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Abstract 

 

Systemic thinking is a simple technique for finding the focus of the system. Systemic thinking is also defined 

as looking for and seeing that everything has an orderly pattern and works as a system. The objectives of this 

research are 1) to find the stages of systemic thinking; and 2) analyzing the systemic thinking process of 

preservice mathematics teachers who have a systematic cognitive style. This research uses qualitative research 

method. The main instrument of this research is the researcher with using additional instruments such as 

complex problems, interview guidelines, and cognitive style questionnaires. The subjects of this research are 

155 mathematics education students or preservice teachers then 7 preservice teachers who have a systematic 

cognitive style were chosen as the subjects. The result of this research includes 2 things. First, the stage of 

systemic thinking consists of 5 stages, namely the identifying stage, the investigation & classifying stage, the 

clarifying stage evaluating and justify-ing stage, and the reflecting stage. Second, the thinking process of 

preservice mathematics teachers who have s systematic cognitive style includes 5 stages. At the identifying 

stage, the preservice mathematics teachers identify information, processes and variables in a garment factory; 

and understand the objectives to be achieved from solving mathematical problems. At the investigation & 

classifying stage, the preservice mathematics teachers identify the key information, determine the production 

capacity of all lines; and determine the total order of t-shirts and jeans from 5 buyers. At the clarifying stage, 

the preservice mathematics teachers explain the system at the garment factory, and determine the sewing time 

provided by each buyer. At the evaluating & justifying stage, the preservice mathematics teachers can make 

various sewing schedules for each buyer, deter-mine the sewing schedule for 5 buyers where the time required 

to make the orders does not exceed 30 days, and determine the remaining production time so that it can be 

ensured that nothing is by R. At the reflecting stage, the preservice mathematics teachers review the sewing 

schedule that has been decided and revise the sewing schedule if there are mistakes. The findings in this 

research are the stages of systemic thinking and subjects with systematic cognitive style have detailed 

characteristics by paying attention to every aspect related to the problem as a whole and then breaking down 

into more specific matters in solving mathematical problems; and subjects with systematic cognitive style are 

able to produce many detailed and systematic solution options. 
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Introduction 

In everyday life, we are often faced with non-

routine or complex problems. Complex problems 

are problems that involve many variables in the 

system and the relationships that occur in these 

variables (Funke, 2012). Because it involves 

many variables in a system, there are infinitely 

possible solutions and strategies to solve for the 

system itself. To be able to solve non-routine 

problems or complex problems, systemic 

thinking skills are needed (Johnny, et al., 2016). 

Epistemologically, systemic thinking is a 

combination of analytical thinking and synthetic 

thinking (Bartlett, 2001; Amer, 2005). Analytical 

thinking is the base of critical thinking and 

synthetic thinking is the base of creative thinking. 

Critical thinking and creative thinking are Higher 

Order Thinking Skills (HOTS). It is in 

accordance with the argument from Wang & 

Wang (2011); King, et al. (1999), and Miri, et al. 

(2007) stating that HOTS include critical 

thinking, design thinking, system thinking, 

logical thinking, reflective thinking, 

metacognitive, and systemic thinking.  

Systemic thinking has an important role in life 

and is very much needed to solve problems faced 

in the field of business and economics (Atwater 

& Pittman, 2006; Atwaterm et al., 2008), 

psychology (Stanton & Welsh,2012; Campbell, et 

al. 1992), leadership, mathematics (Zachariades, 

et al., 2012) and so on. Systemic thinking also 

plays a role in solving complex problems 

(Johnny, et al., 2016; Maani, K.E. & Maharaj, V., 

2001). In order to study the systemic thinking, 

two theoretical perspectives can be used, namely 

through system thinking theory and analytical-

synthetic thinking theory (Bartlet, 2001; Amer, 

2005). System thinking is thinking about how 

things interact with others (Bartlett, 2001) and 

according to Prahasta (2018), it is a process of 

understanding how a (sub) system affects each 

other within a larger entity. System thinking is a 

way of thinking and language used to describe 

and understand the forces and their relationships 

which form the behavior of a system. While 

systemic thinking is a simple technique to find the 

focus of the system or gain systemic insight in 

complex situations and problems (Bartlett, 2001; 

Amer, 2005). The basic idea in systemic thinking 

is to list as many different elements as possible 

and then look for similarities. This can be 

described as follows. 

 

Figure 1. Systemic Thinking Concept  

(Amer, 2005; Bartlett, 2001) 

The concept of systemic thinking has its 

element and abstract origins from the following 

thinking techniques: 1) Creative Thinking and 

Lateral Thinking; 2) The Theory of Constraints 

(TOC); 3) The Theory of Inventive Problem 

Solving (TRIZ); 4) System Thinking (ST); and 5) 

Neuro-Linguistic Programming (NLP). The 

systemic thinking process consists of 3 steps, 

namely 1) listing as many system elements as 

possible to ensure that the theme is accurate; 2) 

classifying similar elements and describing what 

each group has in common; and 3) finding 

common themes (running through) from the 

group description. The systemic thinking process 

can be described in the following figure.  
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Figure 2. Systemic Thinking Process (Amer, 

2005; Bartlett, 2001) 

   

The systemic thinking process can be broadly 

categorized into 2 main stages, namely 1) the 

stage of dividing a situation into elements and 2) 

the stage of classifying and finding the genera 

theme that can describe these groups of elements. 

The first stage in dividing a situation or system 

into sub-elements or sub-systems is the definition 

of analytical thinking, such as examining and 

breaking down information into parts by 

identifying motives or causes, making 

conclusions and finding evidence to support 

generalizations. According to Anderson & 

Krathwohl (2015), the level of analytical thinking 

includes the cognitive processes of 

differentiating, organizing, and attributing. The 

second stage is classifying and finding general 

theme that can describe these group of elements 

using synthetic thinking. Synthesis (creating) is 

the ability to combine pieces of information so as 

to form a new design. Based on the Revised 

Bloom’s Taxonomy, the level of synthetic 

thinking is accommodated in the create level 

which includes cognitive processes of generating, 

planning and producing. This process can be 

described as follows.  

Step 1
Imcluding as many elements 
as possible from the system 

Step 2
Classifying si,ilar elements 

and describing the similarity 
of each group

Step 3
Finding general theme

Analytical 
Thinking

Synthsis 
Thinking

 

        

        Figure 3. Systemic Thinking Stages 

Based on the description, it shows that the 

systemic thinking process has a high level of 

problem solving because systemic thinking is a 

combination of analytical and synthetic thinking 

and systemic thinking is needed when solving 

complex problems or non-routine problems. The 

preservice mathematics teachers are teachers who 

will later become prospective mentors and 

student facilitators in the process of learning 

mathematics. In the 21st century era, educational 

targets and achievements are increasing and 

developing compared to the previous era, so that 

the preservice teachers who have superior 

competencies are needed to prepare quality 

students. The ability of preservice teachers in 

HOTS is an obligation that must be mastered and 

through systemic thinking skills, it indirectly 

develops and trains the ability to perform analysis 

and synthesis. Besides being a role in HOTS, the 

ability to think synthetically affects the spatial 

ability of a study by Bochkareva (2014) which 

examined on how to develop analysis and 

synthesis in the process of solving opportunity 

problems; a study by Kalmykova (1954) which 

examined the process of analysis and synthesis in 

solving arithmetic problems; a study by 

Kazachek & Epova (2014) which examined the 

analytical and synthetic activities when studying 

algebra; and a study by Koldunova (2015) which 

examined on how to structure analytical and 

synthesis problems in teaching algorithm theory. 

Furthermore, Stenberg, et al., (2011) states that 

analytical and synthetic thinking are two 

prerequisites for creative thinking where it 

requires analytical thinking, synthetic thinking, 

and practical thinking.  

The topic of systemic thinking skills is 

something that has the urgency to be studied and 

is the focus of this research. One of the interesting 

parts to study is the stage of systemic thinking. 

By identifying the stages of systemic thinking, we 

can find out the difficulties and obstacles faced 
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by students when they face non-routine problems 

or complex problems. The underlying theory in 

order to find the stages of systemic thinking 

includes the research of Bartlett (2001), Johnny, 

et al. (2016), Zachariades, et al. (2012), Jacob 

(2014), Ponte (2007) and Prahasta (2018).   

This research is motivated by students who 

are accustomed to solving non-routine problems 

so that when faced with non-routine problems, 

many students have difficulty in finding 

solutions. In addition, students are also rarely 

faced with complex problems while in the real 

life, we will be faced with complex problems and 

that we are required to be able to find or solve 

them. Therefore, educational institutions need to 

improve their capabilities in growing and 

developing HOTS and one of them is systemic 

thinking.   

The mathematics problems given are non-

routine or complex problems related to the 

application of mathematics in which problem 

solving is governed by cognitive, metacognitive, 

and affective processes (Mwei, 2017). The 

aspects that will be reviewed in this research are 

1) the stages of systemic thinking; and 2) 

systemic thinking process observed from the 

perspective of students’ cognitive style. 

Cognitive style is an aspect of the whole 

personality and cognitive processes. According to 

Martin (1998), cognitive styles are categorized 

into 5 types namely systematic style, intuitive 

style, integrated style, undifferentiated style and 

split style. The cognitive style that is the focus of 

this research is the systematic style which is 

related to logic, a rational attitude that is used step 

by step, a sequential approach to thinking, 

learning, problem solving and making decisions. 

Systematic cognitive style has a tendency to have 

a systematic scale that is high and low on an 

intuitive scale so that someone with a systematic 

cognitive style is characterized by a sequential, 

comprehensive, concrete, structured, and divided 

problem-solving approach in a small scope. 

Someone with the criteria of Systematic Style 

(SyS) cognitive style will solve problems in detail 

and in order. 

This research analyzes 1) the stages of 

systemic thinking and 2) the systemic thinking 

process of preservice mathematics teachers who 

have a systematic cognitive style. The results 

obtained are 1) the discovery of the stages of 

systemic thinking and 2) the discovery of the 

characteristics of systematic thinking process of 

preservice mathematics teachers who have a 

systematic cognitive style in solving 

mathematical problems. 

 

Method 

 

Research Design  

The research used a qualitative research design 

namely by finding the stages of systemic thinking 

and describing the systemic thinking process of 

preservice teachers in solving mathematical 

problems. Students’ systemic thinking is shown 

from the students’ construction process in solving 

a given problem. The aims of This research are to 

1) find the stages of systemic thinking; and 2) 

examine and describe the systemic thinking 

process of preservice mathematics teachers in 

solving complex problems based on the cognitive 

style in the Systematic Style (SyS). 

 

   Sample and Data Collection 

The subjects of this research were mathematics 

education students/ preservice mathematics 

teachers from Universitas Kristen Satya Wacana 

(UKSW). The subjects in this research consists of 

155 students who were given a cognitive style 

questionnaire consisting of a systematic style 

(SyS), intuitive style (IS), integrated style (InS), 

undifferentiated style (US), and split style (SpS). 

The results of the analysis of filling out the 

cognitive style questionnaire can be seen in Table 

1 below.  

 

        Table 1. Preservice Mathematics Teachers’ Category of Cognitive Style  

Cognitive Style Frequency 

Systematic Style (SyS) 7 

Intuitive Style (IS) 1 
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Integrated Style (InS) 2 

Undifferentiated Style (US) 15 

Split Style (SpS) 130 

Total 155 

Based on Table 1, 7 selected research 

subjects that fall into the systematic style (SyS) 

category are the preservice mathematics teachers 

who have a systematic cognitive style. In the next 

stage, the researcher gave a mathematical 

problem related to the topic of scheduling in a 

garment factory. The characteristics of the 

mathematical problem used in this research is a 

complex problem because it contains a system 

that exists in the garment factory and there are 

relationships between variables, elements, and 

processes that are in the production stages at the 

garment factory. In addition, the mathematical 

problem in this research can also be categorized 

as a non-routine problem because it has many 

solving strategies and answers, meaning that the 

subject can design sewing scheduling in various 

ways and with various answers. The subjects in 

this research are the preservice mathematics 

teachers who have a systematic cognitive style 

and have good communication skills with the 

completeness and correctness of their work. This 

research uses the research instruments consisting 

of a cognitive style questionnaire, interview 

guidelines and mathematical problems. 

Validation of research instruments is carried out 

by expert judgment/validators in terms of 

content, language, and point accuracy in the 

instruments. Validation of mathematical problem 

instruments is directed at the suitability of the 

problem with the research objectives, such as 

discovering the stages of systemic thinking, 

problem construction, language, and content. The 

mathematical problem given in this study is:  

In a garment factory, there is a process of t-shirts 

and jeans production scheduling with the 

following stages.  

        Stage 1: Pre-Production (development) 

 

Approve the order 

from buyer

 Sample Planning  (proto sample, fit 

sample, size set sample, sales man 

sample, advertising sample)

Sample 

Production 
Shipping sample

Freight On 

Board 

Planning 

Production

Purchase of 

materials

Start of 

Production

Order from 

Buyer

Sample 

Revision 

Approve the 

sample

 
 

         Stage 2: Production and delivery 

Order Inspection
pattern 

maker
Cutting Sewing Washing

Finishing & 

Packing
Delivery

 
       

        

         Figure 4. Stages in Garment Factory  

To be safe, the production process (sewing 

section) on average takes about 30 - 35 days, 

while for the cutting section (including 

inspection, pattern, and cutting stage), washing, 

finishing & packing in general takes the average 

7 days. The sewing section consists of lines where 

each line has a number of sewing machine 

operators as in Image 6. This factory has 10 lines 

which different number of operators each as in 

Table 2. 

 

        Table 2. The Number and Total of Operators of 10 Lines in Garment Factory 

Line 1 2 3 4 5 6 7 8 9 10 

Operator 20 40 30 20 40 30 30 40 20 40 
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In this factory, 1 line with 40 operators can produce 1200 t-shirts per day or 300 jeans per day. In a certain 

period, this garment factory receives order from 5 buyers as in Table 3.  

 

        Table 3. The Order from 5 Buyers 

Buyer 

Total of 

T-shirt 

Order 

Total of 

Jeans 

Order 

Development 

Period 

Delivery 

Duration 
Deadline 

A 30000  50 days 2 days 90 days 

B 25000 5000 50 days 2 days 100 days 

C 50000  50 days 7 days 120 days 

D  15000 60 days 7 days 120 days 

E  15000 60 days 5 days 120 days 

 

If the factory fails to deliver the goods on time, 

the factory must pay the loss (by R) to the buyer. 

Make sewing schedule for this factory!  

 

   Analyzing of Data 

This research uses qualitative analysis by 

triangulating data from the results of the 

questionnaire, the work of the research subjects 

and the interviews with the research subjects. The 

data analysis was carried out based on the 

guidelines in qualitative research such as data 

collection, data reduction, coding, and data 

presentation. The results of the analysis had been 

through the process of data reduction, data 

triangulation in order to obtain the results of the 

analysis in accordance with the research 

objectives. The data analyzed in this study 

include the results of interviews and the results of 

the work of preservice mathematics teachers. 

Result 

The first aim of this research is to examine the 

systemic thinking stage based on system thinking 

stage (Prahasta, 2018), and systemic thinking 

stage (Bartlett, 2001 & Johnny, et.al, 2016). If 

associated with the origin of the word, systemic 

thinking is related to system thinking where 

systemic thinking is a simple technique to find 

focus system. System thinking is also defined as 

way of thinking and the language used to describe 

and understand the style/strength and their 

relations which form a system behavior (Prahasta, 

2018). Furthermore, Prahasta (2018), states that 

the stages of system thinking include identifying, 

determining variables and observing their 

variations; determining its causal relations; 

looking for causal links; creating closed causal 

links; and define the system and its internal and 

external boundaries.  

Related to the theory from Mason, et al. 

(2010), systemic thinking is related to 

mathematical thinking. Mathematical thinking 

includes 2 stages specializing and generalizing. 

Specializing process precedes the generalizing 

process which starts to be formed in the systemic 

thinking domain. Generalizing in systemic 

thinking domain includes clarifying and 

justifying (Johnny, et al., 2016). The linkages and 

developments of systemic thinking stages 

according to Bartlett (2001), Johnny, et al. 

(2016), and system thinking according to 

Prahasta (2018) can be seen in Table 4

 

        Table 4. Stages of Systemic Thinking 

System 

Thinking Stage 

from Prahasta 

(2018) 

Systemic Thinking 

Stage from Bartlett 

(2001) 

Systemic 

Thinking 

Stage from 

Johnny 

(2016) 

Systemic 

Thinking 

Stage in 

this Study 

Identifying and 

determining 

variables and 

observe the 

variations 

Listing as many system 

elements as possible to 

ensure that the themes 

are as accurate as 

possible 

Specializing Identifying 
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Determining the 

causal relations 

  Classifying 

and 

Investigatio

n 
Looking for the 

causal 

chain/moving as 

a whole 

Classifying similar 

elements and describing 

what each group has in 

common 

Clarifying 

Creating a closed 

causal chain (the 

relevant loop) 

  Clarifying 

Defining the 

system and its 

internal and 

external 

boundaries 

Determining the general 

theme of the group 

description 

Justifying Evaluating 

& 

Justifying 

   Reflecting 

 

Based on Table 4, in the stage of including as 

many system elements as possible to ensure that 

the theme is as accurate as possible, it is 

necessary to identify information, variables, 

processes which occur in system elements so 

that, in this study, the first stage in systemic 

thinking is the identifying stage. Then, the next 

stage is to classify the same elements and 

describe the similarities that each group has 

where in Johnny (2016), this activity is called 

clarifying. The purpose of this elements 

classification is to find the cause-and-effect 

relationship which exists in the system 

elements. Investigation is conducted in order to 

find the relationship between system elements. 

During this process, one of the efforts is to 

classify the same elements and this activity is 

called classifying. Therefore, in this study, the 

second stage in systemic thinking is classifying 

and investigation stage. The next stage is to 

create and explain the linkage between the 

system elements which in this study is 

understood as clarifying activity. The final stage 

is to determine general theme in the group 

description and in system theory. The last step 

is to define the system and its internal as well as 

external boundaries. In the process of 

determining the theme, justifying activity is 

needed (Johnny, 2016). On the other hand, in 

this fourth stage, the thinking stage used is the 

stage of synthesis thinking so that according to 

the Revised Bloom’s Taxonomy, between the 

analysis level and the create (synthesis) level, 

there is evaluating level. Therefore, the fourth 

stage in systemic thinking is the evaluating and 

justifying thinking stage. The last stage of 

systemic thinking is the reflecting stage. 

Reflecting thinking stage is needed in systemic 

thinking and this is in accordance with the 

research from Zachariades, et al. (2012). 

Reflecting thinking plays a role in minimizing 

an individual’s weakness when he has difficulty 

to find solution and draw a problem solution 

(Agustan & Siswono, 2017; Kholid, M., et.al., 

2020).      

Based on the breakdown theory of 

thinking stages from Prahasta (2018), systemic 

thinking stages from Bartlett (2001) and Johnny 

(2016), then systemic thinking stages can be 

categorized into 5 stages namely the identifying 

stage, investigation and classifying stage, 

clarifying stage, evaluating and justifying stage, 

and reflecting stage in this study. The first stage 

of systemic thinking in this study is the 

identifying stage where the activities include 

identifying, understanding, and including 

information, variables, elements, and processes 

as much as possible which occur in system 

elements, initial condition and final condition. 

The next step is to investigate the cause-and-

effect relationship in the system elements and 

proceed by classifying them in groups. 

According to the study of Johnny et al. (2016), 

Jacob (2014), and Bartlett (2001), a person will 

investigate the way and cause-and-effect 

relationship in the variables and system 

elements. In order to identify this process, it 

requires the ability to investigate the 

relationships in the variables and system 

elements as well as the ability classify 

information, variables, and elements into 

groups having similar characteristics. 
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Therefore, the second stage of systemic 

thinking is investigation and classifying stage. 

The third stage is clarifying. In this stage, 

clarification is performed after identifying the 

working system from the system elements and 

variables. The relationship between system 

elements is explained to form a system model 

design which applies as a whole in this 

clarification. When the system model design is 

formed, various possibilities for alternative 

solutions to the system are designed in order to 

determine the completion of the system. In this 

stage, the research subjects made various 

alternative solutions in the system and 

continued by evaluating and selecting the 

alternative problem solving that was considered 

the most optimal. Therefore, the fourth stage in 

this research is the stage of evaluating and 

justifying. The last stage is the reflecting stage. 

In this stage, the research subjects reflected on 

the solution that had been decided, reanalyzed 

the solution applied in the mathematical 

problem and improved the solution that had 

been made.     

The mathematical problems given in this 

study is a problem related to garment factory 

system. There are 5 systemic thinking stages 

included in this study namely the identifying, 

investigation & classifying, clarifying, 

evaluating and justifying stage, and reflecting 

stage. The indicators of systemic thinking 

stages can be seen in Table 5 below.  

 

          Table 5. Systemic Thinking Stage Indicator 

 
No Stage Indicator 

1 Identifying 1. The subject identifies information, variables, processes that occur, initial 

conditions (prerequisites) and final conditions that exist in mathematical 

problems; 

2. The subject records information, variables, processes that occur, initial 

conditions (prerequisites) and final conditions in mathematical problems; 

3. The subject understands the information, variables, processes that occur, initial 

conditions (prerequisites) and final conditions that exist in the overall 

mathematical problems; 

4. The subject has an overall picture of the existing system in the mathematical 

problems; 

5. The subject understands the goals to be achieved in math problems. 

2 Investigation 

& 

Classifying 

1. The subject relates the information contained in the mathematical problems with 

the prior knowledge that is mastered; 

2. The subject groups and categorizes variables, information, processes, initial 

conditions (prerequisites) and final conditions in mathematical problems based 

on character and similarity of properties; 

3. The subject identifies the performance of all parts of the system; 

4. The subjects analyze the causal relationship of variables, information, processes, 

initial conditions (prerequisites) and final conditions that have mathematical 

problems. 

3 Clarifying 1. The subject presents the relationship between variables, information, processes, 

initial conditions (prerequisites) and final conditions in mathematical problems; 

2. The subject explains the causal relationship between variables, information, 

processes, initial conditions (prerequisites) and final conditions in mathematical 

problems; 

3. The subject describes the performance of each part of the overall system and the 

core problems in mathematical problems; 

4. The subject plans various possible solutions to mathematical problems; 

5. The subject creates a system model design. 
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4 Evaluating 

& Justifying 

1. The subject makes various alternative solutions in mathematical problems; 

2. The subject predicts the impact of each planned alternative solution in 

mathematical problems; 

3. The subject predicts the possibilities that will occur if the problem-solving plan 

is implemented in the system; 

4. The subject evaluates the various alternative solutions to mathematical problems 

by analysing the various possibilities and impacts; 

5. The subject decides on solving mathematical problems that will be applied in 

the system based on the analysis of various alternative solutions. 

5 Reflecting 1. The subject decides on the solution to the problem that is considered the most 

optimal; 

2. The subject reflects on the solution that has been decided and it is a solution that 

meets various criteria in mathematical problems; 

3. The subject re-analyse the solutions applied to mathematical problems; 

4. The subject fixes the settlement if it is considered that the solution decided is 

not in line with expectations/targets. 

 

The results of research on systematic 

cognitive style are divided based on five stages 

such as identifying, investigation and 

classifying, clarifying, evaluating and 

justifying, and reflecting. The following is a 

description of each process in the systemic 

thinking process in the Systematic cognitive 

Style (SyS). Based on the results of the initial 

research, it was obtained that subjects with 

systematic cognitive style had the 

characteristics like using a step-by-step 

approach when solving problems; well-defined; 

looking for an overall method or program 

approach; and the create an overall plan to solve 

the problem. Subjects with systematic cognitive 

style are convergent thinkers; concrete; highly 

structured; logical; rational; ordered; and linear. 

According to the filling out to the cognitive 

style questionnaire on 155 research subjects, it 

was obtained 7 preservice teachers who have a 

systematic cognitive style. In this research, the 

research subjects are denoted by S1, S2, S3, S4, 

S5, S6, and S7. The following are description of 

the results from research subjects.  

Identifying Stage  

In the identifying stage, several attitudes and 

answers shown by research subjects were that 

the subjects repeatedly read the given 

mathematical problem while some subjects 

marked the information found in the 

mathematical problem. The subjects tried to 

understand the given mathematical problem as 

a whole and found new key information to 

determine the solution strategy. Research 

subjects could explain the system, variables, 

stages, and important processes that exist in the 

garment factory. The stages in the garment 

factory consist of 2 stages such as the pre-

production stage (development) and the 

production & delivery stage. In the 

development stage, there are sub-stages starting 

from orders from buyers to factories to 

purchasing raw materials. After the 

development stage is complete, it is continued 

by production and delivery stage. Just like the 

development stage, in this production and 

delivery stage, there are sub-stages such as 

ordering raw materials, inspection, pattern 

making, material cutting, sewing, washing, 

finishing & packing, and shipping. The 

inspection, patterning, and cutting sections are 

combined into one that is called the cutting 

section. The steps taken by the subjects are 1) 

understanding the stages in the garment factory 

which include the pre-production stage as well 

as the production & delivery stage; 2) 

identifying that the time at the stage of 

inspection, pattern making and cutting takes 7 

days; and the time for finishing & packing takes 

7 days; 3) the time required for the production 

process is 30-35 days; 4) there are 10 lines with 

a total of 310 operators; 5) there are 5 buyers 

who ordered t-shirts and/or jeans with a certain 

quantity and a deadline set by the buyer; 6) the 

development period for buyer A, B and C is 50 

days and buyer D and E is 60 days; and 7) the 

line that has 40 operators can produce 300 
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jeans/day or 1200 t-shirts/day. The 7 research 

subjects identified, and explained the system in 

the garment factory completely, and out of the 

7 research subjects, there was only 1 subject 

who wrote down the information obtained from 

the given mathematical problem, namely S2 

where the result of its work is as follows.  

 

           Figure 5. S2’s Work in The Identfying Stage 

Some of the interview and work results 

from the research subjects can be concluded that 

at this identifying stage: 1) the subject 

understands the objectives to be achieved such 

as making production schedule for 5 buyers; 2) 

the subject understands that the schedule to be 

made must not exceed the specified sewing 

deadline so as not to be exposed to the risk of 

compensation (by R). There are 3 

understandings of the sewing deadline for 

example the sewing time allocation is 

determined from search for the remaining 

sewing time from the deadline minus the total 

time for the stages in the garment factory; 

sewing time allocation does not exceed 30 – 35 

days for each buyer; and sewing time allocation 

should not exceed 30 -35 days for all orders. 

Third, all subjects understand the key 

information on mathematical problems such as 

the time required for each stage, production 

capacity, and the number of orders in the 

garment factory.  

Investigation & Classifying Stage  

The investigation and classifying stages are the 

process of the subject conducting an in-depth 

search of the initial identification results. The 

initial steps taken by the subject were 1) 

categorizing 10 lines into 3 categories based on 

the number of operators for example the line 

group with 20 operators, 30 operators and 40 

operators (S1 and S2) and continued by 

determining the production capacity of each line 

group; 2) determining the production capacity 

for each operator and each line (S3, S4, S5, S6, 

S7); 3) determining the total production 

capacity of t-shirts or jeans every day; 4) 

determining the total number of operators; 5) 

determining the sewing time allocation by 

investigating the relationship between time 

limit, development time, delivery time, cutting 

time, washing time, and finishing & packing 

time; 6) determining the key information that 

the total sewing time to complete all orders of 5 

buyers is 30-35 days so that it is not by R and 7) 

determining the number of orders for t-shirts 

and/or jeans from 5 buyers. An example

           of a research subject’s work in grouping lines into 3 categories is as follows.  

 

Figure 6. S1’s Work in The Investigation and Classifying Stage  
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An example of a research subject’s work that determines the production capacity for each operator and each 

line can be seen in Figure 7 below.

  

Figure 7. S3’s Work in The Investigation and Classifying Stage  

Furthermore, determining the number of operators in total is 310 operators with a total production capacity of 

9300 t-shirts per day or 2325 jeans per day. The example is in the following.

  

Figure 8. S5’s Work in The Investigation and Classifying Stage  

In Figure 8, S5 made an error in calculating the total production capacity of jeans per day where S5 wrote down 

2100 jeans/day and it should be 2325 jeans/day. Then the researcher went deep into the process of completion 

from subject S5 with an interview so that the following description was obtained.  

Table 6. Subject S5’s Interview Description 

P : What are you doing in order to solve this problem? 

S5 : Here’s the thing mam, the number of t-shirts order 

can later be produced by several operators, then the 

division is based on the number of operators in 

each line. It’s known that 40 operators can produce 

up to 1200 t-shirts per day. Therefore, 1 operator 

can produce 30 t-shirts in a day. As for jeans, 40 

operators can produce up to 300 jeans per day so 

that 1 operator can produce 7,5 jeans per day. In 

that factory, there are 10 lines with 310 operators 

… so the average of per day, the factory can 

produce 9300 t-shirts or 2325 jeans. 

After determining the production capacity of 

each operator as well as the total production 

capacity of the whole, the research subjects 

relate the information obtained to determine the 

relationship that exists in the garment factory 

system. The research subjects tried to 

understand the relationship between the existing 

processes in the pre-production stage with the 

production & delivery stage, the relationship 

between the information obtained such as 10 

lines with 310 operators owned by the factory, 

production capacity of 9300 t-shirts per day or 

2325 jeans, operator capacity in producing 30 t-

shirts/day or 7.5 jeans/day, 5 buyer orders, 
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deadline, risk of compensation, and the time of 

the sub-stages in the production & delivery 

stage.  

          Clarifying Stage 

At this stage, the research subject explains the 

stages in the garment factory from the 

development stage to the production and 

delivery stage. Furthermore, the research 

subjects determine and state the relationships 

that exist in the information obtained from the 

problems and processes that exist in the garment 

factory. Then, the research subjects explain the 

relationship between deadline, development 

time, delivery time, cutting time, sewing time, 

washing time, finishing & packing time. The 

research subjects understand that the deadline is 

the time given by the buyer to the factory from 

the time the buyer order the product until the 

product is received by the buyer. Since the 

process in a garment factory includes two 

stages, the relationship between the deadline, 

the time of the first stage (development), and the 

time of the second stage, such as the deadline is 

the time of the first stage plus the time of the 

second stage.  

The time of the first stage is called the 

development period and it’s already known in 

the given problem. The second stage includes 

cutting time, sewing time, washing time, 

finishing & packing time, and delivery time. S5 

initially had a mistake in determining the 

cutting time, sewing time, washing time, 

finishing & packing time where the subject 

understood that these three processes took 7 

days. In addition, several research subjects (S1, 

S2, S3, S4) initially misunderstood that the 

cutting time (inspection, pattern maker, and 

cutting) takes 7 days. According to their initial 

understanding, cutting time takes 21 days from 

the inspection, pattern making, to cutting that 

each takes 7 days to complete. However, there 

are also research subjects who correctly 

understand the information that the cutting 

section (inspection, pattern making, and 

cutting), washing section and finishing & 

packing section each takes 7 days so that the 

total time required for these three sections is 21 

days. After repeatedly understanding the 

mathematical problems given, finally the 

research subjects understood that the cutting 

time, sewing time, washing time, finishing & 

packing time each takes 7 days so these three 

parts takes 21 days to complete. In determining 

the allocation of sewing time, it needs the 

consideration of the 21 days which is devoted to 

the cutting, washing, and finishing & packing 

processes. The length of delivery time has been 

known from the problem. The time relationship 

between parts in the second stage is as follows.  

Sewing time = deadline – development time – 

delivery – 21 days 

The research subjects can determine the 

sewing time allocation from each buyer for 

example, buyer A gives 17 days of sewing time, 

Buyer B gives 27 days of sewing time, Buyer C 

gives 42 days of sewing time, Buyer D gives 32 

days of sewing time and Buyer E gives 34 days 

of sewing time. 

 

Figure 9. S6’s Work in The Clarifying Stage  

A total of 21 days is the time for cutting 

(inspection, pattern making, cutting) that takes 

7 days to complete as well as 7 days of washing 

and 7 days of finishing & packing time. 

Therefore, the sewing time for buyer A is 17 

days, buyer B is 27 days, Buyer C is 42 days, 

buyer D is 32 days and Buyer E is 34 days.  

Furthermore, several research subjects (S3, S4, 

S5, S6, S7) decided to determine the order of 

processing orders based on the sewing time 
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allocation starting with the buyer with the least 

sewing time allocation. There are subjects who 

put it according to the goods ordering (A-B-C-

D-E) and there are subjects who arrange it based 

on the least sewing time to the most sewing time 

available (A-B-D-E-C).  

          Evaluating & Justifying Stage 

At this stage, the research subjects make various 

sewing schedules with various solution 

strategies. Generally, the solution strategies 

used b research subjects include 1) making 

tables; 2) determining the total number of 

operators needed then determining the line 

number used to produce the orders; 3) 

maximizing the allocation of sewing time and 

comparing it to the production capacity of each 

line before determining the line number used; 

and 4) deciding to use the entire line to complete 

each buyer’s order (line blocking system). The 

work of research subject (S2) who made the 

target table first such as for the 1st version of 

schedule, S2 decided to use 16 days to produce 

jeans and 12 days to produce t-shirts while for 

the 2nd version of schedule, S2 decided to use 16 

days to produce jeans and 13 days to produce t-

shirts. The total time needed to produce jeans 

and t-shirts for both 1st version schedule (16 + 

12 = 28 days) or the 2nd version schedule (16 + 

13 = 29 days) do not exceed 30-35 days so that 

S2 understood that all orders will be made on 

time and nothing is by R. The results of S2’s 

work are as follows.  

 

Figure 10. S2’s Work in The Evaluating& Justifying Stage  

After making the target table, S2 made a sewing schedule for each buyer. In the 1st version schedule, 

Buyer A’s order was completed within 12 days because the order was in the form of 30,000 t-shirts made from 

using line number 1, 2, and 3. Buyer B’s order was in the form of 25,000 t-shirts and 5,000 jeans completed in 

27 days with 12 days used to produce t-shirts using line number 6, 4, and 9 and 15 days used to produce jeans 

using line number 5 and 7. Buyer C’s order was in the form of 50,000 t-shirts completed in 12 days using line 

number 2, 8, 9 and 10. Buyer D’s order was in the form of 15,000 jeans completed in 16 days using line number 

1, 3, 4, 5, and 7. Buyer E’s order was in the form of 15,000 jeans completed in 16 days using line number 6, 7, 

9 and 10. In making the 1st version of the sewing schedule, S2 only focused on achieving the set target time, 

which was 12 days for t-shirts and 16 days for jeans without paying attention to the arrangement of 

workmanship and the condition of the line, not paying attention to the distribution of line utilization in 

completing the orders. In the 2nd schedule version, S2 used another strategy where Buyer A’s order was 

completed within 17 days using line number 3 and 6. Buyer B’s order in the form of 25,000 t-shirts and 5,000 

jeans completed in 27 days with 17 days used to produce t-shirts using line number 4 and 7 and 10 days used 

to produce jeans using line number 1, 5, and 9. Buyer C’s order was in the form of 50,000 t-shirts completed 

in 17 days using line number 2, 8, and 10. Buyer D’s order was 15,000 jeans completed in 15-18 days using 

line number 1, 3, 4, 6, and 7. Buyer E’s order was in the form of 15,000 jeans completed in 10-20 days using 

line number 2, 5, 8, and 10.   
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The second strategy is to determine the total operator needed and determine the line number used to 

produce the orders. Based on the result of calculation from the research subjects, to be able to complete Buyer 

A’s order, 1000 operators are needed with 4 days of processing and 250 operators are needed; Buyer B’s order 

requires 1515 operators with 5 working days using all operators (310 operators); Buyer C’s order requires 1680 

operators with 6 days of processing and 280 operators are needed; and Buyer E’s order requires 2000 operators 

with 8 days of processing and 250 operators are needed. The subjects who used this strategy are S3, S4, and 

S5. An example of the Subject’s work using this strategy is S3’s work.

 

 

Figure 11. S3’s Work in The Evaluating & Justifying Stage 

Based on Figure 11. It can be seen that in the 1st 

version of the schedule, Buyer A’s order was 

produced in line number 1, 2, 3, 4, 5, 8, 9, and 

10; Buyer B’s order was produced in all line 

number; Buyer C’s order was produced in line 

number 1, 2, 4, 5, 6, 7, 8, 9, and 10; Buyer D’s 

order was produced in line number 2, 3, 5, 6, 7, 

8, and 10; Buyer E’s order was produced in line 

number 2, 3, 5, 6, 7, 8, and 10. It is almost 

similar to the 1st version of the schedule, S3 

decided to reverse the line numbers. The 

difference with the 1st schedule version is that in 

the 2nd version, S3 tried to combine the orders 

from Buyer D and E simultaneously. In this 

case, S3 did not consider the jeans model 

ordered by Buyer D and E where S3 assumed 

that the jeans were in the same model. S3 did 

not consider if the jeans ordered by Buyer D 

were different from Buyer E. As for the 2nd 

version schedule, Buyer A’s order was 

produced in line number 1, 2, 3, 4, 5, 8, 9, and 

10; Buyer B’s order was produced in all line 

numbers; Buyer C’s order was produced in line 

number 1, 2, 4, 5, 6, 7, 8, 9, and 10; Buyer D 

and E’s orders were produced in all lines for 

each buyer. Other than determining the number 

of operators and line numbers needed to work 

on each buyer’s order, S3 also determined the 

remaining time for each buyer. If there was time 

remaining, it was sure that the order is made on 

time or in less time than the sewing time 

allocated. Because the sewing time allocated 

from Buyer C was the longest, S3 decided to 

complete the order in the arrangement of A – B 

– D – E – C. S3 had taken into account the time 

allocation needed to work on orders from Buyer 

A and B then continued with the orders from D 

and E and finally C. In addition, S3 had also 

considered the arrangement of the work and the 

impacts arising from the selection of the lines 

and the allocation of the processing time. The 

impact of choosing this scheduling plan will 

affect the scheduling of each buyer’s order.  

The difference between schedule version 

1 and version 2 lies in the arrangement of 

production scheduling from Buyer D and E 

where the time needed to work on the orders on 

the 1st version schedule is 16 days while on the 

2nd version schedule, the orders are made 

simultaneously by allocating 4 lines with large 

capacity to produce order from Buyer D and 6 

lines with medium and small capacity to 

produce the order from Buyer E. These 
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differences affect the remaining days from the 

deadline given by Buyer C. Buyer C’s order is 

done in the last arrangement, considering that 

the sewing time allocation for order C is very 

long. To work on order from Buyer C that is in 

the form of 50,000 t-shirts, it requires 1667 

operators but S3 came up with 1,680 operators 

to match the number of operators from each 

line. In addition, S3 also determines that only 

280 operators are used per day so that the 

number of days is even (in the form of integers). 

The time it takes to work on order C is 16 days. 

The 1st and 2nd version schedule for order C is 

the same, the only difference lies in the 

remaining time from the allocation of sewing 

from Buyer C. This can be seen from the results 

of S3’s work as follows.   

P : Okay, on the 1st version schedule, what do 

you think about order C? 

S3 : ….. Order C is produced by 1680 operators 

using 9 lines in 6 days  

So, order C will complete in 6 + 10 days (A 

and B) + 16 days (D & E) = 32 days mam…. 

So there is a remaining time of 42-32 days 

= 10 days mam…it’s secure right 

mam…Then, the sewing time for all buyers 

is 4 + 5 + 8 + 8 + 6 = 31 days…it is included 

in the deadline of sewing that is between 30-

35 days mam … 

P : What about the 2nd version of the schedule? Is 

it secure for order C?  

S3 : It’s secure mam, …the time is 42 days, 

…order A 4 days, order B 5 days with a total 

of 9 days  

Because there was a difference in the 

development, order A and B takes 10 

days…Then D and E has a total of 14 

days…So, to produce the order A, B, D, E, it 

takes 24 days. To produce order C, it needs 6 

days. Therefore, the remaining day is 42 – 6 – 

24 = 12 days. 

The third strategy is to maximize the sewing 

time allocation and compare it with the 

production capacity of each line and then 

determine the line number used. The research 

subject who maximized sewing time allocation 

is S1 and the 1st and 2nd version schedules can 

be seen in Figure 12. 
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Figure 12. S1’s Work in The Evaluating & 

Justifying Stage for The 1st and 2nd Version  

Based on Figure 12, S1 in making the 1st version 

of schedule allocated the line number 6 and 7 to 

work on Buyer A’s order; line number 3 and 5 to 

work on Buyer B’s order; line number 4, 5, and 6 

to work on buyer C’s order; line number 8 and 10 

to work on Buyer D’s order; and line number 1, 

2, and 9 to work on buyer E’s order. In the 2nd 

version schedule, S1 only exchanged the line 

numbers with the same production capacity for 

each buyer. S1 allocated line number 1 and 2 to 

work on buyer A’s order, line number 1, 4, and 5 

to work on buyer B’s order; line number 2 and 5 

to work on buyer C’s order; line number 3, 9, and 

10 to work on Buyer D’s order; and line number 

6, 7, and 8 to work on buyer E’s order.   

The fourth strategy is to decide on using 

the entire lines to complete each buyer’s order 

(line blocking system). This strategy is used by 

S7 where S7 decides to use the entire line to work 

on each buyer’s order with the arrangement of 

processing being A-B-C-D-E. At first, S7 also 

calculated the number of t-shirts produced on the 

first day until the 11th day in all lines and 

continued on the 12th day on line number 1, 2, and 

3. The on the 12th day in the rest of the lines are 

used to work on jeans until the 27th day. The 

results of S7’s scheduling are as follows. 

    

Figure 13. S7’s Work in The Evaluating & Justifying Stage 
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          Reflecting Stage 

In the reflecting stage, the research subjects 

rethink the schedule that has been made and 

decided by reviewing the line number being 

used, reviewing the production capacity of the 

selected line, reviewing the required production 

time, and ensuring that the time for sewing and 

making orders for each buyer do not exceed the 

deadline so that no order is by R. In addition, 

there were several research subjects who 

revised the schedule that they had made.     

Based on the explanation above, in 

general, the stages of systemic thinking of the 

preservice teachers in solving math problems 

can be categorized into 5 stages such as the 

identifying stage, clarifying & classifying stage, 

evaluating & justifying stage and reflecting 

stage. At the identifying stage, the research 

subjects 1) read and understand mathematical 

problems repeatedly; 2) have an overview and 

explain the processes that exist in the garment 

factory as a whole; 3) understand the stages in 

the garment factory including 2 stages for 

example the development stage and the 

production & delivery stage; 4) understand the 

objectives to be achieved namely making a 

sewing schedule for 5 buyer’s order; 5) identify 

and record important information in the 

mathematical problems; 6) identify the time at 

the inspection, pattern making and cutting stage 

takes 7 days; time for the washing takes 7 days; 

and time for finishing & packing takes 7 days; 

7) determine time required for the production 

process is 30-35 days; 8) understand the 

information that there are 10 lines with a total 

of 310 operators; 9) understand the information 

that there are 5 buyers who order t-shirts and/or 

jeans with a certain quantity and deadline set by 

the buyer; 10) understand that the development 

period for buyer A, B, and C is 50 days and 

Buyer D and E is 60 days; and 11) understand 

that the line which has 40 operators can produce 

300 jeans/day or 1200 t-shirts/day.  

In the investigation and classifying stage, 

the research subjects 1) relate the information 

obtained in the previous stage with the 

knowledge that they have mastered; 2) 

understand and analyze the relationship 

between processes, variables and elements in 

mathematical problems; 3) sort out the 

information and determine the key information 

then analyze the causal relationships that exist 

in the garment factory; and 4) begin to 

investigate the available resources such as 

production capacity, number of operators, 

production capacity of each operator, total daily 

production capacity, total production capacity 

of each operator per day, number of orders from 

5 Buyers and grouping the lines based on the 

number of operators. According to the results of 

understanding and analyzing the information 

obtained from the mathematical problem, the 

research subjects began to think about strategies 

and steps to be taken to solve the mathematical 

problem. Characteristics of strategies and ways 

of thinking in solving complex problems for 

each research subject is to see and analyze the 

condition as a whole and then break it down into 

more specific ways. In this case, the research 

subjects identified the garment factory’s 

production capacity for each line and each 

operator per day. The production capacity of 

each operator is 300 t-shirts/day or 7.5 

jeans/day. The production capacity of the line 

with 20 operators is 600 t-shirts/day or 

150jeans/day; the production capacity of the 

line with 30 operators is 900 t-shirts/day or 225 

jeans/day; and a line with 40 operators is 1200 

t-shirts/day or 300 jeans/day. The total 

production capacity of the entire line is 9300 t-

shirts/day or 2325 jeans per day. The total 

number of operators is 310 people. 

Furthermore, the research subjects identified 

and totaled the number of orders for t-shirts 

and/or jeans from Buyer A, B, C, D and E.  

In the clarifying stage, research subjects 

1) present and explain the relationship between 

variables, information, and processes in the 

garment factory; 2) explain the stages in a 

garment factory from the development stage to 

the production and delivery stage; 3) determine 

and sate the relationship that exists in the 

information obtained from the problem and the 

processes that exist in the garment factory; and 

4) explain the relationship between deadlines, 

development time, delivery time, cutting time, 

sewing time, washing time, finishing and 

packing time. The research subjects understand 
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that the deadline is the time given by the buyer 

to the factory from the process of production 

order by the buyer to the process when the 

product is received by the buyer. Because there 

are two kinds of stages in the garment factory, 

the relationship between the deadline, the time 

of the first stage (development) and the time of 

the second stage is that the deadline is the time 

of the first stage plus the time of the second 

stage. The time of the first stage is called the 

development period and it is already known in 

the problem given. The second stage includes 

cutting time, sewing time, washing time, 

finishing & packing time, and delivery time. 

After repeatedly understanding the 

mathematical problem given, the research 

subjects understand that the cutting time, 

sewing time, washing time, finishing & packing 

time each took 7 days so these three parts took 

21 days in total. Therefore, the time relationship 

between the parts in stage 2 is explained below.  

Deadline = development stage time + 

production and delivery time  

Production & delivery time = cutting time + 

washing time + finishing & packing time + 

sewing time + delivery time = sewing time + 

delivery time + 21 days 

Sewing time = deadline – development time – 

delivery time – 21 days 

The research subjects can determine the sewing 

time allocation from each buyer, namely Buyer 

A gives 17 days of sewing time, Buyer B gives 

27 days of sewing time, Buyer C gives 42 days 

of sewing time, Buyer D gives 32 days of 

sewing time, and Buyer E gives 34 days of 

dewing time.  

In the evaluating & justifying stage, the 

research subjects made various sewing 

schedules with various solution strategies. 

Broadly speaking, the solution strategies used 

by the research subjects include 1) making 

tables; 2) determining the total number of 

operators needed and determining the line 

number used to work on the orders; 3) 

maximizing the allocation of sewing time and 

comparing it with the production capacity of 

each line and then determining the line number 

used and 4) deciding to use the entire line to 

complete each buyer’s order (line blocking 

system). Most of the research subjects 

determine the total number of operators needed 

to work on each buyer’s then determine the 

sewing time and the line number used. In 

presenting the sewing schedule, the research 

subjects used tables and descriptions based on 

very detailed calculations. In addition, the 

research subjects also ensured that the total 

sewing time of the 5 buyers’ orders did not 

exceed 30 days so that they were not by R. In 

the reflecting stage, the research subjects 

reviewed the scheduling that had been made and 

had been decided by looking back at the line 

number used, the capacity production from the 

selected line, the required production time and 

ensuring that the sewing time and the time for 

producing the orders for each buyer do not 

exceed the deadline so that no order is by R. 

There are several research subjects who revised 

the schedule they had made as well.     

The structure of systemic thinking from 

research subjects who have a systematic 

cognitive style in solving mathematical 

problems is illustrated in Figure 14 belo
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Mathematic problem (complex 

problem)

Read repeatedly and understand the information, and 

processes involved in the problem

Write the information in the 

problem

• Garment factory level include 2 levels, i.e. development level and production & 

delivery level

• There are 10 lines with many different operators, i.e. 20 operators, 30 operators and 

40 operators

• Production time (sewing) is 30-35 days

• Cutting, washing, and finishing & packing each takes time 7 days

• Line with 40 operators can produce 1200 shirt/day or 300 jeans/day

• There are 5 buyers who ordered t-shirts and/or jeans

• There is a time limit, delivery time, and development time that are known from the 

start

The goal to be achieved is to make a 

sewing schedule for each buyer

Not by R and not exceeding 

the time limit given

Identifying stage

Based on the information obtained determine i.e. 

• Production capacity per line or line group with 20 operators, 30 operators, and 40 

operators 

• Production capacity per operator is 7,5 jeans/day or 30 shirt/day

• Production capacity line with 20 operators is 600 shirt/day or 150 jeans/day

• Production capacity line with 30 operators is 900 shirt/day or 225 jeans/day

• Production capacity line with 40 operators is 1200 shirt/day or 300 jeans/day

• Total production capacity all lines is 9300 shirt/day or 2325 jeans/day

• There are 310 operators

• There are 5 buyers where buyer A ordered 30000 t-shirt; buyer B ordered 25000 t-

shirt and 5000 jeans; buyer C ordered 50000 t-shirt; buyer D ordered 15000 jeans; 

and buyer E ordered 15000 jeans

• Total of order from 5 buyers is 105000 t-shirt and 35000 jeans  

Investigation & classifying stage

1
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Figure 14. The structure of systemic thinking from research subjects who have systematic cognitive style 

 

Discussion 

Systemic thinking processes in individuals who 

are identified as having a systemic style have 

high scores on the systematic scale and low 

scores on the intuitive scale. These individuals 

usually use a step-by-step approach when 

solving problems; are well-defined; look for an 

overall method or program approach; and then 

create an overall plan to solve the problem. The 

characteristics are convergent thinkers; 

concrete; highly structured; logical; rational; 

ordered; linear; step-by-step approach; concrete 

on the facts, figures, and data; product centered; 

reducing the problem to workable segments; 

deductive; very aware of the approach; using 

well-defined methods or plans to solve 

problems; using a sequential process; and 

dealing with problems by dividing them into 

smaller group (Martin, 1998; Sagiv et al., 2014). 

A person with a systematic cognitive style tends 

to analyze situations to the problems they have 

(Sagiv et al., 2014).  

Subjects with systematic cognitive style at 

the identifying stage are able to show 

indications related to information, variables, 

processes, and initial conditions that are 

prerequisites for the problems they have. 

Research subjects show indicators of 1) 

identifying and understanding the information, 

variables, and processes that exist in the 

garment factory; 2) having an overall picture of 

the existing processes in the garment factory; 3) 

understanding and recording key information 

from a given mathematical problem; and 4) 

understanding that the goal to be achieved is to 

make a sewing schedule for orders of 5 buyers. 

Based on the results of this identification, the 

research subjects can describe the processes that 

exist in the garment factory and analyze the 

problem-solving steps that will be taken. This 

• Present and explain the relationship between variables, informations, and processes 

that exist in the garment

• Explain the stage in a garment factory include development stage and production & 

delivery stage

• Determine the relationship that exists in the information obtained on the problems 

and processes that exist in the garment factory

• Explain the relationship between time limit, development time, delivery time, cutting 

time, sewing time, washing time, finishing and packing time, and delivery time 

• Determine sewing time each buyer i.e. sewing time of buyer A is 17 days, buyer B is 

27 days, buyer C is 42 days, buyer D is 32 days and buyer E is 34 days

Clarifying stage

Time limit = development time + production & delivery time

Production & delivery time = cutting time + sewing time + washing 

time + finishing & packing time + delivery time

Sewing time = time limit – development time – delivery time – 21 

daysSe
win

g t
im

e fo
rm

ula
s

Sewing scheduling strategy i.e.

• create time tables 

• Determine the total number of operators needed then determine the line number 

used to make the order

• Maximize the allocation of sewing time and compare with the production capacity of 

each line and then determine the line number used

• Decide to use the entire line to complete each buyer s order

Total sewing time of 5 buyers less than 30 days

Determine remaining production time 

• Rethinks the scheduling that has been made and decided by reviewing the line 

number used

• Reviewing the production capacity of the selected line

• Reviewing the required production time

• Ensuring that the sewing time and total time for making orders for each buyer do not 

exceed the time limit so that nothing is by E

• Revise the schedule that they have made

Evaluating & justifying stage

Reflecting stage

Finish

1
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stage is an early stage that has an important role 

because it is the initial stage in system thinking 

(Prahasta, 2018) and in solving mathematical 

problems (Widjajanti & Wahyudin, 2011; 

Novita, et al., 2012; Surya, et al., 2017). The 

process of systemic thinking is closely related 

to the initial analysis of problems that arise from 

the information obtained (Hrin et al., 2017). The 

collection of information obtained becomes 

material in the subject to carry out further 

analysis such as the investigation & classifying 

stage.  

In the investigation and classifying stage, 

the research subjects 1) relate the information 

obtained from the previous stage with the 

knowledge that they have mastered; 2) 

understand and analyze the relationship 

between processes, variables, and elements in 

mathematical problems; 3) sort out the 

information and determine the key information 

and analyze the causal relationships that exist in 

the garment factory; and 4) begin to investigate 

the available resources such as production 

capacity, number of operators, production 

capacity of each operator, total daily production 

capacity, total production capacity of each 

operator per day, number of orders from 5 

buyers and grouping lines based on the number 

of operators. This shows that the research 

subjects have met the indicators at the 

investigation and classifying stage which 

includes that 1) the subject can relate the 

information contained in math problems with 

the initial knowledge they have mastered; 2) the 

subject classify the information, variables, 

processes that occur, initial conditions 

(prerequisites) and final condition in 

mathematical problems based on character and 

similarity of behavior; 3) the subject identifies 

the performance of all parts of the system; and 

4) the subject analyzes the causal relationship of 

information, variables, processes occurring, 

initial conditions (prerequisites) and final 

conditions that exist in mathematical problems.  

When a person is faced with a complex 

problem/situation (non-routine problem), they 

will think like a mathematician who thinks 

beyond the solution procedure that has been 

understood by conducting exploration, 

investigation, and investigative activities 

(Ponte, 2007). Therefore, at this stage, the 

subject analyzes the relationship or causal 

relationship that exists in the elements of the 

garment factory. Before identifying this cause-

and-effect relationship, activities can be carried 

out to group the elements that are similar and 

describe the similarities possessed by each 

group. This activity is referred to as a 

classifying activity. In addition to classifying 

activities, there are other activities namely 

investigations, which include formulating 

questions, making and testing allegations and 

proving them. The second stage of systemic 

thinking is the investigation & classifying stage 

and this is in accordance with the opinions from 

Bartlett (2001), Jacob (2014), Prahasta (2018), 

Johnny, et al. (2016), and Ponte (2007). 

Furthermore, in determining the causal 

relationship that exists in the system, 

classifying, categorizing, and investigation 

activities are carried out. Categorizing activity 

according to Jacob (2014) is the process of 

dividing the entire entity into groups of entities 

whose members have similarities with one 

another. If it is associated with the opinion from 

Ponte (2007), then categorizing activities are 

part of mathematical investigation activities. 

Therefore, the second stage of systemic 

thinking is the investigation & classifying stage.  

The clarifying stage is the process of 

finding the relationship between the system 

elements explained to form a system model 

design that applies as a whole. In the clarifying 

stage, the research subjects 1) present and 

explain the relationship between variables, 

information and processes that exist in the 

garment factory; 2) explain the stages in a 

garment factory from the development stage to 

the production and delivery stage; 3) determine 

and state the relationship that exists in the 

information obtained on the problems and 

processes that are in the garment factory; and 4) 

explain the relationship between deadline, 

development time, cutting time, sewing time, 

washing time, finishing and packing time, and 

delivery time. This shows that the indications of 

the subjects include the fact that 1) the subject 

presents the relationship between information, 

variables, processes occurring, initial condition 

(prerequisite) and final condition in 

mathematical problems; 2) the subject explains 

the causal relationship between information, 

variables, processes occurring, initial condition 

(prerequisite) and final condition in 
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mathematical problems 3) the subject describes 

the performance of each part of the overall 

system and the core problems in mathematical 

problems; 4) the subject plans various possible 

solutions to mathematical problems; and 5) the 

subject makes the system model design. In the 

mathematical problem given in this research, 

the system model design is in the form of stages 

at the garment factory which include the 

development stage and the production & 

delivery stage where each stage includes several 

sub-stages. This mathematical problem is 

limited to tome management at the production 

& delivery stage. By understanding the garment 

system design model, the research subjects can 

analyze the time relationship between the sub-

stages in the garment system, in this case, the 

relationship between time limit, development 

time, delivery time, washing time, cutting time, 

sewing time, and finishing & packing time. 

Because it describes and explains the causal 

relationship between information, variables, 

and elements in the system, the third stage is 

called the clarifying stage and this is in 

accordance with the opinion from Johnny, et al. 

(2016).  

The evaluating & justifying stage is a step 

in making alternative solutions from the 

information obtained. Subjects with systematic 

cognitive style perform detailed and thorough 

analysis and calculations regarding all the 

possibilities that can be generated from various 

interrelated variations of the solution with 

previous information and provisions. The 

subjects prepare in advance the calculation of 

the variables that affect the scheduling design 

such as the production capacity of each line, the 

production capacity per operator, the total 

production capacity of all lines, as well as the 

number of orders from 5 buyers. Generally, the 

solution strategies used by research subjects 

include 1) making tables; 2) determining the 

total number of operators needed and the line 

number used to work on the orders; 3) 

maximizing the allocation of sewing time and 

comparing it with the production capacity of 

each line and then determining the line number 

used; and 4) deciding to use the entire line to 

complete each buyer’s order (line blocking 

system). After making various sewing 

schedules with various completion strategies, 

the research subjects analyzed the advantages 

and disadvantages of each alternative 

scheduling that had been made and then decided 

on the sewing schedule that was considered the 

most optimal. This shows that the research 

subjects meet the following indicators 1) 

creating various alternative solutions to 

mathematical problems; 2) predicting the 

impact of each alternative solution plan from 

the mathematical problem; 3) predicting the 

possibilities that will occur if the problem 

solving plan is implemented in the system; 4) 

Evaluating various alternative solutions to 

mathematical problems by analyzing various 

possibilities and impacts; and 5) deciding on 

mathematical problem solutions that will be 

applied in the system based on the analysis of 

various alternative solutions.  

In the reflecting stage, the subjects 

determine the most optimal solution and 

perform a more detailed follow-up analysis so 

as to produce a detailed and accurate final 

conclusion. The subjects with a systematic 

cognitive style tend to perform the most optimal 

repetition and experiment in the solution 

process. These subjects also have high 

standards in analyzing all the information 

obtained. In this stage, the subjects re-check the 

identifying process so that the initial 

identification, the relationship between 

variables, and the relationship between 

variables and information produces the most 

optimal and appropriate solution in solving the 

problem.  

 

The findings in this research are 1) the stages of 

systemic thinking include 5 stages such as the 

identifying stage, the investigation & 

classifying stage, the clarifying stage, the 

evaluating & justifying stage, as well as the 

reflecting stage; 2) subjects with systematic 

cognitive style have detailed characteristics by 

paying attention to every aspect related to the 

problem as a while; 3) the stages of systemic 

thinking for preservice teachers who have a 

systematic cognitive style include 5 stages of 

systemic thinking; and 4) at each stage of 

systemic thinking, preservice teachers who have 

a systematic cognitive style think as a whole 

(holistic) the break down into details and base 

them on systematic and detailed calculations. 

The data and information obtained are then 

elaborated by revealing the relationship 
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between variables with every detail of 

information which is the special attention by the 

subject. Subjects with a systematic cognitive 

style are able to produce many detailed and 

systematic solution options. 

Conclusion 

The conclusion in this research indicates that 

the stages of systemic thinking consist of 5 

stages namely the identifying stage, the 

investigation & classifying stage, the clarifying 

stage, the evaluating & justifying stage and the 

reflecting stage. In addition, the thinking 

process for preservice mathematics teachers 

who have a systematic cognitive style includes 

5 stages for example the identifying stage, the 

investigation & classifying stage, the clarifying 

stage, the evaluating & justifying stage and the 

reflecting stage. At the identifying stage, the 

preservice mathematics teachers identify 

information, processes, and variables in a 

garment factory; and understand the objectives 

to be achieved from solving mathematical 

problems. In the investigation & classifying 

stage, the preservice mathematics teachers 

identify key information, determine the 

production capacity of each line and each 

operator, determine the total production 

capacity of the entire line; and determine the 

total order of t-shirts and jeans from 5 buyers. 

In the clarifying stage, the preservice teachers 

explain the system at the garment factory and 

determine the sewing time provided by each 

buyer. In the evaluating & justifying stage, the 

preservice mathematics teachers can make 

various sewing schedules for each buyer, 

determine the sewing schedule for 5 buyers 

where the time required to produce the orders 

does not exceed 30 days and determine the 

remaining production time so that it can be 

ensured that nothing is by R. At the reflecting 

stage, the preservice mathematics teachers 

review the sewing schedule that has been 

decided and revise the sewing schedule if there 

are mistakes. Systemic thinking processes of 

individuals with systematic cognitive style 

show that they have systematic and detailed 

characteristics in each process of completion. 

Individuals with systematic cognitive style see 

non-routine mathematical problems as a whole, 

then divide and classify them so that 

integration/similarities can be found from each 

classification made to assist in the problem-

solving process. 

Reference 

[1] Agustan, J. D., & Siswono, T. Y. E. 

2017. Profile of Male-Field 

Dependent (FD) Prospective 

Teacher’s Reflective Thinking in 

Solving Contextual Mathematical 

Problem. AIP Conference 

Proceedings, 1867, 020034–1. 

https://doi.org/10.1063/1.4994437 

[2] Amer, A. 2005. Analytical Thinking. 

Pathways to Higher Education 

Project. Center for Advancement of 

Postgraduate Studies and Research in 

Engineering Sciences, Faculty of 

Engineering-Cairo University 

(CAPSCU) 

[3] Anderson, L.W & Krathwohl, D. 2001. A 

Taxonomy for Learning, Teaching, and 

Assessing: A Revision of Bloom’s 

Taxonomy of Educational Objective. 

Addison Wesley Longman, Inc. 

[4] Anderson, L.W & Krathwohl, D. 2015. 

Kerangka Landasan untuk Pembelajaran, 

Pengajaran, dan Assesmen. Yogyakarta: 

Pustaka Pelajar 

[5] Atwater, J. B., & Pittman, P. H. 2006. 

Facilitating Systemic Thinking in 

Business Classes. Decision Sciences 

Journal of Innovative Education, 

4(2), 273–292. 

https://doi.org/10.1111/j.1540-

4609.2006.00117.x 

[6] Atwater, J.B., Kannan, V.R., & 

Stephens, A. A. 2008. Cultivating 

Systemic Thinking in the Next 

Generation of Business Leaders. 

Management Learning, 7(1), 9–25. 

https://doi.org/Article 

[7] Bartlett, G. 2001. Systemic Thinking: a 

simple thinking for gaining system 

(situation-wide) focus. The 

International Conference on 

Thinking “Breakthroughs 2001”. 

Prodsol International 

[8] Bartlett, G. (2001). a simple thinking 

https://doi.org/Article


2729      Journal of Positive School Psychology   

 

technique for gaining systemic ( 

situation-wide ) focus presented by at 

THE INTERNATIONAL 

CONFERENCE ON THINKING “ 

BREAKTHROUGHS 2001 ” Final 

Draft ( contact details updated ) 

Please contact the author with 

comments or questions. The 

International Conference on 

Thinking “Breakthroughs 2001,” 1–

14. 

[9] Bezunova, T.A., Richter, T.V., 

Sugrobova, N.Y., Chugainova, L.V., 

Shestakova, L.G., 2017. Types of 

Working in Forming Analytic and 

Synthetic Activity Skills in Teaching 

the Algebra Course. Eurasia Journal 

of Mathematics, Sciences, and 

Technology Education. 13(11):7257-

7267 

[10] Champbell, D., Draper, R., 

Huffington, C. 1992. Teaching 

Systemic Thinking. London: Taylor 

& Francis Ltd 

[11] da Ponte, J. P. (2007). Investigations 

and explorations in the mathematics 

classroom. ZDM - International 

Journal on Mathematics Education, 

39(5–6), 419–430. 

https://doi.org/10.1007/s11858-007-

0054-z 

[12] Funke, J. 2012. Complex Problem 

Solving.  Encyclopedia of the 

sciences of learning. Publisher: 

Springer. DOI: 10.1007/978-1-4419-

1428-6_685 

[13] Hrin, T. N., Milenković, D. D., 

Segedinac, M. D., & Horvat, S. 

(2017). Systems thinking in 

chemistry classroom: The influence 

of systemic synthesis questions on its 

development and assessment. 

Thinking Skills and Creativity, 23, 

175–187. 

https://doi.org/10.1016/j.tsc.2017.01

.003 

[14] Jacob, E. K. 2014. Classification and 

Categorization : A Difference that 

Classification and Categorization : A 

Difference that Makes a Difference, 

(December 2004). 

[15] Johnny, J., Abdullah, A. H., Atan, N. 

A., & Abu, M. S. 2016. Theorists ’ 

Views of Knowledge Reasoning and 

Systemic Thinking in Theorists ’ 

Views of Knowledge Reasoning and 

Systemic Thinking in Mathematical 

Reasoning, (April). 

[16] Kalmykova, Z. I. 1954. Processes of 

analysis and synthesis in solving 

arithmetic problems. News of APN 

RSFSR, 61, 206–232. 

[17] Katoch, K.S., & Thakur, M. 2016. 

Cognitive Styles of Secondary 

School Teachers. International 

Journal of Advanced Research in 

Education & Technology (IJARET), 

3(4): 147-150 

[18] Kazachek, N. A., & Epova, E. V. 

2014. Formation of Pupils’ Analytic-

Synthetic Activity while Studying 

Algebra in the Context of Summer 

Professionally-Oriented School. 

Scholarly Notes of Transbaikal State 

University. Series Vocational 

Education, Theory and Methods of 

Teaching, 6, 145-151. 

[19] Kholid, M. N., Sadi’jah, C., 

Hidayanto, E., & Permadi, H. 2020. 

How are students’ reflective thinking 

for problem solving? Journal for 

Education of Gifted, 8(3), 1135-

1146. DOI: 

http://dx.doi.org/10.17478/jegys.688

210   

[20] King, F., Goodson, L., & Rohani, F. 

1999. Higher Order Thinking Skills. 

Florida: CALA State University of 

Florida 

[21] Koldunova, I. D. 2015. Model of the 

development of the analytic-

synthetic component of the thinking 

of future teachers of informatics in 

the teaching of the theory of 

algorithms. Bulletin of V.P. Astafiev 

KSP University, 1, 225-230. 

[22] Koyunkaya, M. Y. 2018. An 

Examination of a Pre-service 

Mathematics Teacher ’s Mental 

http://dx.doi.org/10.1007/978-1-4419-1428-6_685
http://dx.doi.org/10.1007/978-1-4419-1428-6_685


Kriswandani                 2730 

 

Constructions of Relationships in a 

Right Triangle To cite this article : 

An Examination of a Pre-service 

Mathematics Teacher ’ s Mental 

Constructions of Relationships in a 

Right Triangle. International Journal 

of Education in Mathematics, 

Science, and Technology. 

https://doi.org/10.18404/ijemst.3283

44 

[23] Maharaj, A. 2013. An APOS analysis 

of natural science students’ 

understanding of derivatives, South 

African Journal of Education, 33(1), 

1–19. 

[24] Martin, L. P. (1998). The Cognitive-

Style Inventory. The Pfeiffer 

Library, 8(1), 1–18. 

[25] Miri, B., David, B., & Uri, Z. 2007. 

Purposely Teaching for the 

Promotion of Higher-order Thinking 

Skills : A Case of Critical Thinking, 

353–369. 

https://doi.org/10.1007/s11165-006-

9029-2 

[26] Ponte. 2007. Investigation and 

Explorations in the Mathematics 

Classroom. ZDM: the international 

journal on mathematics education. 

October 2007. 39:419-430. DOI: 

10.1007/s11858-007-0054-z 

[27] Prahasta, E. 2018. Systems Thinking 

& Pemodelan Sistem Dinamis: 

membangun sebuah Sistem Dinamis 

berdasarkan System Thinking yang 

dapat digunakan di berbagai bidang 

seperti Engineering, System 

Pemodelan/Simulasi, Teknik 

Geodesi & Geomatika, Lingkungan 

Hidup, Biologi, Psikologi, Militer, 

Elektronika, Matematika, 

Informatika, Teknik Industri, 

Ekonomi, Studi Pembangunan, 

Bisnis, Manajemen, Sains/Ilmu 

Sosial & Kemasyarakatan, Politik, 

Perencanaan Wilayah & Kota. 

Bandung: Penerbit INFORMATIKA 

[28] Sagiv, L., Amit, A., Ein-Gar, D., & 

Arieli, S. 2013. Not All Great Minds 

Think Alike: Systematic and 

Intuitive Cognitive Style. Journal of 

Personality, 82(5): 402-417. DOI: 

10.1111/jopy.12071 

[29] Stanton, M., & Welsh, R. 2012. 

Systemic thinking in couple and 

family psychology research and 

practice. Couple and Family 

Psychology: Research and Practice, 

1(1), 14–30. 

https://doi.org/10.1037/a0027461 

[30] Wang, S., Wang, H., & Wang, S. 

2011. Teaching Higher Order 

Thinking in the Introductory MIS 

Course: A Model-Directed Approach 

Teaching Higher Order Thinking in 

the Introductory MIS Course : A 

Model-Directed Approach, (January 

2015), 37–41. 

https://doi.org/10.1080/08832323.20

10.505254 

[31] Zachariades, T., Christou, C., & 

Pitta-Pantazi, D. 2012. Reflective, 

systemic and analytic thinking in real 

numbers. Educational Studies in 

Mathematics, 82(1), 5–22. 

https://doi.org/10.1007/s10649-012-

9413-y 

 

https://doi.org/10.18404/ijemst.328344
https://doi.org/10.18404/ijemst.328344
https://doi.org/10.1037/a0027461
https://doi.org/10.1080/08832323.2010.505254
https://doi.org/10.1080/08832323.2010.505254
https://doi.org/10.1007/s10649-012-9413-y
https://doi.org/10.1007/s10649-012-9413-y

