the proposal
of online learning through an asynchronous method which involves using e-learning as a
solution to solve the problem. There is also the need to use a synchronous method to allow
preservice teachers to have virtual face-to-face interactions with their lecturers. Therefore,
this study was conducted to determine the improvement in preservice teachers' learning
outcomes and responses to synchronous and asynchronous learning. The study design used
was one group posttest-only with 23 subjects selected through clustered random sampling
used as samples and the data obtained were analyzed using descriptive statistical analysis.

The results showed that synchronous and asynchronous learning was able ko improve khe [Commented [Sn1]: Improve? How did authir conclude?

learning outcomes for preservice teachers with most observed to have provided a positive
response. This means the combination of the two methods using e-learning is one solution to
improve the effectiveness of online learning during the Covid-19 pandemic. It is
recommended that higher education institutions provide innovative e-learning platforms with
lecturers encouraged to combine both synchronous and asynchronous learning methods

through the application of e-learning platforms.] [Commented [Sn2]: Maximum 200 words

Keywords: Synchronous learning, asynchronous learning, e-learning, preservice teacher,
elementary linear algebra

Abstract. Proses pembelajaran berubah dari tatap muka menjadi fullonline, sejak pandemic
covid-19 di akhir tahun 2019. Di awal tahun 2020, salah satu perguruan tinggi keguruan di
Bangkalan, Indonesia melaksanakan pembelajaran daring melalui WhatsApp Group (WAG).
Namun pembelajaran ini mengakibatkan 75% mahasiswa calon guru tidak tuntas dalam
belajar materi aljabar linear elementer. Pembelajaran daring melalui asynchronous
learning dengan memanfaatkan e-learning menjadi salah satu solusi dalam mengatasi
masalah. Namun demikian, synchronous learning perlu diterapkan agar mahasiswa calon
guru dapat melakukan tatap muka secara virtual dengan dosen. Tujuan penelitian adalah
untuk mengetahui peningkatan hasil belajar mahasiswa calon guru dan respon mahasiswa
calon guru terhadap synchronous and asynchronous learning. Desain penelitian
menggunakan one group posttest only design. Subjek adalah 23 mahasiswa calon guru yang
dipilih secara clustered random sampling. Data dianalisis dengan analisis statistik
deskriptif. Hasil menunjukkan bahwa synchronous dan asynchronous learning dapat
meningkatkan hasil belajar mahasiswa calon guru dan sebagian besar mahasiswa calon
guru memberikan respon positif terhadap pembelajaran synchronous dan asynchronous
learning. Kombinasi synchronous dan asynchronous learning adalah salah satu solusi untuk
pembelajaran daring selama pandemic Covid-19. Perguruan tinggi menyediakan platform
e-learning yang inovatif dan mendorong dosen tidak hanya menggunakan synchronous
learning dalam mengajar tetapi juga mengkombinasikan dengan asynchronous learning
melalui e-learning.

Keywords: Synchronous learning, asynchronous learning, e-learning, mahasiswa calon
guru, aljabar linear elementer
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Introduction

The emergence of a new coronavirus called Novel Corona Virus (2019-nCoV) at the end
of 2019 shook the world. The virus was originally discovered in Wuhan China in December
2019 and later spread significantly to all countries, including Indonesia, in early 2020. The
pandemic had a big impact on different sectors of the country including health, economy, and
education. This is observed from the fact that educational institutions ranging from kindergarten
to universities were restricted from using face-to-face learning in order to reduce personal
contact. Moreover, Azhari & Fajri (2020) also showed that the government enforced policies
directed toward closing classrooms without stopping learning activities, thereby leading to the
implementation of distance learning by schools. This led to the transition from face-to-face to
online learning methods through the use of different information technologies (Rehman &
Fatima, 2021).

WhatsApp Group (WAG) online learning was implemented at STKIP PGRI Bangkalan
in early 2020 but this method was observed to have several shortcomings, specifically in the
process of teaching elementary linear algebra. It was discovered that 75% of preservice teachers
were unable to complete their study while only 20% completed. This is considered to be a
significant reduction in comparison with the 86% who completed their studies as reported in
previous studies conducted on the effectiveness of learning in an elementary linear algebra
course (Sari, 2016).

Elementary linear algebra is a basic course required to be passed by students because it
is a prerequisite for further courses such as abstract algebra. Suryaningsih (2016) & Ruswana
(2019) also showed that it is a basic subject needed to be mastered by low-level students due to
its ability to make learning other subjects easier.

This background information shows that there is a need to change the online learning
approach. This can be achieved through the implementation of asynchronous learning which
was explained by Skylar (2009) to be capable of providing students with a flexible and self-
paced environment they need to access course content using different tools. This is due to the
fact that students are not usually restricted to a set day or time for communication, but allowed
more time to prepare a response to a set of directions or questions. Asynchronous learning is
usually implemented through a university’s e-learning Moodle platform. Meanwhile, e-learning
is defined by Hambrecht (in Ogbonna, Ibezim & Obi, 2019) to be a generic term covering a
wide range of ICT technology-based applications and processes including computer-based
learning, web-based learning, virtual classrooms, digital collaboration, and networking. It

normally contains the content for one semester such as the materials, discussion forums, and
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assignments and its use has been reported by Yuhasriyati et.al (2020) to have the ability to force
educational processes to run faster in terms of accessibility and quality. It is also very influential
on the learning activities and outcomes for students (Fitriani & Nurjannah, 2019) with the
application of blended learning through Moodle platform reported to have received positive
feedback from students studying mathematics (Lin, Tseng & Chiang, 2017).

Blended learning which involves the combination of e-learning and direct face-to-face
learning is the norm before the pandemic and this method has been reported in several studies
to have the ability of improving students' learning outcomes. For example, Lin, Tseng & Chiang
(2017) conducted ANCOVA and MANCOVA analyses and showed that blended learning
benefitted students in the experimental group by having a positive effect on their learning
outcomes and attitudes toward studying mathematics in a blended environment. These results
are in line with Sukma & Priatna (2020) that the implementation of blended learning was able
to improve students' critical thinking skills (CTS).

Learning activities were conducted fully online during the pandemic (Trenholm &
Peschke, 2020) and this indicates the use of e-learning without face-to-face interaction. This
means synchronous learning is perceived to be an alternative to virtual face-to-face learning
between lecturer and students. This was further explained by Shi & Morrow in Skylar (2009) that
the instructor leads the learning while all learners log in simultaneously and communicate directly
with each other in real-time.

STKIP PGRI Bangkalan implemented synchronous learning through Zoom, Google Meet,
and others to ensure students understand learning materials effectively and produce adequate
outcomes. This is in line with the findings of Aisyah and Sari (2021) that the use of the Google
Meet platform was able to improve students learning outcomes. This means through asynchronous
learning through e-learning combined with synchronous learning through the virtual conference
is an alternative method to teach elementary linear algebra in the school. Several studies showed
the success of this combined method as indicated by its ability to increase the cognitive academic
achievements of students studying word processing as reported by Ogbonna & Ibezim (2019).

The college also implemented a policy considered to be related to online learning in the
middle of 2020, which in the form of asynchronous and synchronous. However, the synchronous
learning was applied for 7-8 meetings through webinar classes such as Zoom, Google Meet, and
others while asynchronous was fully used for 14-16 meetings through e-learning platforms.

There is a need to evaluate the effectiveness of this method and this can be achieved through
the perspectives of preservice teachers considered the learning objects. Therefore, this study was

conducted to determine the 1) improvement of preservice teachers' learning outcomes based on
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the combination of synchronous and asynchronous learning to elementary linear algebra, and 2)

their responses to the learning method.

Method
Study Design

Treatment was applied to the participant's group to determine the effect of synchronous and
asynchronous learning conducted on the outcome and responses of preservice teachers.
Asynchronous learning was applied in the form of e-learning classes on the university Moodle
while synchronous was in the form of webinar classes on Zoom.

[The learning effectiveness was determined ]through tests and [a list of questions presented
through instruments provided to the participants after the treatment]. It is important to note that
the treatment was applied in a class and this means this is an experimental study with a one-group
posttest-only design.

Participants

The population includes all 34 preservice teachers in the mathematics education study
program at STKIP PGRI Bangkalan, Indonesia during the odd semester of the 2021/2022
academic year while a total of 23 were selected as samples using [clustered random sampling]
technique. The sample was heterogeneous based on gender and initial mathematical ability
determined through their calculus scores in the previous semester.

Instruments

Study instruments include [Iesson plans, e-books, modules, several learning videos], mid-
test, final-test, and Iquestionnaires]. The lesson plan consists of 16 meetings with eight conducted
through e-learning and Zoom webinar classes in the 2™, 4™ 6%, 8" 10" 12" 14" and 16
meetings while the remaining were through e-learning and WhatsApp Group (WAG) at the 1%,
3d 5t 7 gih 11% 13% and 15" meetings. It is important to note that 8 webinar classes were
conducted in line with the rules of the campus in relation to synchronous learning due to
constraints in purchasing internet quota. The mid-test provided to students at the 8" meeting and
the final test at the 16" meeting were conducted through e-learning and Zoom webinar classes.
The questions were developed according to the material in the lesson plan and the tests were made
valid through construct, content, and face validities such that the construct aspect was
implemented by ensuring the results of both tests were able to measure the abilities of preservice
teachers in elementary linear algebra without focusing on other variables. The content aspect
involved the review and development of grids that covered questions and related indicators
without missing any as indicated in Tables 1 and 2 for mid and final tests respectively. Meanwhile,

the face validity was conducted by two experts with the focus on the evaluation of the elements
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for the truth concept, rules to prepare the questions, symbols and mathematical formulas,

punctuation marks, pictures, and language. The results showed that the average face validation

value for the mid-test was 4.17 and the final test had 4.33, thereby indicating they were both valid

to be used.

Table 1. Mid-Test Grid (duration 90 minutes)

Learning Level Learning Question  Max
No Indicators Domain Material Number  Score
C AP
Given several equations, students ﬁzz,frrz OJations
1  determine whether they are linear c2 £d 1 10
equations or not and L_mear
equation
Students can make the system of linear System of
2 equations with 3 equations and 5 c2 linear 2 10
variables equations
Given several matrices, students can
3 determine row echelon matrix, reduced c2 Matrix 3 10
row echelon matrix, or none of the two.
Given the system of linear equations,
students can solve the system of linear Gauss Jordan
4 . . C3 P 4 15
equations  using  Gauss  Jordan Elimination
elimination
Given the system of linear equations,
students can determine the coefficient Solving system
5  value of one linear equation to ensure C3 of linear 5 20
the system a) has no solution, b) has one equations
solution, and c¢) has many solutions
Given 2 matrices, students can Matrix
6  determine the operation result of two c2 - 6 10
- operation
matrices
Given a matrix, students can determine
7  an inverse matrix using the inverse c2 Inverse matrix 7 15
algorithm
Given several matrices, students can
determine the upper triangular matrix, .
8 lower triangular matrix, and diagonal c2 Matrix 8 10
matrix
Table 2. Final Test Grid (duration 90 minutes)
Learning Level Learning Question  Max
No Indicators Domain Material Number  Score
cC AP
Given a matrix, students can determine Cofactor
1 the matrix determinant using cofactor C3 . 1 10
. Expansion
expansion
Given a system of linear equations, Crammers'
2 students can solve the system using C3 rules 2 10
Crammers' rules
Given three sets, students can prove that Vector
3 C4 3 15
three sets are vector spaces or not Spaces
Given three pairs of W and V sets, v
4 students can prove whether set V is a C4 Subspace 4 15

subspace of set W
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Given a set S and four vectors, students v .
Linear

5 can determl_ne \_Nhether four vectors are C3 combinations 5 10
linear combinations of vectors in set S
Given three sets, students determine that v :_r:é]:ag%ent

6  they are linearly independent or linearly C3 d :) | 15
dependent on R® or M ana tinearly

' dependent

Given several sets S, students can show v .

! that these sets are not the basis of R® 3 Basis ! 1
Given a set S, students can show the basis Basis and

8 S of M2 and determine the dimensions C3 dimension 8 10
of the S subspace of My,

A questionnaire was developed to measure the responses of preservice teachers to the
combined approach. The validity of the questionnaire was also determined through construct,
content, and face validities such that the construct aspect focused on ensuring its results actually
measure the teachers’ response to synchronous and asynchronous learning. The content aspect
also involved reviewing and making questionnaire grids to cover questions and related indicators
without missing any as indicated in Table 3. Meanwhile, the face validity was conducted by two
experts through the evaluation of the concept truth elements, rules to write the questions, and
displays for language. The results showed that the average face validation value for the
questionnaire was 4.83. It is important to note that the responses to the statements on the
questionnaire were designed to be provided through a Likert scale.

Table 3. Aspects and Indicators of the Questionnaire

No  Aspects Indicators Statements

1. Knowledge  Students can Students’ knowledge of elementary linear algebra
understand material through online learning
elementary linear Students’ ability to understand every elementary linear
algebra material algebra material through online learning

Students’ ability to solve problems related to elementary
linear algebra material through online learning

2. Attitude Students are active ~ Students’ attitude while learning independently through
in asynchronous the resources in e-learning
and synchronous Students’ attitude while responding to discussion forums
learning Students’ attitude while downloading assignments, solving,

and uploading the answers in e-learning

Students’ attitudes about taking synchronous learning

Student attitude while discussing through webinar classes

Frequency of students accessing e-learning

3. E-learning Ease of access and _ Ease of accessing the e-learning platform
and Webinar  usefulness for Ease of accessing the webinar class platform
classes students The usefulness of accessing the e-learning platform
applications The usefulness of accessing the webinar class platform

The Procedure for Data Collection
Data were collected using tests and questionnaires provided online through e-learning and
Google [form.] Meanwhile, the learning was implemented asynchronously and synchronously as

indicated in the lesson plan design.
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Data Analysis
Data were analyzed using descriptive statistical analysis because the aim was not to
generate data but explain and provide an overview of the characteristics of a data series. The
processes involved are stated as follows:
1. |Analysis of test data
The data from the test were measured using a completeness test which includes individual
and classical. Meanwhile, the Ministry of Education and Culture categorizes subjects' scores
into 5 groups as follows:

0 <score <35 s very low
35 <score < 55 : low
55 <'score < 65 - medium

65 <score<85 :high
85 <score <100 :very high

Widoyoko (2009) also determined the classical completeness criteria as follows:

p > 80 : very good
60 <p<80 : good
40<p <60 : quite
20<p <40 - less
p<20 :very less

This information was used to establish the criteria for individual completeness by setting a
score of 65% as the threshold for the completion of learning by preservice teachers, while
the classical completeness criterion is when 80% have completed their studies. Moreover,
improved learning outcomes were believed to be achieved if the obtained outcomes are
higher after the mid-test than before the treatment was provided, as well as those in the final
test are higher than the mid-test.

2. Analysis of students’ response data
The questionnaires respenses—were classified into two, including the questions with
answers in the form of 1, 2, 3, 4 and with 2 answers such as Yes and No.
For the first questions, the criteria are as follows:

1, 00 < average < 1, 50: less

1, 50 < average <2, 50: enough

2, 50 < average < 3, 50: good

3, 50 < average <4, 00: very good

The responses were believed to be positive when they are in good and very good categories.
For the second questions, the responses were believed to [be effective Mhen more than 50%

are good.

Results and Discussion

Asynchronous and synchronous learning activities
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The first set of data was collected on Tuesday, October 5, 2021, according to the class schedule
with the lecturer observed to have filled the required e-learning content such as the introductory session,
1st—7h, 915" 8™ and 16™ sessions before the class started. The introductory session contains 1) an
explanation of course descriptions, 2) course achievements, 3) an introduction forum (lecturer
introduction video), 4) lecture contracts, 5) libraries, and 6) an attendance list. The contents in the 1%
7% and 915" sessions include 1) greetings and explanations, 2) learning achievements, 3) learning
materials, 4) discussion forums, 5) assignments, and 6) links to webinar class meetings while the 8"
and 16" sessions were 1) greetings and explanations sessions and 2) mid-test or final-test questions

according to the specified format. The display of the e-learning platform is presented in Figures 1, 2,

and 3, the discussion and closing sessions are indicated in Figures 4 and 5, and the discussion sessions
conducted on WAG in Figure 6.
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Figure 1. Front View of Elementary Linear Algebra in E-learning
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Figure 2. Content Display at 1 Meeting in E-learning
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Figure 3. Content Display at 2" Meeting in E-learning
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Figure 4. Discussion Session in The Webinar Class (Zoom)

(4

PR
Mohammad Said. b

Erlina sulis p_20... H %

0000000608000

£ [ |
’ Alya Putri 2046.
L]

™

R -

Figure 5. Closing Session in the Webinar Class (Zoom)
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Figure 6. Discussion Session in WAG

The first meeting was conducted asynchronously through e-learning classes with preservice
teachers observed to have filled the attendance lists, accessed contents, studied teaching materials,
responded to discussion forums, did assignments, and uploaded answers to the e-learning platform.
Meanwhile, synchronous learning was conducted through WAG to provide teachers the opportunities
to ask questions on the parts they did not understand from 10.30 - 13.00.

The second meeting was implemented synchronously through a webinar class using the Zoom
application and preservice teachers filled the attendance list in e-learning after which lecturers
explained the material using PowerPoint and video. They were allowed to ask questions and answer
directly followed by discussions on the application. The activity was continued asynchronously through
the e-learning platform where they downloaded tasks and uploaded answers. These learning activities
were continued in the 4™, 5%, 6%, and 7" meetings and followed by a mid-test conducted synchronously
through a webinar class in the 8" meeting after the questions have been previously downloaded from
the e-learning platform.

Data collection was continued from the 9" to 15™ meetings with the learning activities observed
to have been implemented synchronously and asynchronously such previous. The final test was
conducted at the 16" meeting synchronously through the webinar class after the questions have been
downloaded from the e-learning platform.

Learning outcomes and their improvement for preservice teachers

The mid-test results showed that 17 out of 23 preservice teachers had more than 65% of the
total score. This means 87% completed the study, indicating an improvement in the learning outcomes
of elementary linear algebra after it was taught through the combination of synchronous and

asynchronous learning compared to the period it was conducted through only WAG. Moreover, the

10
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final test results showed that all preservice teachers achieved more than 65% of the total score and
this further confirms the improvement in the learning outcome compared to the use of only WAG as
indicated by the increase compared to the mid-test results.

These findings showed that the learning outcomes of preservice teachers in elementary linear
algebra increased due to the application of the combined method. This is in line with the results of
Zaharah, Kirilova & Windarti (2020) that the application of e-learning introduced progress and
innovation to education in Indonesia as indicated by almost 75% of students who participated in online
learning simultaneously during the Covid-19 pandemic. Moreover, Sindu & Paramartha (2018) showed
that the use of instructional media such as video and slide synchronization systems theoretically
facilitated the learning ability of students during material discussion and also made the instructional
time more effective. This means the combination of synchronous and asynchronous learning is one of
the solutions for the challenges observed in online learning activities during the pandemic.

Preservice teachers’ responses

Preservice teachers were asked to fill out a questionnaire after the class and the responses are
made available on google Forms in the link
https://bit.ly/ANGKET _MAHASISWA_TERHADAP_PEMBELAJARAN_ALIN while the results

related to the knowledge aspect are presented in the following Table 4.

Table 4. Responses to the Knowledge Aspect

The number of preservice
. teachers' responses in each
No Statements in the category (n)

Total

respondents Analysis result

questionnaire
less enough good  very

1) @ (3 good (@) nx1nx2 nx3 nx4 Average Category

My knowledge of
1 elementary linear 3 5 10 5 23 3 10 30 20 3 Good
algebra is very good

I can explain the
2 meaning of the linear 0 4 11 8 23 0 8 33 32 3 Good
eguation system

I can explain the
3 Gauss Jordan O 4 11 8 23 0 8 33 32 3 Good
elimination method

I can solve the system
of linear equations

g OLINGA MO 4 5 9 8 23 1 10 27 32 3  Good
elimination
5 | can explain ‘the , 5 g gy 23 1 6 24 4 3 Good

meaning of matrix

I can determine the
6 operation result of 1 3 7 12 23 1 6 21 48 3 Good
two matrices

I can explain the
7 meaning of 1 4 8 10 23 1 8 24 40 3 Good
determinant

| can determine the
determinant of a
matrix by  using
cofactor expansion

1 4 10 8 23 1 8 30 32 3 Good

11
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I can determine the
determinant of a

9 matrix by using row 4 & 9 23 1 8 27 36 3 Good
reduction
10 | can prove that a set 1 5 9 8 23 1 10 ”7 I 2 cod

is a vector space

| can prove that a set
11 is a subspace of a 1 4 11 7 23 1 8 33 28 3 Good
vector space

| can show that some
vectors are linear

12 S 1 6 8 8 23 1 12 24 32 3 Good
combinations of a
vector
| can show that a

13 1 5 10 7 23 1 10 30 28 3 Good

vector spans the set

| can show a linearly
14 independent or 1 7 7 8 23 1 14 21 32 3 Good
linearly dependent set

| can show that a set is
the basis and

15 dimension of a 1 7 6 9 23 1 14 18 36 3 Good
subspace in a vector
space

The results showed that preservice teachers’ responses on (1) the knowledge of elementary linear
algebra material as well as the ability to (2) explain the meaning of linear equation system, (3) explain
Gauss Jordan Elimination method, (4) solve a system of linear equations with Gauss Jordan elimination,
(5) explain the meaning of matrix, (6) determine operation result of two matrices, (7) explain the
meaning of determinants, (8) determine determinant of a matrix using cofactor expansion, (9) determine
determinant of a matrix using row reduction, (10) prove a set is a vector space, (11) prove that a set is
a subspace of another set, (12) show that a set is a linear combination of other sets, (13) show that an
element spans a set, (14) show a linearly independent or linearly dependent set, and (15) show that a
set is the basis and dimension of a subspace in a vector space were all in the good category as indicated
by an average score of 3 for all the indicators. This means the response of preservice teachers to the
knowledge aspect is positive.

These results support the improvement observed in the learning outcomes of preservice teachers
as presented in the previous analysis and this simply means they have good knowledge of elementary
linear algebra material after the combined learning system was applied. This is associated with the fact
that the learning materials placed on the e-learning platforms were very helpful to preservice teachers
to understand the materials before they were discussed in the webinar classes. This shows the process
of learning mathematics would not have been difficult during the pandemic had it been the materials
were presented through e-learning platforms. This is in line with the findings of Das (2020) that
mathematics education is usually easier when conducted through virtual classrooms as well as the
recommendation of Noviani (2021) that e-learning design can be used to minimize the barriers to the
achievement of learning objectives.

The results of the responses to the attitudes aspect are presented in the following Table 5.
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Table 5. Responses to the Attitudes Aspect

The number of preservice

. - Total of !
Statements in the teachers' responses in each respondents Analysis result
- . category (n)
questionnaire less enough good  ver
@ (2)9 9(3) good{4) nXx1nx2 nx3 nx4 Average Category
| always download
1 feaching — materials , 5 g 23 10 15 68 4 Good
from the e-learning
platform
| always respond to
o discussion forums on gy, 23 110 21 40 3 Good
the e-learning
platform
| always download
tasks, work on them,
3 and upload answers 1 1 5 16 23 1 2 15 64 4 Good
on the e-learning
platform
g lawaystakewebinar 4 o5 gy 23 1 0o 15 68 4  Good
| actively ask
5 questions and answer 1 6 8 8 23 1 12 24 32 3 Good

during webinar class

The results showed that the habit to download teaching materials on the e-learning platform was
in a good category as indicated by a score of 4 and the same was observed for the habit to download,
work, and upload answers, and take webinar classes. Meanwhile, the habit to respond to discussion
forums on the e-learning platform as well as actively ask questions and answer during synchronous
classes were found to be in a good category as indicated by the average score of 3. This simply shows
that preservice teachers response to the attitudes aspect is positive.

The attitude of preservice teachers in synchronous and asynchronous learning conducted
using e-learning was observed to be one of the positive factors that affected their knowledge of
elementary linear algebra. They were enthusiastic about the online learning and active on both platforms
used. The results were discovered to be in line with the findings of Wijaya (2020) that showed a good
student learning attitude towards learning video because they felt it was effective in making them
understand the concept being taught.

The results related to the responses of preservice teachers to the e-learning and webinar classes
applications are also presented in the following Table 6.

Table 6. Responses to E-learning and Webinar Classes Applications

The number of

ions in th . i preservice teachers' Total of Analysis result
No Questions in the questionnaire responses respondents
Yes No Yes No
1 Do you_have dlfflculty accessing the LMS 9 14 23 39% 61%
(e-learning) class application?
Do you have difficulty accessing webinar
2 class applications (Zoom, Google Meet, 4 19 23 17% 83%

etc.)?
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Is LMS (e-learning) class useful for you

0, 0,

8 during the learning process? 2 0 z 100% 0%
Is the webinar class (Zoom, Google Meet,

4 etc.) useful for you during the learning 23 0 23 100% 0%

process?

Table 6 shows that 61% of preservice teachers had no difficulty in using the e-learning class
application while 83% had no problems using webinar class applications and this means they have the
appropriate skills to use these platforms. These findings were observed to be related to the previous
results on the attitudes of respondents to the combined learning strategy. This shows they have had no
difficulty in participating in e-learning and webinar classes and are ready to face the Industrial 4.0 period
as suggested by Mairing, et. al (2021).

The results also showed that all preservice teachers agreed that e-learning and webinar classes
were beneficial and this is supported by the feeling of enthusiasm and activeness expressed in using the
combined learning method as indicated in the attitude analysis. This is in line with the findings of Amiti
(2020) that appropriate combination of synchronous and asynchronous e-learning methods can assist
teachers and students in having successful course and results despite the preference of students for both
methods.

The results of the responses of preservice teachers to the frequency of accessing e-learning
classes in a week are presented in Table 7.

Table 7. Responses to the frequency of accessing e-learning classes in a week

The freguency of Total of Analysis result
L . . access in a week respondents
No Questions in the questionnaire
one | two | three one | two | three
time | times | times time | times | times
1 How_many times do you access LMS (e- 4 2 15 23 17% | 17% | 65%
learning) classes in a week?

Table 7 shows that 65% of preservice teachers accessed e-learning classes 3 times a week while
17% accessed 1 and 2 times a week. These results indicated that they were enthusiastic and active in
using the synchronous and asynchronous e-learning platforms as indicated by the fact that more than
50% accessed it 3 times a week. This means they made good use of the facility to support their learning
process due to its ability to provide everything needed to learn. This is in line with the findings of Xie,
Liu, Bhairma, Shim (2018) that students preferred to use asynchronous learning because it can be easily
accessed offline as well as its suitability for shy students. Raymond, Atsumbe, Okwori, and Jebba
(2016) also recommended the use of innovative e-learning platforms in higher education institutions
and promoted lecturers to use both synchronous and asynchronous learning in the form of e-learning
platforms.

These findings showed that synchronous and asynchronous learning through e-learning can be

combined as an alternative online learning method to teach mathematics during the Covid-19 pandemic.
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This is associated with several reasons which include the availability of teaching materials and
assignments on the e-learning platform which is asynchronous learning and considered very helpful to
preservice teachers in understanding the materials before the discussion during the webinar class which
is synchronous learning. Asynchronous learning makes the learning process more effective because it
provides opportunities to study materials, download tasks, and upload tasks as well as the ease with
which both e-learning and webinar platforms can be accessed and used. Therefore, it is recommended
that higher education institutions use innovative e-learning platforms while lecturers are promoted to
use both synchronous and asynchronous learning methods (Raymond, Atsumbe, Okwori, and Jebba,
2016).

Teachers are considered professional in the millennial 4.0 when they have the ability to manage
their classes through virtual learning activities. Siregar, Solfitri & Siregar (2021) showed that preservice
teachers already had quite a good perception of online learning while attending lectures during the
Covid-19 pandemic. Their lecturers also have the ability to formulate teaching materials and assess

assignments online in order to increase the learning opportunity for students. There for

dicuss the implication of these findings

Conclusion

The results showed that the application of synchronous and asynchronous online learning
methods was able ho improve khe learning outcomes of preservice teachers. This was indicated by
the higher classical completeness recorded after the mid-test compared to the learning activities
conducted through only WAG as well as the higher value during the final test compared to the
mid-test.

The questionnaires analysis showed that most of preservice teachers provided positive
responses to this combined learning method as indicated by the knowledge and attitude aspects as
well as the ease of access and usefulness of the e-learning and webinars platforms. It was also
discovered that they often access the e-learning platform to study materials, download and do
tasks, as well as upload answers.

This means the combination of synchronous and asynchronous learning activities is an
alternative online learning method for lecturers to teach mathematics materials during the Covid-19
pandemic. It is recommended that further studies apply both learning methods through e-learning
to critical thinking, creativity, communication, and collaboration (4Cs) considered to be very
relevant and needed in this 4.0 era. There is also the need to access its effectiveness after the

pandemic is over.
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The Application of Synchronous and Asynchronous Learning using e-
Learning on Elementary Linear Algebra for Preservice Teachers

[Abstract.} Learning activities were changed from face-to-face to full-online due to the [Commented [A1]: The abstract is 200 word

COVID-19 pandemic at the end of 2019. Online learning through WhatsApp Group (WAG)
was used by a mathematics teacher in higher education program in the early 2020. However,
the learning result showed that 75% of preservice teacher were unable to accomplish their
elementary linear algebra material. The combination of online learning through
asynchronous method and synchronous learning was an alternative solution to solve the
problem and enable preservice teachers having virtual face-to-face interactions with their
lecturers. Therefore, this study was conducted to determine the improvement in preservice
teachers' learning outcomes and responses to synchronous and asynchronous learning. The
research design used was one group posttest-only with 23 subjects were selected by clustered
random sampling. Data were analyzed by descriptive statistical analysis. The test desults
showed that learning outcomes after synchronous and asynchronous learning was effective.
While the questionnaire results expressed most preservice teachers gave a positive response

to both learning methods.} Thus, the combination of the two methods could improve the [Commented [A2]: | have replaced improve with effective

effectiveness of online learning during the Covid-19 pandemic. It is recommended that higher
education institutions provide innovative e-learning platforms for preservice teachers in
developing further online learning methods.

Keywords: Synchronous learning, asynchronous learning, e-learning, preservice teacher,
elementary linear algebra

Abstract. Proses pembelajaran berubah dari tatap muka menjadi fullonline, sejak pandemic
covid-19 di akhir tahun 2019. Di awal tahun 2020, salah satu perguruan tinggi keguruan di
Bangkalan, Indonesia melaksanakan pembelajaran daring melalui WhatsApp Group (WAG).
Namun pembelajaran ini mengakibatkan 75% mahasiswa calon guru tidak tuntas dalam
belajar materi aljabar linear elementer. Pembelajaran daring melalui asynchronous
learning dengan memanfaatkan e-learning menjadi salah satu solusi dalam mengatasi
masalah. Namun demikian, synchronous learning perlu diterapkan agar mahasiswa calon
guru dapat melakukan tatap muka secara virtual dengan dosen. Tujuan penelitian adalah
untuk mengetahui peningkatan hasil belajar mahasiswa calon guru dan respon mahasiswa
calon guru terhadap synchronous and asynchronous learning. Desain penelitian
menggunakan one group posttest only design. Subjek adalah 23 mahasiswa calon guru yang
dipilih secara clustered random sampling. Data dianalisis dengan analisis statistik
deskriptif. Hasil penelitian menunjukkan bahwa hasil belajar setelah pembelajaran sinkron
dan asinkron efektif dan sebagian besar mahasiswa calon guru memberikan respon positif.
Kombinasi synchronous dan asynchronous learning adalah salah satu solusi untuk
pembelajaran daring selama pandemic Covid-19. Perguruan tinggi menyediakan platform
e-learning yang inovatif dan mendorong dosen tidak hanya menggunakan synchronous
learning dalam mengajar tetapi juga mengkombinasikan dengan asynchronous learning
melalui e-learning.

Keywords: Synchronous learning, asynchronous learning, e-learning, mahasiswa calon
guru, aljabar linear elementer
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The emergence of a new coronavirus called Novel Corona Virus (2019-nCoV) at the end
of 2019 shook the world. The virus was originally discovered in Wuhan China in December
2019 and later spread significantly to all countries, including Indonesia, in early 2020. The
pandemic had a big impact on different sectors of the country including health, economy, and
education. This is observed from the fact that educational institutions ranging from kindergarten
to universities were restricted from using face-to-face learning in order to reduce personal
contact. Moreover, Azhari & Fajri (2020) also showed that the government enforced policies
directed toward closing classrooms without stopping learning activities, thereby leading to the
implementation of distance learning by schools. This led to the transition from face-to-face to
online learning methods through the use of different information technologies (Rehman &
Fatima, 2021).

WhatsApp Group (WAG) online learning was implemented at STKIP PGRI Bangkalan
in early 2020 but this method was observed to have several shortcomings, specifically in the
process of teaching elementary linear algebra. It was discovered that 75% of preservice teachers
were unable to complete their study while only 20% completed. This is considered to be a
significant reduction in comparison with the 86% who completed their studies as reported in
previous studies conducted on the effectiveness of learning in an elementary linear algebra
course (Sari, 2016).

Elementary linear algebra is a basic course required to be passed by students because it
is a prerequisite for further courses such as abstract algebra. Suryaningsih (2016) & Ruswana
(2019) also showed that it is a basic subject needed to be mastered by low-level students due to
its ability to make learning other subjects easier.

This background information shows that there is a need to change the online learning
approach. This can be achieved through the implementation of asynchronous learning which
was explained by Skylar (2009) to be capable of providing students with a flexible and self-
paced environment they need to access course content using different tools. This is due to the
fact that students are not usually restricted to a set day or time for communication, but allowed
more time to prepare a response to a set of directions or questions. Asynchronous learning is
usually implemented through a university’s e-learning Moodle platform. Meanwhile, e-learning
is defined by Hambrecht (in Ogbonna, Ibezim & Obi, 2019) to be a generic term covering a
wide range of ICT technology-based applications and processes including computer-based
learning, web-based learning, virtual classrooms, digital collaboration, and networking. It
normally contains the content for one semester such as the materials, discussion forums, and
assignments and its use has been reported by Yuhasriyati et.al (2020) to have the ability to force

educational processes to run faster in terms of accessibility and quality. It is also very influential
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on the learning activities and outcomes for students (Fitriani & Nurjannah, 2019) with the
application of blended learning through Moodle platform reported to have received positive
feedback from students studying mathematics (Lin, Tseng & Chiang, 2017).

Blended learning which involves the combination of e-learning and direct face-to-face
learning is the norm before the pandemic and this method has been reported in several studies
to have the ability of improving students' learning outcomes. For example, Lin, Tseng & Chiang
(2017) conducted ANCOVA and MANCOVA analyses and showed that blended learning
benefitted students in the experimental group by having a positive effect on their learning
outcomes and attitudes toward studying mathematics in a blended environment. These results
are in line with Sukma & Priatna (2020) that the implementation of blended learning was able
to improve students' critical thinking skills (CTS).

Learning activities were conducted fully online during the pandemic (Trenholm &
Peschke, 2020) and this indicates the use of e-learning without face-to-face interaction. This
means synchronous learning is perceived to be an alternative to virtual face-to-face learning
between lecturer and students. This was further explained by Shi & Morrow in Skylar (2009) that
the instructor leads the learning while all learners log in simultaneously and communicate directly
with each other in real-time.

STKIP PGRI Bangkalan implemented synchronous learning through Zoom, Google Meet,
and others to ensure students understand learning materials effectively and produce adequate
outcomes. This is in line with the findings of Aisyah and Sari (2021) that the use of the Google
Meet platform was able to improve students learning outcomes. This means through asynchronous
learning through e-learning combined with synchronous learning through the virtual conference
is an alternative method to teach elementary linear algebra in the school. Several studies showed
the success of this combined method as indicated by its ability to increase the cognitive academic
achievements of students studying word processing as reported by Ogbonna & Ibezim (2019).

The college also implemented a policy considered to be related to online learning in the
middle of 2020, which in the form of asynchronous and synchronous. However, the synchronous
learning was applied for 7-8 meetings through webinar classes such as Zoom, Google Meet, and
others while asynchronous was fully used for 14-16 meetings through e-learning platforms. |It
lines with study of Mairing, Sidabutar, Lada & Aritonang (2021) that the implementation of
asynchronous and synchronous online learning approaches was effective in improving students’
learning outcomes and skills of using Microsoft Excel during the Covid-19 pandemic. The
effectiveness as indicated by the average of the outcomes was more than 75 (scale 0-100), and
the skills were increased 1 level higher (scale 1-5). Furthermore, the students positively responded

toward the approaches. So that, the implementation of asynchronous and synchronous online
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learning can build learning effectiveness during the Covid-19 pandemic at STKIP PGRI
Bangkalan.

There is a need to evaluate the effectiveness of this method and this can be achieved through
the perspectives of preservice teachers considered the learning objects. Therefore, this study was
conducted to determine the 1) improvement of preservice teachers' learning outcomes based on
the combination of synchronous and asynchronous learning to elementary linear algebra, and 2)

their responses to the learning method.

Method
Study Design

Treatment was applied to the participant's group to determine the effect of synchronous and
asynchronous learning conducted on the outcome and responses of preservice teachers.
Asynchronous learning was applied in the form of e-learning classes on the university Moodle
while synchronous was in the form of webinar classes on Zoom.

The learning [ef‘fectiveness] was determined through tests and a list of questions presented
through instruments provided to the participants[.] It is important to note that the treatment was
applied in a class and this means this is an experimental study with a one-group posttest-only
design.

Participants

The population includes all 34 preservice teachers in the mathematics education study
program at STKIP PGRI Bangkalan during the odd semester of the 2021/2022 academic year
while a total of 23 were selected as samples using clustered random sampling technique. Idwas
done by clustering male and female participants. Afterward, from 14 males and 20 females it was
chosen 8 males and 15 females randomly. Trhe sample was heterogeneous based on gender and
initial mathematical ability determined through their calculus scores in the previous semester.
Instruments

Study instruments finclude mid-test, final-test, and [questionnairel. The lesson plan consists

of 16 meetings with eight conducted through e-learning and Zoom webinar classes in the 2", 41",
6, 8 10" 12" 14" and 16" meetings while the remaining were through e-learning and
WhatsApp Group (WAG) at the 1%, 3¢, 51 7t gt 11t 13" and 15" meetings. It is important to
note that 8 webinar classes were conducted in line with the rules of the campus in relation to
synchronous learning due to constraints in purchasing internet quota. The mid-test provided to
students at the 8" meeting and the final test at the 16™ meeting were conducted through e-learning
and Zoom wehinar classes. The questions were developed according to the material in the lesson

plan and the tests were made valid through construct, content, and face validities such that the
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construct aspect was implemented by ensuring the results of both tests were able to measure the
abilities of preservice teachers in elementary linear algebra without focusing on other variables.
The content aspect involved the review and development of grids that covered questions and
related indicators without missing any as indicated in Tables 1 and 2 for mid and final tests
respectively. Meanwhile, the face validity was conducted by two experts with the focus on the
evaluation of the elements for the truth concept, rules to prepare the questions, symbols and
mathematical formulas, punctuation marks, pictures, and language. The results showed that the
average face validation value for the mid-test was 4.17 and the final test had 4.33, thereby
indicating they were both valid to be used.

Table 1. Mid-Test Grid (duration 90 minutes)

Learning Level Learning Question  Max
No Indicators _Domain Material Number  Score
cC AP
Given several equations, students ﬁ%’iﬁﬂ OJations
1 determine whether they are linear c2 and Lin?ear 10
equations or not equation
Students can make the system of linear System of
2 equations with 3 equations and 5 Cc2 linear 2 10
variables equations
Given several matrices, students can
3 determine row echelon matrix, reduced Cc2 Matrix 3 10
row echelon matrix, or none of the two.
Given the system of linear equations,
students can solve the system of linear Gauss Jordan
4 - - C3 P 4 15
equations  using  Gauss  Jordan Elimination
elimination
Given the system of linear equations,
students can determine the coefficient Solving system
5 value of one linear equation to ensure C3 of linear 5 20
the system a) has no solution, b) has one equations
solution, and c) has many solutions
Given 2 matrices, students can Matrix
6 deter'mme the operation result of two c2 operation 6 10
matrices
Given a matrix, students can determine
7  an inverse matrix using the inverse c2 Inverse matrix 7 15
algorithm
Given several matrices, students can
determine the upper triangular matrix, .
8 lower triangularp?natrix, gnd diagonal c2 Matrix 8 10
matrix
Table 2. Final Test Grid (duration 90 minutes)
Learning Level Learning Question  Max
No Indicators Domain Material Number  Score
cC AP
Given a matrix, students can determine Cofactor
1  the matrix determinant using cofactor C3 E ; 1 10
: Xpansion
expansion
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Given a system of linear equations, .
. Crammers
2 students can solve the system using C3 rules 2 10
Crammers' rules

Given three sets, students can prove that Vector
3 C4 3 15
three sets are vector spaces or not Spaces
Given three pairs of W and V sets,
4 students can prove whether set V is a C4 Subspace 4 15
subspace of set W
Given a set S and four vectors, students Linear
5 can determine whether four vectors are C3 N 5 10
8 - . combinations
linear combinations of vectors in set S
Given three sets, students determine that v hlgeea:r?(jent
6 they are linearly independent or linearly C3 P 6 15
d 3 and linearly
ependent on R? or My
dependent
Given several sets S, students can show v .
! that these sets are not the basis of R® c3 Basis ! 15
Given a set S, students can show the basis .
Basis and

8 S of My and determine the dimensions C3 dimension 8 10
of the S subspace of My,

A questionnaire was developed to measure the responses of preservice teachers to the
combined approach. The validity of the questionnaire was also determined through construct,
content, and face validities such that the construct aspect focused on ensuring its results actually
measure the teachers’ response to synchronous and asynchronous learning. The content aspect
also involved reviewing and making questionnaire grids to cover questions and related indicators
without missing any as indicated in Table 3. Meanwhile, the face validity was conducted by two
experts through the evaluation of the concept truth elements, rules to write the questions, and
displays for language. The results showed that the average face validation value for the
questionnaire was 4.83. It is important to note that the responses to the statements on the
questionnaire were designed to be provided through a Likert scale.

Table 3. Aspects and Indicators of the Questionnaire

No  Aspects Indicators Statements
1. Knowledge  Students can Students’ knowledge of elementary linear algebra
understand material through online learning

elementary linear
algebra material

Students’ ability to understand every elementary linear
algebra material through online learning

Students’ ability to solve problems related to elementary
linear algebra material through online learning

2. Attitude Students are active  Students’ attitude while learning independently through
in asynchronous the resources in e-learning
and synchronous Students’ attitude while responding to discussion forums
learning Students’ attitude while downloading assignments, solving,
and uploading the answers in e-learning
Students’ attitudes about taking synchronous learning
Student attitude while discussing through webinar classes
Frequency of students accessing e-learning
3. E-learning Ease of accessand _Ease of accessing the e-learning platform
and Webinar  usefulness for Ease of accessing the webinar class platform

students

The usefulness of accessing the e-learning platform
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classes The usefulness of accessing the webinar class platform
applications

The Procedure for Data Collection
Data were collected using tests and questionnaires provided online through e-learning and
Google form. rrhere are two tests were conducted; mid test in eighth meeting and final test in
sixteenth meeting. Meanwhile the questionnaire was once administered in sixteenth meeting. ﬂ'he
learning itself was implemented asynchronously and synchronously as indicated in the lesson plan
design.
Data Analysis
Data were analyzed using descriptive statistical analysis because the aim was not to
generate data but explain and provide an overview of the characteristics of a data series. The
processes involved are stated as follows:
1. Analysis of [Mid-Test and Final Test
The data from the test were measured using a completeness test which includes individual
and classical. Meanwhile, the Ministry of Education and Culture categorizes subjects' scores

into 5 groups as follows:

0 <score <35 :very low
35 <score <55 : low
55 <score < 65 - medium

65 <score <85  :high
85 <score <100 : very high

Widoyoko (2009) also determined the classical completeness criteria as follows:

p >80 : very good
60 <p<80 : good
40<p <60 : quite
20<p <40 - less

p <20 s very less

This information was used to establish the criteria for individual completeness by setting a

score of 65% as the threshold for the completion of learning by preservice teachers, while

the classical completeness criterion is when 80% have completed their studies.

[The implementation of asynchronous and synchronous online learning approaches was

effective, if the classical completeness criterion, mid and final test results were achieved. |
2. Analysis of Questionnaire Data

The questionnaires responses were classified into two, including the questions with 4

answers in the form of 1, 2, 3, 4 and with 2 answers such as Yes and No.

For the first questions, the criteria are as follows:

1, 00 < average < 1, 50: less
1, 50 < average < 2, 50: enough
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2, 50 < average < 3, 50: good
3, 50 < average <4, 00: very good

The responses were believed to be positive when they are in good and very good categories.
For the second questions, the responses were believed to be [positive] when more than 50%

are good.

Results and Discussion
Asynchronous and synchronous learning activities

The first set of data was collected on Tuesday, October 5, 2021, according to the class schedule
with the lecturer observed to have filled the required e-learning content such as the introductory session,
1st—7h, 915" 8 and 16™ sessions before the class started. The introductory session contains 1) an
explanation of course descriptions, 2) course achievements, 3) an introduction forum (lecturer
introduction video), 4) lecture contracts, 5) libraries, and 6) an attendance list. The contents in the 1%
7% and 9"-15" sessions include 1) greetings and explanations, 2) learning achievements, 3) learning
materials, 4) discussion forums, 5) assignments, and 6) links to webinar class meetings while the 8"
and 16" sessions were 1) greetings and explanations sessions and 2) mid-test or final-test questions
according to the specified format. The display of the e-learning platform is presented in Figures 1, 2,
and 3, the discussion and closing sessions are indicated in Figures 4 and 5, and the discussion sessions
conducted on WAG in Figure 6.
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Figure 1. Front View of Elementary Linear Algebra in E-learning
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Figure 2. Content Display at 1% Meeting in E-learning
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Figure 3. Content Display at 2" Meeting in E-learning
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Figure 4. Discussion Session in The Webinar Class (Zoom)
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Figure 6. Discussion Session in WAG

The first meeting was conducted asynchronously through e-learning classes with preservice

teachers observed to have filled the attendance lists, accessed contents, studied teaching materials,

responded to discussion forums, did assignments, and uploaded answers to the e-learning platform.

Meanwhile, synchronous learning was conducted through WAG to provide teachers the opportunities

to ask questions on the parts they did not understand from 10.30 - 13.00.

The second meeting was implemented synchronously through a webinar class using the Zoom

application and preservice teachers filled the attendance list in e-learning after which lecturers

explained the material using PowerPoint and video. They were allowed to ask questions and answer

directly followed by discussions on the application. The activity was continued asynchronously through

the e-learning platform where they downloaded tasks and uploaded answers. These learning activities

10
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were continued in the 4%, 5, 6%, and 7" meetings and followed by a mid-test conducted synchronously
through a webinar class in the 8" meeting after the questions have been previously downloaded from
the e-learning platform.

Data collection was continued from the 9" to 15™ meetings with the learning activities observed
to have been implemented synchronously and asynchronously such previous. The final test was
conducted at the 16" meeting synchronously through the webinar class after the questions have been
downloaded from the e-learning platform.

Learning outcomes and their improvement for preservice teachers

The mid-test results showed that 17 of 23 preservice teachers had more than 65% of the total
score. This means 87% have completed the study. It indicated that the learning outcomes of elementary
linear algebra after it was taught through the combination of synchronous and asynchronous learning
was effective. Moreover, the final test results showed that all preservice teachers achieved more than
65% of the total score and this further confirms that the learning outcome was effective.

These findings showed that the learning outcomes of preservice teachers in elementary linear
algebra increased due to the application of the combined method. This is in line with the results of
Zaharah, Kirilova & Windarti (2020) that the application of e-learning introduced progress and
innovation to education in Indonesia as indicated by almost 75% of students who participated in online
learning simultaneously during the Covid-19 pandemic. Moreover, Sindu & Paramartha (2018) showed
that the use of instructional media such as video and slide synchronization systems theoretically
facilitated the learning ability of students during material discussion and also made the instructional
time more effective. This means the combination of synchronous and asynchronous learning is one of
the solutions for the challenges observed in online learning activities during the pandemic.

Preservice teachers’ responses

Preservice teachers were asked to fill out a questionnaire after the class and the responses are
made available on google Forms in the link
https:/bit.ly/ANGKET _MAHASISWA TERHADAP PEMBELAJARAN_ALIN while the results

related to the knowledge aspect are presented in the following Table 4.

Table 4. Responses to the Knowledge Aspect

The number of preservice
teachers' responses in each
category (n)

Total Analysis result
Statements in the respondents Y

No

uestionnaire
q less enough good very

(1) (@ (3 good(4)

nx1nx2 nx3 nx4 Average Category

My knowledge of
1 elementary linear 3 5 10 5 23 3 10 30 20 3 Good
algebra is very good

I can explain the
2 meaning of the linear 0 4 11 8 23 0 8 33 32 3 Good
equation system

11
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I can explain the
Gauss Jordan
elimination method

11

23

33

32

Good

| can solve the system
of linear equations
with  Gauss Jordan
elimination

23

10

27

32

Good

I can explain the
meaning of matrix

11

23

24

44

Good

| can determine the
operation result of
two matrices

12

23

21

48

Good

I can explain the
meaning of
determinant

10

23

24

40

Good

| can determine the
determinant of a
matrix by  using
cofactor expansion

10

23

30

32

Good

I can determine the
determinant of a
matrix by using row
reduction

23

27

36

Good

10

| can prove that a set
is a vector space

23

10

27

32

Good

11

| can prove that a set
is a subspace of a
vector space

11

23

33

28

Good

12

| can show that some
vectors are linear
combinations of a
vector

23

12

24

32

Good

13

I can show that a
vector spans the set

10

23

10

30

28

Good

14

| can show a linearly
independent or
linearly dependent set

23

14

21

32

Good

15

| can show that a set is
the basis and
dimension of a
subspace in a vector
space

23

14

18

36

Good

The results showed that preservice teachers’ responses on (1) the knowledge of elementary linear

algebra material as well as the ability to (2) explain the meaning of linear equation system, (3) explain

Gauss Jordan Elimination method, (4) solve a system of linear equations with Gauss Jordan elimination,

(5) explain the meaning of matrix, (6) determine operation result of two matrices, (7) explain the

meaning of determinants, (8) determine determinant of a matrix using cofactor expansion, (9) determine

determinant of a matrix using row reduction, (10) prove a set is a vector space, (11) prove that a set is

a subspace of another set, (12) show that a set is a linear combination of other sets, (13) show that an

element spans a set, (14) show a linearly independent or linearly dependent set, and (15) show that a

set is the basis and dimension of a subspace in a vector space were all in the good category as indicated

by an average score of 3 for all the indicators. This means the response of preservice teachers to the

knowledge aspect is positive.

12
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These results support the improvement observed in the learning outcomes of preservice teachers
as presented in the previous analysis and this simply means they have good knowledge of elementary
linear algebra material after the combined learning system was applied. This is associated with the fact
that the learning materials placed on the e-learning platforms were very helpful to preservice teachers
to understand the materials before they were discussed in the webinar classes. This shows the process
of learning mathematics would not have been difficult during the pandemic had it been the materials
were presented through e-learning platforms. This is in line with the findings of Das (2020) that
mathematics education is usually easier when conducted through virtual classrooms as well as the
recommendation of Noviani (2021) that e-learning design can be used to minimize the barriers to the
achievement of learning objectives.

The results of the responses to the attitudes aspect are presented in the following Table 5.

Table 5. Responses to the Attitudes Aspect

The number of preservice

. teachers' responses in each Total of Analysis result
Statements in the respondents
No : ; category (n)
questionnaire less enough good very
) (3) good (4) nx1nx2 nx3 nx4 Average Category
I always download
1 ;eaCh'”g materials ), 5 17 23 1 0 15 68 4 Good
rom the e-learning
platform
| always respond to
p diseussionforumson o g g, 23 110 21 40 3 Good
the e-learning
platform
| always download
tasks, work on them,
3 and upload answers 1 1 5 16 23 1 2 15 64 4 Good
on the e-learning
platform
4 lawaystakewebinar 5 5 gy 23 1 0 15 68 4 Good

classes

| actively ask
5 questions and answer 1 6 8 8 23 1 12 24 32 3 Good
during webinar class

The results showed that the habit to download teaching materials on the e-learning platform was
in a good category as indicated by a score of 4 and the same was observed for the habit to download,
work, and upload answers, and take webinar classes. Meanwhile, the habit to respond to discussion
forums on the e-learning platform as well as actively ask questions and answer during synchronous
classes were found to be in a good category as indicated by the average score of 3. This simply shows
that preservice teachers response to the attitudes aspect is positive.

The attitude of preservice teachers in synchronous and asynchronous learning conducted
using e-learning was observed to be one of the positive factors that affected their knowledge of

elementary linear algebra. They were enthusiastic about the online learning and active on both platforms

13
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used. The results were discovered to be in line with the findings of Wijaya (2020) that showed a good
student learning attitude towards learning video because they felt it was effective in making them
understand the concept being taught.

The results related to the responses of preservice teachers to the e-learning and webinar classes
applications are also presented in the following Table 6.

Table 6. Responses to E-learning and Webinar Classes Applications

The number of

o . X preservice teachers' Total of Analysis result
No Questions in the questionnaire _ responses  respondents
Yes No Yes No
1 Do you_have dlfflculty accessing the LMS 9 14 23 39% 61%
(e-learning) class application?
Do you have difficulty accessing webinar
2 class applications (Zoom, Google Meet, 4 19 23 17% 83%
etc.)?
Is LMS (e-learning) class useful for you o o
8 during the learning process? 2 0 z 100% 0%
Is the webinar class (Zoom, Google Meet,
4 etc.) useful for you during the learning 23 0 23 100% 0%

process?

Table 6 shows that 61% of preservice teachers had no difficulty in using the e-learning class
application while 83% had no problems using webinar class applications and this means they have the
appropriate skills to use these platforms. These findings were observed to be related to the previous
results on the attitudes of respondents to the combined learning strategy. This shows they have had no
difficulty in participating in e-learning and webinar classes and are ready to face the Industrial 4.0 period
as suggested by Mairing, et. al (2021).

The results also showed that all preservice teachers agreed that e-learning and webinar classes
were beneficial and this is supported by the feeling of enthusiasm and activeness expressed in using the
combined learning method as indicated in the attitude analysis. This is in line with the findings of Amiti
(2020) that appropriate combination of synchronous and asynchronous e-learning methods can assist
teachers and students in having successful course and results despite the preference of students for both
methods.

The results of the responses of preservice teachers to the frequency of accessing e-learning
classes in a week are presented in Table 7.

Table 7. Responses to the frequency of accessing e-learning classes in a week

The frequency of Total of .
; Analysis result
Lo . . access in a week respondents

No Questions in the questionnaire

one | two | three one | two | three

time | times | times time | times | times

How many times do you access LMS (e- 0 o o

! learning) classes in a week? 4 4 » z 17% | 17% | 65%

14
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Table 7 shows that 65% of preservice teachers accessed e-learning classes 3 times a week while
17% accessed 1 and 2 times a week. These results indicated that they were enthusiastic and active in
using the synchronous and asynchronous e-learning platforms as indicated by the fact that more than
50% accessed it 3 times a week. This means they made good use of the facility to support their learning
process due to its ability to provide everything needed to learn. This is in line with the findings of Xie,
Liu, Bhairma, Shim (2018) that students preferred to use asynchronous learning because it can be easily
accessed offline as well as its suitability for shy students. Raymond, Atsumbe, Okwori, and Jebba
(2016) also recommended the use of innovative e-learning platforms in higher education institutions
and promoted lecturers to use both synchronous and asynchronous learning in the form of e-learning
platforms.

These findings showed that synchronous and asynchronous learning through e-learning can be
combined as an alternative online learning method to teach mathematics during the Covid-19 pandemic.
This is associated with several reasons which include the availability of teaching materials and
assignments on the e-learning platform which is asynchronous learning and considered very helpful to
preservice teachers in understanding the materials before the discussion during the webinar class which
is synchronous learning. Asynchronous learning makes the learning process more effective because it
provides opportunities to study materials, download tasks, and upload tasks as well as the ease with
which both e-learning and webinar platforms can be accessed and used. Therefore, it is recommended
that higher education institutions use innovative e-learning platforms while lecturers are promoted to
use both synchronous and asynchronous learning methods (Raymond, Atsumbe, Okwori, and Jebba,
2016).

Teachers are considered professional in the millennial 4.0 when they have the ability to manage
their classes through virtual learning activities. Siregar, Solfitri & Siregar (2021) showed that preservice
teachers already had quite a good perception of online learning while attending lectures during the
Covid-19 pandemic. Their lecturers also have the ability to formulate teaching materials and assess
assignments online in order to increase the learning opportunity for students.

Conclusion

The results showed that learning outcomes after synchronous and asynchronous learning
was effective. This was indicated by the results of mid test and final test of elementary linear algebra
after it was taught through the combination of synchronous and asynchronous learning was significantly
good.

The questionnaires analysis showed that most of preservice teachers provided positive
responses to this combined learning method as indicated by the knowledge and attitude aspects as

well as the ease of access and usefulness of the e-learning and webinars platforms. It was also
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discovered that they often access the e-learning platform to study materials, download and do
tasks, as well as upload answers.

This means the combination of synchronous and asynchronous learning activities is an
alternative online learning method for lecturers to teach mathematics materials during the Covid-19
pandemic. It is recommended that further studies apply both learning methods through e-learning
to critical thinking, creativity, communication, and collaboration (4Cs) considered to be very
relevant and needed in this 4.0 era. There is also the need to access its effectiveness after the

pandemic is over.
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|Abstract| Learning activities were changed from face-to-face to full-online due to the
COVID-19 pandemic at the end of 2019. Online learning through WhatsApp Group (WAG)
was used by a mathematics teacher in higher education program in the early 2020. However,
the learning result showed that 75% of preservice teacher were unable to accomplish their
elementary linear algebra material. The combination of online learning through
asynchronous method and synchronous learning was an alternative solution to solve the
problem and enable preservice teachers having virtual face-to-face interactions with their
lecturers. Therefore, this study was conducted to determine the improvement in preservice
teachers' learning outcomes and responses to synchronous and asynchronous learning. The
research design used was one group posttest-only with 23 subjects were selected by clustered
random sampling. Data were analyzed by descriptive statistical analysis. The test desults
showed that learning outcomes after synchronous and asynchronous learning was effective.
While the questionnaire results expressed most preservice teachers gave a positive response
to both learning methods.} Thus, the combination of the two methods could improve the
effectiveness of online learning during the Covid-19 pandemic. It is recommended that higher
education institutions provide innovative e-learning platforms for preservice teachers in
developing further online learning methods.

Keywords: Synchronous learning, asynchronous learning, e-learning, preservice teacher,

elementary linear algebra
Introduction

The emergence of a new coronavirus called Novel Corona Virus (2019-nCoV) at the end
of 2019 shook the world. The virus was originally discovered in Wuhan China in December
2019 and later spread significantly to all countries, including Indonesia, in early 2020. The
pandemic had a big impact on different sectors of the country including health, economy, and
education. This is observed from the fact that educational institutions ranging from kindergarten
to universities were restricted from using face-to-face learning in order to reduce personal
contact. Moreover, Azhari & Fajri (2020) also showed that the government enforced policies
directed toward closing classrooms without stopping learning activities, thereby leading to the
implementation of distance learning by schools. This led to the transition from face-to-face to
online learning methods through the use of different information technologies (Rehman &
Fatima, 2021).
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WhatsApp Group (WAG) online learning was implemented at STKIP PGRI Bangkalan
in early 2020 but this method was observed to have several shortcomings, specifically in the
process of teaching elementary linear algebra. It was discovered that 75% of preservice teachers
were unable to complete their study while only 20% completed. This is considered to be a
significant reduction in comparison with the 86% who completed their studies as reported in
previous studies conducted on the effectiveness of learning in an elementary linear algebra
course (Sari, 2016).

[Elementary linear algebra is a basic course required to be passed by students because it
is a prerequisite for further courses such as abstract algebra. Suryaningsih (2016) & Ruswana
(2019) also showed that it is a basic subject needed to be mastered by low-level students due to
its ability to make learning other subjects easier.]

This background information shows that there is a need to change the online learning
approach. This can be achieved through the implementation of asynchronous learning which
was explained by Skylar (2009) to be capable of providing students with a flexible and self-
paced environment they need to access course content using different tools. This is due to the
fact that students are not usually restricted to a set day or time for communication, but allowed
more time to prepare a response to a set of directions or questions. Asynchronous learning is
usually implemented through a university’s e-learning Moodle platform. Meanwhile, e-learning
is defined by Hambrecht (in Ogbonna, Ibezim & Obi, 2019) to be a generic term covering a
wide range of ICT technology-based applications and processes including computer-based
learning, web-based learning, virtual classrooms, digital collaboration, and networking. It
normally contains the content for one semester such as the materials, discussion forums, and
assignments and its use has been reported by Yuhasriyati et.al (2020) to have the ability to force
educational processes to run faster in terms of accessibility and quality. It is also very influential
on the learning activities and outcomes for students (Fitriani & Nurjannah, 2019) with the
application of blended learning through Moodle platform reported to have received positive
feedback from students studying mathematics (Lin, Tseng & Chiang, 2017).

Blended learning which involves the combination of e-learning and direct face-to-face
learning is the norm before the pandemic and this method has been reported in several studies
to have the ability of improving students' learning outcomes. For example, Lin, Tseng & Chiang
(2017) conducted ANCOVA and MANCOVA analyses and showed that blended learning
benefitted students in the experimental group by having a positive effect on their learning
outcomes and attitudes toward studying mathematics in a blended environment. These results
are in line with Sukma & Priatna (2020) that the implementation of blended learning was able

to improve students' critical thinking skills (CTS).
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Learning activities were conducted fully online during the pandemic (Trenholm &
Peschke, 2020) and this indicates the use of e-learning without face-to-face interaction. This
means synchronous learning is perceived to be an alternative to virtual face-to-face learning
between lecturer and students. This was further explained by Shi & Morrow in Skylar (2009) that
the instructor leads the learning while all learners log in simultaneously and communicate directly
with each other in real-time.

STKIP PGRI Bangkalan implemented synchronous learning through Zoom, Google Meet,
and others to ensure students understand learning materials effectively and produce adequate
outcomes. This is in line with the findings of Aisyah and Sari (2021) that the use of the Google
Meet platform was able to improve students learning outcomes. This means through asynchronous
learning through e-learning combined with synchronous learning through the virtual conference
is an alternative method to teach elementary linear algebra in the school. Several studies showed
the success of this combined method as indicated by its ability to increase the cognitive academic
achievements of students studying word processing as reported by Ogbonna & Ibezim (2019).

The college also implemented a policy considered to be related to online learning in the
middle of 2020, which in the form of asynchronous and synchronous. However, the synchronous
learning was applied for 7-8 meetings through webinar classes such as Zoom, Google Meet, and
others while asynchronous was fully used for 14-16 meetings through e-learning platforms. [It
lines with study of Mairing, Sidabutar, Lada & Aritonang (2021) that the implementation of
asynchronous and synchronous online learning approaches was effective in improving students’
learning outcomes and skills of using Microsoft Excel during the Covid-19 pandemic. The
effectiveness as indicated by the average of the outcomes was more than 75 (scale 0-100), and
the skills were increased 1 level higher (scale 1-5). Furthermore, the students positively responded
toward the approaches. So that, the implementation of asynchronous and synchronous online
learning can build learning effectiveness during the Covid-19 pandemic at STKIP PGRI
Bangkalan.

There is a need to evaluate the effectiveness of this method and this can be achieved through
the perspectives of preservice teachers considered the learning objects. Therefore, this study was
conducted to determine the 1) improvement of preservice teachers' learning outcomes based on
the combination of synchronous and asynchronous learning to elementary linear algebra, and 2)

their responses to the learning method.

Method
Study Design
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Treatment was applied to the participant's group to determine the effect of synchronous and
asynchronous learning conducted on the outcome and responses of preservice teachers.
Asynchronous learning was applied in the form of e-learning classes on the university Moodle
while synchronous was in the form of webinar classes on Zoom.

The learning [effectiveness] was determined through tests and a list of questions presented
through instruments provided to the participants[.] It is important to note that the treatment was
applied in a class and this means this is an experimental study with a one-group posttest-only
design.

Participants

The population includes all 34 preservice teachers in the mathematics education study
program at STKIP PGRI Bangkalan during the odd semester of the 2021/2022 academic year
while a total of 23 were selected as samples using clustered random sampling technique. Idwas
done by clustering male and female participants. Afterward, from 14 males and 20 females it was
chosen 8 males and 15 females randomly. JThe sample was heterogeneous based on gender and
initial mathematical ability determined through their calculus scores in the previous semester.
Instruments

Study instruments finclude mid-test, final-test, and [questionnaire|. The lesson plan consists

of 16 meetings with eight conducted through e-learning and Zoom webinar classes in the 2", 41",
6™, 8 10" 12" 14" and 16" meetings while the remaining were through e-learning and
WhatsApp Group (WAG) at the 1%, 319, 51 7t gt 11t 13" and 15" meetings. It is important to
note that 8 webinar classes were conducted in line with the rules of the campus in relation to
synchronous learning due to constraints in purchasing internet quota. The mid-test provided to
students at the 8" meeting and the final test at the 16" meeting were conducted through e-learning
and Zoom webinar classes. The questions were developed according to the material in the lesson
plan and the tests were made valid through construct, content, and face validities such that the
construct aspect was implemented by ensuring the results of both tests were able to measure the
abilities of preservice teachers in elementary linear algebra without focusing on other variables.
The content aspect involved the review and development of grids that covered questions and
related indicators without missing any as indicated in Tables 1 and 2 for mid and final tests
respectively. Meanwhile, the face validity was conducted by two experts with the focus on the
evaluation of the elements for the truth concept, rules to prepare the questions, symbols and
mathematical formulas, punctuation marks, pictures, and language. The results showed that the
average face validation value for the mid-test was 4.17 and the final test had 4.33, thereby
indicating they were both valid to be used.

Table 1. Mid-Test Grid (duration 90 minutes)
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Learning Level Learning Question  Max
No Indicators Domain Material Number  Score
cC AP
Given several equations, students ﬁ%/ztaern; Oljations
1 determine whether they are linear < Cc2 £ 1 10
. and Linear
equations or not .
equation
Students can make the system of linear System of
2 equations with 3 equations and 5 c2 linear 2 10
variables equations
Given several matrices, students can
3 determine row echelon matrix, reduced c2 Matrix 3 10
row echelon matrix, or none of the two.
Given the system of linear equations,
students can solve the system of linear Gauss Jordan
4 - - C3 AN 4 15
equations  using  Gauss  Jordan Elimination
elimination
Given the system of linear equations, N
students can determine the coefficient Solving system
5 value of one linear equation to ensure C3 of linear 5 20
the system a) has no solution, b) has one equations
solution, and c) has many solutions
Given 2 matrices, students can Matrix
6 determine the operation result of two Cc2 X 6 10
; operation
matrices
Given a matrix, students can determine
7  an inverse matrix using the inverse c2 Inverse matrix 7 15
algorithm
Given several matrices, students can
8 determm_e the upper t_rlangular matrix, c2 Matrix 8 10
lower triangular matrix, and diagonal
matrix
Table 2. Final Test Grid (duration 90 minutes)
Learning Level Learning Question  Max
No Indicators _Domain Material Number  Score
cC AP
Given a matrix, students can determine
1  the matrix determinant using cofactor C3 Cofacto_r 1 10
. Expansion
expansion
Given a system of linear equations, \
. Crammers
2 students can solve the system using C3 rules 2 10
Crammers' rules
Given three sets, students can prove that v Vector
3 c4 3 15
three sets are vector spaces or not Spaces
Given three pairs of W and V sets, N
4 students can prove whether set V is a C4 Subspace 4 15
subspace of set W
Given a set S and four vectors, students Linear
5 can determine whether four vectors are C3 5 10

. L . combinations
linear combinations of vectors in set S

Given three sets, students determine that v :_nlcri]:agzjent
6  they are linearly independent or linearly C3 P 6 15
dependent on R® or M and linearly
' dependent
7 Given several sets S, students can show v c3 Basis 7 15

that these sets are not the basis of R®
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Given a set S, students can show the basis v
8 S of Mz and determine the dimensions C3
of the S subspace of Mz,

Basis and

dimension 10

A questionnaire was developed to measure the responses of preservice teachers to the
combined approach. The validity of the questionnaire was also determined through construct,
content, and face validities such that the construct aspect focused on ensuring its results actually
measure the teachers’ response to synchronous and asynchronous learning. The content aspect
also involved reviewing and making questionnaire grids to cover questions and related indicators
without missing any as indicated in Table 3. Meanwhile, the face validity was conducted by two
experts through the evaluation of the concept truth elements, rules to write the questions, and
displays for language. The results showed that the average face validation value for the
questionnaire was 4.83. It is important to note that the responses to the statements on the
questionnaire were designed to be provided through a Likert scale.

Table 3. Aspects and Indicators of the Questionnaire

No  Aspects Indicators Statements

1. Knowledge  Students can Students’ knowledge of elementary linear algebra
understand material through online learning
elementary linear Students’ ability to understand every elementary linear
algebra material algebra material through online learning

Students’ ability to solve problems related to elementary
linear algebra material through online learning

2. Attitude Students are active  Students’ attitude while learning independently through
in asynchronous the resources in e-learning
and synchronous Students’ attitude while responding to discussion forums
learning Students’ attitude while downloading assignments, solving,

and uploading the answers in e-learning

Students’ attitudes about taking synchronous learning
Student attitude while discussing through webinar classes
Frequency of students accessing e-learning

3. E-learning Ease of accessand _Ease of accessing the e-learning platform
and Webinar  usefulness for Ease of accessing the webinar class platform
classes students The usefulness of accessing the e-learning platform
applications The usefulness of accessing the webinar class platform

The Procedure for Data Collection

Data were collected using tests and questionnaires provided online through e-learning and
Google form. h’here are two tests were conducted; mid test in eighth meeting and final test in
sixteenth meeting. Meanwhile the questionnaire was once administered in sixteenth meeting. rThe
learning itself was implemented asynchronously and synchronously as indicated in the lesson plan
design.

Data Analysis
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Data were analyzed using descriptive statistical analysis because the aim was not to
generate data but explain and provide an overview of the characteristics of a data series. The

processes involved are stated as follows:

1. Analysis of [Mid-Test and Final Test ( commented [A12]: | have added mid-test and final test

The data from the test were measured using a completeness test which includes individual
and classical. Meanwhile, the Ministry of Education and Culture categorizes subjects' scores

into 5 groups as follows:

0 <score <35 :very low
35 <score < 55 :low
55 <score < 65 - medium

65 <score <85  :high
85 <score <100 : very high

Widoyoko (2009) also determined the classical completeness criteria as follows:

p >80 : very good
60 <p <80 : good
40<p <60 : quite
20<p <40 : less
p=<20 2 very less

This information was used to establish the criteria for individual completeness by setting a
score of 65% as the threshold for the completion of learning by preservice teachers, while
the classical completeness criterion is when 80% have completed their studies.

[The implementation of asynchronous and synchronous online learning approaches was

effective, if the classical completeness criterion, mid and final test results were achieved. | Commented [A13]: | have revised by this sentence, not improve
learning outcome

2. Analysis of Questionnaire Data
The questionnaires responses were classified into two, including the questions with 4
answers in the form of 1, 2, 3, 4 and with 2 answers such as Yes and No.
For the first questions, the criteria are as follows:

1, 00 < average < 1, 50: less

1, 50 < average < 2, 50: enough

2, 50 < average < 3, 50: good

3, 50 < average <4, 00: very good

The responses were believed to be positive when they are in good and very good categories.

For the second questions, the responses were believed to be [positive] when more than 50% [Commented [A14]: | have revised effective with “positive”

are good.

Results and Discussion
Asynchronous and synchronous learning activities
The first set of data was collected on Tuesday, October 5, 2021, according to the class schedule

with the lecturer observed to have filled the required e-learning content such as the introductory session,
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1st—7h, 915" 8 and 16™ sessions before the class started. The introductory session contains 1) an
explanation of course descriptions, 2) course achievements, 3) an introduction forum (lecturer
introduction video), 4) lecture contracts, 5) libraries, and 6) an attendance list. The contents in the 1%~
7% and 9"-15" sessions include 1) greetings and explanations, 2) learning achievements, 3) learning
materials, 4) discussion forums, 5) assignments, and 6) links to webinar class meetings while the 8"
and 16" sessions were 1) greetings and explanations sessions and 2) mid-test or final-test questions

according to the specified format. The display of the e-learning platform is presented in Figures 1, 2,

and 3, the discussion and closing sessions are indicated in Figures 4 and 5, and the discussion sessions
conducted on WAG in Figure 6.

'DESKRIPSI MATAKULIAH
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Figure 1. Front View of Elementary Linear Algebra in E-learning
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Figure 2. Content Display at 1 Meeting in E-learning
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Figure 3. Content Display at 2" Meeting in E-learning
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Figure 4. Discussion Session in The Webinar Class (Zoom)

(4

PR
Mohammad Said. b

Erlina sulis p_20... H %

0000000608000

£ [ |
’ Alya Putri 2046.
L]

™

R -

Figure 5. Closing Session in the Webinar Class (Zoom)
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Figure 6. Discussion Session in WAG

The first meeting was conducted asynchronously through e-learning classes with preservice
teachers observed to have filled the attendance lists, accessed contents, studied teaching materials,
responded to discussion forums, did assignments, and uploaded answers to the e-learning platform.
Meanwhile, synchronous learning was conducted through WAG to provide teachers the opportunities
to ask questions on the parts they did not understand from 10.30 - 13.00.

The second meeting was implemented synchronously through a webinar class using the Zoom
application and preservice teachers filled the attendance list in e-learning after which lecturers
explained the material using PowerPoint and video. They were allowed to ask questions and answer
directly followed by discussions on the application. The activity was continued asynchronously through
the e-learning platform where they downloaded tasks and uploaded answers. These learning activities
were continued in the 4™, 5%, 6%, and 7" meetings and followed by a mid-test conducted synchronously
through a webinar class in the 8" meeting after the questions have been previously downloaded from
the e-learning platform.

Data collection was continued from the 9" to 15™ meetings with the learning activities observed
to have been implemented synchronously and asynchronously such previous. The final test was
conducted at the 16" meeting synchronously through the webinar class after the questions have been
downloaded from the e-learning platform.

Learning outcomes and their improvement for preservice teachers

The mid-test results showed that 17 of 23 preservice teachers had more than 65% of the total
score. This means 87% have completed the study. It indicated that the learning outcomes of elementary
linear algebra after it was taught through the combination of synchronous and asynchronous learning

10
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was effective. Moreover, the final test results showed that all preservice teachers achieved more than
65% of the total score and this further confirms that the learning outcome was effectivel

These findings showed that the learning outcomes of preservice teachers in elementary linear
algebra increased due to the application of the combined method. This is in line with the results of
Zaharah, Kirilova & Windarti (2020) that the application of e-learning introduced progress and
innovation to education in Indonesia as indicated by almost 75% of students who participated in online
learning simultaneously during the Covid-19 pandemic. Moreover, Sindu & Paramartha (2018) showed
that the use of instructional media such as video and slide synchronization systems theoretically
facilitated the learning ability of students during material discussion and also made the instructional
time more effective. This means the combination of synchronous and asynchronous learning is one of
the solutions for the challenges observed in online learning activities during the pandemic.
Preservice teachers’ responses

Preservice teachers were asked to fill out a questionnaire after the class and the responses are
made available on google Forms in the link
https://bit.ly/ANGKET _MAHASISWA_TERHADAP_PEMBELAJARAN_ALIN while the results

related to the knowledge aspect are presented in the following Table 4.

Table 4. Responses to the Knowledge Aspect

The number of preservice
. teachers' responses in each
No Statements in the category (n)

Total

respondents Analysis result

guestionnaire
less enough good  very
(1) (@ (3 good(4)

nx1nx2 nx3 nx4 Average Category

My knowledge of
1 elementary linear 3 5 10 5 23 3 10 30 20 3 Good
algebra is very good

I can explain the
2 meaning of the linear 0 4 11 8 23 0 8 33 32 3 Good
equation system

I can explain the
3 Gauss Jordan O 4 11 8 23 0 8 33 32 3 Good
elimination method

| can solve the system
of linear equations

4 o s e 15 9 8 23 110 27 32 3 Good
elimination
5 | can explain the , 4 8 11 23 1 6 24 44 3 Good

meaning of matrix

| can determine the
6 operation result of 1 3 7 12 23 1 6 21 48 3 Good
two matrices

I can explain the
7 meaning of 1 4 8 10 23 1 8 24 40 3 Good
determinant

| can determine the
determinant of a
8 matrix by  using 1 4 10 8 23 1 8 30 32 3 Good

cofactor expansion

I can determine the
9 geterminant of a © 4 9 9 23 1 8 27 36 3 Good

11
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matrix by using row
reduction

I can prove that a set

10 .
is a vector space

1 5 9 8 23 1 10 27 32 3 Good

| can prove that a set
11 is a subspace of a 1 4 11 7 23 1 8 33 28 3 Good
vector space

| can show that some
vectors are linear

12 combinations of a 6 8 8 23 1 12 24 32 3 Good
vector
13 I can show that a 1 5 10 . 2 1 10 20 28 3 ool

vector spans the set

| can show a linearly
14 independent or 1 7 7 8 23 1 14 21 32 3 Good
linearly dependent set

| can show that a set is
the basis and

15 dimension of a 1 7 6 9 23 1 14 18 36 3 Good
subspace in a vector
space

The results showed that preservice teachers’ responses on (1) the knowledge of elementary linear
algebra material as well as the ability to (2) explain the meaning of linear equation system, (3) explain
Gauss Jordan Elimination method, (4) solve a system of linear equations with Gauss Jordan elimination,
(5) explain the meaning of matrix, (6) determine operation result of two matrices, (7) explain the
meaning of determinants, (8) determine determinant of a matrix using cofactor expansion, (9) determine
determinant of a matrix using row reduction, (10) prove a set is a vector space, (11) prove that a set is
a subspace of another set, (12) show that a set is a linear combination of other sets, (13) show that an
element spans a set, (14) show a linearly independent or linearly dependent set, and (15) show that a
set is the basis and dimension of a subspace in a vector space were all in the good category as indicated
by an average score of 3 for all the indicators. This means the response of preservice teachers to the
knowledge aspect is positive.

These results support the improvement observed in the learning outcomes of preservice teachers
as presented in the previous analysis and this simply means they have good knowledge of elementary
linear algebra material after the combined learning system was applied. This is associated with the fact
that the learning materials placed on the e-learning platforms were very helpful to preservice teachers
to understand the materials before they were discussed in the webinar classes. This shows the process
of learning mathematics would not have been difficult during the pandemic had it been the materials
were presented through e-learning platforms. This is in line with the findings of Das (2020) that
mathematics education is usually easier when conducted through virtual classrooms as well as the
recommendation of Noviani (2021) that e-learning design can be used to minimize the barriers to the
achievement of learning objectives.

The results of the responses to the attitudes aspect are presented in the following Table 5.

Table 5. Responses to the Attitudes Aspect

12
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The number of preservice

Statements in the teachers' responses in each rel—o;ﬁldg;ts Analysis result
No . . category (n) P
questionnaire less enough good Vel
) (2)9 9(3) goodr{A) nx1nx2 nx3 nx4 Average Category
| always download
teaching  materials
1 from the e-learning 1 0 5 17 23 1 0 15 68 4 Good
platform
| always respond to
discussion forums on
2 the e-learning 1 5 7 10 23 1 10 21 40 3 Good
platform
| always download
tasks, work on them,
3 and upload answers 1 1 5 16 23 1 2 15 64 4 Good
on the e-learning
platform
4 'CI"’:Q’;’S‘S)'S‘akeweb'“a’ 10 5 17 23 1 0 15 68 4 Good
| actively ask
5 questions and answer 1 6 8 8 23 1 12 24 32 3 Good

during webinar class

The results showed that the habit to download teaching materials on the e-learning platform was
in a good category as indicated by a score of 4 and the same was observed for the habit to download,
work, and upload answers, and take webinar classes. Meanwhile, the habit to respond to discussion
forums on the e-learning platform as well as actively ask questions and answer during synchronous
classes were found to be in a good category as indicated by the average score of 3. This simply shows
that preservice teachers response to the attitudes aspect is positive.

The attitude of preservice teachers in synchronous and asynchronous learning conducted
using e-learning was observed to be one of the positive factors that affected their knowledge of
elementary linear algebra. They were enthusiastic about the online learning and active on both platforms
used. The results were discovered to be in line with the findings of Wijaya (2020) that showed a good
student learning attitude towards learning video because they felt it was effective in making them
understand the concept being taught.

The results related to the responses of preservice teachers to the e-learning and webinar classes
applications are also presented in the following Table 6.

Table 6. Responses to E-learning and Webinar Classes Applications

The number of

N ions in th . i preservice teachers' Total of Analysis result
0 Questions in the questionnaire responses respondents
Yes No Yes No
Do you have difficulty accessing the LMS o o
! (e-learning) class application? 9 14 z 39% 61%
Do you have difficulty accessing webinar
2 class applications (Zoom, Google Meet, 4 19 23 17% 83%
etc.)?
3 Is LMS (e-learning) class useful for you 23 0 23 100% 0%

during the learning process?
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Is the webinar class (Zoom, Google Meet,
4 etc.) useful for you during the learning 23 0 23 100% 0%
process?

Table 6 shows that 61% of preservice teachers had no difficulty in using the e-learning class
application while 83% had no problems using webinar class applications and this means they have the
appropriate skills to use these platforms. These findings were observed to be related to the previous
results on the attitudes of respondents to the combined learning strategy. This shows they have had no
difficulty in participating in e-learning and webinar classes and are ready to face the Industrial 4.0 period
as suggested by Mairing, et. al (2021).

The results also showed that all preservice teachers agreed that e-learning and webinar classes
were beneficial and this is supported by the feeling of enthusiasm and activeness expressed in using the
combined learning method as indicated in the attitude analysis. This is in line with the findings of Amiti
(2020) that appropriate combination of synchronous and asynchronous e-learning methods can assist
teachers and students in having successful course and results despite the preference of students for both
methods.

The results of the responses of preservice teachers to the frequency of accessing e-learning
classes in a week are presented in Table 7.

Table 7. Responses to the frequency of accessing e-learning classes in a week

The frequency of Total of

X Analysis result
access in a week respondents Y

No Questions in the questionnaire
one | two | three one | two | three
time | times | times time | times | times
1 How_many t|me§ do you access LMS (e- 4 4 15 23 17% | 17% | 65%
learning) classes in a week?

Table 7 shows that 65% of preservice teachers accessed e-learning classes 3 times a week while
17% accessed 1 and 2 times a week. These results indicated that they were enthusiastic and active in
using the synchronous and asynchronous e-learning platforms as indicated by the fact that more than
50% accessed it 3 times a week. This means they made good use of the facility to support their learning
process due to its ability to provide everything needed to learn. This is in line with the findings of Xie,
Liu, Bhairma, Shim (2018) that students preferred to use asynchronous learning because it can be easily
accessed offline as well as its suitability for shy students. Raymond, Atsumbe, Okwori, and Jebba
(2016) also recommended the use of innovative e-learning platforms in higher education institutions
and promoted lecturers to use both synchronous and asynchronous learning in the form of e-learning
platforms.

These findings showed that synchronous and asynchronous learning through e-learning can be
combined as an alternative online learning method to teach mathematics during the Covid-19 pandemic.

This is associated with several reasons which include the availability of teaching materials and

14
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assignments on the e-learning platform which is asynchronous learning and considered very helpful to
preservice teachers in understanding the materials before the discussion during the webinar class which
is synchronous learning. Asynchronous learning makes the learning process more effective because it
provides opportunities to study materials, download tasks, and upload tasks as well as the ease with
which both e-learning and webinar platforms can be accessed and used. Therefore, it is recommended
that higher education institutions use innovative e-learning platforms while lecturers are promoted to
use both synchronous and asynchronous learning methods (Raymond, Atsumbe, Okwori, and Jebba,
2016).

Teachers are considered professional in the millennial 4.0 when they have the ability to manage
their classes through virtual learning activities. Siregar, Solfitri & Siregar (2021) showed that preservice
teachers already had quite a good perception of online learning while attending lectures during the
Covid-19 pandemic. Their lecturers also have the ability to formulate teaching materials and assess

assignments online in order to increase the learning opportunity for students.

Conclusion

The results showed that learning outcomes after synchronous and asynchronous learning
was effective. This was indicated by the results of mid test and final test of elementary linear algebra
after it was taught through the combination of synchronous and asynchronous learning was significantly
good.

The questionnaires analysis showed that most of preservice teachers provided positive
responses to this combined learning method as indicated by the knowledge and attitude aspects as
well as the ease of access and usefulness of the e-learning and webinars platforms. It was also
discovered that they often access the e-learning platform to study materials, download and do
tasks, as well as upload answers.

This means the combination of synchronous and asynchronous learning activities is an
alternative online learning method for lecturers to teach mathematics materials during the Covid-19
pandemic. It is recommended that further studies apply both learning methods through e-learning
to critical thinking, creativity, communication, and collaboration (4Cs) considered to be very
relevant and needed in this 4.0 era. There is also the need to access its effectiveness after the

pandemic is over.
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|Abstract| Learning activities were changed from face-to-face to full-online due to the
COVID-19 pandemic at the end of 2019. Online learning through WhatsApp Group (WAG)
was used by a mathematics teacher in higher education program in the early 2020. However,
the learning result showed that 75% of preservice teacher were unable to accomplish their
elementary linear algebra material. The combination of online learning through
asynchronous method and synchronous learning was an alternative solution to solve the
problem and enable preservice teachers having virtual face-to-face interactions with their
lecturers. Therefore, this study was conducted to determine the improvement in preservice
teachers' learning outcomes and responses to synchronous and asynchronous learning. The
research design used was one group posttest-only with 23 subjects were selected by clustered
random sampling. Data were analyzed by descriptive statistical analysis. The test desults
showed that learning outcomes after synchronous and asynchronous learning was effective.
While the questionnaire results expressed most preservice teachers gave a positive response
to both learning methods.} Thus, the combination of the two methods could improve the
effectiveness of online learning during the Covid-19 pandemic. It is recommended that higher
education institutions provide innovative e-learning platforms for preservice teachers in
developing further online learning methods.

Keywords: Synchronous learning, asynchronous learning, e-learning, preservice teacher,

elementary linear algebra
Introduction

The emergence of a new coronavirus called Novel Corona Virus (2019-nCoV) at the end
of 2019 shook the world. The virus was originally discovered in Wuhan China in December
2019 and later spread significantly to all countries, including Indonesia, in early 2020. The
pandemic had a big impact on different sectors of the country including health, economy, and
education. This is observed from the fact that educational institutions ranging from kindergarten
to universities were restricted from using face-to-face learning in order to reduce personal
contact. Moreover, Azhari & Fajri (2020) also showed that the government enforced policies
directed toward closing classrooms without stopping learning activities, thereby leading to the
implementation of distance learning by schools. This led to the transition from face-to-face to
online learning methods through the use of different information technologies (Rehman &
Fatima, 2021).
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WhatsApp Group (WAG) online learning was implemented at STKIP PGRI Bangkalan
in early 2020 but this method was observed to have several shortcomings, specifically in the
process of teaching elementary linear algebra. It was discovered that 75% of preservice teachers
were unable to complete their study while only 20% completed. This is considered to be a
significant reduction in comparison with the 86% who completed their studies as reported in
previous studies conducted on the effectiveness of learning in an elementary linear algebra
course (Sari, 2016).

[Elementary linear algebra is a basic course required to be passed by students because it
is a prerequisite for further courses such as abstract algebra. Suryaningsih (2016) & Ruswana
(2019) also showed that it is a basic subject needed to be mastered by low-level students due to

its ability to make learning other subjects easier.| Thus, preservice teachers must to master all

material of elementary linear algebra.|

This background information shows that there is a need to change the online learning
approach. This can be achieved through the implementation of asynchronous learning which
was explained by Skylar (2009) to be capable of providing students with a flexible and self-
paced environment they need to access course content using different tools. This is due to the
fact that students are not usually restricted to a set day or time for communication, but allowed
more time to prepare a response to a set of directions or questions. Asynchronous learning is
usually implemented through a university’s e-learning Moodle platform. Meanwhile, e-learning
is defined by Hambrecht (in Ogbonna, Ibezim & Obi, 2019) to be a generic term covering a
wide range of ICT technology-based applications and processes including computer-based
learning, web-based learning, virtual classrooms, digital collaboration, and networking. It
normally contains the content for one semester such as the materials, discussion forums, and
assignments and its use has been reported by Yuhasriyati et.al (2020) to have the ability to force
educational processes to run faster in terms of accessibility and quality. It is also very influential
on the learning activities and outcomes for students (Fitriani & Nurjannah, 2019) with the
application of blended learning through Moodle platform reported to have received positive
feedback from students studying mathematics (Lin, Tseng & Chiang, 2017).

Blended learning which involves the combination of e-learning and direct face-to-face
learning is the norm before the pandemic and this method has been reported in several studies
to have the ability of improving students' learning outcomes. For example, Lin, Tseng & Chiang
(2017) conducted ANCOVA and MANCOVA analyses and showed that blended learning
benefitted students in the experimental group by having a positive effect on their learning

outcomes and attitudes toward studying mathematics in a blended environment. These results
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are in line with Sukma & Priatna (2020) that the implementation of blended learning was able
to improve students' critical thinking skills (CTS).

Learning activities were conducted fully online during the pandemic (Trenholm &
Peschke, 2020) and this indicates the use of e-learning without face-to-face interaction. This
means synchronous learning is perceived to be an alternative to virtual face-to-face learning
between lecturer and students. This was further explained by Shi & Morrow in Skylar (2009) that
the instructor leads the learning while all learners log in simultaneously and communicate directly
with each other in real-time.

STKIP PGRI Bangkalan implemented synchronous learning through Zoom, Google Meet,
and others to ensure students understand learning materials effectively and produce adequate
outcomes. This is in line with the findings of Aisyah and Sari (2021) that the use of the Google
Meet platform was able to improve students learning outcomes. This means through asynchronous
learning through e-learning combined with synchronous learning through the virtual conference
is an alternative method to teach elementary linear algebra in the school. Several studies showed
the success of this combined method as indicated by its ability to increase the cognitive academic
achievements of students studying word processing as reported by Ogbonna & Ibezim (2019).

The college also implemented a policy considered to be related to online learning in the
middle of 2020, which in the form of asynchronous and synchronous. However, the synchronous
learning was applied for 7-8 meetings through webinar classes such as Zoom, Google Meet, and
others while asynchronous was fully used for 14-16 meetings through e-learning platforms. |It
lines with study of Mairing, Sidabutar, Lada & Aritonang (2021) that the implementation of
asynchronous and synchronous online learning approaches was effective in improving students’
learning outcomes and skills of using Microsoft Excel during the Covid-19 pandemic. The
effectiveness as indicated by the average of the outcomes was more than 75 (scale 0-100), and
the skills were increased 1 level higher (scale 1-5). Furthermore, the students positively responded
toward the approaches. So that, the implementation of asynchronous and synchronous online
learning can build learning effectiveness during the Covid-19 pandemic at STKIP PGRI
Bangkalan,

There is a need to evaluate the effectiveness of this method and this can be achieved through
the perspectives of preservice teachers considered the learning objects. Therefore, this study was
conducted to determine the 1) improvement of preservice teachers' learning outcomes based on
the combination of synchronous and asynchronous learning to elementary linear algebra, and 2)

their responses to the learning method.

Method
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Study Design

Treatment was applied to the participant's group to determine the effect of synchronous and
asynchronous learning conducted on the outcome and responses of preservice teachers.
Asynchronous learning was applied in the form of e-learning classes on the university Moodle
while synchronous was in the form of webinar classes on Zoom.

The learning [effectiveness] was determined through tests and a list of questions presented
through instruments provided to the participants. It is important to note that the treatment was
applied in a class and this means this is an experimental study with a one-group posttest-only
design.

Participants

The population includes all 34 preservice teachers in the mathematics education study
program at STKIP PGRI Bangkalan during the odd semester of the 2021/2022 academic year
while a total of 23 were selected as samples using clustered random sampling technique. Idwas
done by clustering male and female participants. Afterward, from 14 males and 20 females it was
chosen 8 males and 15 females randomly. The sample was heterogeneous based on gender and
initial mathematical ability determined through their calculus scores in the previous semester.
Instruments

Study instruments finclude mid-test, final-test, and [questionnairel. The lesson plan consists

of 16 meetings with eight conducted through e-learning and Zoom webinar classes in the 2", 41",
6™, 8" 10", 12" 14" and 16" meetings while the remaining were through e-learning and
WhatsApp Group (WAG) at the 1%, 39, 5t 7t g 11 13" and 15" meetings. It is important to
note that 8 webinar classes were conducted in line with the rules of the campus in relation to
synchronous learning due to constraints in purchasing internet quota. The mid-test provided to
students at the 8" meeting and the final test at the 16" meeting were conducted through e-learning
and Zoom webinar classes. The questions were developed according to the material in the lesson
plan and the tests were made valid through construct, content, and face validities such that the
construct aspect was implemented by ensuring the results of both tests were able to measure the
abilities of preservice teachers in elementary linear algebra without focusing on other variables.
The content aspect involved the review and development of grids that covered questions and
related indicators without missing any as indicated in Tables 1 and 2 for mid and final tests
respectively. Meanwhile, the face validity was conducted by two experts with the focus on the
evaluation of the elements for the truth concept, rules to prepare the questions, symbols and
mathematical formulas, punctuation marks, pictures, and language. The results showed that the
average face validation value for the mid-test was 4.17 and the final test had 4.33, thereby

indicating they were both valid to be used.
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Table 1. Mid-Test Grid (duration 90 minutes)

Learning Level Learning Question Max
No Indicators Domain Material Number  Score
C A P
. . System of
Given several equations, students linear equations
1  determine whether they are linear c2 £ 1 10
- and Linear
equations or not -
equation
Students can make the system of linear System of
2 equations with 3 equations and 5 c2 linear 2 10
variables equations
Given several matrices, students can
3 determine row echelon matrix, reduced Cc2 Matrix 3 10
row echelon matrix, or none of the two.
Given the system of linear equations,
students can solve the system of linear Gauss Jordan
4 . . C3 AR 4 15
equations  using  Gauss  Jordan Elimination
elimination
Given the system of linear equations,
students can determine the coefficient Solving system
5  value of one linear equation to ensure C3 of linear 5 20
the system a) has no solution, b) has one equations
solution, and c) has many solutions
Given 2 matrices, students can Matrix
6  determine the operation result of two c2 - 6 10
; operation
matrices
Given a matrix, students can determine v
7  an inverse matrix using the inverse c2 Inverse matrix 7 15
algorithm
Given several matrices, students can
8 determm_e the upper trlangular matrix, c2 Matrix 8 10
lower triangular matrix, and diagonal
matrix
Table 2. Final Test Grid (duration 90 minutes)
Learning Level Learning Question  Max
No Indicators Domain Material Number  Score
C AP
Given a matrix, students can determine Cofactor
1 the matrix determinant using cofactor C3 Expansion 1 10
expansion
Given a system of linear equations, c .
- rammers
2 students can solve the system using C3 rules 2 10
Crammers' rules
Given three sets, students can prove that Vector
3 Cc4 3 15
three sets are vector spaces or not Spaces
Given three pairs of W and V sets,
4 students can prove whether set V is a C4 Subspace 4 15

subspace of set W

Given a set S and four vectors, students v Linear
5 can determine whether four vectors are C3 combinations 5 10
linear combinations of vectors in set S

Given three sets, students determine that v Linearly

6 they are linearly independent or linearly C3 |ndependent 6 15
3 and linearly
dependent on R® or Mz,
dependent
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Given several sets S, students can show

that these sets are not the basis of R® c3 Basis ! 15

Given a set S, students can show the basis Basis and
8 S of My, and determine the dimensions C3 dimension 8 10
of the S subspace of My,

A questionnaire was developed to measure the responses of preservice teachers to the
combined approach. The validity of the questionnaire was also determined through construct,
content, and face validities such that the construct aspect focused on ensuring its results actually
measure the teachers’ response to synchronous and asynchronous learning. The content aspect
also involved reviewing and making questionnaire grids to cover questions and related indicators
without missing any as indicated in Table 3. Meanwhile, the face validity was conducted by two
experts through the evaluation of the concept truth elements, rules to write the questions, and
displays for language. The results showed that the average face validation value for the
questionnaire was 4.83. It is important to note that the responses to the statements on the
questionnaire were designed to be provided through a Likert scale.

Table 3. Aspects and Indicators of the Questionnaire

No  Aspects Indicators Statements

1. Knowledge  Students can Students’ knowledge of elementary linear algebra
understand material through online learning
elementary linear Students’ ability to understand every elementary linear
algebra material algebra material through online learning

Students’ ability to solve problems related to elementary
linear algebra material through online learning
2. Attitude Students are active  Students’ attitude while learning independently through

in asynchronous the resources in e-learning

and synchronous Students’ attitude while responding to discussion forums

learning Students’ attitude while downloading assignments, solving,
and uploading the answers in e-learning
Students’ attitudes about taking synchronous learning
Student attitude while discussing through webinar classes
Frequency of students accessing e-learning

3. E-learning Ease of accessand _Ease of accessing the e-learning platform
and Webinar  usefulness for Ease of accessing the webinar class platform
classes students The usefulness of accessing the e-learning platform
applications The usefulness of accessing the webinar class platform

The Procedure for Data Collection

Data were collected using tests and questionnaires provided online through e-learning and
Google form. h’here are two tests were conducted; mid test in eighth meeting and final test in
sixteenth meeting. Meanwhile the questionnaire was once administered in sixteenth meeting. [The
learning itself was implemented asynchronously and synchronously as indicated in the lesson plan
design.

Data Analysis

Commented [A12]: | have described when test and questioner
were administered to the participants
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Data were analyzed using descriptive statistical analysis because the aim was not to
generate data but explain and provide an overview of the characteristics of a data series. The

processes involved are stated as follows:

1. Analysis of [Mid-Test and Final Test ( Commented [A13]: | have added mid-test and final test

The data from the test were measured using a completeness test which includes individual
and classical. Meanwhile, the Ministry of Education and Culture categorizes subjects' scores

into 5 groups as follows:

0 <score <35 :very low
35 <score <55 :low
55 <score < 65 - medium

65 <score <85  :high
85 <score <100 : very high

Widoyoko (2009) also determined the classical completeness criteria as follows:

p >80 : very good
60 <p <80 : good
40<p <60 : quite
20<p <40 : less
p=<20 2 very less

This information was used to establish the criteria for individual completeness by setting a
score of 65% as the threshold for the completion of learning by preservice teachers, while
the classical completeness criterion is when 80% have completed their studies.

[The implementation of asynchronous and synchronous online learning approaches was

effective, if the classical completeness criterion, mid and final test results were achieved. | Commented [A14]: | have revised by this sentence, not improve
learning outcome

2. Analysis of Questionnaire Data
The questionnaires responses were classified into two, including the questions with 4
answers in the form of 1, 2, 3, 4 and with 2 answers such as Yes and No.
For the first questions, the criteria are as follows:

1, 00 < average < 1, 50: less

1, 50 < average < 2, 50: enough

2, 50 < average < 3, 50: good

3, 50 < average <4, 00: very good

The responses were believed to be positive when they are in good and very good categories.

For the second questions, the responses were believed to be [positive] when more than 50% [Commented [A15]: | have revised effective with “positive”

are good.

Results and Discussion
Asynchronous and synchronous learning activities
The first set of data was collected on Tuesday, October 5, 2021, according to the class schedule

with the lecturer observed to have filled the required e-learning content such as the introductory session,
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1st—7h, 915" 8 and 16™ sessions before the class started. The introductory session contains 1) an
explanation of course descriptions, 2) course achievements, 3) an introduction forum (lecturer
introduction video), 4) lecture contracts, 5) libraries, and 6) an attendance list. The contents in the 1%~
7% and 9"-15" sessions include 1) greetings and explanations, 2) learning achievements, 3) learning
materials, 4) discussion forums, 5) assignments, and 6) links to webinar class meetings while the 8"
and 16" sessions were 1) greetings and explanations sessions and 2) mid-test or final-test questions

according to the specified format. The display of the e-learning platform is presented in Figures 1, 2,

and 3, the discussion and closing sessions are indicated in Figures 4 and 5, and the discussion sessions
conducted on WAG in Figure 6.

'DESKRIPSI MATAKULIAH
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Figure 1. Front View of Elementary Linear Algebra in E-learning
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Figure 2. Content Display at 1 Meeting in E-learning
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Figure 3. Content Display at 2" Meeting in E-learning
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Figure 4. Discussion Session in The Webinar Class (Zoom)

(4

PR
Mohammad Said. b

Erlina sulis p_20... H %

0000000608000

£ [ |
’ Alya Putri 2046.
L]

™

R -

Figure 5. Closing Session in the Webinar Class (Zoom)
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Figure 6. Discussion Session in WAG

The first meeting was conducted asynchronously through e-learning classes with preservice
teachers observed to have filled the attendance lists, accessed contents, studied teaching materials,
responded to discussion forums, did assignments, and uploaded answers to the e-learning platform.
Meanwhile, synchronous learning was conducted through WAG to provide teachers the opportunities
to ask questions on the parts they did not understand from 10.30 - 13.00.

The second meeting was implemented synchronously through a webinar class using the Zoom
application and preservice teachers filled the attendance list in e-learning after which lecturers
explained the material using PowerPoint and video. They were allowed to ask questions and answer
directly followed by discussions on the application. The activity was continued asynchronously through
the e-learning platform where they downloaded tasks and uploaded answers. These learning activities
were continued in the 4™, 5%, 6%, and 7" meetings and followed by a mid-test conducted synchronously
through a webinar class in the 8" meeting after the questions have been previously downloaded from
the e-learning platform.

Data collection was continued from the 9" to 15™ meetings with the learning activities observed
to have been implemented synchronously and asynchronously such previous. The final test was
conducted at the 16" meeting synchronously through the webinar class after the questions have been
downloaded from the e-learning platform.

Learning outcomes and their improvement for preservice teachers

The mid-test results showed that 17 of 23 preservice teachers had more than 65% of the total
score. This means 87% have completed the study. It indicated that the learning outcomes of elementary
linear algebra after it was taught through the combination of synchronous and asynchronous learning

10
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was effective. Moreover, the final test results showed that all preservice teachers achieved more than
65% of the total score and this further confirms that the learning outcome was effectivel

These findings showed that the learning outcomes of preservice teachers in elementary linear
algebra increased due to the application of the combined method. This is in line with the results of
Zaharah, Kirilova & Windarti (2020) that the application of e-learning introduced progress and
innovation to education in Indonesia as indicated by almost 75% of students who participated in online
learning simultaneously during the Covid-19 pandemic. Moreover, Sindu & Paramartha (2018) showed
that the use of instructional media such as video and slide synchronization systems theoretically
facilitated the learning ability of students during material discussion and also made the instructional
time more effective. This means the combination of synchronous and asynchronous learning is one of
the solutions for the challenges observed in online learning activities during the pandemic.
Preservice teachers’ responses

Preservice teachers were asked to fill out a questionnaire after the class and the responses are
made available on google Forms in the link
https://bit.ly/ANGKET _MAHASISWA_TERHADAP_PEMBELAJARAN_ALIN while the results

related to the knowledge aspect are presented in the following Table 4.

Table 4. Responses to the Knowledge Aspect

The number of preservice
. teachers' responses in each
No Statements in the category (n)

Total

respondents Analysis result

guestionnaire
less enough good  very
(1) (@ (3 good(4)

nx1nx2 nx3 nx4 Average Category

My knowledge of
1 elementary linear 3 5 10 5 23 3 10 30 20 3 Good
algebra is very good

I can explain the
2 meaning of the linear 0 4 11 8 23 0 8 33 32 3 Good
equation system

I can explain the
3 Gauss Jordan O 4 11 8 23 0 8 33 32 3 Good
elimination method

| can solve the system
of linear equations

4 o s e 15 9 8 23 110 27 32 3 Good
elimination
5 | can explain the , 4 8 11 23 1 6 24 44 3 Good

meaning of matrix

| can determine the
6 operation result of 1 3 7 12 23 1 6 21 48 3 Good
two matrices

I can explain the
7 meaning of 1 4 8 10 23 1 8 24 40 3 Good
determinant

| can determine the
determinant of a
8 matrix by  using 1 4 10 8 23 1 8 30 32 3 Good

cofactor expansion

I can determine the
9 geterminant of a © 4 9 9 23 1 8 27 36 3 Good

11
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matrix by using row
reduction

I can prove that a set

10 .
is a vector space

1 5 9 8 23 1 10 27 32 3 Good

| can prove that a set
11 is a subspace of a 1 4 11 7 23 1 8 33 28 3 Good
vector space

| can show that some
vectors are linear

12 combinations of a 6 8 8 23 1 12 24 32 3 Good
vector
13 I can show that a 1 5 10 . 2 1 10 20 28 3 ool

vector spans the set

| can show a linearly
14 independent or 1 7 7 8 23 1 14 21 32 3 Good
linearly dependent set

| can show that a set is
the basis and

15 dimension of a 1 7 6 9 23 1 14 18 36 3 Good
subspace in a vector
space

The results showed that preservice teachers’ responses on (1) the knowledge of elementary linear
algebra material as well as the ability to (2) explain the meaning of linear equation system, (3) explain
Gauss Jordan Elimination method, (4) solve a system of linear equations with Gauss Jordan elimination,
(5) explain the meaning of matrix, (6) determine operation result of two matrices, (7) explain the
meaning of determinants, (8) determine determinant of a matrix using cofactor expansion, (9) determine
determinant of a matrix using row reduction, (10) prove a set is a vector space, (11) prove that a set is
a subspace of another set, (12) show that a set is a linear combination of other sets, (13) show that an
element spans a set, (14) show a linearly independent or linearly dependent set, and (15) show that a
set is the basis and dimension of a subspace in a vector space were all in the good category as indicated
by an average score of 3 for all the indicators. This means the response of preservice teachers to the
knowledge aspect is positive.

These results support the improvement observed in the learning outcomes of preservice teachers
as presented in the previous analysis and this simply means they have good knowledge of elementary
linear algebra material after the combined learning system was applied. This is associated with the fact
that the learning materials placed on the e-learning platforms were very helpful to preservice teachers
to understand the materials before they were discussed in the webinar classes. This shows the process
of learning mathematics would not have been difficult during the pandemic had it been the materials
were presented through e-learning platforms. This is in line with the findings of Das (2020) that
mathematics education is usually easier when conducted through virtual classrooms as well as the
recommendation of Noviani (2021) that e-learning design can be used to minimize the barriers to the
achievement of learning objectives.

The results of the responses to the attitudes aspect are presented in the following Table 5.

Table 5. Responses to the Attitudes Aspect

12
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The number of preservice

Statements in the teachers' responses in each rel—o;ﬁldg;ts Analysis result
No . . category (n) P
questionnaire less enough good Vel
) (2)9 9(3) goodr{A) nx1nx2 nx3 nx4 Average Category
| always download
teaching  materials
1 from the e-learning 1 0 5 17 23 1 0 15 68 4 Good
platform
| always respond to
discussion forums on
2 the e-learning 1 5 7 10 23 1 10 21 40 3 Good
platform
| always download
tasks, work on them,
3 and upload answers 1 1 5 16 23 1 2 15 64 4 Good
on the e-learning
platform
4 'CI"’:Q’;’S‘S)'S‘akeweb'“a’ 10 5 17 23 1 0 15 68 4 Good
| actively ask
5 questions and answer 1 6 8 8 23 1 12 24 32 3 Good

during webinar class

The results showed that the habit to download teaching materials on the e-learning platform was
in a good category as indicated by a score of 4 and the same was observed for the habit to download,
work, and upload answers, and take webinar classes. Meanwhile, the habit to respond to discussion
forums on the e-learning platform as well as actively ask questions and answer during synchronous
classes were found to be in a good category as indicated by the average score of 3. This simply shows
that preservice teachers response to the attitudes aspect is positive.

The attitude of preservice teachers in synchronous and asynchronous learning conducted
using e-learning was observed to be one of the positive factors that affected their knowledge of
elementary linear algebra. They were enthusiastic about the online learning and active on both platforms
used. The results were discovered to be in line with the findings of Wijaya (2020) that showed a good
student learning attitude towards learning video because they felt it was effective in making them
understand the concept being taught.

The results related to the responses of preservice teachers to the e-learning and webinar classes
applications are also presented in the following Table 6.

Table 6. Responses to E-learning and Webinar Classes Applications

The number of

N ions in th . i preservice teachers' Total of Analysis result
0 Questions in the questionnaire responses respondents
Yes No Yes No
Do you have difficulty accessing the LMS o o
! (e-learning) class application? 9 14 z 39% 61%
Do you have difficulty accessing webinar
2 class applications (Zoom, Google Meet, 4 19 23 17% 83%
etc.)?
3 Is LMS (e-learning) class useful for you 23 0 23 100% 0%

during the learning process?

13
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Is the webinar class (Zoom, Google Meet,
4 etc.) useful for you during the learning 23 0 23 100% 0%
process?

Table 6 shows that 61% of preservice teachers had no difficulty in using the e-learning class
application while 83% had no problems using webinar class applications and this means they have the
appropriate skills to use these platforms. These findings were observed to be related to the previous
results on the attitudes of respondents to the combined learning strategy. This shows they have had no
difficulty in participating in e-learning and webinar classes and are ready to face the Industrial 4.0 period
as suggested by Mairing, et. al (2021).

The results also showed that all preservice teachers agreed that e-learning and webinar classes
were beneficial and this is supported by the feeling of enthusiasm and activeness expressed in using the
combined learning method as indicated in the attitude analysis. This is in line with the findings of Amiti
(2020) that appropriate combination of synchronous and asynchronous e-learning methods can assist
teachers and students in having successful course and results despite the preference of students for both
methods.

The results of the responses of preservice teachers to the frequency of accessing e-learning
classes in a week are presented in Table 7.

Table 7. Responses to the frequency of accessing e-learning classes in a week

The frequency of Total of

X Analysis result
access in a week respondents Y

No Questions in the questionnaire
one | two | three one | two | three
time | times | times time | times | times
1 How_many t|me§ do you access LMS (e- 4 4 15 23 17% | 17% | 65%
learning) classes in a week?

Table 7 shows that 65% of preservice teachers accessed e-learning classes 3 times a week while
17% accessed 1 and 2 times a week. These results indicated that they were enthusiastic and active in
using the synchronous and asynchronous e-learning platforms as indicated by the fact that more than
50% accessed it 3 times a week. This means they made good use of the facility to support their learning
process due to its ability to provide everything needed to learn. This is in line with the findings of Xie,
Liu, Bhairma, Shim (2018) that students preferred to use asynchronous learning because it can be easily
accessed offline as well as its suitability for shy students. Raymond, Atsumbe, Okwori, and Jebba
(2016) also recommended the use of innovative e-learning platforms in higher education institutions
and promoted lecturers to use both synchronous and asynchronous learning in the form of e-learning
platforms.

These findings showed that synchronous and asynchronous learning through e-learning can be
combined as an alternative online learning method to teach mathematics during the Covid-19 pandemic.

This is associated with several reasons which include the availability of teaching materials and

14
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assignments on the e-learning platform which is asynchronous learning and considered very helpful to
preservice teachers in understanding the materials before the discussion during the webinar class which
is synchronous learning. Asynchronous learning makes the learning process more effective because it
provides opportunities to study materials, download tasks, and upload tasks as well as the ease with
which both e-learning and webinar platforms can be accessed and used. Therefore, it is recommended
that higher education institutions use innovative e-learning platforms while lecturers are promoted to
use both synchronous and asynchronous learning methods (Raymond, Atsumbe, Okwori, and Jebba,
2016).

Teachers are considered professional in the millennial 4.0 when they have the ability to manage
their classes through virtual learning activities. Siregar, Solfitri & Siregar (2021) showed that preservice
teachers already had quite a good perception of online learning while attending lectures during the
Covid-19 pandemic. Their lecturers also have the ability to formulate teaching materials and assess

assignments online in order to increase the learning opportunity for students.

Conclusion

The results showed that learning outcomes after synchronous and asynchronous learning
was effective. This was indicated by the results of mid test and final test of elementary linear algebra
after it was taught through the combination of synchronous and asynchronous learning was significantly
good.

The questionnaires analysis showed that most of preservice teachers provided positive
responses to this combined learning method as indicated by the knowledge and attitude aspects as
well as the ease of access and usefulness of the e-learning and webinars platforms. It was also
discovered that they often access the e-learning platform to study materials, download and do
tasks, as well as upload answers.

This means the combination of synchronous and asynchronous learning activities is an
alternative online learning method for lecturers to teach mathematics materials during the Covid-19
pandemic. It is recommended that further studies apply both learning methods through e-learning
to critical thinking, creativity, communication, and collaboration (4Cs) considered to be very
relevant and needed in this 4.0 era. There is also the need to access its effectiveness after the

pandemic is over.
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|Abstract| Learning activities were changed from face-to-face to full-online due to the
COVID-19 pandemic at the end of 2019. Online learning through WhatsApp Group (WAG)
was used by a mathematics teacher in higher education program in the early 2020. However,
the learning result showed that 75% of preservice teacher were unable to accomplish their
elementary linear algebra material. The combination of online learning through
asynchronous method and synchronous learning was an alternative solution to solve the
problem and enable preservice teachers having virtual face-to-face interactions with their
lecturers. Therefore, this study was conducted to determine the improvement in preservice
teachers' learning outcomes and responses to synchronous and asynchronous learning. The
research design used was one group posttest-only with 23 subjects were selected by clustered
random sampling. Data were analyzed by descriptive statistical analysis. The test desults
showed that learning outcomes after synchronous and asynchronous learning was effective.
While the questionnaire results expressed most preservice teachers gave a positive response
to both learning methods.} Thus, the combination of the two methods could improve the
effectiveness of online learning during the Covid-19 pandemic. It is recommended that higher
education institutions provide innovative e-learning platforms for preservice teachers in
developing further online learning methods.

Keywords: Synchronous learning, asynchronous learning, e-learning, preservice teacher,

elementary linear algebra
Introduction

The emergence of a new coronavirus called Novel Corona Virus (2019-nCoV) at the end
of 2019 shook the world. The virus was originally discovered in Wuhan China in December
2019 and later spread significantly to all countries, including Indonesia, in early 2020. The
pandemic had a big impact on different sectors of the country including health, economy, and
education. This is observed from the fact that educational institutions ranging from kindergarten
to universities were restricted from using face-to-face learning in order to reduce personal
contact. Moreover, Azhari & Fajri (2020) also showed that the government enforced policies
directed toward closing classrooms without stopping learning activities, thereby leading to the
implementation of distance learning by schools. This led to the transition from face-to-face to
online learning methods through the use of different information technologies (Rehman &
Fatima, 2021).
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WhatsApp Group (WAG) online learning was implemented at STKIP PGRI Bangkalan
in early 2020 but this method was observed to have several shortcomings, specifically in the
process of teaching elementary linear algebra. It was discovered that 75% of preservice teachers
were unable to complete their study while only 20% completed. This is considered to be a
significant reduction in comparison with the 86% who completed their studies as reported in
previous studies conducted on the effectiveness of learning in an elementary linear algebra
course (Sari, 2016).

[Elementary linear algebra is a basic course required to be passed by students because it
is a prerequisite for further courses such as abstract algebra. Suryaningsih (2016) & Ruswana
(2019) also showed that it is a basic subject needed to be mastered by low-level students due to
its ability to make learning other subjects easier.HThus, preservice teachers must to master all
material of elementary linear algebra.]

This background information shows that there is a need to change the online learning
approach. This can be achieved through the implementation of asynchronous learning which
was explained by Skylar (2009) to be capable of providing students with a flexible and self-
paced environment they need to access course content using different tools. This is due to the
fact that students are not usually restricted to a set day or time for communication, but allowed
more time to prepare a response to a set of directions or questions. Asynchronous learning is
usually implemented through a university’s e-learning Moodle platform. Meanwhile, e-learning
is defined by Hambrecht (in Ogbonna, Ibezim & Obi, 2019) to be a generic term covering a
wide range of ICT technology-based applications and processes including computer-based
learning, web-based learning, virtual classrooms, digital collaboration, and networking. It
normally contains the content for one semester such as the materials, discussion forums, and
assignments and its use has been reported by Yuhasriyati et.al (2020) to have the ability to force
educational processes to run faster in terms of accessibility and quality. It is also very influential
on the learning activities and outcomes for students (Fitriani & Nurjannah, 2019) with the
application of blended learning through Moodle platform reported to have received positive
feedback from students studying mathematics (Lin, Tseng & Chiang, 2017).

Blended learning which involves the combination of e-learning and direct face-to-face
learning is the norm before the pandemic and this method has been reported in several studies
to have the ability of improving students' learning outcomes. For example, Lin, Tseng & Chiang
(2017) conducted ANCOVA and MANCOVA analyses and showed that blended learning
benefitted students in the experimental group by having a positive effect on their learning

outcomes and attitudes toward studying mathematics in a blended environment. These results
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are in line with Sukma & Priatna (2020) that the implementation of blended learning was able
to improve students' critical thinking skills (CTS).

Learning activities were conducted fully online during the pandemic (Trenholm &
Peschke, 2020) and this indicates the use of e-learning without face-to-face interaction. This
means synchronous learning is perceived to be an alternative to virtual face-to-face learning
between lecturer and students. This was further explained by Shi & Morrow in Skylar (2009) that
the instructor leads the learning while all learners log in simultaneously and communicate directly
with each other in real-time.

STKIP PGRI Bangkalan implemented synchronous learning through Zoom, Google Meet,
and others to ensure students understand learning materials effectively and produce adequate
outcomes. This is in line with the findings of Aisyah and Sari (2021) that the use of the Google
Meet platform was able to improve students learning outcomes. This means through asynchronous
learning through e-learning combined with synchronous learning through the virtual conference
is an alternative method to teach elementary linear algebra in the school. Several studies showed
the success of this combined method as indicated by its ability to increase the cognitive academic
achievements of students studying word processing as reported by Ogbonna & Ibezim (2019).

The college also implemented a policy considered to be related to online learning in the
middle of 2020, which in the form of asynchronous and synchronous. However, the synchronous
learning was applied for 7-8 meetings through webinar classes such as Zoom, Google Meet, and
others while asynchronous was fully used for 14-16 meetings through e-learning platforms. |It
lines with study of Mairing, Sidabutar, Lada & Aritonang (2021) that the implementation of
asynchronous and synchronous online learning approaches was effective in improving students’
learning outcomes and skills of using Microsoft Excel during the Covid-19 pandemic. The
effectiveness as indicated by the average of the outcomes was more than 75 (scale 0-100), and
the skills were increased 1 level higher (scale 1-5). Furthermore, the students positively responded
toward the approaches. So that, the implementation of asynchronous and synchronous online
learning can build learning effectiveness during the Covid-19 pandemic at STKIP PGRI
Bangkalan,

There is a need to evaluate the effectiveness of this method and this can be achieved through
the perspectives of preservice teachers considered the learning objects. Therefore, this study was
conducted to determine the 1) improvement of preservice teachers' learning outcomes based on
the combination of synchronous and asynchronous learning to elementary linear algebra, and 2)

their responses to the learning method.
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Method

Treatment was applied to the participant's group to determine the effect of synchronous and
asynchronous learning conducted on the outcome and responses of preservice teachers.
Asynchronous learning was applied in the form of e-learning classes on the university Moodle
while synchronous was in the form of webinar classes on Zoom. The learning effectiveness was
determined through tests and a list of questions presented through instruments provided to the
participants, It is important to note that the treatment was applied in a class and this means this is
an experimental study with a one-group posttest-only design.

The population includes all 34 preservice teachers in the mathematics education study
program at one of Universities in Bangkalan, Indonesia during the odd semester of the 2021/2022
academic year while a total of 23 were selected as samples using clustered random sampling
technique. Idwas done by clustering male and female participants. Afterward, from 14 males and
20 females it was chosen 8 males and 15 females randomly. [The sample was heterogeneous based
on gender and initial mathematical ability determined through their calculus scores in the previous
semester.

Study instruments linclude mid-test, final-test, and [questionnairel. The lesson plan consists

of 16 meetings with eight conducted through e-learning and Zoom webinar classes in the 2", 41",
6, 8, 10 121, 14" and 16" meetings while the remaining were through e-learning and
WhatsApp Group (WAG) at the 1%, 3¢, 51 7t g 11" 13" and 15" meetings. It is important to
note that 8 webinar classes were conducted in line with the rules of the campus in relation to
synchronous learning due to constraints in purchasing internet quota. The mid-test provided to
students at the 8" meeting and the final test at the 16" meeting were conducted through e-learning
and Zoom webinar classes. The questions were developed according to the material in the lesson
plan and the tests were made valid through construct, content, and face validities such that the
construct aspect was implemented by ensuring the results of both tests were able to measure the
abilities of preservice teachers in elementary linear algebra without focusing on other variables.
The content aspect involved the review and development of grids that covered questions and
related indicators without missing any as indicated in Tables 1 and 2 for mid and final tests
respectively. Meanwhile, the face validity was conducted by two experts with the focus on the
evaluation of the elements for the truth concept, rules to prepare the questions, symbols and
mathematical formulas, punctuation marks, pictures, and language. The results showed that the
average face validation value for the mid-test was 4.17 and the final test had 4.33, thereby

indicating they were both valid to be used.
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Table 1. Mid-Test Grid (duration 90 minutes)

Learning Level Learning Question Max
No Indicators Domain Material Number  Score
cC AP
. . System of
Given several equations, students linear equations
1  determine whether they are linear c2 dLi ; 1 10
equations or not an L_mear
equation
Students can make the system of linear System of
2 equations with 3 equations and 5 c2 linear 2 10
variables equations
Given several matrices, students can
3 determine row echelon matrix, reduced Cc2 Matrix 3 10
row echelon matrix, or none of the two.
Given the system of linear equations,
4 students can solve the system of linear c3 Gauss Jordan 4 15
equations  using  Gauss  Jordan Elimination
elimination
Given the system of linear equations,
students can determine the coefficient Solving system
5  value of one linear equation to ensure C3 of linear 5 20
the system a) has no solution, b) has one equations
solution, and c) has many solutions
Given 2 matrices, students can Matrix
6  determine the operation result of two c2 - 6 10
; operation
matrices
Given a matrix, students can determine v
7  an inverse matrix using the inverse c2 Inverse matrix 7 15
algorithm
Given several matrices, students can
8 determin_e the upper triangular _matrix, c2 Matrix 8 10
lower triangular matrix, and diagonal
matrix
Table 2. Final Test Grid (duration 90 minutes)
Learning Level Learning Question  Max
No Indicators _Domain Material Number  Score
C AP
Given a matrix, students can determine Cofactor
1  the matrix determinant using cofactor C3 Expansion 1 10
expansion
Given a system of linear equations, Crammers'
2 students can solve the system using C3 rules 2 10
Crammers' rules
3 Given three sets, students can prove that N ca Vector 3 15
three sets are vector spaces or not Spaces
Given three pairs of W and V sets, N
4 students can prove whether set V is a C4 Subspace 4 15
subspace of set W
Given a set S and four vectors, students v Linear
5  can determine whether four vectors are C3 5 10

linear combinations of vectors in set S

combinations
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Given three sets, students determine that v :_r:gsagLydent
6  they are linearly independent or linearly C3 d :) | 15
dependent on R® or M ana finearly
' dependent
Given several sets S, students can show .
! that these sets are not the basis of R® 3 Basis ! 15
Given a set S, students can show the basis .
Basis and

8 S of Mz and determine the dimensions C3 dimension 8 10
of the S subspace of Mz,

A questionnaire was developed to measure the responses of preservice teachers to the
combined approach. The validity of the questionnaire was also determined through construct,
content, and face validities such that the construct aspect focused on ensuring its results actually
measure the teachers’ response to synchronous and asynchronous learning. The content aspect
also involved reviewing and making questionnaire grids to cover questions and related indicators
without missing any as indicated in Table 3. Meanwhile, the face validity was conducted by two
experts through the evaluation of the concept truth elements, rules to write the questions, and
displays for language. The results showed that the average face validation value for the
questionnaire was 4.83. It is important to note that the responses to the statements on the
questionnaire were designed to be provided through a Likert scale.

Table 3. Aspects and Indicators of the Questionnaire

No  Aspects Indicators Statements

1. Knowledge  Students can Students’ knowledge of elementary linear algebra
understand material through online learning
elementary linear Students’ ability to understand every elementary linear
algebra material algebra material through online learning

Students’ ability to solve problems related to elementary
linear algebra material through online learning

2. Attitude Students are active  Students’ attitude while learning independently through
in asynchronous the resources in e-learning
and synchronous Students’ attitude while responding to discussion forums
learning Students’ attitude while downloading assignments, solving,

and uploading the answers in e-learning

Students’ attitudes about taking synchronous learning
Student attitude while discussing through webinar classes
Frequency of students accessing e-learning

3. E-learning Ease of access and _ Ease of accessing the e-learning platform
and Webinar  usefulness for Ease of accessing the webinar class platform
classes students The usefulness of accessing the e-learning platform
applications The usefulness of accessing the webinar class platform

The Procedure for Data Collection
Data were collected using tests and questionnaires provided online through e-learning and
Google form. h’here are two tests were conducted; mid test in eighth meeting and final test in

sixteenth meeting. Meanwhile the questionnaire was once administered in sixteenth meeting. fThe
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learning itself was implemented asynchronously and synchronously as indicated in the lesson plan
design.
Data Analysis
Data were analyzed using descriptive statistical analysis because the aim was not to

generate data but explain and provide an overview of the characteristics of a data series. The
processes involved are stated as follows:
1. Analysis of[Mid-Test and Final Test

The data from the test were measured using a completeness test which includes individual

and classical. Meanwhile, the Ministry of Education and Culture categorizes subjects' scores

into 5 groups as follows:

0 <score <35 :very low
35 <score < 55 : low
55 <score < 65 - medium

65 <score <85 :high
85 <score <100 :very high

Widoyoko (2009) also determined the classical completeness criteria as follows:

p >80 : very good
60 <p<80 : good
40<p <60 : quite
20<p <40 : less
p<20 2 very less

This information was used to establish the criteria for individual completeness by setting a

score of 65% as the threshold for the completion of learning by preservice teachers, while

the classical completeness criterion is when 80% have completed their studies.

[The implementation of asynchronous and synchronous online learning approaches was

effective, if the classical completeness criterion, mid and final test results were achieved. |
2. Analysis of Questionnaire Data

The questionnaires responses were classified into two, including the questions with 4

answers in the form of 1, 2, 3, 4 and with 2 answers such as Yes and No.

For the first questions, the criteria are as follows:

1, 00 < average < 1, 50: less

1, 50 < average < 2, 50: enough

2, 50 < average < 3, 50: good

3, 50 < average < 4, 00: very good

The responses were believed to be positive when they are in good and very good categories.
For the second questions, the responses were believed to be [positive] when more than 50%
are good.

Results and Discussion
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Asynchronous and synchronous learning activities

The first set of data was collected on Tuesday, October 5, 2021, according to the class schedule
with the lecturer observed to have filled the required e-learning content such as the introductory session,
1st-7, 915" 8™ and 16™ sessions before the class started. The introductory session contains 1) an
explanation of course descriptions, 2) course achievements, 3) an introduction forum (lecturer
introduction video), 4) lecture contracts, 5) libraries, and 6) an attendance list. The contents in the 1%
7% and 9"-15" sessions include 1) greetings and explanations, 2) learning achievements, 3) learning
materials, 4) discussion forums, 5) assignments, and 6) links to webinar class meetings while the 8"
and 16" sessions were 1) greetings and explanations sessions and 2) mid-test or final-test questions

according to the specified format. The display of the e-learning platform is presented in Figures 1, 2,

and 3, the discussion and closing sessions are indicated in Figures 4 and 5, and the discussion sessions
conducted on WAG in Figure 6.

'DESKRIPSI MATAKULIAH
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Figure 1. Front View of Elementary Linear Algebra in E-learning
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Figure 2. Content Display at 1% Meeting in E-learning
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Figure 3. Content Display at 2" Meeting in E-learning
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Figure 4. Discussion Session in The Webinar Class (Zoom)
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Figure 5. Closing Session in the Webinar Class (Zoom)
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Figure 6. Discussion Session in WAG

The first meeting was conducted asynchronously through e-learning classes with preservice
teachers observed to have filled the attendance lists, accessed contents, studied teaching materials,
responded to discussion forums, did assignments, and uploaded answers to the e-learning platform.
Meanwhile, synchronous learning was conducted through WAG to provide teachers the opportunities
to ask questions on the parts they did not understand from 10.30 - 13.00.

The second meeting was implemented synchronously through a webinar class using the Zoom
application and preservice teachers filled the attendance list in e-learning after which lecturers
explained the material using PowerPoint and video. They were allowed to ask questions and answer
directly followed by discussions on the application. The activity was continued asynchronously through
the e-learning platform where they downloaded tasks and uploaded answers. These learning activities
were continued in the 4™, 5%, 6%, and 7" meetings and followed by a mid-test conducted synchronously
through a webinar class in the 8™ meeting after the questions have been previously downloaded from
the e-learning platform.

Data collection was continued from the 9" to 15" meetings with the learning activities observed
to have been implemented synchronously and asynchronously such previous. The final test was
conducted at the 16" meeting synchronously through the webinar class after the questions have been
downloaded from the e-learning platform.

Learning outcomes and their improvement for preservice teachers

The mid-test results showed that 17 of 23 preservice teachers had more than 65% of the total

score. This means 87% have completed the study. It indicated that the learning outcomes of elementary

linear algebra after it was taught through the combination of synchronous and asynchronous learning

10



Jurnal Didaktik Matematika Sari, et al.

was effective. Moreover, the final test results showed that all preservice teachers achieved more than
65% of the total score and this further confirms that the learning outcome was effectivel

These findings showed that the learning outcomes of preservice teachers in elementary linear
algebra increased due to the application of the combined method. This is in line with the results of
Zaharah, Kirilova & Windarti (2020) that the application of e-learning introduced progress and
innovation to education in Indonesia as indicated by almost 75% of students who participated in online
learning simultaneously during the Covid-19 pandemic. Moreover, Sindu & Paramartha (2018) showed
that the use of instructional media such as video and slide synchronization systems theoretically
facilitated the learning ability of students during material discussion and also made the instructional
time more effective. This means the combination of synchronous and asynchronous learning is one of
the solutions for the challenges observed in online learning activities during the pandemic.
Preservice teachers’ responses

Preservice teachers were asked to fill out a questionnaire after the class and the responses are
made available on google Forms in the link
https://bit.ly/ANGKET _MAHASISWA_TERHADAP_PEMBELAJARAN_ALIN while the results

related to the knowledge aspect are presented in the following Table 4.

Table 4. Responses to the Knowledge Aspect

The number of preservice
. teachers' responses in each
No Statements in the category (n)

Total

respondents Analysis result

guestionnaire
less enough good  very
(1) (@ (3 good(4)

nx1nx2 nx3 nx4 Average Category

My knowledge of
1 elementary linear 3 5 10 5 23 3 10 30 20 3 Good
algebra is very good

I can explain the
2 meaning of the linear 0 4 11 8 23 0 8 33 32 3 Good
equation system

I can explain the
3 Gauss Jordan O 4 11 8 23 0 8 33 32 3 Good
elimination method

| can solve the system
of linear equations

4 o s e 15 9 8 23 110 27 32 3 Good
elimination
5 | can explain the , 4 8 11 23 1 6 24 44 3 Good

meaning of matrix

| can determine the
6 operation result of 1 3 7 12 23 1 6 21 48 3 Good
two matrices

I can explain the
7 meaning of 1 4 8 10 23 1 8 24 40 3 Good
determinant

| can determine the
determinant of a
8 matrix by  using 1 4 10 8 23 1 8 30 32 3 Good

cofactor expansion

I can determine the
9 geterminant of a © 4 9 9 23 1 8 27 36 3 Good

11
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matrix by using row
reduction

I can prove that a set

10 .
is a vector space

1 5 9 8 23 1 10 27 32 3 Good

| can prove that a set
11 is a subspace of a 1 4 11 7 23 1 8 33 28 3 Good
vector space

| can show that some
vectors are linear

12 combinations of a 6 8 8 23 1 12 24 32 3 Good
vector
13 I can show that a 1 5 10 . 2 1 10 20 28 3 ool

vector spans the set

| can show a linearly
14 independent or 1 7 7 8 23 1 14 21 32 3 Good
linearly dependent set

| can show that a set is
the basis and

15 dimension of a 1 7 6 9 23 1 14 18 36 3 Good
subspace in a vector
space

The results showed that preservice teachers’ responses on (1) the knowledge of elementary linear
algebra material as well as the ability to (2) explain the meaning of linear equation system, (3) explain
Gauss Jordan Elimination method, (4) solve a system of linear equations with Gauss Jordan elimination,
(5) explain the meaning of matrix, (6) determine operation result of two matrices, (7) explain the
meaning of determinants, (8) determine determinant of a matrix using cofactor expansion, (9) determine
determinant of a matrix using row reduction, (10) prove a set is a vector space, (11) prove that a set is
a subspace of another set, (12) show that a set is a linear combination of other sets, (13) show that an
element spans a set, (14) show a linearly independent or linearly dependent set, and (15) show that a
set is the basis and dimension of a subspace in a vector space were all in the good category as indicated
by an average score of 3 for all the indicators. This means the response of preservice teachers to the
knowledge aspect is positive.

These results support the improvement observed in the learning outcomes of preservice teachers
as presented in the previous analysis and this simply means they have good knowledge of elementary
linear algebra material after the combined learning system was applied. This is associated with the fact
that the learning materials placed on the e-learning platforms were very helpful to preservice teachers
to understand the materials before they were discussed in the webinar classes. This shows the process
of learning mathematics would not have been difficult during the pandemic had it been the materials
were presented through e-learning platforms. This is in line with the findings of Das (2020) that
mathematics education is usually easier when conducted through virtual classrooms as well as the
recommendation of Noviani (2021) that e-learning design can be used to minimize the barriers to the
achievement of learning objectives.

The results of the responses to the attitudes aspect are presented in the following Table 5.

Table 5. Responses to the Attitudes Aspect

12
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The number of preservice

Statements in the teachers' responses in each rel—o;ﬁldg;ts Analysis result
No . . category (n) P
questionnaire less enough good Vel
) (2)9 9(3) goodr{A) nx1nx2 nx3 nx4 Average Category
| always download
teaching  materials
1 from the e-learning 1 0 5 17 23 1 0 15 68 4 Good
platform
| always respond to
discussion forums on
2 the e-learning 1 5 7 10 23 1 10 21 40 3 Good
platform
| always download
tasks, work on them,
3 and upload answers 1 1 5 16 23 1 2 15 64 4 Good
on the e-learning
platform
4 'CI"’:Q’;’S‘S)'S‘akeweb'“a’ 10 5 17 23 1 0 15 68 4 Good
| actively ask
5 questions and answer 1 6 8 8 23 1 12 24 32 3 Good

during webinar class

The results showed that the habit to download teaching materials on the e-learning platform was
in a good category as indicated by a score of 4 and the same was observed for the habit to download,
work, and upload answers, and take webinar classes. Meanwhile, the habit to respond to discussion
forums on the e-learning platform as well as actively ask questions and answer during synchronous
classes were found to be in a good category as indicated by the average score of 3. This simply shows
that preservice teachers response to the attitudes aspect is positive.

The attitude of preservice teachers in synchronous and asynchronous learning conducted
using e-learning was observed to be one of the positive factors that affected their knowledge of
elementary linear algebra. They were enthusiastic about the online learning and active on both platforms
used. The results were discovered to be in line with the findings of Wijaya (2020) that showed a good
student learning attitude towards learning video because they felt it was effective in making them
understand the concept being taught.

The results related to the responses of preservice teachers to the e-learning and webinar classes
applications are also presented in the following Table 6.

Table 6. Responses to E-learning and Webinar Classes Applications

The number of

N ions in th . i preservice teachers' Total of Analysis result
0 Questions in the questionnaire responses respondents
Yes No Yes No
Do you have difficulty accessing the LMS o o
! (e-learning) class application? 9 14 z 39% 61%
Do you have difficulty accessing webinar
2 class applications (Zoom, Google Meet, 4 19 23 17% 83%
etc.)?
3 Is LMS (e-learning) class useful for you 23 0 23 100% 0%

during the learning process?
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Is the webinar class (Zoom, Google Meet,
4 etc.) useful for you during the learning 23 0 23 100% 0%
process?

Table 6 shows that 61% of preservice teachers had no difficulty in using the e-learning class
application while 83% had no problems using webinar class applications and this means they have the
appropriate skills to use these platforms. These findings were observed to be related to the previous
results on the attitudes of respondents to the combined learning strategy. This shows they have had no
difficulty in participating in e-learning and webinar classes and are ready to face the Industrial 4.0 period
as suggested by Mairing, et. al (2021).

The results also showed that all preservice teachers agreed that e-learning and webinar classes
were beneficial and this is supported by the feeling of enthusiasm and activeness expressed in using the
combined learning method as indicated in the attitude analysis. This is in line with the findings of Amiti
(2020) that appropriate combination of synchronous and asynchronous e-learning methods can assist
teachers and students in having successful course and results despite the preference of students for both
methods.

The results of the responses of preservice teachers to the frequency of accessing e-learning
classes in a week are presented in Table 7.

Table 7. Responses to the frequency of accessing e-learning classes in a week

The frequency of Total of

X Analysis result
access in a week respondents Y

No Questions in the questionnaire
one | two | three one | two | three
time | times | times time | times | times
1 How_many t|me§ do you access LMS (e- 4 4 15 23 17% | 17% | 65%
learning) classes in a week?

Table 7 shows that 65% of preservice teachers accessed e-learning classes 3 times a week while
17% accessed 1 and 2 times a week. These results indicated that they were enthusiastic and active in
using the synchronous and asynchronous e-learning platforms as indicated by the fact that more than
50% accessed it 3 times a week. This means they made good use of the facility to support their learning
process due to its ability to provide everything needed to learn. This is in line with the findings of Xie,
Liu, Bhairma, Shim (2018) that students preferred to use asynchronous learning because it can be easily
accessed offline as well as its suitability for shy students. Raymond, Atsumbe, Okwori, and Jebba
(2016) also recommended the use of innovative e-learning platforms in higher education institutions
and promoted lecturers to use both synchronous and asynchronous learning in the form of e-learning
platforms.

These findings showed that synchronous and asynchronous learning through e-learning can be
combined as an alternative online learning method to teach mathematics during the Covid-19 pandemic.

This is associated with several reasons which include the availability of teaching materials and
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assignments on the e-learning platform which is asynchronous learning and considered very helpful to
preservice teachers in understanding the materials before the discussion during the webinar class which
is synchronous learning. Asynchronous learning makes the learning process more effective because it
provides opportunities to study materials, download tasks, and upload tasks as well as the ease with
which both e-learning and webinar platforms can be accessed and used. Therefore, it is recommended
that higher education institutions use innovative e-learning platforms while lecturers are promoted to
use both synchronous and asynchronous learning methods (Raymond, Atsumbe, Okwori, and Jebba,
2016).

Teachers are considered professional in the millennial 4.0 when they have the ability to manage
their classes through virtual learning activities. Siregar, Solfitri & Siregar (2021) showed that preservice
teachers already had quite a good perception of online learning while attending lectures during the
Covid-19 pandemic. Their lecturers also have the ability to formulate teaching materials and assess

assignments online in order to increase the learning opportunity for students.

Conclusion

The results showed that learning outcomes after synchronous and asynchronous learning
was effective. This was indicated by the results of mid test and final test of elementary linear algebra
after it was taught through the combination of synchronous and asynchronous learning was significantly
good.

The questionnaires analysis showed that most of preservice teachers provided positive
responses to this combined learning method as indicated by the knowledge and attitude aspects as
well as the ease of access and usefulness of the e-learning and webinars platforms. It was also
discovered that they often access the e-learning platform to study materials, download and do
tasks, as well as upload answers.

This means the combination of synchronous and asynchronous learning activities is an
alternative online learning method for lecturers to teach mathematics materials during the Covid-19
pandemic. It is recommended that further studies apply both learning methods through e-learning
to critical thinking, creativity, communication, and collaboration (4Cs) considered to be very
relevant and needed in this 4.0 era. There is also the need to access its effectiveness after the

pandemic is over.
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Abstract. Learning activities were changed from face-to-face to full-online due to the
COVID-19 pandemic at the end of 2019. Online learning through WhatsApp Group (WAG)
was used by a mathematics teacher in higher education program in the early 2020. However,
the learning result showed that 75% of preservice teacher were unable to accomplish their
elementary linear algebra material. The combination of online learning through
asynchronous method and synchronous learning was an alternative solution to solve the
problem and enable preservice teachers having virtual face-to-face interactions with their
lecturers. Therefore, this study was conducted to determine the improvement in preservice
teachers' learning outcomes and responses to synchronous and asynchronous learning. The
research design used was one group posttest-only with 23 subjects were selected by clustered
random sampling. Data were analyzed by descriptive statistical analysis. The test results
showed that learning outcomes after synchronous and asynchronous learning was effective.
While the questionnaire results expressed most preservice teachers gave a positive response
to both learning methods. Thus, the combination of the two methods could improve the
effectiveness of online learning during the Covid-19 pandemic. It is recommended that higher
education institutions provide innovative e-learning platforms for preservice teachers in
developing further online learning methods.

Keywords: synchronous learning, asynchronous learning, e-learning, preservice teacher,
elementary linear algebra

Introduction

The emergence of a new coronavirus called Novel Corona Virus (2019-nCoV) at the end
of 2019 shook the world. The virus was originally discovered in Wuhan China in December
2019 and later spread significantly to all countries, including Indonesia, in early 2020. The
pandemic had a big impact on different sectors of the country including health, economy, and
education. This is observed from the fact that educational institutions ranging from kindergarten
to universities were restricted from using face-to-face learning in order to reduce personal
contact. Moreover, Azhari & Fajri (2020) also showed that the government enforced policies
directed toward closing classrooms without stopping learning activities, thereby leading to the
implementation of distance learning by schools. This led to the transition from face-to-face to
online learning methods through the use of different information technologies (Rehman &
Fatima, 2021).
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WhatsApp Group (WAG) online learning was implemented at STKIP PGRI Bangkalan
in early 2020 but this method was observed to have several shortcomings, specifically in the
process of teaching elementary linear algebra. It was discovered that 75% of preservice teachers
were unable to complete their study while only 20% completed. This is considered to be a
significant reduction in comparison with the 86% who completed their studies as reported in
previous studies conducted on the effectiveness of learning in an elementary linear algebra
course (Sari, 2016).

Elementary linear algebra is a basic course required to be passed by students because it
is a prerequisite for further courses such as abstract algebra. Suryaningsih (2016) & Ruswana
(2019) also showed that it is a basic subject needed to be mastered by low-level students due to
its ability to make learning other subjects easier. Thus, preservice teachers must to master all
material of elementary linear algebra.

This background information shows that there is a need to change the online learning
approach. This can be achieved through the implementation of asynchronous learning which
was explained by Skylar (2009) to be capable of providing students with a flexible and self-
paced environment they need to access course content using different tools. This is due to the
fact that students are not usually restricted to a set day or time for communication, but allowed
more time to prepare a response to a set of directions or questions. Asynchronous learning is
usually implemented through a university’s e-learning Moodle platform. Meanwhile, e-learning
is defined by Hambrecht (in Ogbonna, et.al, 2019) to be a generic term covering a wide range
of ICT technology-based applications and processes including computer-based learning, web-
based learning, virtual classrooms, digital collaboration, and networking. It normally contains
the content for one semester such as the materials, discussion forums, and assignments and its
use has been reported by Yuhasriyati, et.al (2020) to have the ability to force educational
processes to run faster in terms of accessibility and quality. It is also very influential on the
learning activities and outcomes for students (Fitriani & Nurjannah, 2019) with the application
of blended learning through Moodle platform reported to have received positive feedback from
students studying mathematics (Lin, et.al, 2017).

Blended learning which involves the combination of e-learning and direct face-to-face
learning is the norm before the pandemic and this method has been reported in several studies
to have the ability of improving students' learning outcomes. For example, Lin, et.al (2017)
conducted ANCOVA and MANCOVA analyses and showed that blended learning benefitted
students in the experimental group by having a positive effect on their learning outcomes and

attitudes toward studying mathematics in a blended environment. These results are in line with
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Sukma & Priatna (2020) that the implementation of blended learning was able to improve
students' critical thinking skills (CTS).

Learning activities were conducted fully online during the pandemic (Trenholm &
Peschke, 2020) and this indicates the use of e-learning without face-to-face interaction. This
means synchronous learning is perceived to be an alternative to virtual face-to-face learning
between lecturer and students. This was further explained by Shi & Morrow in Skylar (2009) that
the instructor leads the learning while all learners log in simultaneously and communicate directly
with each other in real-time.

STKIP PGRI Bangkalan implemented synchronous learning through Zoom, Google Meet,
and others to ensure students understand learning materials effectively and produce adequate
outcomes. This is in line with the findings of Aisyah and Sari (2021) that the use of the Google
Meet platform was able to improve students learning outcomes. This means through asynchronous
learning through e-learning combined with synchronous learning through the virtual conference
is an alternative method to teach elementary linear algebra in the school. Several studies showed
the success of this combined method as indicated by its ability to increase the cognitive academic
achievements of students studying word processing as reported by Ogbonna, et.al (2019).

The college also implemented a policy considered to be related to online learning in the
middle of 2020, which in the form of asynchronous and synchronous. However, the synchronous
learning was applied for 7-8 meetings through webinar classes such as Zoom, Google Meet, and
others while asynchronous was fully used for 14-16 meetings through e-learning platforms. It
lines with study of Mairing, etal (2021) that the implementation of asynchronous and
synchronous online learning approaches was effective in improving students’ learning outcomes
and skills of using Microsoft Excel during the Covid-19 pandemic. The effectiveness as indicated
by the average of the outcomes was more than 75 (scale 0-100), and the skills were increased 1
level higher (scale 1-5). Furthermore, the students positively responded toward the approaches.
So that, the implementation of asynchronous and synchronous online learning can build learning
effectiveness during the Covid-19 pandemic at STKIP PGRI Bangkalan.

There is a need to evaluate the effectiveness of this method and this can be achieved through
the perspectives of preservice teachers considered the learning objects. Therefore, this study was
conducted to determine the improvement of preservice teachers' learning outcomes based on the
combination of synchronous and asynchronous learning to elementary linear algebra; and their

responses to the learning method.
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Method

Treatment was applied to the participant's group to determine the effect of synchronous and
asynchronous learning conducted on the outcome and responses of preservice teachers.
Asynchronous learning was applied in the form of e-learning classes on the university Moodle
while synchronous was in the form of webinar classes on Zoom. The learning effectiveness was
determined through tests and a list of questions presented through instruments provided to the
participants. It is important to note that the treatment was applied in a class and this means this is
an experimental study with a one-group posttest-only design.

The population includes all 34 preservice teachers in the mathematics education study
program at one of Universities in Bangkalan, Indonesia during the odd semester of the 2021/2022
academic year while a total of 23 were selected as samples using clustered random sampling
technique. It was done by clustering male and female participants. Afterward, from 14 males and
20 females it was chosen 8 males and 15 females randomly. The sample was heterogeneous based
on gender and initial mathematical ability determined through their calculus scores in the previous
semester.

Study instruments include mid-test, final-test, and questionnaire. The lesson plan consists
of 16 meetings with eight conducted through e-learning and Zoom webinar classes in the 2", 4",
6™, 8™, 10™, 12%, 14™ and 16" meetings while the remaining were through e-learning and
WhatsApp Group (WAG) at the 1%, 3, 51 7t gt 11 13% and 15" meetings. It is important to
note that 8 webinar classes were conducted in line with the rules of the campus in relation to
synchronous learning due to constraints in purchasing internet quota. The mid-test provided to
students at the 8 meeting and the final test at the 16" meeting were conducted through e-learning
and Zoom webinar classes. The questions were developed according to the material in the lesson
plan and the tests were made valid through construct, content, and face validities such that the
construct aspect was implemented by ensuring the results of both tests were able to measure the
abilities of preservice teachers in elementary linear algebra without focusing on other variables.
The content aspect involved the review and development of grids that covered questions and
related indicators without missing any as indicated in Tables 1 and 2 for mid and final tests
respectively. Meanwhile, the face validity was conducted by two experts with the focus on the
evaluation of the elements for the truth concept, rules to prepare the questions, symbols and
mathematical formulas, punctuation marks, pictures, and language. The results showed that the
average face validation value for the mid-test was 4.17 and the final test had 4.33, thereby

indicating they were both valid to be used.
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Table 1. Mid-test grid (duration 90 minutes)

Learning Level Learning Question Max
Indicators _Domain Material Number  Score
cC AP
Given several equations, students ﬁzzt;r”; OJations
determine whether they are linear C2 £d 1 10
. and Linear
equations or not .
equation
Students can make the system of linear System of
equations with 3 equations and 5 C2 linear 2 10
variables equations
Given several matrices, students can
determine row echelon matrix, reduced C2 Matrix 3 10
row echelon matrix, or none of the two.
Given the system of linear equations, N
students can solve the system of linear Gauss Jordan
4 - - C3 AR 4 15
equations  using  Gauss  Jordan Elimination
elimination
Given the system of linear equations, N
students can determine the coefficient Solving system
value of one linear equation to ensure C3 of linear 5 20
the system a) has no solution, b) has one equations
solution, and c) has many solutions
Given 2 matrices, students can Matrix
determine the operation result of two C2 . 6 10
. operation
matrices
Given a matrix, students can determine
an inverse matrix using the inverse C2 Inverse matrix 7 15
algorithm
Given several matrices, students can
determlqe the upper t_rlangular _matrlx, c2 Matrix 8 10
lower triangular matrix, and diagonal
matrix
Table 2. Final test grid (duration 90 minutes)
Learning Level Learning Question  Max
Indicators Domain Material Number  Score
C AP
Given a matrix, students can determine Cofactor
the matrix determinant using cofactor C3 . 1 10
. Expansion
expansion
Given a system of linear equations, Crammers'
students can solve the system using C3 rules 2 10
Crammers' rules
Given three sets, students can prove that Vector
C4 3 15
three sets are vector spaces or not Spaces
Given three pairs of W and V sets,
4 students can prove whether set V is a C4 Subspace 4 15
subspace of set W
Given a set S and four vectors, students v Linear
can determine whether four vectors are C3 L 5 10
] L . combinations
linear combinations of vectors in set S
Given three sets, students determine that v hqlgsaglr?/dent
they are linearly independent or linearly C3 P 6 15
3 and linearly
dependent on R or M2,
dependent
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Given several sets S, students can show

that these sets are not the basis of R® . Basis / 15

Givenaset S, students can show the basis v
8 S of M, and determine the dimensions C3
of the S subspace of M2

Basis and

dimension 10

A questionnaire was developed to measure the responses of preservice teachers to the
combined approach. The validity of the questionnaire was also determined through construct,
content, and face validities such that the construct aspect focused on ensuring its results actually
measure the teachers’ response to synchronous and asynchronous learning. The content aspect
also involved reviewing and making questionnaire grids to cover questions and related indicators
without missing any as indicated in Table 3. Meanwhile, the face validity was conducted by two
experts through the evaluation of the concept truth elements, rules to write the questions, and
displays for language. The results showed that the average face validation value for the
questionnaire was 4.83. It is important to note that the responses to the statements on the

guestionnaire were designed to be provided through a Likert scale.

Table 3. Aspects and indicators of the guestionnaire

No  Aspects Indicators Statements

1. Knowledge  Students can Students’ knowledge of elementary linear algebra
understand material through online learning
elementary linear Students’ ability to understand every elementary linear
algebra material algebra material through online learning

Students’ ability to solve problems related to elementary
linear algebra material through online learning

2. Attitude Students are active  Students’ attitude while learning independently through
in asynchronous the resources in e-learning
and synchronous Students” attitude while responding to discussion forums
learning Students” attitude while downloading assignments, solving,

and uploading the answers in e-learning

Students” attitudes about taking synchronous learning
Student attitude while discussing through webinar classes
Frequency of students accessing e-learning

3. E-learning Ease of access and  Ease of accessing the e-learning platform
and Webinar  usefulness for Ease of accessing the webinar class platform
classes students The usefulness of accessing the e-learning platform
applications The usefulness of accessing the webinar class platform

Data were collected using tests and questionnaires provided online through e-learning and
Google form. There are two tests were conducted; mid test in eighth meeting and final test in
sixteenth meeting. Meanwhile the questionnaire was once administered in sixteenth meeting. The
learning itself was implemented asynchronously and synchronously as indicated in the lesson plan
design. Data were analyzed using descriptive statistical analysis because the aim was not to
generate data but explain and provide an overview of the characteristics of a data series. The

processes involved are stated as follows:
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1. Analysis of Mid-Test and Final Test
The data from the test were measured using a completeness test which includes individual
and classical. Meanwhile, the Ministry of Education and Culture categorizes subjects' scores

into 5 groups as follows:

0 <score < 35 :very low
35 <score <55 : low
55 < score < 65 : medium

65 <score <85  :high
85 <score <100 :very high

Widoyoko (2009) also determined the classical completeness criteria as follows:

p > 80 : very good
60 <p <80 : good

40 <p <60 > quite
20<p <40 - less

p <20 :very less

This information was used to establish the criteria for individual completeness by setting a
score of 65% as the threshold for the completion of learning by preservice teachers, while
the classical completeness criterion is when 80% have completed their studies.
The implementation of asynchronous and synchronous online learning approaches was
effective, if the classical completeness criterion, mid and final test results were achieved.

2. Analysis of Questionnaire Data
The questionnaires responses were classified into two, including the questions with 4
answers in the form of 1, 2, 3, 4 and with 2 answers such as Yes and No.
For the first questions, the criteria are as follows:

1, 00 <average < 1, 50: less

1, 50 <average <2, 50: enough

2, 50 <average < 3, 50: good

3, 50 < average <4, 00: very good

The responses were believed to be positive when they are in good and very good categories.
For the second questions, the responses were believed to be positive when more than 50%

are good.

Results and Discussion
Asynchronous and synchronous learning activities

The first set of data was collected on Tuesday, October 5, 2021, according to the class schedule
with the lecturer observed to have filled the required e-learning content such as the introductory session,
1st—7", 915" 8™ and 16" sessions before the class started. The introductory session contains 1) an
explanation of course descriptions, 2) course achievements, 3) an introduction forum (lecturer

introduction video), 4) lecture contracts, 5) libraries, and 6) an attendance list. The contents in the 15
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7" and 9"-15™ sessions include 1) greetings and explanations, 2) learning achievements, 3) learning
materials, 4) discussion forums, 5) assignments, and 6) links to webinar class meetings while the 8%
and 16" sessions were 1) greetings and explanations sessions and 2) mid-test or final-test questions
according to the specified format. The display of the e-learning platform is presented in Figures 1, 2,
and 3, the discussion and closing sessions are indicated in Figures 4 and 5, and the discussion sessions
conducted on WAG in Figure 6.
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Figure 1. Front view of elementary linear algebra in e-learning
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Figure 2. Content display at 1% meeting in e-learning
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Figure 3. Content display at 2" meeting in e-learning
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METODE ELIMINASI GAUSSIAN DAN ELIMINASI GAUSS JORDAN

Kita telah L b sara lesaikan SPL dengan kan Matriks yang
dengan kan operasi baris el Sckarang kita akan mempelajari

tentang_prosedur climinasi yang dapat digunakan untuk mereduksi matriks schingga menjadi

matriks cksclon baris tereduksi

Contoh;
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{ 4 -10 6 12 28
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Figure 5. Closing session in the webinar class (zoom)
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Figure 6. Discussion session in WAG

The first meeting was conducted asynchronously through e-learning classes with preservice
teachers observed to have filled the attendance lists, accessed contents, studied teaching materials,
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responded to discussion forums, did assignments, and uploaded answers to the e-learning platform.
Meanwhile, synchronous learning was conducted through WAG to provide teachers the opportunities
to ask questions on the parts they did not understand from 10.30 - 13.00.

The second meeting was implemented synchronously through a webinar class using the Zoom
application and preservice teachers filled the attendance list in e-learning after which lecturers
explained the material using PowerPoint and video. They were allowed to ask questions and answer
directly followed by discussions on the application. The activity was continued asynchronously through
the e-learning platform where they downloaded tasks and uploaded answers. These learning activities
were continued in the 4", 5, 6™, and 7" meetings and followed by a mid-test conducted synchronously
through a webinar class in the 8" meeting after the questions have been previously downloaded from
the e-learning platform.

Data collection was continued from the 9" to 15" meetings with the learning activities observed
to have been implemented synchronously and asynchronously such previous. The final test was
conducted at the 16™ meeting synchronously through the webinar class after the questions have been

downloaded from the e-learning platform.

Learning outcomes and their improvement for preservice teachers

The mid-test results showed that 17 of 23 preservice teachers had more than 65% of the total
score. This means 87% have completed the study. It indicated that the learning outcomes of elementary
linear algebra after it was taught through the combination of synchronous and asynchronous learning
was effective. Moreover, the final test results showed that all preservice teachers achieved more than
65% of the total score and this further confirms that the learning outcome was effective.

These findings showed that the learning outcomes of preservice teachers in elementary linear
algebra increased due to the application of the combined method. This is in line with the results of
Zaharah, et.al (2020) that the application of e-learning introduced progress and innovation to education
in Indonesia as indicated by almost 75% of students who participated in online learning simultaneously
during the Covid-19 pandemic. Moreover, Sindu & Paramartha (2018) showed that the use of
instructional media such as video and slide synchronization systems theoretically facilitated the learning
ability of students during material discussion and also made the instructional time more effective. This
means the combination of synchronous and asynchronous learning is one of the solutions for the

challenges observed in online learning activities during the pandemic.
Preservice teachers’ responses

Preservice teachers were asked to fill out a questionnaire after the class and the responses are

made available on google Forms in the link:

31



Jurnal Didaktik Matematika Vol. 9, No. 1, April 2022

https://bit.ly/ANGKET_MAHASISWA_TERHADAP_PEMBELAJARAN_ALIN while the results
related to the knowledge aspect are presented in the following Table 4.

Table 4. Responses to the knowledge aspect

The number of preservice
. teachers' responses in each
No Statements in the category (n)

Total

respondents Analysis result

questionnaire less enough good  ver
g 9 y nx1nx2 nx3 nx4 Average Category

1 (@ (@) good(4)
My knowledge of

1 elementary linear 3 5 10 5 23 3 10 30 20 3 Good
algebra is very good

I can explain the
2 meaning of the linear 0 4 11 8 23 0 8 33 32 3 Good
equation system

I can explain the
3 Gauss Jordan 0 4 11 8 23 0 8 33 32 3 Good
elimination method

I can solve the system
of linear equations

4 with  Gauss  Jordan 1 5 9 8 23 1 10 27 32 3 Good
elimination

5 | can explain the , 4 8 11 23 1 6 24 44 3 Good
meaning of matrix
I can determine the

6 operation result of 1 3 7 12 23 1 6 21 48 3 Good
two matrices
I can explain the

7 meaning of 1 4 8 10 23 1 8 24 40 3 Good

determinant

| can determine the
g determinant of ‘a ., 4, 8 23 1 8 30 32 3 Good
matrix by  using

cofactor expansion

| can determine the
determinant of a

O matrix by using row * 4 9 9 23 1 8 27 36 3 Good
reduction
10 | can prove that a set 1 5 9 8 23 1 10 ”7 2 2 cood

is a vector space

I can prove that a set
11 is a subspace of a 1 4 11 7 23 1 8 33 28 3 Good
vector space

| can show that some
vectors are linear

12 A 1 6 8 8 23 1 12 24 3 Good
combinations of a
vector

13 | can show that a , 5 45 4 23 1 10 30 28 3 Good

vector spans the set

I can show a linearly
14 independent or 1 7 7 8 23 1 14 21 32 3 Good
linearly dependent set

| can show that a set is
the basis and

15 dimension of a 1 7 6 9 23 1 14 18 36 3 Good
subspace in a vector
space

The results showed that preservice teachers’ responses on (1) the knowledge of elementary linear

algebra material as well as the ability to (2) explain the meaning of linear equation system, (3) explain
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Gauss Jordan Elimination method, (4) solve a system of linear equations with Gauss Jordan elimination,
(5) explain the meaning of matrix, (6) determine operation result of two matrices, (7) explain the
meaning of determinants, (8) determine determinant of a matrix using cofactor expansion, (9) determine
determinant of a matrix using row reduction, (10) prove a set is a vector space, (11) prove that a set is
a subspace of another set, (12) show that a set is a linear combination of other sets, (13) show that an
element spans a set, (14) show a linearly independent or linearly dependent set, and (15) show that a
set is the basis and dimension of a subspace in a vector space were all in the good category as indicated
by an average score of 3 for all the indicators. This means the response of preservice teachers to the
knowledge aspect is positive.

These results support the improvement observed in the learning outcomes of preservice teachers
as presented in the previous analysis and this simply means they have good knowledge of elementary
linear algebra material after the combined learning system was applied. This is associated with the fact
that the learning materials placed on the e-learning platforms were very helpful to preservice teachers
to understand the materials before they were discussed in the webinar classes. This shows the process
of learning mathematics would not have been difficult during the pandemic had it been the materials
were presented through e-learning platforms. This is in line with the findings of Das (2020) that
mathematics education is usually easier when conducted through virtual classrooms as well as the
recommendation of Noviani (2021) that e-learning design can be used to minimize the barriers to the
achievement of learning objectives. The results of the responses to the attitudes aspect are presented in

the following Table 5.

Table 5. Responses to the attitude aspects
The number of preservice

teachers' responses in each re;rp?c:zldgrtts Analysis result
No Statements in the category (n)
questionnaire less enough good very
good nXx1nx2 nx3 nx4 Average Category

o @ @ %

I always download
1 teaching materials from 1 0 5 17 23 1 0 15 68 4 Good
the e-learning platform

I always respond to
2 discussion forums on 1 5 7 10 23 1 10 21 40 3 Good
the e-learning platform

I always download
tasks, work on them,

3 and upload answers on 1 1 5 16 23 1 2 15 64 4 Good
the e-learning platform
g ! always take webinar ;g 5 17 23 1 0 15 68 4 Good

classes

I actively ask questions
5 and answer during 1 6 8 8 23 1 12 24 32 3 Good
webinar class

The results showed that the habit to download teaching materials on the e-learning platform was

in a good category as indicated by a score of 4 and the same was observed for the habit to download,
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work, and upload answers, and take webinar classes. Meanwhile, the habit to respond to discussion
forums on the e-learning platform as well as actively ask questions and answer during synchronous
classes were found to be in a good category as indicated by the average score of 3. This simply shows
that preservice teachers’ response to the attitude aspect is positive.

The attitude of preservice teachers in synchronous and asynchronous learning conducted
using e-learning was observed to be one of the positive factors that affected their knowledge of
elementary linear algebra. They were enthusiastic about the online learning and active on both platforms
used. The results were discovered to be in line with the findings of Wijaya (2020) that showed a good
student learning attitude towards learning video because they felt it was effective in making them
understand the concept being taught.

The results related to the responses of preservice teachers to the e-learning and webinar classes

applications are also presented in the following Table 6.

Table 6. Responses to e-learning and webinar classes applications
The number of

ons in th ) ] preservice teachers' Total of Analysis result
No Questions in the questionnaire responses respondents
Yes No Yes No
1 Do you_have dlfflculty accessing the LMS 9 14 23 39% 61%
(e-learning) class application?
Do you have difficulty accessing webinar
2 class applications (Zoom, Google Meet, 4 19 23 17% 83%
etc.)?
3 Is I__MS (e-Iearpmg) class useful for you 23 0 23 100% 0%
during the learning process?
Is the webinar class (Zoom, Google Meet,
4  etc.) useful for you during the learning 23 0 23 100% 0%

process?

Table 6 shows that 61% of preservice teachers had no difficulty in using the e-learning class
application while 83% had no problems using webinar class applications and this means they have the
appropriate skills to use these platforms. These findings were observed to be related to the previous
results on the attitudes of respondents to the combined learning strategy. This shows they have had no
difficulty in participating in e-learning and webinar classes and are ready to face the Industrial 4.0 period
as suggested by Mairing, et.al (2021).

The results also showed that all preservice teachers agreed that e-learning and webinar classes
were beneficial and this is supported by the feeling of enthusiasm and activeness expressed in using the
combined learning method as indicated in the attitude analysis. This is in line with the findings of Amiti
(2020) that appropriate combination of synchronous and asynchronous e-learning methods can assist
teachers and students in having successful course and results despite the preference of students for both

methods.
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The results of the responses of preservice teachers to the frequency of accessing e-learning

classes in a week are presented in Table 7.

Table 7. Responses to the frequency of accessing e-learning classes in a week

The frequency of Total of .
- Analysis result
L . . access in a week respondents
No Questions in the questionnaire
one two three one two three
time times times time times times
How many times do you access LMS (e- 4 4 15 23 17%  17%  65%

learning) classes in a week?

Table 7 shows that 65% of preservice teachers accessed e-learning classes 3 times a week while
17% accessed 1 and 2 times a week. These results indicated that they were enthusiastic and active in
using the synchronous and asynchronous e-learning platforms as indicated by the fact that more than
50% accessed it 3 times a week. This means they made good use of the facility to support their learning
process due to its ability to provide everything needed to learn. This is in line with the findings of Xie,
et.al (2018) that students preferred to use asynchronous learning because it can be easily accessed
offline as well as its suitability for shy students. Raymond, et.al (2016) also recommended the use of
innovative e-learning platforms in higher education institutions and promoted lecturers to use both
synchronous and asynchronous learning in the form of e-learning platforms.

These findings showed that synchronous and asynchronous learning through e-learning can be
combined as an alternative online learning method to teach mathematics during the Covid-19 pandemic.
This is associated with several reasons which include the availability of teaching materials and
assignments on the e-learning platform which is asynchronous learning and considered very helpful to
preservice teachers in understanding the materials before the discussion during the webinar class which
is synchronous learning. Asynchronous learning makes the learning process more effective because it
provides opportunities to study materials, download tasks, and upload tasks as well as the ease with
which both e-learning and webinar platforms can be accessed and used. Therefore, it is recommended
that higher education institutions use innovative e-learning platforms while lecturers are promoted to
use both synchronous and asynchronous learning methods (Raymond, et.al, 2016).

Teachers are considered professional in the millennial 4.0 when they have the ability to manage
their classes through virtual learning activities. Siregar, et.al (2021) showed that preservice teachers
already had quite a good perception of online learning while attending lectures during the Covid-19
pandemic. Their lecturers also have the ability to formulate teaching materials and assess assignments

online in order to increase the learning opportunity for students.

Conclusion
The results showed that learning outcomes after synchronous and asynchronous learning

was effective. This was indicated by the results of mid test and final test of elementary linear algebra
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after it was taught through the combination of synchronous and asynchronous learning was significantly
good. The questionnaires analysis showed that most of preservice teachers provided positive
responses to this combined learning method as indicated by the knowledge and attitude aspects as
well as the ease of access and usefulness of the e-learning and webinars platforms. It was also
discovered that they often access the e-learning platform to study materials, download and do
tasks, as well as upload answers.

This means the combination of synchronous and asynchronous learning activities is an
alternative online learning method for lecturers to teach mathematics materials during the Covid-19
pandemic. It is recommended that further studies apply both learning methods through e-learning
to critical thinking, creativity, communication, and collaboration (4Cs) considered to be very
relevant and needed in this 4.0 era. There is also the need to access its effectiveness after the

pandemic is over.
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Abstract. Learning activities were changed }%m face-to-face to full-online due to the
COVID-19 pandemic at the end of 2019. Online learning through WhatsApp Group (WAG)
was used by a mathematics teacher in higher education program in the early 2020. However,
the learning result showed that 75% of preservice teacher were unable to accomplish their
elementary linear algebra material. The combination of online learning through
asynchronous method and synchronous learning was an alternative solution to solve the
problem and enable preservice teachers having virtual face-to-face interactions with their
lecturers. Therefore, this study was conducted to determine the improvement in preservice
teachers' learning oum’mn and responses to synchronous and asynchronous learning. The
research design used was one group posttest-only with 23 subjects were selected by clustered
random sampling. Data were analyzed by descriptive statistical analysis. The test results
showed that learning outcomes after synchronous and asynchronous learning was effective .
While the questionnaire results e_re’ssed most preservice teachers gave a positive response
to both learning methods. Thus, the combination of the two methods could improve the
effectiveness of online learning during the Covid-19 pandemic. It is recommended that higher
education institutions provide innovative e-learning platforms for preservice teachers in
developing further online learning methods.

Keywords: synchronous learning, asynchronous learning, e-learning, preservice teacher,
elementary linear algebra

Introduction

The emergence of a new coronavirus called Nﬁ] Corona Virus (2019-nCoV) at the end
of 2019 shook the world. The virus was originally discovered in Wuhan China in December
2019 and later spread significantly to all countries, including Indonesia, in early 2020. The
pandemic had a big impact on different sectors of the country including health, economy, and
education. This is observed from the fact that educational institutions ranging from kindergarten
to universities were restricted from using face-to-face learning in order to reduce personal
contact. Moreover, Azhari & Fajri (2020) also showed that the government enforced policies
directed toward closing classrooms without stopping learning activities, tlﬁby leading to the
implementation of distance learning by schools. This led to the transition from face-to-face to
online learning methods through the use of different information technologies (Rehman &

Fatima, 2021).
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WhatsApp Group (WAG) online learning was implemented at STKIP PGRI Bangkalan
in early 2020 but this method was observed to have several shortcomings, specifically in the
process of teaching elementary linear algebra. It was discovered that 75% of preservice teachers
were unable to complete their study while only 20% completed. This is considered to be a
significant reduction in comparison with the 86% who completed their studies as reported in
previous studies conducted on the effectiveness of learning in an elementary linear algebra
course (Sari, 2016).

Elementary linear algebra is a basic course required to be passed by students because it
is a prerequisite for further courses such as abstract algebra. Suryaningsih (2016) & Ruswana
(2019) also showed that it is a basic subject needed to be mastered by low-level students due to
its ability to make learning other subjects easier. Thus, preservice teachers must to master all
material of elementary linear algebra.

This background information shows that there is a need to change the online learning
approach. This can be achieved through the implementation of asynchronous learning which
was explained by Skylar (2009) to be capable of providing students with a flexible and self-
paced environment they need to access course content using different tools. This is due to the
act that students are not usually restricted to a set day or time for communication, but allowed
more time to prepare a response to a set of directions or questions. Asynchronous learning is
usually implemented through a university’s e-learning Msﬁd]e platform. Meanwhile. e-learning
is defined by Hambrecht (in Ogbonna, et.al, 2019) to be a generic term covering a wide range
of ICT technology-based applications and processes including computer-based learning, web-
based learning, virtual classrooms, digital collaboration, and networking. It normally contains
the content for one semester such as the materials, discussion forums, and assignments and its
use has been reported by Yuhasriyati, etal (2020) to have the ability to force educational
processes to run faster in terms of accessibility and quality. It is also very influential on the
learning activities and outcomes for students (Fitriani & Nurjannah, 2019) with the application
of blended learning through Moodle platform reported to have received positive feedback from
students studying mathematics (Lin, et.al, 2017).

Blended learning which involves the combination of e-learning and direct face-to-face
learning is the norm before the pandemic and this method has been reported in several studies
to have the.ability of improving students' learning outcomes. For example, Lin, et.al (2017)
conducted ANCOVA and MANCOV A analyses and showed that blended learning benefitted
a.ldents in the experimental group by having a positive effect on their learning outcomes and

attitudes toward studying mathematics in a blended environment. These results are in line with
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Sukma & Priatna (2020) that the implementation of blended learning was able to improve
students' critical thinking skills (CTS).

Learning activities were conducted fully online during the pandemic (Trenholm &
Peschke, 2020) and this indicates the use of e-learning without face-to-face interaction. This
means synchronous learning is perceived to be an alternative to virtual face-to-face learning

ween lecturer and students. This was further explained by Shi & Morrow in Skylar (2009) that
the instructor leads the learning while all learners log in simultaneously and communicate directly
with each other in real-time.

STKIP PGRI Bangkalan implemented synchronous learning through Zoom, Google Meet,
and others to ensure students understand learning materials effectively and produce adequate
outcomes. This is in line with the findings of Aisyah and Sari (2021) that the use of the Google
Meet platform was able to improve students learning outcomes. This means through asynchronous
learning through e-learning combined with synchronous learning through the virtual conference
is an alternative method to teach elementary linear algebra in the school. Several studies showed
the success of this combined method as indicated by its ability to increase the cognitive academic
achievements of students studying word processing as reported by Oghonna, et.al (2019).

The college also implemented a policy considered to be related to online leamning in the
middle of 2020, which in the form of asynchronous and synchronous. However, the synchronous
learning was applied for 7-8 meetings through webinar classes such as Zoom, Google Meet, and
others while asynchronous was fully used for_l4-16 meetings through e-learning platforms. It
lines with study of Mairing, et.al (2&1) that the implementation of asynchronous and
synchronous online learning approaches was effective in improving students” learning outcomes
and skills of using Microsoft Excel during the Covid- 19 pandemic. The effectiveness as indicated
by the average of the outcomes was more than 75 (scale 0-100), and the skills were increased 1
level higherﬁscale 1-5). Furthermore, the students positively responded toward the approaches.
So that, the implementation of asynchronous and synchronous online learning can build learning
effectiveness during the Covid-19 pandemic at STKIP PGRI Bangkalan.

There is a need to evaluate the effectiveness of this method and this can be aclﬁved through
the perspectives of preservice teachers considered the leaming objects. Therefore, this study was
conducted to determine the improvement of preservice teachers' learning outcomes based on the
combination of synchronous and asynchronous learning to elementary linear algebra; and their

responses to the learning method.
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Method

Treatment was applied to the participant's group to determine the effect of synchronous and
asynchronous learning conducted on the outcome and responses of preservice teachers.
Asynchronous learning was applied in the form of e-learning classes on the university Moodle
while synchronous was in the form of webinar classes on Zoom. The learning effectiveness was
determined through tests and a list of questions presented through instruments provided to the
participants. It is important to note that the treatment was applied in a class and this means this is

The population includes all 34 preservice teachers in the mathematics education study

an experimental study with a one-group posttest-only design.

program at one of Universities in Bangkalan, Indonesia during the odd semester of the 2021/2022
academic year while a total of 23 were selected as samples using clustered random sampling
technique. It was done by clustering male and female participants. Afterward, from 14 males and
20 females it was chosen 8 males and 15 females randomly. The sample was heterogeneous based
on gender and initial mathematical ability determined through their calculus scores in the previous
semester.

Study instruments include mid-test, final-test, and questionnaire. The lesson plan consists
of 16 meetings with eight conducted through e-leaming and Zoom webinar classes in the 2™, 4th,
6, 8™ 10t 12t 14%, andﬁtIl meetings while the remaining were through e-learning and
WhatsApp Group (WAG) at the 15, 34 5% 7t 9th 11th 13" and 15" meetings. It is important to
note that 8 webinar classes were conducted in line with the rules of the campus in relation to
synchronous learning due to constraints in purchasing internet quota. The mid-test provided to
students at the 8" meeting and the final test at the 16" meeting were conducted through e-learning
and Zoom webinar classes. The questions were developed according to the material in the lesson
plan and the tests were made valid through construct, content, and face validities such that the
construct aspect was implemented by ensuring the results of both tests were able to measure the
abilities of preservice teachers in elementary linear algebra without focusing on other variables.
The content aspect involved the review and development of grids that covered questions and
related indicators without missing any as indicated in Tables 1 and 2 for mid and final tests
respectively. Meanwhile, the face validity was conducted by two experts with the focus on the
evaluation of the elements for the truth concept, rules to prepare E questions, symbols and
mathematical formulas, punctuation marks, pictures, and language. The results showed that the
average face validation value for the mid-test was 4.17 and the final test had 4.33, thereby

indicating they were both valid to be used.
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Table 1. Mid-test grid (duration 90 minutes)

Learning Learning Question Max
L5 Level LT
No Indicators Domain Material Number  Score
C A P
. . System of
Given several equations, students liﬂeare uations
1 determine  whether they are linear c2 A ’ 1 10
. i and Linear
equations or not .
equation
Students can make the system of linear v System of
2 equations with 3 equations and 5 c2 linear 2 10
variables equations
Given several matrices, students can v
3 determine row echelon matrix, reduced C2 Matrix 3 10
row echelon matrix, or none of the two.
Given the sam of linear equations, y
students can solve the system of linear Gauss Jordan
4 3 : C3 LT 4 15
equations  using  Gauss  Jordan Elimination
elimination
Given the system of linear equations, v
students can determine the coefficient Solving system
5 mJe of one linear equation to ensure C3 of linear 5 20
the system a) has no solution, b) has one equations
solution, and ¢) has many solutions
Given 2 matrices, students can + Matrix
6 determine the operation result of two c2 _— 6 10
P operation
matrices
Given a matrix, students can determine v
7 an inverse matrix using the inverse c2 Inverse matrix 7 15
algorithm
Given several matrices, students can y
determine the upper triangular matrix, .
8 . ppet Thangu &t e C2 Matrix 8 10
lower triangular matrix, and diagonal
matrix
Table 2. Final test grid (duration 90 minutes)
Learning Level Learning Question  Max
No Indicators Domain Material Number  Score
C A P
Given a matrix, students can determine .
. L B . ) | Cofactor
1 the matrix determinant using cofactor v C3 . 1 10
. = Expansion
expansion
Given a system of linear cquations, .
. Crammers
2 students can solve the system using C3 2 10
§ o rules
Crammers' rules
3 Given three sets, students can prove that V c4 Vector 3 15
three sets are vector spaces or not Spaces
Given three pairs of W and V sets, V
4 students can prove whether set V is a C4 Subspace 4 15
subspace of set W
Given a set S and four vectors, students .
. . Linear
5 determine whether four vectors are C3 L 5 10
c E— . : combinations
linear combinations of vectors in set S
T FE——
. : A Linearly
Given three sets, students determine that . arty
. . . independent
6 they are linearly independent or linearly C3 L 6 15
L and linearly
dependent on R- or Ma;
dependent
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Given several sets S, students can show \

that these sets are not the basis of R* C3 Basis 7 15
T

Given a set S, students can show the basis  V Basis and
8 S of M,» and determine the dimensions C3 A 8 10
. . dimension
of the S subspace of M2>

A questionnaire was developed to measure the responses of preservice teachers to the
combined approach. The validity of the questionnaire was also determined through construct,
content, and face validities such that the construct aspect focused on ensuring its results actually
measure the teachers’ response to synchronous and asynchronous learming. The content aspect
also involved reviewing and making questionnaire grids to cover questions and related indicators
without missing any as indicated in Table 3. Meanwhile, the face validity was conducted by two
experts through the evalﬁion of the concept truth elements, rules to write the questions, and
displays for language. The results showed that the average face validation value for the
questionnaire was 4.83. It is important to note that the responses to the statements on the

questionnaire were designed to be provided through a Likert scale.
Table 3. Aspects and indicators of the questionnaire

No  Aspects Indicators Statements

L. Knowledge  Students can Students’ knowledge of elementary linear algebra
understand material through online learning
elementary linear Students’ ability to understand every elementary linear
algebra material algebra material through online learning

Students” ability to solve problems related to elementary
linear algebra material through online learning

2. Attitude Students are active  Students’ attitude while learning independently through
in asynchronous the resources in e-learning
and synchronous Students’ attitude while responding to discussion forums
leaming Students” attitude while downloading assignments, solving,

and uploading the answers in e-leaming
Students’ attitudes about taking synchronous learning

Student attitude while discussing through webinar classes
Frequency of students accessing e-learning

3. E-learning Ease of access and  Ease of accessing the e-learning platform
and Webinar  usefulness for Ease of accessing the webinar class platform
classes students The usefulness of accessing the e-learning platform
applications The usefulness of accessing the webinar class platform

Data were collected using tests and questionnaires provided online through e-learning and
Google form. There are two tests were conducted; mid test in eighth meeting and final test in
sixteenth meeting. Meanwhile the questionnaire was once administered in sixteenth meeting. The
learning itself was implemented asynchronously and synchronously as indicated in the lesson plan
design. Data were analyzed using descriptive statistical analysis because the aim was not to
generate data but explain and provide an overview of the characteristics of a data series. The

processes involved are stated as follows:
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1. Analysis of Mid-Test and Final Test
The data from the test were measured using a completeness test which includes individual
and classical. Meanwhile, the Ministry of Education and Culture categorizes subjects' scores

into 5 groups as follows:

0 < score < 35 : very low
35 < score <55 s low
55 < score < 65 : medium

65 < score < 85 : high
85 <score <100 : very high

Widoyoko (2009) also determined the classical completeness criteria as follows:

p >80 : very good
60<p <80 : good
40<p <60 : quite
20<p <40 : less
p=20 s very less

This information was used to establish the criteria for individual completeness by setting a
score of 65% as the threshold for the completion of leaming by preservice teachers, while
the classical completeness criterion is when 80% have completed their studies.
The implementation of asynchronous and synchronous online learning approaches was
effective, if the classical completeness criterion, mid and final test results were achieved.

2. Analysis of Questionnaire Data
The questionnaires responses were classified into two, including the questions with 4
answers in the formof 1, 2, 3, 4 and witrﬁ answers such as Yes and No.
For the first questions, the criteria are as follows:

1, 00 < average < 1, 50: less

1, 50 < average < 2, 50: enough

2, 50 < average < 3, 50: good

3, 50 < average <4, 00: very good

The responses were believed to be positive when they are in good and very good categories.
For the second questions. the responses were believed to be positive when more than 50%

are good.

Results and Discussion
Asynchronous and synchronous learning activities

The first set of data was collected on Tuesday, October 5, 2021, according to the class schedule
with the lecturer observed to have filled the required e-learning content such as the introductory session,
Ist-7%, 915", 8" and 16™ sessions before the class started. The introductory session contains 1) an
explanation of course descriptions, 2) course achievements, 3) an introduction forum (lecturer

introduction video), 4) lecture contracts, 5) libraries, and 6) an attendance list. The contents in the 1%—
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7" and 915" sessions include 1) greetings and explanations, 2) learming achievements, 3) learning

materials, 4) discussion forums, 5) assignments, and 6) links to webinar class meetings while the gt

and 16" sessions were 1) greetings and explanations sessions and 2) mid-test or final-test questions

according to the specified format. The display of the e-learning platform is presented in Figures 1,2,

and 3, the discussion and closing sessions are indicated in Figures 4 and 5, and the discussion sessions

conducted on WAG in Figure 6.

CHSUET MR
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Figure 1. Front view of elementary linear algebra in e-learning
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Figure 2. Content display at 1*' meeting in e-learning
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Figure 3. Content display at 2" meeting in e-learning
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Figure 6. Discussion session in WAG

The first meeting was conducted asynchronously through e-learning classes with preservice

teachers observed to have filled the attendance lists, accessed contents, studied teaching materials,
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responded to discussion forums, did assignments, and uploaded answers to the e-learning platform.
Meanwhile, synchronous learning was conducted through WAG to provide teachers the opportunities
to ask questions on the parts they did not understand from 10.30 - 13.00.

The second meeting was implemented synchronously through a webinar class using the Zoom
application and preservice teachers filled the attendance list in e-learning after which lecturers
explained the material using PowerPoint and video. They were allowed to ask questions and answer
directly followed by discussions on the application. The activity was continued asynchronously through
the e-learning platform where they downloaded tasks and uploaded answers. These learning activities
were continued in the 4%, 5", 6, and 7" meetings and followed by a mid-test conducted synchronously
through a webinar class in the 8" meeting after the questions have been previously downloaded from
the e-learning platform.

Data collection was continued from the 9" to 15" meetings with the learning activities observed
to have been implemented synchronously and asynchronously such previous. The final test was
conducted at the 16™ meeting synchronously through the webinar class after the questions have been

downloaded from the e-leamning platform.

Learning outcomes and their improvement for preservice teachers

The mid-test results showed that 17 of 23 preservice teachers had more than 65% of the total
score. This means 87% have completed the study. It indicated that the learning outcomes of elementary
linear algebra after it was taught through the combination of synchronous and asynchronous learning
was effective. Moreover, the final test results showed that all preservice teachers achieved more than
65% of the total score and this further confirms that the learning outcome was effective.

These findings showed that the learning outcomes of preservice teachers iﬁementary linear
algebra increased due to the application ome combined method. This is in line with the results of
Zaharah, et.al (2020) that the application of e-learning introduced progress and innovation to education
in Indonesia as indicated by almost 75% of students who participated in online learning simﬁneﬁusly
during the Covid-19 pandemic. Moreover, Sindu & Paramartha (2018) showed that the use of
instructional media such as video and slide synchronization systems theoretically facilitated the learning
ability Etudents during material discussion and also made the instructional time more effective. This
means the combination of synchronous and asynchronous learning is one of the solutions for the

challenges observed in online learning activities during the pandemic.
Preservice teachers’ responses

Preservice teachers were asked to fill out a questionnaire after the class and the responses are

made available on google Forms in the link:
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https://bit. ly/ ANGKET_MAHASISWA_TERHADAP_PEMBELAJARAN_ALIN while the results

related to the knowledge aspect are presented in the following Table 4.

Table 4. Responses to the knowledge aspect

The number of preservice

R Total R
. teachers' responses in each i ) Analysis result
N Statements in the respondents
o . . category (n)
questionnaire less enough good  very
M Q) (3) g(x)d'(-‘r} nx1lnx2 nx3 nx4 Average Calegory

My knowledge of
I elementary linear 3 5 10 5 23 3 10 30 20 3 Good

algebra is very good

I can explain the
2 meaning of the linear 0 4 11 8 23 0 8 33 32 3 Good

equation system

I can explain the
3 Gauss Jordan 0 4 11 8 23 0 8 33 32 3 Good

elimifffifon method

I'can solve the system
of linear equations

2 2 2
4 Gauss Jordan | 5 9 8 23 110 27 32 3 Good
elimination
5 1 cam explain the 3 8 1 23 I 6 24 44 3 Good

meaning of matrix

I can determine the
6 operation result of |1 3 7 12 23 1 6 21 48 3 Good
two matrices

I can explain the
7 meaning of 1 4 8 10 23 1 8 24 40 3 Good
determinant

I can determine the
determinant  of a
matrix by  using
cofactor expansion

I can determine the
determinant  of a
matrix by using row
reduction

I can prove that a set

10 . 1 5 9 8 23 1 10 27 32 3 Good
is a v@lbr space
I can prove that a set

11 is a subspace of a | 4 11 7 23 1 8 33 28 3 Good

vector space

I can show that some
vectors are  linear

12 s ! 6 8 8 23 1 2 224 1 3 Good
combinations of a
veclor

j3 | can show that a 5 10 7 23 I 0 30 28 3 Good

vector spans the set

I can show a linearly
14 independent or 1 7 7 8 23 1 14 21 32 3 Good
linearly dependent set

I can show that a set is

the basis and

15 dimension of a | 7 6 9 23 1 14 18 36 3 Good
subspace in a vector
space

The results showed that preservice teachers’ responses on (1) the knowledge of elementary linear

algebra material as well as the ability to (2) explain the meaning of linear equation system, (3) explain
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Gauss Jordan Elimination method, (4) solve a system of linear equations with Gauss Jordan elimination,
(5) explain the meaning of matrix, (6) determine operation result of two matrices, (7) explain the
meaning of determinants, (8) determine determinant of a Iﬁtﬂx using cofactor expansan, (9)determine
determinant of a matrix using row reduction, (10) prove a set is a vector space, (11) prove that a set is
a subspace of another set, (12) show that a set is a linear combination of other sets, (13) s that an
element spans a set., (14) show a linearly independent or linearly deﬁjent set, and (15) show that a
set is the basis and dimension of a subspace in a vector space were all in the good category as indicated
by an average score of 3 for all the indicators. This means the response of preservice teachers to the
knowledge aspect is positive.

These results support the improvement observed in the learning outcomes of preservice teachers
as presented in the previous analysis and this simply means they have good knowledge of elementary
linear algebra material after the combined learning system was applied. This is associated with the fact
that the learning materials placed on the e-learning platforms were very helpful to preservice teachers
to understand the materials before they were discussed in the webinar classes. This shows the process
of learmning mathematics would not have been difficult during the pandemic had it been the materials
were presented through e-learning platforms. This is in line with the findings of Das (2020) that
mathematics education is usually easier when conducted through virtual classrooms as well as the
recommendation of Noviani (2021) that e-learning design can be used to minimize the barriers to the
achievement of learning objectives. The results of the responses to the attitudes aspect are presented in

the following Table 5.

Table 5. Responses to the attitude aspects B
The number of preservice Total
teachers' responses in each dent Analysis result
No Statements in the category (n) tespondents
questionnaire . very
less encugh - good good nxlnx2 nx3 nx4 Average Category

(n (2 (3) (4)

I always download
1 teaching materials from 1 0 5 17 23 1 0 15 68 4 Good
the e-learning platform

I always respond to
discussion forums on 1 ] 7 10 23 1 10 21 40 3 Good
the e-learning platform

[

I always download
tasks, work on them,
and upload answers on
the e-learning platform

I always take webinar

4 e 1 0 5 17 23 1 0 15 68 4 Good
classes
I actively ask questions

5 and answer during |1 6 8 8 23 1 12 24 32 3 Good
webinar class

The results showed that the habit to download teaching materials on the e-learning platform was

in a good category as indicated by a score of 4 and the same was observed for the habit to download,
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work, and upload answers, and take webinar classes. Meanwhile, the habit to respond to discussion
forums on the e-learning platform as well as actively ask questions and answer during synchronous
classes were found to be in a good category as indicated by the average score of 3. This simply shows
that preservice teachers’ response to the attitude aspect is positive.

The attitude of preservice teachers in synchronous and asynchronous learning conducted
using e-learning was observed to be one of the positive factors that affected their knowledge of
elementary linear algebra. They were enthusiastic about the online learning and active on both platforms
used. The results were discovered to be in line with the findings of Wijaya (2020) that showed a good
student learning attitude towards learning video because they felt it was effective in making them
understand the concept being taught.

The results related to the responses of preservice teachers to the e-learning and webinar classes
applications are also presented in the following Table 6.

Table 6. Responses to e-learning and webinar classes applications
The number of

o i i preservice teachers' Total of Analysis result
No Questions in the questionnaire responses respondents
Yes No Yes No
i Do you_have dlfﬁcull:v accessing the LMS 9 14 23 109, 6l%
(e-learning) class application?
Do you have difficulty accessing webinar
2 class applications (Zoom, Google Meet, 4 19 23 17% 83%
etc.)?
3 Is LMS (e-learning) class useful for you 23 0 23 100% 0%
during the learning process?
Is the webinar class (Zoom, Google Meet,
4 etc.) useful for you during the learning 23 0 23 100% 0%

process?

Table 6 shows that 619 of preservice teachers had no difficulty in using the e-learning class
application while 83% had no problems using webinar class applications and this means they have the
appropriate skills to use these platforms. These findings were observed to be related to the previous
results on the attitudes of respondents to the combined learning strategy. This shows they have had no
difficulty in participating in e-learning and webinar classes and are ready to face the Industrial 4.0 period
as suggested by Mairing, et.al (2021).

The results also showed that all preservice teachers agreed that e-learning and webinar classes
were beneficial and this is supported by the feeling of enthusiasm and activeness expressed in using the
combined learning method as indicated in the attitude analysis. This is in line with the findings of Amiti
(2020) that appropriate combination of synchronous and asynchronous e-learning methods can assist
teachers and students in having successful course and results despite the preference of students for both

methods.
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The results of the responses of preservice teachers to the frequency of accessing e-learning

classes in a week are presented in Table 7.

Table 7. Responses to the frequency of accessing e-learning classes in a week

The frequency of Total of Analvsi
) A, ) nalysis result
No Questions in the guestionnaire 8ccess in & weelk respondleats
one two three one wo three
time times times time times limes
How many times do you access LMS (e- 4 4 15 23 7%  17%  65%

learning) classes in a week?

Table 7 shows that 65% of preservice teachers accessed e-learning classes 3 times a week while
17% accessed 1 and 2 times a week. These results indicated that they were enthusiastic and active in
using the synchronous and asynchronous e-learning platforms as indicated by the fact that more than
50% accessed it 3 times a week. This means they made good use of the facility to support their learning
process due to its ability to provide everything needed to learn. This is in line with the findings of Xie,
et.al (2018) that students preferred to use asynchronous leaming because it can be easily accessed
offline as well as its suitability for shy students. Raymond, et.al (2016) also recommended the use of
innovative e-learning platforms in higher education institutions and promoted lecturers to use both
synchronous and asynchronous learning in the form of e-learning platforms.

These findings showed that synchronous and asynchronous learning through e-learning can be
combined as an alternative online learming method to teach mathematics during the Covid-19 pandemic.
This is associated with several reasons which include the availability of teaching materials and
assignments on the e-learning platform which is asynchronous learning and considered very helpful to
preservice teachers in understanding the materials before the discussion during the webinar class which
is synchronous learning. Asynchronous learning makes the learning process more effective because it
provides opportunities to study materials, download tasks, and upload tasks as wa as the ease with
which both e-learning and webinar platforms can be accessed and used. Therefore, it is recommended
that higher education institutions use innovative e-learning platforms while lecturers are promoted to
use both synchronous and asynchronous learning methods (Raymond, et.al, 2016).

Teachers are considered professional in the millennial 4 0 when they have the ability to manage
their classes through virtual learning activities. Siregar, et.al (2021) showed that preservice teachers
already had quite a good perception of online leaming while attending lectures during the Covid-19
pandemic. Their lecturers also have the ability to formulate teaching materials and assess assignments

online in order to increase the learning opportunity for students.

Conclusion
The results showed that learning outcomes after synchronous and asynchronous learning

was effective. This was indicated by the results of mid test and final test of elementary linear algebra
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after it was taught through the combination of synchronous and asynchronous learning was significantly
good. The questionnaires analysis showed that most of preservice teachers provided positive
responses to this combined learning method as indicated by the knowledge and attitude aspects as
well as the ease of access and usefulness of the e-learning and webinars platforms. It was also
discovered that they often access the e-learning platform to study materials, download and do
tasks, as well as upﬁd Answers.

This means the combination of synchronous and asynchronous leartﬁlg activities is an
alternative online learning method for lecturers to teach mathematics materials during the Covid-19
pandemic. It is recommended that further studies apply both learning methods through e-learning
to critical thinking, creativity, communication, and collaboration (4Cs) considered to be very
relevant and needed in this 4.0 era. There is also the need to access its effectiveness after the

pandemic is over.
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