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Abstract The focus of this research is the determination of the shortest route by students by applying the
Dijkstra algorithm which has many benefits in the informatics area. The sample of this research were 4 students
who had heterogeneous abilities. The results showed that 75% of the failed samples due to calculation errors.
Students with high abilities are easier to understand and skilled at using procedural knowledge compared to

students with medium and low abilities.
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I. INTRODUCTION

Mathematics learning in schools continues to be
oriented to place students in various roles through
discussion, investigation,  discovery,  project
completion, problem-solving, and so on. The purpose
is for students are able and able to construct their
knowledge. This realization is a form of learning
meaning reform as in the 4 pillars are learning to
know, learning to do, learning to be, and learning to
live together (Maclean, 2005). By its role, students
can build relationships to collaborate ideas, grow
critical and creative nature, a satisfaction of thought,
and self-pride which in turn can be an ability to
investigate, solve problems, develop ideas (Sedaghat
et al., 2018). But in practice, not a few of them have
failed. For example in problem solving, it is known
that students of basic education for all levels of age
and ability fell difficulties (Babakhani, 2011).
Difficulties are also faced by students in high
education in proving Euclid's Geometry theorem
(Zaini, 2014) and statistics calculations (Putro and
Darminto, 2015). These failures occur due to errors
that include concept errors, procedural errors
(Kastolan, 1992), miscalculations and concluding
(Putro and Darminto, 2015), low ability to analyze
information, to the ability of prerequisites those are
not mastered.

Other causes are views of students at the basic
education and medium education and university
students at the higher education level declaring

mathematics as a difficult lesson. This assumption
makes students are afraid to learn mathematics so
students become passive in learning (Trianto, 2007).
From the difficulties they experienced, the
acquisition of answers to the questions given in the
conditions of guessing and careless answered without
thinking first, so that cause mistakes. Mistakes that
are often experienced and made by students and
students are mistakes in completing mathematical
tasks. Related to mathematical tasks, Polya gives four
principals in solving them, namely (1) understand the
problem, (2) devise a plan, (3) carry out the plan, and
(4) review / extend (Polya, 2019).

Quite a lot of mistakes occur besides routine math
tasks, namely mathematics problems in the form of
daily life implementation and high-level thinking
problems (HOTS) (Abdullah et al., 2017) and set
story problems (Natsir, Tandiayuk, B. and Karniman,
S., 2016). Related to implementation problems,
mathematical material is very identical to daily life
that students should be familiar with. Mathematical
material that is pretty much applied in real life is a
graph. More than that, the graph is also used for
information technology, including determining the
shortest route.

The methods for determining the shortest route
are quite diverse including Genetic Algorithm
(Philip, Taofiki, Adio and Kehinde, 2011), Ant
Colony Optimization (Zaidi and Gupta, 2018),
Algorithm of Branch and Bound (Tunon and Lopez,
2005), Floyd-Warshall (Zaidi and Gupta, 2018)
Generous, 2019). From the available methods,
Dijkstra's algorithm is practically used in routing and
other network-related protocols (Miglani, Khera and
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Aggarawal, 2016), efficient (Yao et al., 2016), and
faster convergence time (Attamimi, 2017). Some
problems that can be solved by Dijkstra's algorithm
include finding the shortest path between two
particular nodes (a pair of shortest paths), finding the
shortest path between every pair of vertices (all pairs
of shortest paths), finding the shortest paths from the
specific node to all other nodes (single-source
shortest path), and finding the shortest path between
two vertices through several specific nodes
(intermediate shortest path) (Novandi, 2007). It is
further stated that Dijkstra's algorithm has 100%
accuracy in determining the shortest route (Sahputra
etal., 2016).

Dijkstra's algorithm is a material in a weighted
graph that is contained in discrete mathematics
courses and is given to level 4 students. The
objectives to be achieved in this material are capable
and apply the Dijkstra algorithm to solve the shortest
route problems by well and fluently. Dijkstra's
algorithm cannot be separated from conceptual
knowledge because it has a procedure. Ramlah, et all
(2013) told that procedural Knowledge is the
knowledge of algorithms or task completion

procedures that can be given through demonstrations
exemplified by the teacher (Purnomo et al., 2018).
By mastering procedural knowledge, students have
the potential to apply it well in the area of
information technology. Therefore, this studying is
intended to provide a procedural error experienced by
students in determining the minimum route using the
Dijkstra algorithm. By knowing the forms of
procedural errors, lecturers can choose the right
strategy in giving the right level of scaffolding to
students for the next academic year.

I1.METHOD

This studying involved 4 levels, 4 students who
have different abilities, namely 1 student has a high
ability, 2 students have a medium ability, and 1
student has a low ability. Each student is given a
problem that involves their NIM digit as a form of
weighting. With this involvement, each student gets a
question that has a different weighting and a different
answer. The form of the questions given is a daily
problem related to the minimum route. The minimum
route search only focuses on the Dijkstra algorithm.

Picture 1. The test question
Terdapat tujuh tempat vang dapat diskses sebagaimana data berikut:

Tempat Jarak vang dirmiliki
Burmah Eko £ km ke Mall
Ak ke Eampus X
4 km ke Lapangan Futsal
Iall 12 km ke Masjid
Lapangan Futsal 5 km ke Masjid
4 km ke Gedung Bioskop
Kampus X 10 kmmn ke Masjid
OpHon 1 ¢ Fumah And ip + 1) km ke Masjid
{q + 3) km ke Gedung Bioskop
Opton 2 @ Bumah Ani (p + 21 km ke Masjid
{q + 4) km ke Gedung Bioskop

HBaat ind, Eke berada i ruanahnya. Eke mengagendskan akan bertern dengan Ari i ronahnsa
untuk mengerjskan soal Matematika Rancanglsh rute terpendek atas perjalansn Eke ke

Rumah Ani!

Keterangan:
- opton 1) digunakan jika NIM genap
-  opton & digunakan jika NIM Genap

- nilal p dan g merupakan digit akhir pada NIM anda (MIM: 20170000pg)

Triangulation of this research data includes solving
questions by students and unstructured interview data
regarding the steps to solve them. The review of
conceptual knowledge errors in this studying
combines 3 theories, namely problem-solving steps

referring to Polya (known, data collection, review),
Putro and Darminto (aspects: calculation results and
conclusion), and Kastolan (incompatible calculations
and stages according to the algorithm). The problem-
solving code developed can be observed in Picture
2.
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Picture 2. Question thinking code

aa@

é
Explanation :

T1 Digging information is known in question
T2 Review weight graph

T3 Understand step of Dijkstra’s .algorithm.
T4 lllustration of the graph.

T5 Table of studying
T6 Determination of key 1 and calculation of
minimum weight.
T7 Determination of key 2 and calculation of
minimum weight.
T8 Determination of key 3 and calculation of
minimum weight.
T9 Determination of key 4 and calculation of
minimum weight
T10 Determination of key 5 and calculation of
minimum weight
T11 Determination of key 6 and calculation of
minimum weight
T12 Determination of key 7 and calculation of
minimum weight
T13 Recheck the moving of key in every point
T14 Arranging conclusion
T15 Review again to T4.

All of the data and then analyzed through data
reduction step, data studying and arranging
conclusion.

I11. FINDINGS AND DISCUSSION

Students in the fourth level who take discrete
mathematics courses do not yet have a
comprehensive picture related to graphs. They only
know the shape of the image without knowing if it is
a graph. The picture presented is a case of the
Konigsberg bridge.

Picture 3 Map Konigsberg bridge (Shields, 2012) and studying in graph form.

The first step to introduce a graph is to provide an
example and not an example and the procedure for
presenting it as a graph. Then involve students in
arranging a formal definition. This activity is also
applied to the introduction of the shortest route
through examples arranged in the problems of daily

3t & %
-: -.‘f' %.Z%'

life. Giving example aims so that students can
internalize it as a tool to solve problems (lrawan,
2015).

Visualization of questions in the form of graphs
and their weighting were displayed well by four
students. This indicates that the concept of graph for
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all students with different abilities can master well.
From this achievement, it can be said that the
thinking is by the thought code that has been

compiled, namely T1, T2, T3, and T4. Visualization
of the questions following the graph (consisting of
points and lines) is shown as Picture 4.

Picture 4 graph studying following the concept

K % /,'"’ Rurdh EBro = A \gpunopn Fusal - €
2 . / Mall - @ Gedurig  @loskep *F
fé‘v G\S' e M(\}'((l < & Qonhe  Ani ~ 1 :
[ RN Kngys,- 2
T s

The graph presentation they have completed then
becomes the material to investigate the shortest route
according to the stages in the Dijkstra algorithm.
They began their investigation by compiling a table
containing the input of each point. The starting point
is the point that originates from Eko's house and the
endpoint of the route is at Ani's house. All students
can go through this stage (Code thinking T5 is
reached). SF investigation in finding the shortest
route is following the code of thinking questions,
namely A - D - F - G which weighs 12. The
minimum weighting that has become a key has been

successfully added to another weighting by SF which
then makes a comparison with the weighting
operation of the previous weighting. SF managed to
do it until the end of the shortest route discovery
process without any calculation error

AF, KA, and DM have failed in determining the
shortest route, especially in the calculation. Each of
the three students, namely AF, KA, and DM, learned
that the discrepancy of thinking with the code of
thinking about the problem occurred in T7. The
location of their error is shown in Picture 5

Picture 5 the mistakes of three students.

. | o J { 2
Ta (104 | [ € D& | @ Do - 4
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] l Tod [14) 4t
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‘

Failure with code thinking T7 cause not achieving
the desired shortest route. In the Dijkstra method, if
there is an error in the initial procedure then it results
in an error for the next step. The error he experienced
was due to a miscalculation in the thinking code T7,
namely the minimum key weights (A to E with a
weighting of 4) were not added with weights E to C
or weights E to F. When they set point E as a key
(starting from the thinking code T6) then weighting
point E to C becomes 9E and weighting point E to F
becomes 8E. In the code of thinking, T7 should be
the key point C, but the three students chose point F
as the key. Selection of keys at point F which causes
the initial error.

The results of interviews conducted on the three
students to review again the results obtained through
the visualization of graph images, then they
simultaneously said that there was another route that
had the shortest route. They then realized that there

was a miscalculation in the process. They are allowed
to do a repeat of their calculations carefully. The
three students then said that their thinking errors
occurred in the thinking code T7 to T15

Visualization in the form of graphs shown by
students can be a good measure of the level of
understanding of their concepts. While the procedure
on Dijkstra's algorithm was not well mastered by the
three students. This indicates the procedural
knowledge possessed by students only reached 25%
were in the T7 thinking code they had experienced
calculation errors. The results of the study note that
the students' logical and creative competencies were
noted to be rather low for university-level
mathematical studies. Almost 50% of students lacked
competence in procedural work, while around 54%
lacked conceptual competency. (Tularam and
Hulsman, 2013). This finding can be a study of
mathematics lecturers to strengthen students
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'procedural knowledge in the following years and still
pay attention to students' conceptual knowledge

IVV. CONCLUSION

Analysis of the results of the study found that 75%
of the samples used failed in applying their
procedural knowledge and they were compared to
their conceptual knowledge. The failure was caused
by a miscalculation that resulted in the determination
of the weighting key is not right. Students who have
high ability are easier to achieve conceptual and
procedural understanding to be skilled in applying
both than those who have the medium and low
ability. Accuracy and carefulness in solving problems
are the most important things in applying their
procedural knowledge.
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