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Abstract—Many elementary students have algebraic difficulties in learning.
This is proven by the fact that elementary students having difficulty facing al-
gebraic material, where they lack the ability to solve algebraic problems called
algebraic thinking skills. This study focuses on finding out the judgment of ex-
perts about the use of BYOD-based mathematics knowledge to measure ele-
mentary students' algebraic completion skills. This research applied 3 tests in
the control class and treatment class with the reliability of Cronbach to see an
increase in the use of BYOD-based learning. Thus, there is an increase in the
use of BYOD-based learning to measure students' algebraic thinking abilities.
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1 Introduction

For many years, Algebra teaching and learning have been consistently categorized
as one of the leading research fields in mathematics education. Recently, research on
early algebra has gained increased interest [1]-[6]. Some of the main initial ideas
behind the early algebra movement were to determine: (a) whether elementary stu-
dents can really start learning algebra [7] and (b) if the initial exposure to basic alge-
braic concepts can alleviate the very difficulties that adolescents face in algebra in
secondary education [8].

Many elementary students experience algebraic difficulties in learning. This diffi-
culty is known because they faced difficulties with algebraic material in mathematics
class. Students lack the ability to solve algebraic problems called algebraic thinking
skills. The ability to describe relationships and settlement procedures, and the tech-
niques involved in the general way, are important features of algebraic thinking so
that extending the name 'algebra' as long as no other name is proposed [9].

Algebra learning difficulties can be anticipated by using mobile learning to over-
come these problems and it is relevant to the era of the industrial revolution 4.0. In
this 21st era, learning algebra often uses GeoGebra applications and the like [10]. The
use of the application is only to explain one material in one meeting, but there are
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applications that can be used in one semester as well as the teacher and students can
enter into the online class so that interactions can occur in the application.

The recognition that education must adapt to technological changes in the wider
community is a factor in the development of BYOD [11]. Because the use of digital
devices every day by elementary school students is increasing, so is the need for
schools to integrate digital technology to remain relevant [12], [13]. Your own device-
carrying phenomenon (BYOD), which starts at school, finds its way to K-12 class-
rooms. BYOD only means a policy that allows students to bring privately owned
mobile devices (laptops, tablets, and smartphones) to school, and use these devices to
access special learning information and applications [14].

In modern American classrooms, teachers face the monumental task of taking large
heterogeneous groups of students from each of their unique starting points to test
success in less than 10 months [15]. Teachers must not only identify the strengths and
weaknesses of each student, but they must also distinguish instructions and support to
reflect those findings. Knowre, an online learning program for middle and high school
math classes, has the ability to make this task complete, so can be possible to be ap-
plied at the elementary school level.

The following discussion explores Knowre through the lens of research that is en-
couraged in the main areas of Feedback for Students, Student Support, and Feedback
for Teachers. These three fields are closely related to student achievement and are
very important for Knowre's content development and technology. The use of math
knowre can be classified into bring your own device-based learning because students
use their own devices in the classroom for the learning process. There are a number of
different approaches that can be used to investigate the use of digital devices in the
classroom. This is like Amir et. al who use augmented reality-based learning media to
improve the spatial abilities of elementary students [10], [16].

Therefore, this study focuses on finding out how experts assess the use of BYOD-
based mathematics knowledge to measure students' algebraic completion skills.

2 Methods

This study was designed and conducted as a pre-test post-test with experimental
control class design to determine how to use knowre mat, which is BYOD-based
learning, in improving student algebraic abilities. In this study, the dependent variable
is the ability of students to understand algebra and the independent variable is an
activity carried out using the knowre math application which is BYOD-based learn-
ing. This research carried out 10 meetings with 3 tests, namely pre-test, middle test,
and post-test from elementary students as the subject of this research. Each question
refers to 3 activities of algebraic thinking abilities, namely generalization, transforma-
tional, and global meta-levels of 8 sub-activity. The estimated reliability of the test
was calculated using Cronbach's alpha, obtaining a value of 0.78. Cronbach's alpha
coefficient: 0.9 > very good; 0.8 > good; 0.7 >accepted; 0.6 > questionable and 0.5>
low [17].
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3 Results and Discussions

3.1  Online learning systems through seesaw class

Knowre is an educational technology company with innovative cloud-based adap-
tive learning programs for elementary school. Knowre assesses students' strengths and
weaknesses create a personalized curriculum that targets individual gaps in learning
algorithmically and engages students through polarized learning and beautiful
graphics. Through the Teacher Dashboard, Knowre provides data to the teacher about
the progress of each student and highlights where individuals, or the whole class,
might struggle.

Knowre's flexibility allows schools to use the program in a variety of ways, from
the core to additions, from remediation to enrichment. Knowre's vision is to provide
the most effective education by systematizing world knowledge and personalizing
learning experiences for students around the world. The ability to provide specific and
real-time student information for teachers is an important component of Knowre.
When equipped with continuous data, the teacher can lead learning, rather than just
reacting to summative evidence from the learning, an approach that is the key to ef-
fectiveness [18].

The data provided to the teacher on their Teacher Dashboard is based on the infor-
mation value of Formative Assessment. Formative assessment is a category of as-
sessment that occurs repeatedly during learning to identify student misunderstandings
and learning gaps to inform the next step. This type of assessment is different from
the more general Summative Assessment, which evaluates a student at the end of the
study program, captures their achievements and knowledge at a certain point in time,
to determine mastery.

On the Teacher's Dashboard, the teacher can see student achievements in real-time
at the level of learning, skills, and sub-skills. With this information, teachers can work
with students in a very focused manner during the class period. When Knowre is fin-
ished for homework, the teacher can see progress on their Dashboard and use the
information to inform the next day's lesson. All data on the Teacher's Dashboard is
easily managed and accessed during the school year, making it a good resource for
notifying standard exam preparation and teaching again at any time.
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Fig. 1. Student value dashboard for teachers

Because students are also constantly aware of what they are doing, teachers can
easily have data-driven specific conversations with students. Through this facilitated
conversation, students can be empowered to monitor and criticize their own learning,
a process that increases the effectiveness of formative assessment data for students
and makes the learning process less teacher-driven and more collaborative [19]

The responses that students enter in WMT fulfill three main functions. First, they
allow programs to examine understanding and determine what skills or topics are
causing problems as a teacher would. Data obtained in the examination is transferred
to the teacher in real-time. Second, they provide opportunities for students to over-
come previous knowledge gaps by practicing the skills needed. Finally, the active
involvement of students in WMT makes them involved in the learning process.

= Pre-Algebra

Fig. 2. Map of student activities

Knowre also allows teachers to work more deliberately and effectively. This is
achieved through technology that automates the collection of formative assessment
data, while simultaneously providing that data to teachers and students. Equipped
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with data, the teacher can easily create small groups and differentiate their instruc-
tions to meet the unique learning gap of students.

Tables from rules that relate 2 X Translate expressions with
variables parentheses
Complete the table for the given rule. Which expression is 4 times as large as

the expression 34 — 157

Rule: y is 3 less than z
Choose 1 answer:

v v @ INCORRECT
10 4x34—-15
8 ° CORRECT (SELECTED)
4 x (34 — 15)
6
@ INCORRECT
(4 x34) —15
Stuck? Watch a video or use a hint.

Get 3 of 4 questions to Get 3 of 4 questions to .
. - Next question
level up to Familiar level up to Familiar

Fig. 3. Example question from knower about algebraic thinking

The question that shown from figure 3 is about algebraic thinking for elementary
students. The first question is about the tables from rules that relate 2 variables and
the second question is about to translate expression with parentheses. From this ques-
tion, the student can increase their generalizing and transformational step from alge-
braic thinking.

At the earliest grades, young children work with patterns. At an early age, the stu-
dent has a natural love of mathematics, and their curiosity is a strong motivator as
they try to describe and extend patterns of shapes, colors, sounds, and eventually
letters and numbers [20]. At a young age, students can begin to make generalizations
about patterns that seem to be the same of different. This kind of categorizing and
generalizing is an important development step on the journey toward algebraic think-
ing. At the moment, Knowre provide contents for Pre-Algebra, Algebra I, Algebra II
and Geometry (Beta), and provide partial product demo one-by-one based on demand.
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Algebraic thinking skills tests range from 0 to 80 points because each of the five
questions per activity can receive a score of 0 to 2 for each of the 8 activities ana-
lyzed. This means that a student can get from 0 to 10 points in each of his activities.

Table 1. Results of algebraic thinking skills' treatment group

Activity Pre-Test Mean Score | Middle Test Mean Score | Post Test Mean Score
(St. D) (St. D) (St. D)
Generalization 1 5,12 (0,99) 6,02 (1,18) 7,68 (1,0)
Generalization 2 5,29 (1,04) 6,51 (1,08) 7,68 (1,33)
Tranformational 1 5,72 (1,26) 6,68 (1,00) 7,97 (0,79)
Tranformational 2 5,55 (1,13) 6,78 (0,97) 6,78 (0,97)
Tranformational 3 5,21 (1,30) 6,31 (0,86) 6,68 (0,93)
Meta-level Global 1 5,29 (1,14) 5,65 (1,18) 6(1,36)
Meta-level Global 2 4,95 (1,1) 5,78 (0,88) 6,14 (0,85)
Meta-level Global 3 5,31 (1,38) 6,48 (0,95) 6,78 (0,91)
MEAN 5,305 6,276 6,963

Table 1 shows the results for the component of the Algebraic thinking of the treat-
ment group. This shows a graph of the increase in each algebraic thinking activity that
has a significant increase and is the same for each activity. Meanwhile, the control
group is different from the treatment group, which shows a minimal increase and a
decline occurs. This increase and decrease also occur with the value of students being
low compared to the treatment group. Table 2 explains the value of the control group.
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Table 2. Results of algebraic thinking skills' control group

Activity Pre-Test Mean Score | Middle Test Mean Score | Post Test Mean Score
(St. D) (St. D) (St. D)
Generalization 1 5,08 (0,91) 5,11 (1,1) 5,58 (0,91)
Generalization 2 4,66 (1,06) 4,43 (0,98) 4,64 (0,85)
Tranformational 1 4,56 (1,38) 5,33 (1,13) 5,87 (1,36)
Transformational 2 3,55(0,99) 3,47 (0,79) 3,56 (0,86)
Transformational 3 5,12 (0,87) 5,42 (0,80) 5,74 (0,95)
Meta-level Global 1 4,98 (0,87) 5,03 (1,09) 5,67 (0,77)
Meta-level Global 2 3,95 (1,13) 4,51 (0,77) 5,08 (1,03)
Meta-level Global 3 4,61 (1,03) 5,45 (0,85) 5,74 (0,89)
Mean 4,563 4,843 5,238

Thus, it can be said that there is an overall increase in algebraic thinking abilities.
The results of the control group in the algebraic thinking score test confirmed that
students did not participate in the use of math knowledge to measure students' alge-
braic thinking skills.

3.3  Discussion

Based on the analysis, it can be seen that learning media based on Bring Your Own
Device (BYOD) through the application of math knowre can improve students' alge-
braic thinking skills. Because with the presence of BYOD this provides easy access
between students and teachers who teach. The business benefits of having access to
any time, anywhere employees, blurring the work — leisure divide and saving costs by
having employees purchase their preferred devices rather than providing devices out
of the corporate budget [21].

Algebraic thinking can be interpreted as an approach to quantitive situations that
emphasized the general relational aspects with tools that are not necessarily letter-
symbolic, but which can ultimately be used as cognitive support for the introduction
and for sustainable the more traditional discourse of school algebra [22]-[24]. The
development of algebraic thinking is a process, not an event so there are somethings
that can be positive to increase elementary student’s algebraic thinking. The potential
value of this strategy is proven by an increase during the course of learning by being
given a pretest, middle test, and post-test to students to find out how much improve-
ment in students' algebraic thinking skills with three main activities.

BYOD media-based learning through Knowre Math enhances students' algebraic
thinking skills. In the treatment group, there were differences in mean scores that
were statistically significant between pretest 5.12 and post-test to 7.68 out of 10 in the
Algebraic Thinking Test. Students practice their algebraic thinking skills by complet-
ing each sub-activity in the application which is monitored directly by the teacher
who is tearful, analyzing the results of algebraic thinking activities, all activities show
a statistically significant increase except for transformational activities 2. The results
of the control group in the algebraic thinking test confirmed that students who did not
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participate in the use of BYOD-based learning media through Knowre Math to meas-
ure algebraic thinking skills.

4 Conclusion

The results of this study showed a statistically significant increase between the
control class and the treatment class. With the results of the average treatment class
score 5,305 for the pre-test, 6,276 for the middle test and 6,963 for the post-test, it can
be seen that there was a significant increase from the pretest to the middle test.
Meanwhile, the average control class was 4.563 for the pretest, 4.843 for the middle
test, and 5.238 for the post-test so that it can be seen that there was no significant
increase because the score of students was only 4-5, half of the maximum score on
one point.
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