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Abstract. The aim of this study has produced a textbook for algebra learning. This study
was used Research and Development (R&D) method but restricted to textbook validity
with steps: (1) exploration study; (2) initial product develop-ment; and (3) expert validity
and product revision. The subject of this study were college students of the mathematics
education department at Sarjanawiyata Tamansiswa University in the 2018-2019
academic year. Material expert and textbook expert who validate are lecturers of
Mathematics Education Depart-ment with a minimum academic position as Expert
Assistant. The mean score for the material is 4.60 which is categorized very well, while
the mean score for the textbook is 4.65 which is categorized very well too. Based on the
validation and product revision, it can be concluded that the algebra learning textbook
that has been designed is feasible.
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1 Introduction

Universal Algebra is something everyone ought to know about, though nobody should
specialize in it [1]. Therefore, algebra lessons are required for students in mathematics
education department, Sarjanawiyata Tamansiswa University (UST). Algebra equation is one
of the discussions in the algebra lesson. There are many methods used in solving problems
related to algebraic equations, but students still have difficulty in choosing what method
should be used to solve algebraic problems. In mathematics, teachers are asked to enact
approaches that often differ greatly from their own experiences of mathematics instruction [2]
and that require a deeper knowledge of mathematics than many teachers have [3], [4], [5]. So,
the teachers must create new innovations in learning which make students have no difficulty
in mathematics, especially in algebra lessons.

Teaching instruments are very important in learning that is as a representation of teacher
explanation in class to achieve the expected competencies. Teaching instruments as
instructional media in learning are useful for: (1) uniformity in the learning process; (2) the
instructional process becomes more interesting; (3) the learning process becomes more
interactive; (4) learning time can be reduced; (5) the quality of learning can be improved; (6)
the learning process can occur anywhere and anytime; (7) the positive attitude of students
towards learning discussions and the learning process itself can be improved, and (8) the role
of teachers can change in a more positive direction [6]. In fact, as many as 40% of all
freshmen in four-year colleges and universities require some form of developmental education
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[7]. Based on this, the development of teaching instruments is a new innovation that can be
applied in algebraic learning.

Algebra learning in mathematics education department of UST is still using conventional
books or teaching instruments in Indonesian and English which contains a summary of the
discussions, sample questions, and exercises but the strategy of organizing and delivering
content in the teaching instrument is not good structured. This makes students lazy to read it,
let alone learn it. This is suspected to be one of the causes of students' incomprehension in
studying algebra lessons. As a result, the learning motivation of student has decreased. This
makes the teacher try to solve the problem. One of them is by developing teaching instruments
such as textbooks.

The good textbook to be used in algebra learning which is oriented to competencies. The
textbook has several components, such as: (1) review of discussions; (2) introduction; (3)
learning activities; (4) exercises; (5) exercise clues; (6) summary; (7) formative tests; (8)
formative test answer and feedback [8]. The textbook that designed without competency
oriented and not contain those components, is certainly useless for students.

Basically, a teacher must make improvements to the paradigm, perspective, thinking,
attitudes, habits, professionalism, and teaching behaviour. These improvements are one of the
innovations to designed teaching instruments that will have an impact on the continuity
learning activities of students so that they do not feel bored. Therefore, the development of
textbooks for algebra learning is very important to improve the learning activities of students
and also as an effort to improve the quality of the teacher.

2 Methods

2.1 Research Methods

This study was used Research and Development (R&D) method with Borg and Gall
development model consisting of 5 steps: exploration study, initial product development,
expert validation, and product revision, finite regional test and product revision, main regional
test and final product. But, in this study restricted to textbook validity with steps: (1)
exploration study; (2) initial product development; and (3) expert validity and product revision
[9]. Data collection techniques used are questionnaires which given to material experts and
textbook experts.

2.2 Subject and Place of Research
The subject of this study is the 1% semester college students of the mathematics education
department at UST in the 2018-2019 academic year.

3 Result and Discussion

The results of this study are learning instruments in the form of textbooks for college
students in the Mathematics Education Department, UST who attend Algebra lessons. The
textbook was developed is a teaching instrument prepared by the teacher to flesh out students'
knowledge. The title of the textbook is Algebra Textbook. The discussions in textbooks are
written based on basic competencies. There are equality-inequality linear and quadratic, equali-
ty and inequality of exponents, logarithms and irrationals, rational function, sequence, and



series scheme. The discussions of the textbook that was chosen based on the results of an ex-
ploratory study which included literature and competence review, and analysis of student char-
acteristics.

3.1 Textbook Overview

Textbooks that have been designed, better than other books because this textbook was ex-
plained the basic concepts and how to solve algebraic problems. In addition, there are any proof
of fast formulas and is completed with international and non-routine exercises. One of the dif-
ferences of the textbook that developed with conventional textbooks related to the basic con-
cepts of algebra can be seen in Fig. 1.

Find the x that satisfied Find the x that satisfied
thee quation below! the equation below!
—x-2=2x
—x—2=2x :
] Solution :
Solution : o (Cx-2)+2-21+2
< -2=2x+x o x+(-242)=2x+2
> -2=3x < —x+0=2x+2
= —x=2x+2
<:>x:—§ o —x—2xr=(2x+2)-2x
& —x—2x=2+42x—-2x
< —3x=2+0
= 3x=2
2
Sx=-=
3
(a) (b)

Fig. 1. A sample of exercises: (a) in the conventional textbook (b) in the textbook that developed.

One component of algebra, linear equation solving, is considered a basic skill by many in
mathematics education and is recommended as a curriculum focal point for Grade 7 by the
National Council of Teachers of Mathematics [10]. Fig. 1(a) is an example of exercises and its
solution in the conventional textbook and Fig. 1(b) is an example of exercises and its solution in
the textbook developed. It can be understood that in Fig. 1(a) the solution was using an incom-
plete algorithm. This means that students are considered to hold the basic algorithm to solve a
linear equation while the characters of mathematics education students in UST have not been
able to hold the algorithm so that sometimes the exercises makes students not understand the
basic concept of solving a linear equation. Fig. 1(b) provides an overview of exercise with
complete solutions. That means algorithm is explained clearly using existing theorems and
definitions. This makes students to understand the basic concepts of solving linear equations.

Some exercises in the textbook are given with solutions that are complemented by explana-
tions from each step of the solution. The explanation includes the interpretation of the theorems
and axioms related to the steps of the solution. One example can be seen in Fig. 2.

Why is that important? Because of the characteristics of UST students who have not been
able to adapt at the university's mathematics learning level, especially for the first semester



students who are the object of research. For example in another textbook, students are given
exercise as shown in Fig. 3. The exercise actually constructs students' thinking skills, but the
characteristics of UST students who are not accustomed to critical thinking will make it diffi-
cult for students to accept the concepts given. In the end, when students were asked to explain
the basic concepts for solving the problem, students were unable to explain and only make a
solution without knowing the concept underlying the solution.

Find the real number x that satisfied the inequality below :

-x+2<4

Solution :

-x+2<4

= (— X+ 2)+ (-2) <4+(-2) "addition the two segments by (-2)"

& -x+ (2 + (—2)) <4+(-2) "associative principle in addition operations"

& -x+0<2 "mvers principle in addition operations”
& -—x<2 "1dentity principle in additional operations"
Sx>-2 "based on theorm if p < g then- p>-¢"

Fig. 2. A sample of exercises with explanations from each step.

Example: Find the solution set of (x/3) — 2 < 4.
S+2<4 Why?

Add 2 to both members.

(5+2) +2<4+2

3
3T (2+2)<6 Why?
5 <6 Why?

Fig. 3. A sample of exercises in another textbook.

Fig. 3 interpret the solution of the exercises that focus on the reasoning ability of students.
Sometimes this is very effective, but some factors can effected the purpose of the explanation
of the solution described in Fig. 3. One of these factors is the lack of habituation of the mindset
of students to reason.

In addition to the examples of exercises that have been explained previously, the textbook
that developed also give exercises that adapted from the International Mathematics Olympiad.
One example of this problem can be seen in Fig. 4. An exercise that is given in Fig. 4 is one of
the International Mathematics Olympiad questions held in China [11] The exercise categorized
medium level but if you observed, the solution given is too short and does not clarify every step



of the solution. In the developed textbook, the problem is presented with as clear a solution as
possible including the theorem used in solving the problem. More details can be seen in Fig. 5.

&% The solution set of the inequality | x| — 222 — 4| x|+ 3 < 0is
Solution Notice that | x| = 3 is a root of the equation | z|* —222 —

4|x|4+3 = 0. Then the original inequality can be rewritten as (| z|—
(| x[?+[z|=1 <0, that is

(|x|*3)(|x\~_1;6)(|x|—_1z_£)<0.

—1—45
2

Since | x|— >0, then 1+“/—<|z|<3

So the solution set is (— , —“/%)U (ﬁ;l’ 3).

Fig. 4. Example of a question and the answer adapted from International Mathematics Olympiad.

Question : The solution set of the inequality \x\g —2x2 - 4% +3<0is
Solution :

Notice that|x = 3is a root of the equation \x\?’ _2x2 —4||+3=0 [remember :
if x3 +bx2 +cx+d = 0 then rootsof the equationarefactorsof d].

Then the original inequality can be rewrittenas ( x| —3{‘X‘2 +X —l) <0 thatis
Qx\ —3(\x\2 +\x\—1j <0
o Qx\ —S{M ](\ |-— 1+[j <0 [remember : abc formula]

thereare three cases that can be identified from the inequality, such as:

1)if [\x\ 1+Ij>0then@x\ {\x\—_1;£]<0

2)if (\x\ - 71;\@] > 0then QX\—3{\X\ - 71;\@] <0

3)iqu\_3)>omen[\x\_ J[\ - 1+f] <0

Based on the cases, obtain :

—1++5
2

< \x\ < 3[used the principleof the sequence of real numbers to finish it]

So the solution set is (—3 - %j [% ,3]

Fig. 5. Example of a question and the answer adapted from International Mathematics Olympiad in
the textbook that developed.



The solution is given in Fig. 5 can be said to be more clear because it provides some steps
that were not presented at the solution in Fig. 4. This is expected to make students better under-
stand how to solve International Mathematical Olympiad questions related to algebra. In Fig. 5
it is mentioned ABC formula which is one of the concepts to determine the root of the quadratic
equation. ABC formulas are obtained by reducing some algebraic properties. Sometimes stu-
dents only know how to apply the ABC formula without knowing the base concept of ABC
formula itself. Therefore, the developed textbook describes how to find the ABC formula by
reducing some algebraic properties. More details can be seen in Fig. 6 (a).

Another concept presented in the developed textbook is the symmetrical axis of the quadrat-
ic function. The quadratic function graph is a parabola. Therefore, in explaining the concept of
a symmetrical axis the quadratic function must involve a parabola. The explanation will be
more helpful because it can provide opportunities for students to remember the discussion
about parabola. Proof that accompanied by a graph will help students understand the discus-
sions. The majority of the extant studies look mainly at interpretation tasks [12], [13], [14],
[15], [16], [17], [18], [19], [20], [21]. Interpretation we refer to the action by which a student
makes sense or gains meaning from a graph (or a portion of a graph), a functional equation, or a
situation. The proof of the symmetrical axis of the quadratic function can be seen in Fig. 6 (b).



The concept of finding the abc formula. We know that the standard form of the parabola
N equation with Vertex (f1, £) is
ax +hx+c=0 {,\'—h): =dp(y—4k)
evsleifop &t —2hx+ b =dpy—dpk
ub ﬂﬁ c <:>{.\': —2#}.\'+1‘i:)+4pk =d4py—4pk+4pk
R . & X d
Sl x +—x+— |+ ——|=0+| —— 2 L2 b Ay
[ a a] [ “] [ ”] <::>{,\ =2hx+h )+4p£ =4py
. b (e ¢ ¢ P 2hx+ I +4pk =4py
X =X+ =+|—=[[=0+| —— 1 h e
a a4 “a o —x'——x+—+k=y=f(x)
b 4p 2p  4p ’
<X +—_\-+0=0+(——} . ; i
¢ ¢ <:>—.\-:+{— —j]_\-+[r—+kj=_/'(x]
s b c 4p 2p 4p
Sy t—x=—-— - . - .
a a if we associated it with the standart form
b by c By of quadratic function, obtain :
oY +_"‘+[7_] :(_ _]+[Q_J I h >
a = N a a=—; b=——; ¢=—+k. So that,
by e (bY 4p 2p 4p
o8] (13 I
2a a) \2a h=-2bp=-2b| — |=-b—=2C2
b V2 b2 4a 2g 2a
e
lx+—| =|-—|[+— i :)is Vertex of a equati
[ 2::] [ ”] i Since (A, k) is Vertex of the parabola equation, then
2 3 4 : S . -b
[ h ]- (—4ac)+b*  b*—dac the vertical axis of symmetryis x =/i=—
Slrt—| =—7F = 2a
2a da” 4a”
b b —4dac Vb —dac Figured
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Fig. 6. (a) the proof of ABC formula; (b) the proof of the vertical axis of symmetry.

3.2 The Validation Test

The textbook developed has been validated by textbook and materials experts who are
lecturers in Mathematics Education Department UST and UAD with a minimum academic
position as an Expert Assistant. Validation results are as follows:

Material Validation. Based on the stages of the research, this textbook has been validat-
ed by material experts. The results of material validation are the average score in the as-
pect of content feasibility is 4.50, on the aspect of presentation feasibility was 4.7, while
in the aspect of language assessment was 4.62 so that the average of all components was
4.6 that categorized very good. The presentation feasibility aspect has the highest aver-
age score than other aspects while the aspect of content feasibility has the lowest aver-
age score. Based on the results of the validation, the discussions in the textbook is prop-
er to use.

Textbook Validation. The developed textbook has three aspects assessed by the experts.
Of the three aspects, the average score of all components is 4.65. The average score on



the aspect of textbooks' size was 5.00, the textbook cover design aspect was 4.44 and the
textbook content design aspect was 4.5, and then all aspects are categorized very well.
The highest average score on textbook size aspect, while the lowest average on the text-
book cover design aspect. Based on the results of the validation, it can be concluded the
mathematical computation in the textbook is proper to use.

e Expert Comments. Comments of the experts can be seen in Table 1.

Table 1. Expert Comments Overview.

Number  Comments Product Revision

1 The cover title needs to be detailed. Focus on The textbook cover is repaired according
the discussion of the lessons such as computa- to the expert recommendation
tions, not Matlab

2 Need to add more references Add references that are relevant to the
textbook and its discussions

3 The aims of the learning must be put down at The aims of the learning put down at the
the beginning of the textbook before the discus- beginning of the textbook before the
sions discussions

4 In the learning instructions, there are ambiguous Ambiguous words in learning instructions
words. are improved for the better

5 there are any symbols or notations that not use The symbols or notations used in
Equation textbooks are written with Equations

6 There is a graph that less contrast Graphics that less contrast are improved

to better graphics

e Product Revision. Based on comments and suggestions from experts, the researcher has
repaired the textbook, such as textbook cover improvements, adding relevant literature,
improving learning objectives, improving learning instructions, improving how to write
a symbol/notation, and improving colour chart that less contrast.

Furthermore, the revised textbook was re-consulted with the validator. The consultation

gave results that the textbook developed were appropriate to be implemented in the classroom.

4. Conclusion

The results of this study are learning instruments is a textbook for algebra lessons. This
textbook is feasible to use in learning that can be seen from the results of material validation
and textbook validation was carried out by material experts and textbook experts. The average
score for the material was 4.60 and categorized very well while the average score for textbooks
is 4.65 and categorized very well too. In addition, after revising the textbook according to
comments from experts it was found that the textbooks developed were suitable to be
implemented in the classroom. Based on this study, can be concluded that the textbook which
developed was proper to use in Algebra learning.
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