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Abstract. The implementation of less effective learning models causes low
student chemistry learning outcomes, so a learning model that involves students
is needed to be active and independent. In this study, the Flex model Blended
Learning was applied which can improve learning outcomes on acid and base.
The research method used is Quasi Experimental with Nonequivalent Group
Pretest Posttest Design. The results showed there was an increase in chemistry
learning outcomes on acid and base at SMA Negeri 4 Pekanbaru. The data
analysis techniques used are parametric tests in the form of normality tests,
homogeneity test, N-Gain tests, and hypothesis tests. The results of the analysis
showed that the data obtained were normally distributed and homogeneous. After
obtaining normal and homogeneous distributed data, the N-Gain test is carried
out. The N-Gain value has been obtained, then hypothesis test is carried out. The
results of the hypothesis test showed an increase in learning outcomes after the
implementation of the Flex Blended Learning model on acid and base.
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1 Introduction

Technology is an inseparable part, because it is a basic need of everyone and affects
various fields including education. In the world of education, technology plays an im-
portant role, especially in the learning process. Global demands demand the world of
education, especially for educators to always innovate and be creative by utilizing tech-
nology. Education prepares generations to technological advances that affect learning
activities. The influence of technology on learning requires student and teacher to con-
trol technology, so that they have skills in applying it. The students are generation Z for
now. Generation Z is a generation with advances in information technology. Generation
Z presents new challenges for education [1]. The education passed by generation Z has
experienced a shift both in the learning process and getting information. Generation Z
in solving all problems tends to rely on the internet, because it is easier to access infor-
mation. Generation Z is a global, social, visual and technological generation. The ten-
dency of learning styles that they have are active, sequential, sensing, and visual. These
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four learning styles are in line with the learning styles of generation Z who are con-
nected to all kinds of technology that makes everything easier [2]. In addition to being
multitasking, generation Z is more trust to resources and virtual experiences. This is an
impact on behavior patterns and learning process. The large role of technology in gen-
eration Z does not necessarily eliminate the role of educators in the process of providing
knowledge [3]. Generation Z is a generation that is active in using technology, so
teacher must be able to adjust with student. Learning with the use of technology is
important, so that students are accustomed to the development of digital technology
that is new, sophisticated, stable, and presents new challenges. Teacher are required to
use more technology in teaching [4]. One of the uses technology such as the use of
learning videos. Learning videos can be made by teacher as learning media. Videos
given to students must be designed to be interesting and educating, so that student can
understand the learning to be discussed [5]. Teacher must be able to understand and
control technology. Teacher who are able to control learning technology can create
learning success for student. But in fact, teachers still do not much apply in learning,
especially in chemistry learning.

Chemistry is one of the basic science that studies the composition, structure, proper-
ties, changes, and energy that accompany it [6]. In high school books, chemistry is only
briefly introduced in learning. Chemistry learning also contains complex and abstract
concepts, so students need to be given an understanding of the learning that will be
taught later. According to Margaret et al [7], understanding concepts is an important
aspect of learning chemistry. Chemistry learning divides the three forms needed in in-
terpreting and understanding chemistry in the form of macroscopic, microscopic, and
symbolic. Chemistry learning should be able to state all three representations simulta-
neously.

Acid and base are part of class XI high school chemistry learning. Indicators of
achieving the competence from acid and base are student can explain acid and base
concepts, acid and base theory, acid and base reactions; student can calculate both Ka
and Kb values and student can identify indicators of acid and base. Acid and base in-
clude theory, calculation, and practicum that are always related daily life.

Based on the results of an interview with a chemistry teacher of class XI MIPA
SMAN 4 Pekanbaru, information was obtained that the learning outcomes of students
on acid and base were still low, especially calculating the value of Ka and Kb. Students
whose scores reach the minimum completeness criteria with a score of 75 are 51.35%.
The average grade of class XI obtained on acid and base is 73.04.

Learning outcomes are low due to models that do not involve or activate students,
so students have difficulty to understanding chemical concepts on acid and base learn-
ing and students are unable to explain learning. Learning outcomes are low due to other
factors, such as the media used still cannot be utilized by students and teachers. Based
on interviews and observations, video displayed by teachers have not been able to stim-
ulate students to learn. The video given is still full of lectures. Teachers do not conduct
group discussion activities with students, after giving learning videos. The impact is
that the learning outcomes obtained by students are low and learning objectives that
have not been achieved.
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Based on the description above, efforts need to be made so that students can under-
stand the learning concepts provided so that they can improve learning outcomes of
acid and base learning. Efforts that can be made are teachers can apply appropriate
models so that students are motivated in learning. The selection of this model is ex-
pected to improve learning outcomes. The average value of students in acid and base
learning is still low, so the solution provided is to apply appropriate learning models
and media for students. One of the learning models that is expected to overcome these
problems is the Blended Learning model. The Blended Learning model can be used to
carry out learning in generation Z. This model combines the best aspects of online
learning, structured face-to-face activities, and approaches from various other infor-
mation [8]. This model contains meaningful direct learning because the learning pro-
vided is designed in such a way that students more easily understand it [9].

Blended Learning as one of the learning models that has its own charm in the 21st
century by combining faceto-face learning and online learning [10]. Blended learning
visualizes an opportunity that integrates the innovation and technological advantages
of online learning with the interaction and participation of the benefits derived from
face-to-face learning [11]. Isti’anah [12] wrote in her study that Blended Learning pro-
vides an effective and efficient learning experience by combining learning environ-
ments that suit students. The Blended Learning model includes a learning model that
helps students to gain a lot of knowledge from the lessons provided. Blended Learning
can shift learning principles from teacher center to student center dynamically [13]. The
characteristic of Blended Learning is that students can socialize with others and provide
opportunities for students to think in order to affect their cognitive learning outcomes
[14]. This Blended Learning model can be used in offline and online learning, the learn-
ing becomes effective and efficient, increases accessibility, the learning becomes flex-
ible and not rigid [15]. There are several Blended Learning models, one of the Blended
Learning models is the Flex model.

The Flex model is expected to be a solution in improving student learning outcomes
in acid and base learning. Flex models utilize technology in the form of learning videos.
Videos made by teachers to students related to learning. After getting individual learn-
ing videos, students discuss the lesson. The implementation of Flex model in this learn-
ing activity is student centered causing differences of opinion from students which
makes students able to find solutions and increase participation in discussions [16].

The advantages of learning with the Flex model is that students can adjust learning
based on their own pace and ability. Students can be more independent by using exist-
ing resources. Through the Flex model, students can repeat learning videos, if there is
still something that is not understood. Learning videos provided to students withacid,
and base learning can be created by teachers and follow the steps of the Flex model.
Teachers will provide learning videos to students with the aim of being able to under-
stand and take notes after watching videos. After that, discussion is held, and the teacher
will provide direction on acid and base learning which aims to strengthen the learning
concept for students. The purpose of providing learning videos is to increase students’
sense of independence and responsibility. Learning videos and Flex models are ex-
pected to improve student learning outcomes, especially acid and base learning.
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The use of the Flex model was carried out by Ariawan et al [17] and information
was obtained that there were differences in student learning outcomes in ecosystem
learning by experimental class using the Flex model and control class. The experi-
mental class obtained higher scores than the control class, so learning using the Flex
model on student learning outcomes in ecosystem learning is very influential. Another
relevant research by Rahmadani [18] found information that there were differences of
students’ scores in learning computer systems in the control class and experimental
class. This is evidenced by the increase in posttest scores of experimental class, so that
Flex Blended Learning is more effective. Research by Siyamta [19] found information
that using the Blended Learning Flex model strategy is more effective and efficient in
teaching and learning activities. This can be proven by the attractiveness of learning is
high.

1.1  Study Area

The research was conducted at SMAN 4 Pekanbaru. SMAN 4 Pekanbaru is one of the
schools located in Riau Province and is part of the island of Sumatra, Indone-
sia.SMAN 4 Pekanbaru is located on AdiSucipto street number 67, Pekanbaru city
and located in the Republic of Indonesia. Map of study area can be seen in Figure 1.
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Fig 1. SMA Negeri 4 Pekanbaru as a research location

2 Methodology

This study is classified as a quasi-experimental with non-equivalentgroup pretest
posttest design. The research was conducted at SMAN 4 Pekanbaru. The research pop-
ulation is students of class XI MIPA SMA Negeri 4 Pekanbaru in 2022/2023 year. The
research sample was class XI MIPA C as an experimental class and class XI MIPA E
as a control class. Sampling in the study was carried out randomly. After that, a nor-
mality test and homogeneity test were carried out through the previous learning test
scores in the form of a Reaction Rate test.
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This research includes two instruments in the form of learning implementation in-
struments and data collection instruments. Learning implementation instruments in the
form of syllabus, learning plan, worksheets and learning videos according to meetings
and data collection instruments in the form of pretest/posttest. The purpose of the pre-
test is to determine the initial knowledge of students regarding acid and base learning.
While the posttest aims to determine the achievement of the final cognitive aspects of
students about acid and base learning. In this study, a normality test was carried out
using the Shapiro Wilk test, the equations can be seen in equations (1 and 2) [20]:

D=3, (%-%)] g
1 2
I, = B[Zf_l a; (anifl - X, )i| (2)

Terms of the shapiro wilk test: a) If the significance value > 0.05, then the research
data is normally distributed; b) If the significance value < 0.05, then the research data
is not normally distributed After the data obtained is normally distributed, a homoge-
neity test is carried out. The homogeneity test used is the F test, with theequation (3 and
4) [21]:

oA (TA)

(3)
n(n—1)
largest variance S?
o = : or F=— (4)
smallest variance S5

Terms of homogeneity test : a) If the significance value > 0.05, then the research data
is homogeneous b) If the significance value < 0.05, then the research data is not homo-
geneous

If the data obtained are normally distributed and homogeneous, the next step isN-
Gain test. N-Gain testequation (5) [20] :

. posttest score —pretest score
N —gain = (%)
100 —pretest score

The N-Gain value obtained is then analyzed using the criteria in the following Table 1

Table 1. N-gain criteria

N gain value Criteria
N-Gain > 070 High
0.30 <N-Gain< 0.70 Medium
N-Gain < 0.30 Low
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Based on the N-Gain value criteria, the learning model is effective if the learning
outcomes of students obtain NGain value > 0.30. After obtaining the N-Gain value, the
next step is to test the hypothesis. Hypothesis using Independent Sample T-Test with
SPSS 25. Independent sample T-test equation (6):

X, - X,
)
+(n,

(m =18} +(n,~1)S, (1+1j
n—n,—2 n,n,

Terms of hypothesis test: a) If the value of sig.(2-tailed) < 0.05, then there was a
significant improvement between learning outcomes in the experimental class and the
control class b) If the value of sig. (2-tailed) > 0.05, then there was not a significant
improvement between learning outcomes in the experimental class and the control
class.

3 Result and Discussion

This research is a quasi-experimental aimed at determining the improvement of student
learning outcomes on acid and base learning by applying the Flex model. The research
was carried out at SMAN 4 Pekanbaru of class XI MIPA in January until February 2023
year. From entire population, two classes were selected as research samples in the form
of class XI MIPA C as an experimental class and class XI MIPA E as a control class.
There are two selected classes were given different treatment six times, experimental
classes are given treatment of applying Blended Learning Flex model and control class
without Blended Learning Flex model. The results of research data were carried out
with normality tests, homogeneity tests, and hypothesis tests. The processing of re-
search data is described as follows:

3.1 Results of normality and homogeneity prettest

Normality test
The normality test is performed on the pretest value data of acid base lesson. The results
of normality test show that both classes are normally distributed because of the value
data of (sig.) > 0.05. The results of normality test analysis of the pretest values are
presented in Table 2.

Table 2. Analysis results of normality Pretest

Variable Class Shapiro-Wilk
Statistic df  Sig.
Pretest XIMIPA C 0.960 36 0213
XIMIPAE 0.951 36 0.110
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Table 1 shows the significance value of the pretest for class XI MIPA C (0.213) and
class XI MIPA E (0.110) greater than (0.05), so that the data obtained is normally dis-
tributed.

Homogeneity test
The homogeneity test is performed on normally distributed pairs of classes. The results
of homogeneity test analysis show that class XI MIPA C and class XI MIPA E are
homogeneous class pairs. The results showed class XI MIPA C as the experimental
class and class XI MIPA E as the control class. The results of homogeneity test analysis
are presented in Table 3.

Table 3. Analysis results of homogeneity Pretest

Class n XX X Feount  Fuable teount  tuable Sig. F dfy df;, Declaration

XIMIPA C 36 1160 32.22 Homogene-
0914 1.76 0.372 1.994 0914 0920 1 70

XIMIPA E 36 1132 31.44 ous

The significance value obtained is (0.914) and the value is greater than (0.05). This
means that data in class XI MIPA C and class XI MIPA E from populations that have
the same variance. The value of ttabel with values a (0.05) and dk (36+36-2 = 70) is
1.994. Based on calculatations, it is obtained that Zcount between -fapie and tavle (~Zrabel <
teount < tabel), are -1.994 <0.372 < 1.994. The data show that the abilities of both classes
are same or homogeneous.

3.2 Results of normality and homogeneity posttest

Normality test
The normality test is performed on the posttest value data of acid base lesson. The re-
sults of normality test show that both classes are normally distributed because of the
value data of (sig.) > 0.05. The results of normality test analysis of the posttest values
are presented in Table 4.

Table 4. Analysis results of normality Posttest

Variable Class Shapiro-Wilk
Statistic  df  Sig.
Pretest XIMIPAC 0.186 36 0.061
XIMIPAE 0.134 36 0.067

Table 4 shows the significance value of the posttest for class XI MIPA C (0.061) and
class XI MIPA E (0.067) greater than (0.05), so that the data obtained is normally dis-
tributed

Homogeneity test
The homogeneity test is performed on normally distributed pairs of classes. The results
of homogeneity test analysis show that class XI MIPA C and class XI MIPA E are
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homogeneous class pairs. The results showed class XI MIPA C as the experimental
class and class XI MIPA E as the control class. The results of homogeneity test analysis

are presented in Table 5.

Table 5. Analysis results of homogeneity Posttest

Class n XX X  Feoun Fube teoum tae Sig. F df, df, Declaration

XIMIPA C 36 2852 79.22 Homogene-
0.058 1.76 0.527 1.994 0.058 3.72 1 70

XI MIPA E 36 2660 73.89 ous

The significance value obtained is (0.058) and the value is greater than (0.05). This
means that data in class XI MIPA C and class XI MIPA E from populations that have
the same variance. The value of ttabel with values a (0.05) and dk (36+36-2 = 70) is
1.994. Based on calculatations, it is obtained that #.oun: between -fupie and fiaple (~Ziabel <
feount < tabel), are -1.994 <0.527 < 1.994. The data show that the abilities of both classes
are same or homogeneous.

3.3  Results of N-gain Test

N-Gain is a test used to determine the increase in class scores. N-Gain test results com-
pared with established criteria. The results of N-Gain test analysis are presented in Ta-
ble 6.

Table 6. Analysis results of N-Gain test

Class N-gain _Criteria
Experiment 0.70 High
Control 0.61 Medium

Table 6 shows that the experimental class has an N-Gain of 0.70 which is categorized
the score increase is high. While the control class has an N-Gain of 0.61, the score
increase is medium. The results showed that the use of Flex model in the experimental
class was more effective.

3.4  Results of Hypothesis test

Hypothesis test using N-Gain data through the Independent Sample T-test. The results
of hypothesis test analysis are presented in Table 7.

Table 7. Analysis results of Hy[oyhesis

Assumed T-test for equations Average
df Sig. (2-tailed)
Equal variances assumed 70 0.004

Equal variances not assumed 57.935  0.004
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Table 7 shows N-Gain using Independent Sample T-test with SPSS 25. The result ob-
tained with a sig. (2- tailed) value of 0.004. The value indicates smaller than 0.05 means
Ha is accepted and HO is rejected, so that there is an increase chemistry learning out-
comes on acid base lessons using the Flex Blended Learning model in class XI MIPA
SMAN 4 Pekanbaru.

Improving student learning outcomes through the implementation of Flex model be-
cause the stages of Flex model have been designed to direct students in building on
their previous knowledge with new knowledge so that an understanding is formed.
Learning using the Flex model is more flexible and adaptive to the needs of students
making learning more focused on the abilities of each student [18]. Before implement-
ing the Flex model and without the Flex model, pretest are given to students. Pretest
values that have been obtained by students will be tested for normality and homogeneity
test. The significance value of the pretest in class XI MIPA C (0.213) and class XI
MIPA E (0.110) is greater than (0.05), so that the data obtained are normally distributed.
After the pretest value data for class XI MIPA C and XI MIPA E are normally distrib-
uted, then homogeneity test is carried out on the pretest value data of the both classes.
The significance value obtained is 0.914 which value is greater than (0.05), so the dis-
tribution of data is homogeneous. The purpose of giving pretest is to find out the initial
ability of students related to the lessons to be delivered. After giving the pretest, the
learning process will continue for the next meeting.

The learning process for experimental classes using the Flex model is carried out in
the classroom face to face. Flex model is type of Blended Learning model, where les-
sons are delivered through online learning videos with offline learning activities. In-
structional learning is carried out through video media, but interaction between teachers
and students is face to face both individually and in groups according to the needs of
students [22]. The provision of videos aims to make students understand the learning
independently and during discussions students can understand the problems given to
worksheets. Teacher prepared six learning videos, in the form of the first video con-
taining lessons about substances that are acid and base in everyday life and the concept
of acid base according to Arrhenius, Bronsted Lowry, and lewis. The second video
contains lessons on acid and base indicators and solution pH using several indicators.
The third video contains lessons on simple acid base practicum in the form of changes
in litmus paper and extracts of natural materials. The fourth video contains lessons on
water equilibrium and pH of strong acid and strong base solutions. The fifth video con-
tains lesson on calculating the Ka values of weak acids and Kb values of weak base
with known concentrations and pH. The sixth video contains lessons on calculating
value of degree ionization and the reaction of acid and base.

The learning video provided, begins with a command to make learning summary.
Learning video begins with statements related to everyday life about acid and base.
Then a brief explanation of learning, besides that several questions must be answered
by students. Technical provision of this learning video is through Google Drive link.
This stage, students are expected to have understood the lesson and recorded things that
are not understood by lesson explained in the learning video. Learning videos given to
students affect learning outcomes, this is accordance with the research conducted
byAriawan et al [17] using media in the form of learning videos in learning process has
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an influence on student learning outcomes. Learning videos including technology-
based learning media. According to Erna M [23] technology-based learning media has
the potential to facilitate the achievement of independent learning atmosphere. Media
needs to be built interactively so that it can be used as a complement to motivate stu-
dents independently and easily, anywhere, and anytime to improve student learning
outcomes.

Learning videos given to students will be written in notebooks. The learning videos
provided include the seeking of information stage. Teacher checks the student’s notes
from the video that has been given regarding the lesson summary, the answer to ques-
tions from learning video. All students work on lesson summaries, answer questions in
learning videos and record questions that students do not understand [24]. For example,
at the first meeting there were some students who did not understand the concept of
Bronsted Lowry acid base, the fifth meeting had some students who did not understand
how to calculate Ka and Kb of an acid and base solution. The second, third, fourth, and
sixth meetings had no record of questions about the lesson that had not been understood.
This question will be discussed through group discussion. In Figure 2, one of the stu-
dents can be seen observing the learning video.

HOW TO IDENTIFY ACID BASE

Fig 2. Learning videos for experimental class

The next stage is acsquiting of information. This stage explains that students conduct
group discussions and work on worksheets and problem questions that have been de-
termined, students are given the freedom to search for literature in chemistry learning
books and internet. After the discussion activity is over, students enter the final stage
in the form of synthesizing of knowledge. This stage explains that knowledge is ob-
tained through the process and results of discussions and conclusions [22]. After the
synthesizing of knowledge stage is over, then students will be given evaluation ques-
tions by teacher which are done individually to find out the abilities of students each
meeting.

Teachers do not use the lecture method in class because direct activities begin by
watching learning videos given to students independently [5]. After watching the learn-
ing video, students have group discussions. Group discussions are aimed to students
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who have watched learning videos and have positive influence on students in working
on worksheets given by teacher. Implementation of Flex model can improve student
learning outcomes, this is an agreement with research conducted by Ariawan et al [17]
the implementation of Flex model has positive effect and is able to improve science
learning outcomes. Learning using the Flex model is more flexible and adaptive to the
needs of students making learn more focused on the abilities of student. This is impact
on improving learning outcomes [18].

The learning process in the control class is different from the experimental class.
The control class implement scientific approach. Teacher provides lesson for each
meeting in the form of powerpoint to students to learn the problem in the lesson. The
lesson that has been given by teacher, will be written by students. Students will discuss
with their group about lesson that has been given and the work on activity sheets. Ac-
tivity sheets that have been done will be presented and discussed together in class. After
the lesson given to students each meeting is over, then posttest is given.

The purpose of giving posttest is to find out the knowledge of students after getting
the lessons that have been taught. Posttest scores obtained by students, then will be
tested together with pretest scores. The test carried out is an Independent sample T-test
using N-Gain data. The following are the pretest and posttest scores obtained by both
classes.

m Experiment Class  ® Control Class
100
%0 79.22
80 73.89
70
60
50
40 3222 3144
30
20
10

Score

Pretest Posttest
Measurement

Fig 3. Learning videos for experimental class

The Figure 3, shows an increase in learning outcomes after applying the Flex model
to the experimental class. While the posttest score for experimental class was greater
than control class. Improve learning outcomes due to good understanding of student
concepts. This is in accordance with the research of Ariawan et all.[17] the Flex model
can improve learning outcomes because the learning presented by teachers is in the
form of videos that can make students understand learning concretely, as if students can



34 M. Erna et al.

be directly involved in the learning presented by teacher. Learning with Flex model
provides understanding to students in a simple but meaningful way. Flex model is in-
cluded from the Blended Learning parts. Based on Sidiq's [25] research, blended learn-
ing model has positive influence on students’ understanding of concepts. Because the
model combines positive aspects of face to face and online learning. Positive aspect of
online is that learning is not limited by space and time which allows students to do more
effective learning, while positive aspect of face to face is that teachers more easily to
control the class. This model explains the online system is an inseparable part of overall
learning process [26]. Blended Learning can encourage students to learn more actively
(student centered) and teachers function more as facilitators to create fun learning. The
implementation of 32.22 79.22 31.44 73.89 0 20 40 60 80 100 Pretest Posttest Value
Class Experiment Class Control Class Blended Learning model can be used as an or-
ganizing strategy both in terms of delivery and quality of learning, because it can ac-
commodate technological developments without having to leave face to face learning
[27].

The implementation of the Flex model experienced several obstacles in the form of
few students responding to other students’ presentations at the first meeting. Based on
this problem, teachers need to train the courage of students by doing questions and
answers to the results of group presentations.

4 Conclusion

Based on the results and discussion, it can be concluded that the implementation of the
Flex Blended Learning model can improve chemistry learning outcomes in acid and
base of class XI MIPA SMA Negeri 4 Pekanbaru with a significance value (2-tailed)
obtained is 0.004. The value (0.004) is less than (0.05), the value indicates that H, is
accepted. If H, is accepted, there will be increase in chemistry learning outcomes after
the implementation of the Blended Learning model Flex at class XI MIPA SMAN 4
Pekanbaru.
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