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Abstract

The purpose of this study is to explore categories in students’ systemic thinking in solving a decision-
making problem. This study is an explorative study using a qualitative approach. The subjects of this study
were students of Teacher Education for Madrasah Ibtidaiyah Department, the State Islamic University of
Malang who applied in the education statistics course. Data collecting was done by using the think-aloud
method and in-depth interviews based on the resulting paper on decision-making problems that had already
been given to the subject. The instrument used in this study consists of two types, the main instrument, and
the supporting instrument. The main instrument is the researcher himself. The supporting instrument in this
study consists of a paper on decision-making problems, an audiovisual recorder, and a guideline for
interviews. Paper of decision-making problems is validated by the expert in mathematics education and
mathematics. This instrument is tested on students in order to get the criteria of empirical validation. Based
on the result of this study there are three categories of systemic thinking, global systemic, pseudo-global

systemic, and local systemic.
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INTRODUCTION

Decision-making needs reasoning or high-level
thinking, starting with an analysis and synthesis.
Basically, decision-making aims for optimizing a
value or another measure that is related to risk and
benefit. In this case, decision-making only
notices on rationality aspect which gives the best
decision result, without considering the
psychological and sociology aspects (Nielsen,
2009; Gigerenzer & Selten, 2001).

Verschaffel, Greer, and Corte (2000)
stated that decision-making is a verbal
description of a problem situation with one or
more questions. The solution will be found by
applying mathematical operations from numeric
data that are available in the problem statement.
Decision-making is a mathematical problem
formed in a sentence that illustrates daily

activities (Ashlock, 2003). Decision-making is a
group of sentences describing a “real-life”
scenario where problems need to be solved
mathematically.

In general, the decision-making problem
is an application of mathematical and statistical
concepts. A how decision making on giving the
best and most rational choice is produced from
the analysis of mathematics and statistics.
Fitzsimons (2001) stated that mathematics and
statistics are important in decision making.
However, usually, statistical learning is presented
in conceptual and procedural ways, from the
school level up to the university level. It is rarely
linked with decision-making problems Statistical
learning needs to take the real meaning in daily
context. lIdea and patterns of categorization are
already used in decision-making (Brown &
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Coles, 2003). This shows that statistics on the
categorization aspect is needed in decision
making.

Decision-making is close related to the
process of problem-solving. Decision-making is
a structurally and complexically kind of problem-
solving, including problems in design and policy
(Jonassen, 2012). The process of problem-
solving can be done with these steps: 1) represent
the problem, 2) explain the situation using a
model, and 3) formalize the situation (Nathan,
and Kinsth, 2004). This shows that decision-
making also can be said as a process in problem-
solving.

Presentation of statistical concept that
involves real data will give a chance to
understand the mathematical relationship based
on statistical concept, display, and procedure
(Burrill & Romberg, 1998; Garfield & Gal,
1999). Clearly, this will give experience to a
college student in applying mathematics and
statistics to real-life problems, including decision
making. Usage of data in a meaningful problem-
solving context is a key aspect of the program that
is designed to introduce students reasoning with
data (Watson & Moritz, 2000). This election of
context is one of criteria in designing the task that
is used in this study.

Problem-solving decision-making needs
systemic thinking. Systemic thinking is started by
deciding the elements or identifying all elements
of a problem. In the beginning, Daryani and
Ardabili (2014) said that all of the elements in the
system must be identified. Meanwhile, Barlet
(2001) said that in order to identify a problem, the
problem has to be cut into several smaller parts.
This shows that problem identifying in systemic
thinking must pay attention to all elements of
problem, no element that left behind.

Elements of problems are connected to
each other or even the connected elements will
affect the other elements or group of a few
elements. Problem is not only formed by
elements individually, but also by the network

that connects each of them. According to Espejo
(1994), one of the systemic thinking indicators is
understanding the interactive process that denotes
the integrity of some levels. Grouped elements
are placed together by a new method (Haase,
2010). It means we have to understand how the
elements work together, so then we can find the
pattern at the part of that element. Systemic
thinking is an understanding of mechanisms that
underlie the previous process.

Determining the appearance
characteristics or a pattern of complex problems
focus on systemic thinking. As said by some
researchers (Johanessen, 2011; Barlett, 2001,
Korppen, 2011), the most crucial component in
systemic thinking is finding a pattern formed
from elements that interact with each other
(focusing on patterns of interaction). Trying to
find an understanding pattern and changing to a
thorough understanding is called by Barlet (2001)
finding a central theme or common theme in all
of sub-theme. In the end, common a pattern that
formed is will give a conclusion in order to make
a decision. If it is arranged briefly, systemic
thinking is started by denying, analyzing,
problem  problem-solving  decision-making
(predicting) what is reasonable with the system.

Systemic thinking has been studied by
some researchers with different terms. Sterling
(2003) used ‘whole the systems thinking’ term.
Tien (2012) used the ‘think globally, act locally’
term. Holt (2010) used ‘Theory of Constraints
(TOC)’ term. Sturmberg (2014) used Systems
and Complexity Thinking term. Raymond (2014)
used the Systemic Thinking versus Systemic
Change term. Jereb, et al (2013) thought that
systemic thinking can be understood as a way of
thinking which considers elements and overall
interdependence, so then it forms a pattern that
complete completes and together lead to reach a
certain goal with a simple action. The basic
assumption in systemic thinking is based on a
concept of ‘Everything interact with each other
and the surrounding’.If we want a result that is
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different from the situation, it can be done by
changing the supporting system of situation, until
it can give different output.

Some of the studies reviewing systemic
thinking and mathematics are Giacalone and
Spagnolo (2002), Lemut (1999), and Khisty
(1997). Studies of systemic thinking that have
already been done by Khisty (1997), Lemut
(1999), Giacalone, and Spagnolo (2002) are not
yet in the categorization of systemic thinking
cognitively, but it indicates the existence of
systemic thinking. Therefore, this study will
explore the category of students’ systemic
thinking in solving decision-making problems.

METHOD

The type of this study is a qualitative explorative
study. In this study, the researcher tries to examin
the subject thoroughly, carefully, and profoundly
thoughts in order to get the idea of systemic
thinking in solving decision-making problems.
This study was done at the Islamic State
University of Malang and the subject was third-
semester students. This study aims to explore the
categories of systemic thinking in solving
decision-making problems, so then the students
are expected to solve the problem the in think
aloud method. Students revealed all of their
thoughts loudly during solving decision-making
problems.

An instrument used in this study consists
of two types, the main instrument, and the
supporting instrument. The main instrument is
the researcher himself. It is caused by the fact that
the researcher conducts as a planner, data
collector, data analyzer, data interpreter, and
reporter of study results. The supporting
instrument in this study consists of a paper on
decision-making problems, an audiovisual
recorder, and a guideline for interviews. Paper of
decision-making problems is validated by the
expert in  mathematics education and
mathematics. Those validations are done to fulfill

the criteria of content & construction validity.
Criteria of validity is identified in 4 components
(1) content conformity, (2) construction of
theory, (3) suitability of work guide, and (4)
suitability of problem language. This instrument
is tested on students in order to get the criteria of
empirical validation. There are two methods in
order to check the credibility of data, observation
of think aloud process continuously and
consistency & triangulation.

RESULT

Based on the analysis of 28 subjects’ results on
solving decision-making problems, observation
of thinking aloud, and in-depth interviews, there
are three categories of systemic thinking, 1)
global systemic, 2) pseudo-global systemic, and
3) local systemic. Based on all data of those
subjects, eight (8) subjects are categorized into
global systemic, four (4) subjects are in pseudo-
global systemic, and the rest (16 subjects) are
categorized into local systemic. Following is the
explanation of characteristics in each systemic
thinking categorization.

Global Systemic Thinking

Global systemic thinking happens when the
subject solves the decision-making problem and
follow the step of systemic thinking. Subjects
identify the elements of the problem, decide the
sub-system, decide the system, and then make a
decision. In the beginning, subjects used their
own scheme to identify elements of the problem.
In identifying the problem, subjects pinpointed
the goal of the problem clearly. Subjects
answered what was asked by the problem. G1
subject answered that the goal of the decision-
making problem from the task is to decide on
three groups of restaurants with criteria of taste,
place, and price. The following is a part of G1’s
statement when thinking aloud session.
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G1: ... the thing that asked is to find
three restaurants with criteria as follows:
taste, cozy place, and cheap price.
Next, the subject in this category decided on the
elements of the problem clearly, by assigning a
value of each restaurant from the data of the
decision-making problem.

At the sub-system stage, subjects in this
category determine a strong relationship between
problem elements in each of the subsystems.
Then, subjects show a pattern between elements
in the form of rules such as ranking, classifying,
categorizing, and giving value for each category.
Subjects connect the value of a restaurant with the
value of other restaurants. This is according to
G3’s statement when a session of think aloud.
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G3: Bu Mie Restaurant with a score of 47 is
higher compared with the score of 43
owned by Warteg Restaurant. The value
of Bu Mie Restaurant is higher than
Warteg Restaurant, so then the taste of
food from Bu Mie is more delicious
than Warteg.

Thereafter, at the step of system decision,
the G3 subject connects each of subsystem.
Subject  determine  relationships  between
elements that form a common system as strong
relation. G3 subjects form a pattern or relation
rule such as ranking, classifying, and
categorizing. This appeared in work result of G3
in solving decision-making problems (Figure 1)
as below.
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Figure 1. Decision making of G3 subject

G3 result in categorizing of the common
system is a prediction of result in giving decision.
In this step, subject connect the value from each
criterion by combining all values of each
restaurant. Subject compares the total value with
each other so it forms a relation pattern in the
form of rules of ranking, classifying, and
categorizing. And then from that it becomes 4
categories, very good, good, enough, and bad
restaurant. After that, the subject changes it into
three categories based on the question asked.

Pseudo-Global Systemic Thinking

In this category, the subject identifies elements
and goal of problem clearly. Subject of GS1 state
that the goal of decision-making problem is to
find three groups of restaurants based on three
criteria in each restaurant. The following is a
snapshot of the GS1 subject statement at session
of think aloud.

GS1: e .. it is asked three good
restaurants with criteria for taste, place,
and price of restaurant.

Furthermore, GS1 links the elements of
the problem, that is restaurant scores with
weakly. Subject of GS1 mentioned the value of
the restaurant but did not understand the meaning

of the value of each restaurant. This shows that
the subject identifies elements of problem in a
pseudo-global manner.

Subject connect the elements in each
subsystem very weakly, so that the pattern of
relationships between elements is very weak. In
this case, the subject has a pseudo understanding,
i.e. the subject mentions the elements of the
problem but cannot explain the meaning of the
problem element. The subject did not bring up the
pattern of relationships in the form of rules for
ranking, classifying, and categorizing. Following
is an excerpt of GS2 statement when think aloud
session.

GS2: .... in this data, value of Bu Mie

restaurant is 47 while the value of Warteg

restaurant is 43. 47 is higher than 43, but
what does that mean ......

At the stage of determining the system,
subject directly connect between subsystems.
Subject of GS2 immediately added up the value
of each restaurant. Then, subject of GS2
associated the total value of each restaurant with
the rules of ranking, classifying and categorizing.
Subject grouped all restaurants into three groups,
namely very good, good and bad restaurants. This
is supported by footage of GS2's work in solving
the problem of decision making as shown in
Figure 2 below.
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Figure 2. Decision making of GS2

Subject ignores the subsystem stage and skips to
stage of building common system. At the stage of
determining the common system, subject
connects the subsystem by bringing up the pattern
of relationships between subsystems with the
rules of ranking, classifying, and categorizing
into a very good, good and bad restaurant
categories.

Local Systemic Thinking
Initially, subject L4 identified all elements of the
problem. Then, L4 determined the purpose of the
problem. However, the identified goal is less
clear. Subject gave a meaning that restaurants
who have a taste of food are divided into three
groups, namely restaurants that have very good
taste grouped as excellent restaurants, restaurants
that have good taste grouped as good restaurants,
and restaurants that have bad taste grouped as bad
restaurant. Likewise, the subject L4 also gives the
same meaning to a restaurant by the criteria of
place and price. The following is an excerpt of L4
subject statement when think aloud session.

L4: Here we look for three groups of

restaurants, which are very good, good

and not good. Means, e .... a very good

restaurant is a restaurant that tastes very

good, a good restaurant is a restaurant

that tastes good, a restaurant that is not

good is a restaurant that tastes bad, and
Subject L4 clearly identifies elements of
problem. Subject mentioned all the restaurant
values in the data.

At the stage of determining subsystems,
the subject determines the relationship between
elements of problem and states the rules of the
relationship between it in the sub-system. The
subject connects values between restaurants very
strongly. This strong relationship is shown by the
subject with connecting each value for all
restaurants that provides a pattern or rules in
forming subsystems, namely ranking, classifying,
and categorizing into three groups of restaurants.
Likewise, in the same way the subjects grouped
three restaurants by place and price criteria. This
is supported by footage of L4's work in solving
decision-making problems as shown in Figure 3
below.
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Figure 3 Decision making of L4 subject

At the stage of determining the system, L4 subject
did not connect elements between subsystems.
Subject made a decision based on the results of
categorizing at the stage of determining the sub-
system, namely a group of restaurants with a very
good taste as a group of very good restaurants,
restaurants that have good taste as a group of
good restaurants, and restaurants that have a bad
taste as a group of bad restaurant. Likewise,
subject also made the decision for a restaurant
with criteria for place and price, each into three
groups, which is very good, good, and not good
in the same way as the one before. The subject
determines the decision based when the
subsystem is formed.

DISCUSSION

Systemic thinking is very necessary in the
process of solving decision-making problems.
Decision making must be based on systemic
thinking that gives decision makers the
opportunity to overcome problem situations in
the context of a complete system (Yurtseven &
Buchanan, 2016). One's judgment in decision
making is based on comparisons between pairs of

data encountered (Sut, 2012). Decision making is
the result of a systematic cognitive process that
leads to the choice of actions among several
alternatives.

In solving decision-making problem,
students use a scheme that is already owned.
Students follow the stages of systemic thinking.
Students solve problems starting with identifying
problems, determining subsystems, determining
common systems and finding solutions to predict
in making a decision. This is appropriate with the
statement of Arnold and Wade (2017) which
shows that in systemic thinking there are ways to
simplify and understand structures that support
the ability to communicate complex systems in
simpler and easier ways. From research findings,
three categories of systemic thinking consist of:
systemic global, pseudo-global systemic, and
local systemic develop previous research findings
(Kisty, 1997; Lemut, 1999; Giacalone &
Spagnolo, 2002) which show the existence of
systemic thinking.

In the systemic global thinking category,
students solve problems by reading through the
whole problem. Students directly mention the
purpose of the problem that an agent asking for
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advice to group the restaurant into a very good,
good, and bad restaurant categories. Students
mention the purpose of the problem clearly.
Based on the understanding process, students in
this category are included at the highest level of
perspective in understanding the problem
(Krulik, 2003), by integrating all the information
available from reading texts and prior knowledge.

In forming subsystems, students directly
link the known elements of a problem with each
other. Students connect the value between each
restaurant at the taste, cozy place, and cheap price
criteria. If the value of the restaurant is higher
than the other restaurant, then the taste of the
cuisine from the restaurant is better than other
eateries. The subject compares the value of each
restaurant and sorts it to the value of the
restaurant as the most delicious restaurant to a
poorly priced restaurant. Thus, the subject can
finally sort or rank the value of each restaurant.
Next in classifying the ranked value, subject do it
by truncating the data of the ranked value using
the mean value. Statisticians often think about the
mean as a point on the number line where the data
on both sides of the point is balanced (Walle,
2011).

At the stage of determining the common
system, students connect each subsystem with
others and form a pattern of relationship between
subsystem elements by the rules of ranking,
classifying, and categorizing into a very good,
good and less good restaurant categories.
Because it started with the formation of a very
strong subsystem, students can connect each of
the subsystem so then it can bring up the pattern
of relations between subsystems. In accordance
with the statement (Barlet, 2001) that the overall
understanding of the problem will elicit common
patterns or common themes throughout the sub-
theme. In addition, students build a relationship
of problem understanding and knowledge that has
been possessed to provide rationality for
choosing the right strategy in decision making.

The satisfaction factor is a key element of high-
level cognition that is often formulated using
recurrent neural networks and is used to study
reasoning, judgment, and decision-making
(Bhatia & Golman, 2019).

The relationship between the elements in
determining the common system occurs very
strongly. This is indicated by the student's series
in building a common system. This system
according to Doerr and English (2003) is a
mathematical system to give a decision. At the
stage of determining this subsystem, students
build relationships between elements of problems
in their understanding & knowledge and the
relationship between them to provide rationality
in choosing the right strategy. In understanding
the problems, it is related to what is known, asked
(purpose problem), and the meaning of the word.
While the knowledge that owned before is related
to the selection of strategies used. The strategies
used by the students are rangking, classifying,
categorizing, and giving weights or values.
Argawal & Mazumder (2013) found that an
individual with the higher scores of mathematical
tests, substantially less likely in incorrect
decision-making related with the data. Solve
decision making problems about data, it needed
to sort, calculate, classify and estimate as the
basis of mathematical ideas.

In the category of pseudo-global
systemic thinking, students directly refer to the
purpose of the complete problem that specifies
three groups of restaurants, very good, good, and
bad restaurants when understanding the problem.
Students understand the problem by reading
known elements and integrating all existing
information by linking previously owned
knowledge to a simple analytic thinking. In
addition, students understand the problem by
using a direct meaning strategy. According to
Hegarty, Mayer, and Monk (1995) the strategy
done by building a representation of the problem
by selecting the numbers and the key statements
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in the problem for the calculation that will result
an answer that lack qualitative representation of
the problem. This makes the process of building
a representation to understand the problem less
than perfect. In the stage of forming subsystems,
students determine the element of the problem
very weakly, so that it is also very weak in
determining the relationship between elements
and subsystems. In this category, students follow
the stages of systemic thinking incompletely. In
this category, students find solutions and predict
by making irrational decisions.

In solving the problem of decision
making, students' thought processes in the local
systemic category are using their own schemes
and incomplete thought of structures. At the stage
of determining this general system, students
connect between subsystems in weakly way,
forming a pattern of relationships between
elements of the subsystems that are very weak too
in order to make rules of ranking, classifying, and
categorizing of all restaurants into very good,
good and bad restaurants. Because of the students'
understanding in the purpose of the problem is
unclear, the categories of taste very good, tasty,
and not good are classified as very good, good,
and not good restaurants, so the category of
restaurants with places that are very comfortable,
convenient, and less comfortable classified as a
restaurant group that is very good, good, and not
good. The results of this study are in accordance
with the findings of Lutz & Boucher (2016)
which show that the problem contextualization
process determines a comprehensive decision
method to produce data-based solutions. In this
category, students find solutions and predict by
making irrational decisions.

CONCLUSION

The results of this present research shows that
students' systemic thinking in solving data-based
decision-making problems can be categorized
into three categories, namely global systemic
thinking, pseudo-global systemic thinking, and

local systemic thinking. In the global systemic
thinking category, students have a complete
structure of thinking, started with mentioning the
goals of the problem and elements of the problem,
mentioning the elements of the problem in the sub
system and showing a strong relationship
between the elements in the sub system, stating
the relationship between the elements in the sub
system with the rules: ranking, classifying,
categorizing, and giving  value/weight,
mentioning the problem elements in the system
and showing strong relationships between
elements in the system, and expressing the
relationships between elements in the system
with the rules: combining values or weights,
ranking, classifying and categorizing.

Meanwhile, in the pseudo-global
systemic thinking category, students have
incomplete thinking structures at the stage of
mentioning the very weak problem elements in
sub-systems and connecting weak relationships
between weak elements in sub-systems in order
to show the rules for expressing relationships
between elements in sub-systems. Whereas in the
local systemic category, students have
incomplete thinking structures, students mention
elements of problems in sub-systems and call
strong relationships between elements in sub-
systems but are very weak in connecting between
elements of the system so that they do not show
rules for expressing relationships between
elements in the system.

REFERENCES

1. Agarwal, S. & Mazumder, B. 2013.
Cognitive  Abilities and Household
Financial Decision Making. American
Economic Journal: Applied Economics
2013, 5(1): 193-207

2. Arnold, Ross D. & Wade, Jon P. 2017.
Acomplete Set of Systems Thinking
Skills. 27th Annual INCOSE



Arif Djunaidi

6506

10.

International Symposium (IS 2017)
Adelaide, Australia, July 15-20, 2017.
Ashlock, R. B. 2009. Error patterns in
computation: Using error patterns to help
each student learn. Upper Saddle River,
NJ: Merrill.

Bartlett, G. 2001. Systemic thinking: A
simple thinking technique for gaining
systemic focus. Paper presented at the
International Conference on Thinking
"Breakthroughs 2001".

Bhatia, S. & Golman, R. 2019.
Bidirectional Constraint Satisfaction in
Rational Strategic Decision Making.
Journal of Mathematical Psychology.
Page 48-57

Brown, Laurinda., Reid, David A. &
Coles, AIf. 2003. Seeing patterns:
Somatic markers in teachers’ decision-
making and students’ reasoning in
mathematics classrooms. Research in
Mathematics Education. Vol 5. Page: 17-
30.

Burrill, G., & Romberg, T.A. 1998.
Statistics and probability for the middle
grades: Examples from Mathematics in
Context. In S. P. Lajoie, (Ed.),
Reflections on statistics: Learning,
teaching, and assessment in grades K-12
(pp. 33-59). Mahwah, NJ: Lawrence
Erlbaum Associates.

Daryani, S.M. & Ardabili, F.S. 2014.
The study models of learning
organisation building. Int. J. Learning
and Intellectual Capital, VVol. 11, No. 4,
p. 320-333.

Doerr, H.M. & English, L.D. 2003. A
Modeling Perspective on  Students'
Mathematical Reasoning about Data:
Journal for Research in Mathematics
Education, Vol. 34, No. 2, pp. 110- 136
Espejo, R. 1994. What Is Systemic
Thinking? Article In System Dynamics
Review:-

11.

12.

13.

14.

15.

16.

17.

18.

Http://M\Www.Researchgate.Net/Publicati
0n/248422406

Fitzsimons, G.E. 2001. Integrating
mathematics, statistics, and technology
in vocational and workplace education.
International Journal of Mathematical
Education in Science and Technology.
Vol. 32. Page: 375-383.

Garfield, J. & Gal, 1. 1999. Assessment
and  statistics education:  Current
challenges and directions. International
Statistical Review, 67, pp. 1-12.
Giacalone C. & Spagnolo F. 2002. The
Systemic Thinking in the passage from
the arithmetic language to the algebraic
language with use of mediator software
Excel (in the children of 9-10 years),
International Conference on
Mathematichis Education into the 21%
Century.

Gigerenzer, G. & Selton, R. 2001.
Rethinking rationality. In G. Gigerenzer
& R. Selton (Eds.) Bounded rationality:
The adaptive toolbox (pp. 1-12).
Cambridge, MA: The MIT Press

Haase, A. F . 2010. Categories of critical
thinking in information management a
study of critical thingking decision
making  processes,  Mediterranean
Perspectives Publicacion asociada a la
Revista Nomads. | ISSN 1889-7231
Hegarty, M., Mayer, R.E. and Monk,
C.A. 1995. Comprehension  of
Arithmetic  Word  Problems: A
Comparison ~ of  Successful  and
Unsuccessful Problem Solvers. Journal
of Educational Psychology, Vol.87, No.
1,18-32.

Holt, T. J. 2010. Examining the Role of
Technology in the Formation of Deviant
Subcultures. Social Science Computer
Review, 28, 466-481.

Jereb, Ivanusa. & Rosi. 2013. Systemic
Thinking And Requisite Holism In



http://www.researchgate.net/Publication/248422406
http://www.researchgate.net/Publication/248422406

6507

Journal of Positive School Psychology

19.

20.

21.

22.

23.

24,

25.

26.

Mastering Logistics Risks: The Model
For lIdentifying Risks In Organisations
And  Supply  Chain,  Amfiteatru
Economic, Vol. Xv ¢ No. 33 ¢ February:
54 - 73.

Jonassen, D. H. 2011. Learning to Solve
Problems: A Handbook for Designing
Problem-Solving Learning
Environments, Routledge, Madison
Avenue, New York.,

Khisty, L. 1997. Change in mathematics
education: rethinking systemic practice,
Proc. Conf. Psychology in Mathematics
Education PME 21, Finland, pp. 3-129-
135

Korppen, Daniela. 2011. Integrating
Systemic Thinking into Evaluation
Practice: A Case Study from South
Africa, Paper for the GIZ conference
“Systemic Approaches to Evaluation”,
Berghof Foundation for Peace Support,
Berlin

Krulik, S., Rudnick, J., & Milou, E.,
(2003), Teaching Mathematics In Middle
School:Practical Guide, Usa: Pearson
Education, Inc

Lemut, E. (1999), Software
Environments Supporting And
Enhancing  Systemic  Thinking

European Research In Mathematics
Education I11, vol.3, pp. 191-198.

Lutz, M. & Boucher, X. 2016. Data
Driven Decision Making for IT Capacity:
Beyond Statistical Analyses. Journal of
Decision System.

Mayer, R. E., & Hegarty, M. 1996. The
process of understandingmathematical
problems. In R. J. Sternberg & T. Ben-
Zeev (Eds.), The nature of mathematical
thinking (pp. 29-53). Mahwah, NJ:
Lawrence Erlbaum Associates.

Nathan, M. J., Kintsch, W. & Young, E.
2004. A theory of algebra-word-problem
comprehension and its implications for

27.

28.

29.

30.

31.

32.

33.

34.

35.

the design of learning environments.
Cognition & Instruction 9(4): 329-389.
Nielsen, H. 2009. Bounded rationality in
decision-making: How  cognitive
shortcuts and professional values may
interfere with market-based regulation.
Manchester:  Manchester  University
Press.

Raymond , L. 2014. Frédéric Ozanam:
Systemic  Thinking, and Systemic
Change,” Vincentian Heritage Journal:
Vol. 32: Iss. 1, Article 4.

Sterling, S. 2003. Whole systems
thinking as a basis for paradigm change
in education: Explorations in the context
of sustainability. PhD thesis, Centre for
Research in  Education and the
Environment, University of Bath, UK.
Sturnberg J. 2014. Systems and
complexity thinking in general practice.
Educ Health (Abingdon) Reprinted from
Australian Family Physician Vol. 36, No.
3.

Sut, Kumar D. 2012. An Application of
Fuzzy Soft Relation in Decision Making
Problems. International Journal of
Mathematics Trends and Technology.
Volume 3. Issue 2.

Tien, Ching-Yi, 2012. “Think globally,
act locally”:  ‘Glocalization’ in
Taiwanese Higher  Education ,
International Journal of Business and
Social Science Vol. 3 No. 15.
Verschaffel, L., Greer, B., & De Corte, E.
2000. Making sense of word problems.
Lisse, The Netherlands: Swets &
Zeitlinger.

Walle J.A., Karp K.S. dan Williams J.B.
(2013), Elementary and middle school
mathematics: teaching developmentally
Pearson Education, 8th ed. United States
of America.

Watson, J. M., & Moritz, J. B. 2000. The
longitudinal development of



Arif Djunaidi

6508

36.

understanding of average. Mathematical
Thinking and Learning, 2 (1 & 2), 11-50.
Yurtseven, M.K. & Buchanan, W.W.
2016. Decision Making and Systems
Thinking: Educational Issues. American
Journal of Engineering
Education.VVolume 7, Number 1.



