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Abstract 
This study presents to identify mathematical modeling is the least elements 
focusing on current STEM integration practices. Through this study, a review 
of the existing practice of STEM integration curriculums, models, modules, 
and programmes was undertaken to confirm the issue. The database reviewed 
to confirm this issue is from Social Sciences Citation Index with keyword 
“Mathematical Modeling,” “STEM curriculum,” “STEM model,” “STEM 
module” and “STEM program.” As a result, these studies confirmed that ma-
thematical modeling activities were the least focusing on existing STEM inte-
gration practices and the theory of metacognation and the theory of sosial in-
teraction development could promote these abilities. 
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1. Introduction 

In many countries, the primary policy for the implementation of integrating 
STEM disciplines is created to enhance the interests and involvement of students 
in the career fields related to STEM disciplines (Freeman, Marginson, & Tytler, 
2015; Kuenzi, 2008a; Merchant, Morimoto, & Khanbilvardi, 2014). According to 
the report by the Australian Council of Learned Academies (ACOLA) in 2013 
(Rowe, 1991), more than 16 countries provide ideas and the implementation of 
STEM education to enhance students’ interest in STEM-related career fields. 
These countries are Great Britain, United States of America, Canada, New Zeal-
and, China, Japan and Singapore (Lacey, & Wright, 2010). The initial steps to 
enhance STEM integration base education taken for this country are due to de-
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cline in students’ interest and involvement in the areas of STEM-related careers. 
Until nowadays, those countries still cannot fulfill the demand of industry’s in 
STEM backgrounds (Roehig & Moore, 2011). Furthermore Roehig & Moore 
(Roehig & Moore, 2011) noticed the future careers which require abilities and 
qualifications at very high-level thinking in the field of STEM integration con-
tribute to this issue. 

As mathematical modeling involves activities such as describing natural phe-
nomena or designing a component or a system by writing mathematical equa-
tion (Baumann, Keel, Elsworth, & Weston, (Eds.), 2010) was mentioned as a 
component to interconnecting STEM’s discipline. Therefore, the ability on con-
structing a mathematical model in STEM integration focuses should be made, 
and these value-added had to focus on the existing standard STEM integration 
practicing. From the philosophical point of view curriculum, model and module 
of teaching and learning are usually developed based on one or by combination 
of some of the educational theories on what students should achieve and how 
they are going to achieve in their teaching and learning (Baumann, Keel, Els-
worth, & Weston, (Eds.). 2010). In fact, many theories could explain how stu-
dents think, act and set strategies for solving the problem (Hacker, Dunlosky, & 
Graesser, 2009). 

To explain these phenomena, the ability to solve a problem in mathematical 
modeling is closely related to the cognitive activities that are applied while they 
are facing a problem solving (Chun & Eric, 2010) task. Therefore, good cognitive 
skills will lead a person to be more analytically minded while facing mathemati-
cal modeling problem solving (Sokolowski, 2015). Consequently, a lot of ma-
thematical modeling activities should focus on cognitive aspects and this could 
help students exposure indirectly to STEM-related careers in real life. There 
some cognitive theory proposes the ability to set thinking strategy. Mathemat-
ical modeling is considered a challenging task and it involves high-level prob-
lem-solving abilities (Blum & Borromeo, 2009) and it is proved as an enjoyable 
task for students to develop their cognitive abilities. Therefore, implementing 
this task, could lead students to be more analytical as required in STEM ca-
reers industry (Tseng, Chang, Lou, & Chen, 2013). However, the difficulties of 
mathematical modeling activities are because students do not know how to 
regulate their cognitive ability. The cognitive development at this stage is 
placed under the zone of proximal development, where students need the ele-
ments of scaffolding as a means to assist metacognitive activities (Larkin, 2010; 
Louca & Zacharia, 2012; Papaleontiou Louca, 2008; Schraw, Crippen, & Hartley, 
2006). 

2. Background Problem 

The less focusing element have been identified from the existing STEM curricu-
lums, models, modules or programmes is the ability to make a correlation to all 
STEM disciplines. This could be due to carrying all STEM integration elements 
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in a teaching and learning activities is something considered challenging to be 
done (Bowers, 2016; Valtorta, 2015; Berland, 2013). To improve these situations, 
an appropriate STEM integration task with the characteristics of crossing and 
balances all STEM disciplines and at the same time could expose students to 
STEM careers needs to be identified. The exposures of STEM integration ele-
ments at an early stage to students mainly on the actual STEM fields activities is 
crucial to attracting students’ interest on adapting STEM careers for the future 
(Kitchel, 2015; Stotts, 2011; Honey, Pearson, Schweingruber, Education, Engi-
neering, & Council, 2014; Valtorta, 2015). 

Meanwhile, Velten (Velten, 2009), highlighted mathematics is a tool for 
science, technology, and engineering to describe and to relate the variables phe-
nomena under investigation. It is beneficial to use the characteristic of mathe-
matics to interconnecting every discipline in STEM disciplines. Therefore it is 
worth to using mathematical modeling as a task on STEM integration practices 
(Alder, 2001). Generally, mathematical modeling can be defined as interpreta-
tion, verification, correction and generalization to an eventual situation, pheno-
mena or a system (Roehig & Moore, 2011). Lesh and Zawojewski (Lesh & Zawo-
jewski, 2007) define mathematical modeling as a process of producing an excel-
lent concept, an expression that can be modified and can be reused for control-
ling the actual situation. As a result, mathematical modeling can provide a space 
for students to develop the concept of interconnection on science, technology, 
engineering and mathematics in a way that is more meaningful and significant 
in the real situation (Kaiser & Stillman, 2011). Activities that involve mathemat-
ical modeling usually have been taught to engineering students at the tertiary 
level. Eventually, for the past several years, studied have found that the impor-
tance of the application of mathematical modeling for primary and secondary 
school students had a significant effect to developing the analytical thinking and 
problem-solving ability (Stohlmann, M. S., & Albarracín, L. (2016); Cardella, 
2006; Lesh & Zawojewski, 2007). As consequences, the competency of STEM ca-
reers could be improved. 

3. Research Problem Statement 

It has been proved, mathematical modeling is said to be tough for primary and 
secondary school practises’ (McKeachie, 1987). Students were said to have no 
knowledge and experience in these abilities, as well as the level of students’ 
thinking was reported to be not at the level to build mathematical modeling 
(Stohlmann & Albarracín, 2016). They have never been exposed to such activity. 
This problem can be addressed by identifying the aspects of how students think 
and plan their thinking or better known as metacognition while they are doing 
problem-solving on mathematical modeling (Kelley & Knowles, 2016). Accord-
ing to Kaiser and Stillman (Stohlmann & Albarracín, 2016), the use of metacog-
nitive skills is said to be not only useful but very suitable to improve the mathe-
matical modeler’s competency especially for someone who is new in this field. 
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The ability to analyze, synthesize and generate a new idea in a STEM task is 
highly emphasized by the community of STEM integration (McKeachie, 1987; 
Roehig & Moore, 2011). Tasks on mathematical modeling will involve students’ 
cognitive activity (Thompson, 2009; Kelley & Knowles, 2016). 

Meanwhile, the confirmation on constructing mathematical modeling by 
STEM practitioners is no clear pictures. This situation was due to the difficulty 
of building mathematical modeling, and it is highly dependent on the students’ 
cognitive ability is said to be not at the level to develop mathematical modeling. 
The cognitive perspective phenomena on how a person’s transfer their science 
knowledge to engineering applications in the form of a mathematical model are 
something interesting to be studied, and it sought to an explanation (Hacker, 
Dunlosky, & Graesser, 2009). 

4. Research Objectives 

The purpose of this study is to confirm that mathematical modeling is the ele-
ment that less been focusing on STEM integration education for secondary 
school level. Furthermore, this study is to identify the specific cognitive theories 
to supporting for the mathematical modeling activities for STEM integrated 
practices. 

5. Methodology 

This study undertook a review on confirming that mathematical modeling and 
aspects of promoting of metacognition were the fewer elements focusing on ex-
isting STEM integration curriculums, model, module, and program. The prima-
ry database source taken for this study is from Social Sciences Citation Index 
with basic search as “STEM curriculum,” “STEM model,” “STEM module” and 
“STEM program.” Two journals were identified actively reporting on STEM 
education, and they are Proceedings of IEEE (Jan.-Oct. 2016) and Advances in 
Engineering Education (Jun. 2016-Feb. 2013). From these two journals, 18 ar-
ticles were found reported on STEM model and STEM module out of 149 ar-
ticles stated on the STEM on general aspects. By using literature review, 
theory(ies) then were proposed to mobilizing cognitive aspect on facing problem 
on mathematical modeling. 

6. Data Analysis 

Table 1 shows an analysis of articles review related to the STEM integration ob-
tained from the database journal indexed by the Social Sciences Citation Index 
(SSCI) by Thomson Reuters. The primary objective of this analysis is to identify 
the fewer elements of mathematical modeling were stressed in STEM integra-
tions practicing which were believed to have the ability to make connections to 
all disciplines through authentic activities. 

From this review, a total of 149 journals were found reported on STEM 
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Table 1. Articles analysis of the missing elements for STEM integration. 

Index 
Board 

Journal 
name 

Publisher 
Number of 

STEM Article 
Type of STEM 

practices 
Less/missing 

elements 

Social 
Sciences 
Citation 
Index— 

Thomson 
Reuters 

Proceedings 
of the IEEE 

Institute of  
Electrical and 

Electronics 
Engineers 

(IEEE) 

7/121 
(Jan.-Oct. 2016) 

More on exploration 
and application of 

scientific concepts in 
real situations. 

Less or no  
mathematical 

modeling 
involve. 

Advances in 
Engineering 
Education 

American 
Society for  

Engineering 
Education 

9/28 
(Feb. 2013-Jun. 

2016) 

engineering design 
using science,  
technology, 

and engineering for 
university level. 

Less/no 
mathematical 

modeling 

Total  
articles 

  16/149 - - 

 
integration practices and some international journals actively reporting on 
STEM integration practices from February 2013 till October 2016. The Pro-
ceedings of Institute Electrical and Electronics Engineers (IEEE) and Journal 
of Advances in Engineering Education which are indexed by the Social 
Sciences Citation Index (SSCI) Thomson Reuters are found as two journals 
that are actively reporting on STEM integration education. It is found that the 
Proceedings of IEEE has published 121 articles related to STEM education. It is 
found that 7 of them are related to STEM modules and STEM teaching and 
learning models for school level. The Journal of Advances in Engineering 
Education has published 28 articles related to STEM education, and 9 of the 
articles are related to STEM model and modules training for university and 
college level. 

As a result 18 out of 149 articles from the journals indexed by SSCI discussing 
STEM model and module integration and most of the articles were reported on 
STEM program which only focuses on the exploration of the concept of physics, 
chemistry and biology and the application of these concepts to solve problems in 
real situations. Through these activities, the students have to make an investiga-
tion on the phenomenon or situations being studied and have to use measuring 
tools such as a digital timer, measuring tape, weighing, voltmeter, etc. From 
this review, it is found that most of the practices reported on existing STEM 
integration programmes were less likely less focusing on relating all STEM 
element and the ability to make correlation on the variables being studied us-
ing mathematical relationship or in the form of a mathematical model. This 
evidence proved that the element of mathematical modeling is least empha-
sized. However, based on this review a few articles were found reporting on 
STEM integration with mathematical modeling that been implemented at the 
university level. 

7. Discussion 

The most common articles were reporting on STEM model and only one article 
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on STEM curriculum (Egarievwe, 2015). The selected articles also focusing study 
on high schools and tertiary STEM integration model such as a study by Lin, 
Zhu & Ro (Egarievwe, 2015); Egarievwe (Mosina, Chebanov, & Belkharraz, 
2012); Mosina et al. (Khan & Davis, 2016). The other two articles focusing on 
k-12 STEM model were reported byKhan & Davis (Sundaram, 2015) and Sun-
daram (Hamilton, Lesh, Lester, & Brilleslyper, 2008). 

Most the objectives of the models were for enhancing student’s interest on 
STEM element learning, performance, and skills, but there is one study by Ham-
ilton et al. (Holzman, 1996) which gives focus on complex design or other task 
settings with underlying science and technology. Khan & Davis (Sundaram, 
2015) studied on “Adopt-a-Professor”—A Model For Collaboration in STE be-
tween K-12 and Higher Education to strengthen K-12 student learning outcomes 
in all subject. Through these studied, the enhancing learning skills with a special 
focus on STEM fields were given but there were no mathematics element were 
found. In other hand, Lin, Zhu & Ro (Egarievwe, 2015) studying a dynamic 
project-based STEM Curriculum Model for a small humanities high School. The 
purposes of these study is to enhance students performances in international as-
sessments on PISA. 

From theory point of view, two theories were identified as a guide to activate 
mathematical modeling activities on STEM practices. The theories were theory 
of metacognition (Vygotsky, L. (1978)) and the theory of social development 
(1978) (John H. Flavell. (1963); Piaget, J. (1950)). In fact, several theories present 
in real situations on how students think when they face a problem on learning 
which can be reflected in mathematical modeling task. The classical theory is the 
theory of cognitive development by Jean Piaget, which explains the cognitive 
development of humans through three stages: schematics, adaptation and senso-
rimotor (Polya, 1945). Meanwhile, Gorge Polya around 1945-1957 presented the 
model of problem-solving through three processes. involving understanding the 
problem, plan for a solution, implement the plan and review the result (Polya, 
1945). But the metacognitive theory introduced by Flavell in 1979 explained me-
tacognitive aspects which consist of three main elements, metacognitive know-
ledge, metacognitive experience and metacognitive strategies (Vygotsky, 1978) 
& (Hiltz & Turoff, 1993) was considered suitable theory due to the proposing 
of thinking about knowledge, skills and strategies. Another additional suitable 
theory is the theory of cognitive development from the social aspects intro-
duced by Lev Vygotsky (Piaget, 1950). This theory mentions that students 
cognitive development from the social aspect which explains students ability 
and maturity on specific cognitive can be developed to a higher level if space 
or support are given to the development on a certain maturity level (Larkin, 
2010). 

A conceptual framework for this study is then proposed to illustrate on hypo-
thetical elements base on the selected theories. The theoretical framework of 
STEM integration from the mathematical modeling practises as shown in Figure 
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1 is built with three intersection circles. The first circle is containing the meta-
cognitive theory elements (metacognitive knowledge, processes, skills, and 
strategies), the second circle containing the theory of social development (so-
cially mediated interaction—promoting communication and scaffolding media). 
The third circle comprises teaching element which is considered essential to 
creating a community of inquiry for educational purposes. This is because an 
appropriate cognitive and social presence, and ultimately, the establishment of a 
critical community of inquiry, is dependent upon the presence of a teacher. This 
is particularly true if an integration discipline curriculum or advance learning 
outcome is the primary means of an educational experience. In fact, when inte-
gration education based specific approaches fail, it is usually because there has 
not been responsible teaching presence and appropriate leadership and direction 
had been practiced (Daniels, 2008). 

Therefore from all central themes collected in each of the intersection areas, 
STEM integration scaffolding on knowledge, processes and skills, STEM integra-
tion setting climate, STEM integration teaching content and, the intersection of 
the three circles as indicate number 4, then STEM integration practice expe-
riences were expected could be quiring. From these new meanings, a guideline of 
STEM integration in the form of ways and techniques to sets strategy and action 
to perform mathematical modeling task could be useful for STEM integration 
practitioners. 

A worthwhile STEM integration experience is embedded within a Community 
of Inquiry that is composed of metacognitive (Vygotsky, 1978) elements, social 
development elements by Vygotsky (Kozulin, Gindis, Ageyev, & Miller, 2003; 
Hadi, 2015; Piaget, 1950) and teaching elements as shown in Figure 1. The se-
lected theories could guide this exploration in the STEM integration practition-
er. These two theories are proposed based on the following principles so that the 
practice can be carried out. 

There were many theories explained how learning occurs from the cognitive 
perspective, but the theory of metacognitive by Flavell was found as an appro-
priate theory to be proposed in this study. Flavell’s theory can explain how a 
student thinks about his thinking, planning strategies and implementing actions 
precisely in solving problems on mathematical modeling, rather than the theory 
introduced by Piaget (Polya, 1945; Proust, 2013). The theory of cognitive devel-
opment Piaget (Polya, 1945) only described aspects of cognitive development 
ages stages, whereby the best level of learning is at the specific age level of 
thinking development. Thus this theory does not fulfill the requirement of this 
study which is any STEM practitioners could do mathematical modeling activi-
ties with the appropriate guidance of metacognitive and social development as-
pect. 

The problem-solving model by Polys (Proust, 2013) is seen lack of information 
for this study. It is only described problem from three aspects. 1. understand the 
problem and devise a solution and execute the plan. Compare with metacognitive 
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Figure 1. The Theoretical framework on Metacognition of STEM integration from ma-
thematical modeling perspectives. 

 
theory by Flavell which indicates more detailed and informative on the aspects 
of the thinking about thinking. It could provide hypothesis about how someone 
plans his thinking in building mathematical modeling which includes how 
someone is thinking about his or her thoughts from the aspect of knowledge of 
the problems, the experience, situations faced and on what action should be 
taken to achieve the objective. 

8. Conclusion 

In line with current global developments in the demand of thinking skills 
amongst labors for the future, the Malaysia Ministry of Education (MOE) has 
begun to implement cross-curriculum education policy in schools. This policy 
can be seen from the implementation done through the combination of teaching 
and learning elements of science, technology, and engineering in the pure 
science like physics, chemistry, biology, mathematics and additional mathemat-
ics for school and university level. However, since 2017 the implementation of 
STEM education has been done entirely through the Primary School Standard 
Curriculum (KSSR) and Secondary School Standard Curriculum (KSSM) (Mo-
hamad, Lilia, Zanaton, Edy, & Raifana, 2015). Initially, the implementation of 
STEM integrated education is done through programs conducted outside the 
formal classes. Through this program, students will be exposed to a combination 

Teaching elements:
- Pedagogical knowledge
- Teaching processes
- Teaching skills
- Teaching approach
- Teaching strategies.

Metacognitive elements:
- Awareness of Knowledge
- Awareness of processes
- Awareness of skills
- Awareness of strategies

Social development
elements:

-Students
-Teachers
-Media
-Internal and external
-organization.

1- Scaffolding on metacognition STEM
integration execution knowledge, 

processes and skills

2- Setting 
STEM integration 

climate 
3- STEM Integration 

Teaching 
contents

4- STEM 
integration 

practice
experience on 
mathematical 

modeling
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of several disciplines in STEM learning by using discovery and project-based 
inquiry activities (Kozulin, Gindis, Ageyev, & Miller, 2003). 

Although only relatively few articles were found with data that were congru-
ent with pre-set guidelines, it could be concluded that the focusing on ability 
students to make interrelation across disciplines was less focusing. Concerning 
previous studies, mathematical modeling had the potential to integrate STEM 
elements in a task and at the same time enhance students’ ability on prob-
lem-solving. Even though these activities were considered as a difficult task, 
STEM integration programmes using mathematical modeling still could be im-
plemented by promoting students metacognitive and student social interaction 
development. The importance of this study in the STEM integration education 
could be described concerning implementation and approach should be used in 
carrying out the teaching and learning of STEM integration. Implementation of 
mathematical modeling for STEM integration programmes is considered very 
important in ordered to construct not only concrete and meaningful problem 
solving but with a comprehensive and coherent way. The construction of mea-
ningful, comprehensive and coherent learning on mathematical modeling 
could be viewed from constructivist, self-excessive and social development in-
teraction learning practice (Baumann, Keel, Elsworth, & Weston, (Eds.), 2010). 
The philosophy (Reynolds, Hopkins, Potter, & Chapman, 2002), paradigm 
(Hiltz & Turoff, 1993), theory (Chun & Eric, 2010) or framework impact have 
been shown as necessary in the world of science, mathematics and engineering 
education. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this paper. 

References 
Alder, M. (2001). An Introduction to Mathematical Modelling: A Menagerie of Differ-

ence Equations. HeavenforBooks.Com. 

Baumann, C. B., Keel, M. I., Elsworth, D. H., & Weston, A. T. (Eds.). (2010). Handbook 
of Curriculum Development: Education in a Competitive and Globalizing World Se-
ries. New York: Nova Science Publishers. 

Berland, L. K. (2013). Designing for STEM Integration. Journal of Pre-College Engineer-
ing Education Research (J-PEER), 3, 3.  
https://doi.org/10.7771/2157-9288.1078 

Blum, W., & Borromeo, R. (2009). Mathematical Modelling: Can It Be Taught and 
Learned? Journal of Mathematical Modeling and Application, 1, 45-58. 

Bowers, C. (2016). A Critical Examination of Stem. New York, NY: Routledge.  
https://doi.org/10.4324/9781315620442 

Cardella, M. E. (2006). Engineering Mathematics: An Investigation of Students’ Mathe-
matical Thinking from a Cognitive Engineering Perspective. 

Chun, C., & Eric, M. (2010). Tracing Primary 6 Students: Model Development within the 
Mathematical Modelling Process. Journal of Mathematical Modelling and Application, 

https://doi.org/10.4236/ce.2018.914161
https://doi.org/10.7771/2157-9288.1078
https://doi.org/10.4324/9781315620442


M. R. Bajuri et al. 
 

 

DOI: 10.4236/ce.2018.914161 2212 Creative Education 
 

1, 40-57. 

Daniels, H. (2008). Vygotsky and Research: Activity Theory and Interventionist Research. 
New York, NY: Routedge. https://doi.org/10.4324/9780203891797 

Egarievwe, S. U. (2015). Vertical Education Enhancement—A Model for Enhancing STEM 
Education and Research. Procedia—Social and Behavioral Sciences, 177, 336-344.  
https://doi.org/10.1016/j.sbspro.2015.02.354 

Ernest, P. (1991). The Philosophy of Mathematics Education. New York: The Flamer 
Press 

Flavell, J. H. (1979). Metacognition and Cognitive Monitoring: A New Area of Cogni-
tive-Developmental Inquiry. American Psychologist, 34, 906-911.  
https://doi.org/10.1037/0003-066X.34.10.906 

Freeman, B., Marginson, S., & Tytler, R. (2015). The Age of STEM.  

Gunawardena, C. N. (1991). Collaborative Learning and Group Dynamics in Comput-
er-Mediated Communication Networks. Research Monograph of the American Center 
for the Study of Distance Education, 9, 14-24. 

Hacker, D. J., Dunlosky, J., & Graesser, A. C. (2009). Handbook of Metacognition in 
Education. New York: Routledge    
https://zodml.org/.../%5BDouglas_J._Hacker,_John_Dunlosky,_Arthur_C._Graes_0.pd
f  

Hadi. (2015). Pendidikan STEM Bersepadu: Perspektif Global, Perkembangan Semasa di 
Malaysia, dan Langkah Ke Hadapan. Buletin Persatuan Pendidikan Sains dan Matema-
tik Johor, 25, 1-6. https://www.researchgate.net/publication/301567750  

Hamilton, E., Lesh, R., Lester, F., & Brilleslyper, M. (2008). Model-Eliciting Activities 
(MEAs) as a Bridge between Engineering Education Research and Mathematics educa-
tion Research. Advances in Engineering Education, 1, 1-25. 

Hiltz, S. R., & Turoff, M. (1993). The Network Nation: Human Communication via 
Computer. Cambridge, MA: MIT Press. 

Holzman, L. H. (1996). An Introduction to Vygotsky. Pragmatism and Dialectical Mate-
rialism in Language Development.  

Honey, M., Pearson, G., Schweingruber, H., Education, C., On, I. S., Engineering, N. A., 
& Council, N. R. (2014). STEM Integration in K-12 Education: A Descriptive Frame-
work for Integrated STEM Education. Washington DC: National Academy of Sciences.  

John H. F. (1963). The Developmental Psychology of Jean Piaget. New York, NY: Litton 
Educational Publishing, Inc. 

Kaiser, G., & Stillman, G. (2011). Trends in Teaching and Learning of Mathematical 
Modeling. Vol. 1, Berlin: Springer.  

Kelley, T. R., & Knowles, J. G. (2016). A Conceptual Framework for Integrated STEM 
Education. International Journal of STEM Education, 3, 11.  
https://doi.org/10.1186/s40594-016-0046-z 

Khan, M., & Davis, J. J. (2016). “Adopt-a-Professor”—A Model for Collaboration in 
STEM between K-12 and Higher Education 105-111. 

Kitchel, A. (2015). An Examination of the Contribution of Career and Technical Educa-
tion to STEM Education, Student Leadership, and Career Readiness. The Journal of 
Research in Business Education, 57, 18-39. 

Kozulin, A., Gindis, B., Ageyev, V. S., & Miller, S. M. (2003). Vygotsky’s Educational 
Theory in Cultural Context. Cambridge: Cambridge University Press.  

Kuenzi, J. J. (2008a). Science, Technology, Engineering, and Mathematics (STEM) Educa-

https://doi.org/10.4236/ce.2018.914161
https://doi.org/10.4324/9780203891797
https://doi.org/10.1016/j.sbspro.2015.02.354
https://doi.org/10.1037/0003-066X.34.10.906
https://zodml.org/.../%5BDouglas_J._Hacker,_John_Dunlosky,_Arthur_C._Graes_0.pdf
https://zodml.org/.../%5BDouglas_J._Hacker,_John_Dunlosky,_Arthur_C._Graes_0.pdf
https://www.researchgate.net/publication/301567750
https://doi.org/10.1186/s40594-016-0046-z


M. R. Bajuri et al. 
 

 

DOI: 10.4236/ce.2018.914161 2213 Creative Education 
 

tion : Background, Federal Policy, and Legislative Action.  
http://www.fas.org/sgp/crs/misc/RL33434.pdf  

Lacey, T. A., & Wright, B. (2010). Occupational Employment Projections to 2018. 
Monthly Labor Review, 104, 82-123. https://doi.org/10.1073/pnas.0703993104   

Larkin, S. (2010). Metacognition in Young Children. London: Routledge Taylor & Francis 
Group. 

Lesh, R., & Zawojewski, J. S. (2007). Second Handbook of Research on Mathematics 
Teaching and Learning (pp. 763-802). Greenwich, CT: Information Age Publishing. 

Lin, C., Zhu, Z., & Ro, T. (2016). Dynamic Project-Based STEM Curriculum Model for a 
Small Humanities High School (pp. 262-270). In Proceedings of 2016 IEEE Integrated 
STEM Education Conference (ISEC), Princeton, NJ: IEEE. 

Louca, L. T., & Zacharia, Z. C. (2012). Modeling-Based Learning in Science Education: 
Cognitive, Metacognitive, Social, Material and Epistemological Contributions. Educa-
tional Review, 64, 471-492. https://doi.org/10.1080/00131911.2011.628748  

McKeachie, W. J. (1987). Cognitive Skills and Their Transfer: Discussion. International 
Journal of Educational Research. 11, 707-712.  
https://doi.org/10.1016/0883-0355(87)90010-3 

Merchant, S., Morimoto, E. T. A., & Khanbilvardi, R. (2014). An Integrated STEM 
Learning Model for High School in Engineering Education. 2014 IEEE Integrated Stem 
Education Conference (ISEC), Princeton, NJ, 8-8 March 2014, 4-9.  
https://doi.org/10.1109/ISECon.2014.6891036 

Mohamad, S. R., Lilia, H., Zanaton, I., Edy Hafizan, S., & Raifana, R. (2015). Impact Stu-
dies of Integrated Stem Program. 35, 1-5. 

Mosina, N., Chebanov, D., & Belkharraz, A. (2012). Work in Progress : A Multi-Strategy 
Model for Promoting High School Students Interest in STEM 0-2. 

Papaleontiou Louca, E. (2008). Metacognition and Theory of Mind (pp. 12-16). London: 
British Library.  

Piaget, J. (1950). The Psychology of Intelligence: The Nature of Intelligence. London: 
Routledge Classics. 

Polya, G. (1945). How to Solve It: The Mathematical Gazette.  

Proust, J. (2013). The Philosophy of Metacognition (1st ed.): Metacognition as Cognition 
about Cognition: Attribute View. New York, NY: Oxford University Press.  
https://doi.org/10.1093/acprof:oso/9780199602162.001.0001 

Reynolds, D., Hopkins, D., Potter, D., & Chapman, C. (2002). School Improvement for 
Schools Facing Challenging Circumstances: A Review of Research and Practice. School 
Leadership & Management, 22, 243-256.  
https://doi.org/10.1080/1363243022000020381 

Roehig, G. H., & Moore J. T. (2011). Is adding the E Enough? Investigating the Impact of 
K-12 Engineering Standards on the Implementation of STEM Integration. School 
Science and Mathematics, 112, 14.  

Roehig, G. H., & Moore, J. T. (2011). Is Adding the E Enough? Investigating the Impact of 
K-12 Engineering Standards on the Implementation of STEM Integration. School 
Science and Mathematics, 112, 31-44. https://doi.org/10.1111/j.1949-8594.2011.00112.x  

Rowe, H. A. H. (1991). “Observing” Thinking and Learning Processes. In Glen (Ed.), 
Learning and Teaching Cognitive Skills, hlm. (pp. 9-26). Melbourne: The Australian 
Council for Education Research. 

Schraw, G., Crippen, K. J., & Hartley, K. (2006). Promoting Self-Regulation in Science 
Education: Metacognition as Part of a Broader Perspective on Learning. Research in 

https://doi.org/10.4236/ce.2018.914161
http://www.fas.org/sgp/crs/misc/RL33434.pdf
https://doi.org/10.1073/pnas.0703993104
https://doi.org/10.1080/00131911.2011.628748
https://doi.org/10.1016/0883-0355(87)90010-3
https://doi.org/10.1109/ISECon.2014.6891036
https://doi.org/10.1093/acprof:oso/9780199602162.001.0001
https://doi.org/10.1080/1363243022000020381
https://doi.org/10.1111/j.1949-8594.2011.00112.x


M. R. Bajuri et al. 
 

 

DOI: 10.4236/ce.2018.914161 2214 Creative Education 
 

Science Education, 36, 111-139.  
https://doi.org/10.1007/s11165-005-3917-8 

Sokolowski, A. (2015). The Effects of Mathematical Modeling on Students’ Achieve-
ment-Meta-Analysis of Research. IAFOR Journal of Education, 3, 93-115.  
https://doi.org/10.22492/ije.3.1.06 

Stohlmann, M. S., & Albarracín, L. (2016). What Is Known about Elementary Grades Ma-
thematical Modelling. Educational Research International, 2016, Article ID: 5240683.  
https://doi.org/10.1155/2016/5240683 

Stotts, J. L. (2011). The STEM Initiative-A Multiple Case Study of Mission-Driven Lea-
dership in Two Schools Implementing STEM in Texas: Successes, Obstacles, and Les-
sons Learned. Ph.D. Thesis, San Antonio, TX: The University of Texas at San Antionio.  

Sundaram, R. (2015). TIES to STEM : University Outreach Model for Teachers in K-12 
STEM Schools to Be Trained in Engineering Skills (pp. 1-4). In 2015 IEEE Frontiers in 
Education Conference (FIE), El Paso, TX: IEEE.  
https://doi.org/10.1109/FIE.2015.7344244 

Thompson, M. K. (2009). Simulation Thinking: Where Design and Analysis Meet (pp. 
3099-3108). In Proceedings of the 2009 Winter Simulation Conference (WSC), Austin, 
TX: IEEE. https://doi.org/10.1109/WSC.2009.5429283 

Tseng, K. H., Chang, C. C., Lou, S. J., & Chen, W. P. (2013). Attitudes towards Science, 
Technology, Engineering and Mathematics (STEM) in a Project-Based Learning (PjBL) 
Environment. International Journal of Technology and Design Education, 23, 87-102.  
https://doi.org/10.1007/s10798-011-9160-x  

Valtorta, C. G. (2015). Math, Science, and Engineering Integration in a High School En-
gineering Course : A Qualitative Study. Journal of Pre-College Engineering Education 
Research (J-PEER), 5, 3. 

Velten, K. (2009). Mathematical Modeling and Simulation.  

Vygotsky, L. (1978). The Interaction between Learning and Development. Readings on 
the Development of Children, 23, 34-41. 

https://doi.org/10.4236/ce.2018.914161
https://doi.org/10.1007/s11165-005-3917-8
https://doi.org/10.22492/ije.3.1.06
https://doi.org/10.1155/2016/5240683
https://doi.org/10.1109/FIE.2015.7344244
https://doi.org/10.1109/WSC.2009.5429283
https://doi.org/10.1007/s10798-011-9160-x

	Mathematical Modeling from Metacognitive Perspective Theory: A Review on STEM Integration Practices
	Abstract
	Keywords
	1. Introduction
	2. Background Problem
	3. Research Problem Statement
	4. Research Objectives
	5. Methodology
	6. Data Analysis
	7. Discussion
	8. Conclusion
	Conflicts of Interest
	References

