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Preface
Today, we are facing the rapid growth of Asian countries on development of technol-
ogy and sciences. We saw China and US trade war and impacting neighborhoods 
countries. We are facing with uncertainty of food supply and millennials future.  The 
implementation of 5G and Society 5.0 on Asia. The rapid change on Asia demanding 
us as academician for change. Change to more adaptive with the global trend and up-
date with current issue on Asia.

This is a challenge for Academician to bridging the Asian Culture and Rapid growing 
of Industry and Technology. We will discuss our future with academician from several 
countries. From Indonesia, The Philippines, Thailand, Malaysia, Taiwan, Japan, Tur-
key, United States of America, Singapore, and other countries. We contextualize our 
idea in great discussion atmosphere.

I hope it will be a great opportunity for us to reach joint research, exchange the ideas, 
and discuss about our future on Asian research.

Thank you for coming in Asian Conference on Humanities, Industry, and Technology 
for Society, enjoy your meaningful discussion, hope you will make progress for your 
academic excellence.

Dr. Amirul Mustofa
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The Modified Conceptual Understanding Layer 

"PKS" Model As An Alternative Assessment Tool On 

Hots Type Problems  

Viktor Sagala1, Ahmad Hatip2, Sucipto3, Kusmiyati4 

{viktor.sagala@unitomo.ac.id1,  ahmad.hatip@unitomo.ac.id2, sucipto@unitomo.ac.id3} 

 
1,2,3,4Universitas Dr. Soetomo Surabaya, Indonesia 

Abstract. The purpose of this paper is to explain the results of the study of the possibility 

of applying the Modified Conceptual Understanding Layer Pirie-Kieren-Sagala (PKS) 

Model as an alternative assessment tool. This literature research uses research subjects in 

the form of several articles which have been published in various scientific journals. Five 

articles have been selected, compiled, compiled, reduced, classified and concluded 

according to the assessment model proposed. The articles focus on learning the 

PRAKTAK model, the results of the HOTS type problem solving and the conceptual 

understanding layer. The results of the analysis show that the subjects in the six research 

results reached a score of 0, 1, 2, 3, 4, 5, 6 and 7. Therefore, the Modified Conceptual 

Understanding Layer “PKS“ Model can be applied as an alternative assessment of the 

mathematics learning outcomes of HOTS type problems. The indicators of each layer of 

understanding can be used to differentiate the fulfillment of the learner's understanding 

layer, with seven scoring scales.  

Keywords: Understanding layer, modified PKS understanding layers model, alternative 

assessment, PRAKTAK learning model, HOTS mathematical learning outcomes. 

1. Introduction 

Research on the understanding layer is still only developing in the past three years in 

Indonesia. The understanding layer hypothesized by Pirie-Kieren [1] consists of primitive 

knowing, image-making, an image having, property noticing, formalizing, observing, 

structuring, and inventing [2]. Then the model was developed by cognitive psychology experts 

and researchers, including Meel [3], Manu [4], Droujkova [5],  Martin [6], Parameswaran [7],  

Sagala [2], and Sagala [8]. They add and refine the indicators, so the latter is called the Pirie-

Kieren-Sagala (PKS) Modification Understanding Layer Model, while the hypothesized 

model was originally called the Pirie-Kieren (PK) Original Understanding Layer Model. The 

Pirie-Kieren-Sagala (PKS) Modification understanding layer model will be used as an 

alternative assessment tool. 

Modified „PKS“ Model, originally intended by Pirie-Kieren to describe the growth of 

concepts that students have [1]. After the model was refined by researchers since 2003 up to 

Meel [3] to Sagala 2017 [8], in this final phase, Sagala & Hatip [9] and Sagala, Kusmiyati & 

Sucipto [10] designed and applied to learn practicum-axiomatic (PRAKTAK) models to 

improve the achievement of the student's understanding layer. 

ACHITS 2019, July 30-31, Surabaya, Indonesia
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2. Understanding Layer 

Understanding one's mathematical concepts is the ability to carry out abstracting, 

constructing and representing concepts [8]. As explained in the introduction, that the Modified 

“PKS” Model has 21 (twenty-one)  indicators for 8 layers, as in the following table. 
 

Table 1. The indicators of each understanding layer are modified Pirie-Kieren-Sagala models [2] 

Layer Indikator of understanding Coding 

Primitive 

knowing 

Make an initial effort in understanding the new definition Pk1 

Bringing prior knowledge to the next layer of understanding, Pk2 

Through actions that involve definitions or represent definitions Pk3 

 

Image-

making
 

Make a picture based on previous knowledge Im1 

Develop certain ideas Im2 

Make a picture of a concept through pictures or examples
 Im3 

 

Image having Have a description of a topic Ih1 

Make a mental picture of a topic without having to work on examples Ih2 

 

Property 

noticing 

Mampu mengkombinasikan aspek-aspek dari sebuah topik untuk 

membentuk sifat yangrelevan dan spesifik 

Pn1 

Able to combine aspects of a topic to form relevant and specific traits Pn2 

 

Formalizing
 Making abstractions of a mathematical concept based on the 

characteristics that arise
 

Fo1 

Able to understand a formal definition or algorithm of the Mathematics 

concept 

Fo2 

 

 

Observing Able to coordinate formal activities at the previous level so that they can 

use them on related problems
 

Ob1 

Able to associate understanding of mathematical concepts with new 

knowledge structures
 

Ob2 

Able to make formal statements about a mathematical concept Ob3 

Able to look for a pattern to determine an algorithm or theorem Ob4 

 

Structuring Able to associate the relationship between a theorem and other theorems 

and be able to prove it based on logical arguments
 

St1 

Being able to prove the relationship between a theorem and the other 

theorems is axiomatic 

St2 

 

 

Inventing
 Having a complete structured understanding In1 

Being able to create new questions that can grow into a new concept In2 

Being able to create new questions that can grow into a new concept In3 

An overview of the original model's understanding layer and the results of modifications 

are presented below. 



 

 

 

 

 

 

 

Fig. 1. The Original Pirie-Kieren 

(PK) Original Conceptual 

Understanding Layer Model [2] 

Fig. 2. The Modified Pirie-Kieren-Sagala (PKS) 

Conceptual Understanding Layer Model [8] 

The PRAKTAK learning model that was developed by Sagala [10] was applied in 

Geometry learning in the Mathematics Education Study Program, Faculty of Teacher Training 

and Education, Dr. Soetomo University Surabaya (Program Studi Pendidikan Matematika, 

Fakultas Keguruan dan Ilmu Pendidikan, Universitas Dr. Soetomo), . PRAKTAK  is a 

learning model that combines practicum and axiomatic methods. As is known that practicum 

methods are usually applied to science learning [11], while axiomatic methods are usually 

applied in mathematics learning. The syntax of PRAKTAK learning is presented as follows :  

Table 2. The Syntax of  PRAKTAK Learning Model [10] 
Step  Lectuure’s Action Student’s Action 

Preliminary
 1) Presenting problems and learning 

objectives 

Pay attention to the problems and 

objectives presented 

 2) Submitting practicum instructions Noting the delivery of practical 

instructions 

 

Core 3) Facilitating, observing and giving 

guidance in the implementation of 

practical findings and proof of 

formulas/theorems
 

carry out practical findings and proof of 

formulas/theorems
 

 4)  Facilitating, observing and giving 

guidance on the presentation of 

practical work results 

Carry out the presentation of practical 

work results 

 5)  Carry out axiomatic proof/formula 

theorem (explain facts, concepts, 

principles, mathematical 

procedures)
 

Carry out axiomatic proof/formula 

theorem (explain facts, concepts, 

principles, mathematical procedures)
 

 

Closing  6) Together with students to carry out 

evaluations, reflections/conclusions, 

and delivery of follow-up
 

Together with the lecturers, they 

conducted evaluations, 

reflections/conclusions and delivered 

follow-up
 



 

 

 

 

The characteristics of HOTS type revealed Miri [12] include non-algorithmic, complex, 

many solutions, involving a variety of decision-making and interpretation, applying many 

criteria, and requiring a lot of effort. Conklin [13] states the characteristics of HOTS as 

follows: "characteristics of higher-order thinking skills: higher-order thinking skills 

encompass both critical thinking and creative thinking" meaning that the characteristics of 

high-level thinking skills include critical thinking and creative thinking. Critical and creative 

thinking are two very basic human abilities because both of them can encourage someone to 

always look at each problem faced critically and try to find answers creatively so that a new 

thing that is better and beneficial to their life is obtained [14]; Miri [12]. Conclik [13] divides 

the level of ability to solve HOTS questions into 4 levels, namely level 1 to level 4. Level 1 is 

described as the level of withdrawal where facts, information, or procedures are recalled. This 

requires the lowest level of thinking. Level 2 is described as a level of skill or concept. 

Usually, students classify, organize, estimate, collect, display, observe, and compare data. 

They use the information they know. This level requires deeper thinking from level 1. Level 3 

is characterized by strategic thinking. Reasoning, planning, and making guesses. Open tasks 

do not always make this level of activity high-level thinking. Students must give reasons to 

choose their answers. Students describe conclusions, support them with evidence, or 

determine which concepts will be applied to solve the problem. Level 4 is described as 

expanded thinking and is the highest level of thought. This is characterized by complex 

reasoning that students use to make interdisciplinary connections. Often activities at this level 

take a long time, must only because a project requires a specified time period. This level 

requires investigation of a kind of project that shows the results of complicated thinking. 

If we look at the indicators of the problem of High Order Think Skill (HOTS), there is a 

conformity with the understanding layer of the Pirie-Kieren-Sagala (PKS) Modification 

model. There is a red thread between indicators of HOTS questions with indicators of the 

Pirie-Kieren-Sagala (PKS) understanding layer in table 1. 

3. Research Method 

The approach of this research is qualitative descriptive. The data collected from several 

published studies in the form of articles is linked to one another, then reduced, classified, 

concluded [15] its suitability for the possibility of using the model proposed as an alternative 

assessment. Given that this seven-scale assessment has been applied to the assessment of 

lecturers' performance and perceptions [16], the rating scale is proposed as follows: 

Table 3. Categorization of Compliance with the Pirie-Kieren-Sagala Model Understanding 

Layer Indicator 

Understanding Layer Comprehension indicators are met Score Category 

Primitive Knowing Pk1, Pk2, Pk3 0 Does not meet  

Image-making
 Pk1, Pk2, Pk3, Im1,Im2, Im3 1 Very poorly fulfilled 

Image having Pk1, Pk2, Pk3, Im1,Im2, Im3, Ih1,Ih2 2 Less fulfilling 

Property noticing Pk1, Pk2, Pk3, Im1,Im2, Im3, Ih1,Ih2, 

Pn1,Pn2 

3 Rather fulfilling 

Formalizing
 Pk1, Pk2, Pk3, Im1,Im2, Im3, Ih1,Ih2, 

Pn1,Pn2, Fo1,Fo2 

4 Enough to fulfill 



 

 

 

 

Observing Pk1, Pk2, Pk3, Im1,Im2, Im3, Ih1,Ih2, 

Pn1,Pn2, Fo1,Fo2, Ob1,Ob2,Ob3,Ob4 

5 Fulfill well 

Structuring Pk1, Pk2, Pk3, Im1,Im2, Im3, Ih1,Ih2, 

Pn1,Pn2, Fo1,Fo2, Ob1,Ob2,Ob3,Ob4, 

St1,St2 

6 Fulfill it very well 

Inventising Pk1, Pk2, Pk3, Im1,Im2, Im3, Ih1,Ih2, 

Pn1,Pn2, Fo1,Fo2, Ob1,Ob2,Ob3,Ob4, 

St1,St2, In1,In2,In3 

7 Fulfill it perfectly 

4. Results and Discussion 

Some data sources used include articles (1) Profil Lapisan Pemahaman Konsep Turunan 

Fungsi dan  Bentuk Folding Back Mahasiswa Calon Guru Berkemampuan Matematika Tinggi 

Berdasarkan Gender Jurnal MUST Vol 1, No 2 (2016) UM Surabaya[2], (2) Struktur Lapisan 

Pemahaman Konsep Turunan Fungsi Mahasiswa Calon Guru Matematika Jurnal Didaktik 

Matematika ISSN 2355 4185 (print) 2548 8546(online) http://jurnal.unsyiah.ac.id/DM [8], (3) 

Profil Lapisan Pemahaman Konsep Siswa SMP Terkait Garis Tinggi Segitiga, Jurnal Ilmiah : 

SOULMATH, Vol 6(2), Oktober 2018 [17],  (4) Peningkatan Lapisan Pemahaman Konsep 

Bangun Datar Mahasiswa Calon Guru Dengan Penerapan Model Pembelajaran PRAKTAK  

MUST: Journal of Mathematics Education, Science and Technology Vol. 3, No. 2, Desember 

2018 [10],  (5) Peningkatan Lapisan Pemahaman Konsep Luas Bangun Datar Mahasiswa 

melalui Model Pembelajaran PRAKTAK, Jurnal Didaktik Matematika Vol.5,No.2,September 

2018 ISSN2355-4185(p), 2548-8546(e) UNSYAH Banda Aceh [9], (6) Layers of Conceptual 

Understanding of Fractions among Elementary Student  i-Manager's Journal on Educational 

Psychology; Nagercoil (Nov 2018-Jan 2019) [18].  

Article 1 shows that high capable male and female subjects meet the primitive knowing 

until the structuring indicator plus one of inventising indicator, namely In1. Both subjects 

meet the inventising layer (namely inventisingoid) [2]. Article 2 shows that the two subjects 

meet the primitive knowing layer indicator until structuring to inventory. Both subjects meet 

the Structuring layer [8]. Article 3 shows that the conceptual understanding of junior high 

school students is related to the high line of triangles as follows: 1) on concepts related to the 

understanding of the line of high triangles of highly capable subjects (S1) in the Inventising 

layer, moderate ability (S2) in the Structuring layer and low capable subjects (S3) in the 

Formalizing layer; 2) in the related concept of drawing a high line of pointed triangle of high-

ability subject (S1) in the Inventising layer, medium-capable subject (S2) in the Structuring 

layer and low-ability subject (S3) in the Image Having layer; and 3) on the concepts related to 

drawing a high line of blunt triangles of high-ability subjects (S1) in the Structuring layer, 

moderate-capable subjects (S2) in the Property Noticing layer and low-ability subjects (S3) in 

the Image Having layer [17]. Article 4 shows that the subject meets the primitive knowing 

layer until property noticing, before applying PRATAK learning. Article 4 shows that the 

subject meets the primitive knowing layer until property noticing, before applying PRATAK 

learning. Furthermore, after the application of PRATAK learning, the subject fulfilled all the 

primitive knowing to formalizing layer indicators, as well as two of the four 6th layer 

indicators (observing), namely Ob1 and Ob2. Thus the subject meets the semi-observing layer. 

Article 5 shows that the subject meets the primitive knowing layer until property noticing, 

before applying PRATAK learning. Furthermore, after the application of PRATAK learning, 

the subject fulfilled all the indicators of the primitive knowing layer until observing, thus the 

subject filled the observing layer. Article 6 shows that,  based on the work done by the 

http://journal.um-surabaya.ac.id/index.php/matematika/issue/view/89
http://jurnal.unsyiah.ac.id/DM
https://search.proquest.com/pubidlinkhandler/sng/pubtitle/i-Manager$27s+Journal+on+Educational+Psychology/$N/2030629/OpenView/2201539244/$B/CFA8908FF61A46BBPQ/1;jsessionid=08ED24E47624998FDCCB6FBDDDF9E851.i-0c961c14e70eb2801
https://search.proquest.com/pubidlinkhandler/sng/pubtitle/i-Manager$27s+Journal+on+Educational+Psychology/$N/2030629/OpenView/2201539244/$B/CFA8908FF61A46BBPQ/1;jsessionid=08ED24E47624998FDCCB6FBDDDF9E851.i-0c961c14e70eb2801


 

 

 

 

students, the results show that in terms of layers of conceptual understanding, from the 

beginning of the interview to the end of the interview;  Subject 1 demonstrated understanding 

layers from Primitive Knowing (Pk) through Property Noticing (Pn), Subject 2 demonstrated 

understanding layers from Image Making (Im) through Property Noticing (Pn); and Subject 3 

demonstrated understanding layers from Image Making (Im) through Formalizing [18]. 

Scoring recapitulation obtained from the six articles can be presented below:
 
 

Table 4 Recapitulation of Compliance with the Pirie-Kieren-Sagala Model Understanding 

Layer Indicator according to Six Articles 

Article 
Understanding indicators are 

met 
Condition 

Layer Fulfillment 

Category 
Score 

1 Pk1, Pk2, Pk3, Im1,Im2, Im3, 

Ih1,Ih2, Pn1,Pn2, 

Fo1,Fo2,Ob1,Ob2,Ob3, Ob4, 

St1,St2, In1  

 

 
Inventisingoid 7 

2 Pk1, Pk2, Pk3, Im1,Im2, Im3, 

Ih1,Ih2, Pn1,Pn2, 

Fo1,Fo2,Ob1,Ob2,Ob3, Ob4, 

St1,St2 

 

 Structuring 6 

3 Pk1, Pk2, Pk3, Im1,Im2, Im3, 

Ih1,Ih2, Pn1,Pn2, Fo1,Fo2, 

Ob1,Ob2,Ob3,Ob4, St1,St2, 

In1,In2,In3 

Definition of triangle height 

ST 

Inventising 7 

 Pk1, Pk2, Pk3, Im1,Im2, Im3, 

Ih1,Ih2, Pn1,Pn2, Fo1,Fo2, 

Ob1,Ob2,Ob3,Ob4, St1,St2 

Definition of triangle height 

SS 

Structuring 6 

 Pk1, Pk2, Pk3, Im1,Im2, Im3, 

Ih1,Ih2, Pn1,Pn2, Fo1,Fo2 

Definition of triangle height 

SR 

Formalizing 4 

 Pk1, Pk2, Pk3, Im1,Im2, Im3, 

Ih1,Ih2, Pn1,Pn2, Fo1,Fo2, 

Ob1,Ob2,Ob3, Ob4, St1,St2, 

In1,In2,In3 

Definition of the height of a 

pointed triangle ST 

Inventising 7 

 Pk1, Pk2, Pk3, Im1,Im2, Im3, 

Ih1,Ih2, Pn1,Pn2, Fo1,Fo2, 

Ob1,Ob2,Ob3, Ob4, St1,St2 

Definition of the height of  

a pointed triangle SS 

Structuring 6 

 Pk1, Pk2, Pk3, Im1,Im2, Im3, 

Ih1,Ih2, Pn1,Pn2,  

Definition of the height of a 

pointed triangle SR 

Property noticing 3 

 Pk1, Pk2, Pk3, Im1,Im2, Im3, 

Ih1,Ih2, Pn1,Pn2,  

Definition of the height of a 

pointed triangle SR 

Image having 2 

 Pk1, Pk2, Pk3, Im1,Im2, Im3, 

Ih1,Ih2, Pn1,Pn2, Fo1,Fo2, 

Ob1,Ob2,Ob3, Ob4, St1,St2 

 

 

Definition of the height of 

blunt triangle ST 

Property noticing 3 

4 Pk1, Pk2, Pk3, Im1,Im2, Im3, before the implementation Observing 4 



 

 

 

 

Ih1,Ih2, Pn1,Pn2, Fo1,Fo2  of PRAKTAK learning 

model
 

 Pk1, Pk2, Pk3, Im1,Im2, Im3, 

Ih1,Ih2, Pn1,Pn2, Fo1,Fo2 , 

Ob1,Ob2,Ob3, Ob4 

after  implementation of 

PRAKTAK learning model 

Formalizing 5 

5 Pk1, Pk2, Pk3, Im1,Im2, Im3, 

Ih1,Ih2, Pn1,Pn2, Fo1,Fo2 

before implementation of 

PRAKTAK learning model 

Semi observing  4 

 Pk1, Pk2, Pk3, Im1,Im2, Im3, 

Ih1,Ih2, Pn1,Pn2, Fo1,Fo2, 

Ob1,Ob2 

 

after  implementation of 

PRAKTAK learning model 

Formalizing 5 

6 Pk Subject 1 (beginning) Primitive Knowing 0 

 Pk, Im, Ih, Pn Subject 1 (ending)  Property noticing 3 

 Pk, Im  Subject 2 (beginning) Image making 1 

 Pk, Im, Ih, Pn Subject 2 (ending) Property noticing 3 

 Pk, Im Subject 3 (beginning) Image making 1 

 Pk, Im, Ih, Pn, Fo Subject 3 (ending) Formalizing 4 

The table above shows that the subjects in various articles meet the layers of 

understanding of the PKS model with varying scores, namely 0,1,2,3,4,5,6,7. The table above 

shows that the subjects in various articles meet the layers of understanding of the „PKS“ 

model with varying scores, namely 0,1,2,3,4,5,6,7. This shows that the modified „PKS“ 

understanding layer model is suitable to be applied as an alternative assessment tool for 

learning outcomes of HOTS type questions.  

5. Conclusion 

The results of the analysis show that the subjects in the six research results reached a score 

of 0, 1, 2, 3, 4, 5, 6 and 7. Therefore, the Modified Conceptual Understanding Layer “PKS“ 

Model can be applied as an alternative assessment of the mathematics learning outcomes of 

HOTS type problems. The indicators of each layer of understanding can be used to 

differentiate the fulfillment of the learner's understanding layer, with seven scoring scales. 
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