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ABSTRACT:  
The multidisciplinary education in thermodynamics is paramount for progress in the rapidly evolving field of 

chemical engineering. However, this endeavor demands a robust foundation in mathematics. This paper explores 

the critical role of mathematical proficiency in empowering undergraduate students to engage effectively in 

multidisciplinary thermodynamics education. We delve into the specific mathematical skills and abilities 

necessary for success in this field, emphasizing their practical application and relevance to real-world 

challenges. By equipping tomorrow's chemical engineers with essential mathematical tools, we aim to foster a 

new generation of professional thinkers poised to tackle complex problems and drive advancements in 

thermodynamics education. 
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I. Introduction 
Multidisciplinary thermodynamics 

education is a cornerstone of chemical engineering, 

as it provides students with a fundamental 

understanding of how energy interacts with matter 

within various systems[1-3]. By incorporating 

principles from physics, chemistry, and 

mathematics, students gain a holistic perspective on 

the behavior of materials and energy transfer 

processes[4-5]. This broad approach equips future 

chemical engineers with the tools to tackle complex 

real-world problems, whether in designing efficient 

industrial processes, optimizing energy usage, or 

developing sustainable technologies[6-7]. 

Understanding thermodynamics in a 

multidisciplinary context not only enhances 

technical skills but also fosters critical thinking and 

problem-solving abilities essential for success in the 

field[6-7]. 

Mathematical proficiency is indispensable 

in chemical engineering, particularly in the realm of 

thermodynamics[8]. From solving differential 

equations to analyzing complex systems, 

mathematical techniques underpin many aspects of 

this discipline[9]. Proficiency in mathematics allows 

students to model and simulate thermodynamic 

processes accurately, leading to more robust 

engineering solutions[10]. Furthermore, a strong 

mathematical foundation facilitates the 

interpretation of experimental data, aiding in the 

validation and refinement of theoretical models[8-

10]. As such, cultivating mathematical skills is 

crucial for aspiring chemical engineers to excel in 

both academic pursuits and practical applications 

within the field of thermodynamics[8-10]. 

The purpose of this paper is to delve into 

the essential mathematical skills required for 

undergraduate students pursuing studies in chemical 

engineering, with a specific focus on 

thermodynamics. By exploring topics such as 

calculus, differential equations, and linear algebra in 

the context of thermodynamic principles, students 

can grasp the interconnectedness between 

mathematics and chemical engineering concepts. 

Additionally, the paper aims to highlight the 

practical relevance of mathematical proficiency in 

addressing real-world engineering challenges, 

thereby motivating students to invest in their 

mathematical education. Ultimately, the goal is to 

empower undergraduate students with the 

knowledge and skills necessary to excel in the 

multidisciplinary field of thermodynamics within 

chemical engineering. 

 

II. Foundational Mathematics for 

Thermodynamics Education 
Fundamental mathematical concepts serve 

as the backbone of thermodynamics research, 
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enabling scientists and engineers to analyze and 

understand the behavior of systems governed by 

energy and entropy[11]. Concepts such as calculus, 

differential equations, and linear algebra are 

essential for modeling complex thermodynamic 

processes[12-13]. Calculus, for instance, facilitates 

the determination of rates of change in system 

properties, while differential equations allow for the 

formulation of mathematical models describing the 

evolution of thermodynamic variables over time[12-

13]. Linear algebra plays a crucial role in solving 

systems of equations representing thermodynamic 

equilibrium conditions and in analyzing the 

relationships between different variables within a 

system[12-13]. Mastery of these mathematical 

concepts is paramount for researchers seeking to 

advance our understanding of thermodynamics and 

develop innovative solutions to practical 

problems[12-13]. 

Chemical engineering and thermodynamics 

are inherently mathematical disciplines, with key 

principles drawn from various branches of 

mathematics[14]. The laws of thermodynamics, for 

example, are expressed through mathematical 

equations that govern the behavior of energy and 

matter in physical systems[14]. These principles 

include the first law, which relates changes in 

internal energy to heat transfer and work, and the 

second law, which establishes the directionality of 

natural processes based on entropy 

considerations[14]. Additionally, concepts such as 

phase equilibrium, chemical kinetics, and transport 

phenomena are mathematically described using 

principles from probability theory, statistics, and 

differential equations[15-16]. Understanding and 

applying these mathematical principles is essential 

for chemical engineers to design and optimize 

processes, from the molecular level to industrial-

scale operations[15-16]. 

Examples abound to illustrate the 

application of mathematics in understanding 

thermodynamic processes[17-21]. For instance, in 

the analysis of phase transitions, mathematical 

techniques such as Gibbs free energy minimization 

are employed to predict the conditions under which 

different phases of a substance coexist[17-18]. 

Differential equations are used to model the 

transient behavior of heat exchangers and reactors, 

aiding in the design and optimization of these 

crucial components in chemical engineering 

processes[19]. Furthermore, mathematical tools like 

optimization algorithms are utilized to maximize the 

efficiency of energy conversion systems, ensuring 

the economical and sustainable operation of 

industrial plants[20-21]. These examples 

demonstrate the indispensable role of mathematics 

in elucidating the intricacies of thermodynamics and 

driving advancements in chemical engineering 

practice[17-21]. 

 

III. Essential Mathematical Tools for 

Undergraduate Students 
Mastering specific mathematical skills is 

crucial for success in multidisciplinary 

thermodynamics education[22-23]. Among these 

skills, proficiency in calculus is essential for 

understanding rates of change, integration, and 

optimization, all of which are fundamental in 

analyzing thermodynamic processes[24-25]. 

Differential equations play a pivotal role in 

modeling dynamic systems, allowing students to 

describe the evolution of thermodynamic variables 

over time[22-25]. Linear algebra provides tools for 

solving systems of equations, which are prevalent in 

thermodynamics, particularly in equilibrium 

calculations and material balances[26]. Moreover, 

numerical methods are indispensable for solving 

complex mathematical problems encountered in 

thermodynamics, enabling students to simulate and 

analyze real-world systems with precision and 

efficiency[27]. 

A comprehensive discussion on calculus, 

differential equations, linear algebra, and numerical 

methods is imperative in a multidisciplinary 

thermodynamics curriculum[28]. Calculus provides 

the foundation for understanding thermodynamic 

properties such as entropy, enthalpy, and internal 

energy, by quantifying rates of change and integrals 

over relevant variables[29]. Differential equations 

offer a powerful toolset for modeling transient 

phenomena, phase transitions, and chemical 

reactions occurring in thermodynamic systems[30]. 

Linear algebra facilitates the manipulation of 

matrices and vectors, which are prevalent in solving 

equations arising from thermodynamic balances and 

equilibrium conditions[31]. Additionally, numerical 

methods such as finite difference, finite element, 

and Monte Carlo simulations are essential for 

approximating solutions to complex thermodynamic 

problems that lack analytical solutions[32-33]. 

Proficiency in calculus, differential 

equations, linear algebra, and numerical methods is 

paramount for analyzing thermodynamic systems 

effectively[34-35]. These mathematical tools enable 

students to formulate and solve equations governing 

energy and mass balances, predict phase behavior, 

and optimize process conditions for maximum 

efficiency[34-35]. Furthermore, the ability to apply 

mathematical techniques allows for the 

interpretation of experimental data, validation of 

theoretical models, and design of innovative 

solutions to practical engineering challenges[36-37]. 

Ultimately, a strong foundation in these 

mathematical skills equips students with the 



Avinashkumar V. Karre, et. al. International Journal of Engineering Research and Applications 

www.ijera.com 

ISSN: 2248-9622, Vol. 14, Issue 3, March, 2024, pp: 58-64 

   

 
www.ijera.com                                      DOI: 10.9790/9622-14035864                                   60 | Page 

necessary tools to excel in the multidisciplinary field 

of thermodynamics and contribute to advancements 

in chemical engineering and related fields[34-37]. 

 

 

 

IV. Practical Application of Mathematical 

Proficiency 
Case studies offer compelling evidence of 

how mathematical proficiency enhances problem-

solving in thermodynamics education[38-39]. For 

instance, consider a case where students are tasked 

with optimizing the efficiency of a heat exchanger 

system[40]. Through mathematical analysis 

involving calculus to optimize heat transfer rates, 

differential equations to model transient behavior, 

and linear algebra to solve for system parameters, 

students gain a deeper understanding of heat 

exchanger performance[40]. By applying 

mathematical principles, students can propose 

innovative solutions such as adjusting flow rates, 

redesigning heat exchanger geometry, or optimizing 

insulation materials to achieve higher efficiency[38-

41]. These case studies demonstrate how 

mathematical proficiency empowers students to 

tackle real-world engineering problems effectively 

within the context of thermodynamics education[38-

41]. 

Real-world examples vividly illustrate the 

impact of mathematical skills on innovative 

solutions in chemical engineering[42]. Consider the 

development of a novel catalytic reactor for 

chemical synthesis. Mathematical modeling, 

involving differential equations to describe reaction 

kinetics and transport phenomena, alongside 

numerical methods for solving complex systems, 

enables engineers to design reactors with optimized 

performance and selectivity[40-42]. By leveraging 

mathematical techniques, engineers can predict 

reaction rates, optimize reactor design parameters, 

and tailor catalyst properties to achieve desired 

product yields[40-42]. These examples highlight 

how mathematical proficiency drives innovation in 

chemical engineering, leading to the development of 

sustainable processes and products that address 

societal needs and challenges. 

Discussion on the integration of 

mathematics into the undergraduate curriculum is 

essential for effective learning in chemical 

engineering[43]. By incorporating mathematical 

concepts into core courses, such as thermodynamics, 

kinetics, and transport phenomena, students develop 

a solid foundation in mathematical techniques 

relevant to their field of study[44]. Moreover, hands-

on exercises, case studies, and interdisciplinary 

projects allow students to apply mathematical skills 

in practical contexts, reinforcing their understanding 

and appreciation of mathematics in chemical 

engineering[45]. Additionally, collaborative 

teaching approaches, where mathematics and 

chemical engineering faculty work together to 

develop integrated curricula, foster interdisciplinary 

learning experiences that better prepare students for 

the complex challenges they will face in their 

careers[43-45]. Through thoughtful integration, 

mathematics becomes not just a prerequisite but an 

integral part of the learning journey, enhancing 

students' ability to excel in chemical engineering 

and contribute meaningfully to the field[41-45]. 

 

V. Challenges and Strategies for Enhancing 

Mathematical Proficiency 
Undergraduate students often encounter 

common challenges when acquiring mathematical 

skills for thermodynamics education[46]. One such 

challenge is the abstract nature of mathematical 

concepts, which can be difficult to grasp without 

tangible applications[46]. Additionally, students 

may struggle with the transition from pure 

mathematical theory to its practical implementation 

in solving thermodynamics problems[47]. Another 

hurdle is the pace at which mathematical content is 

delivered, with some students requiring additional 

time and resources to fully comprehend complex 

mathematical principles[48]. Furthermore, 

inadequate prerequisite knowledge or gaps in 

foundational mathematics can hinder students' 

progress in thermodynamics education, making it 

challenging to apply mathematical tools effectively 

to solve engineering problems[49]. 

 

To promote mathematical proficiency 

among students, educators can employ various 

strategies tailored to address these challenges[51-

55]. One effective approach is the use of active 

learning techniques, such as problem-based 

learning, where students engage in hands-on 

activities and real-world applications of 

mathematical concepts[50-51]. Providing ample 

opportunities for practice, through homework 

assignments, quizzes, and collaborative problem-

solving sessions, allows students to reinforce their 

understanding of mathematical principles in the 

context of thermodynamics[52-53]. Moreover, 

incorporating technology, such as interactive 

simulations and mathematical software, can enhance 

students' visualization and computational skills, 

making abstract concepts more accessible and 

intuitive[54]. Additionally, offering personalized 

support, such as tutoring services and office hours, 

enables educators to address individual student 

needs and provide targeted assistance to those 

struggling with mathematical concepts[55]. 
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VI. Conclusion and Discussions 
In conclusion, the evolution of 

multidisciplinary thermodynamics education reflects 

a dynamic landscape where traditional principles 

merge with modern computational methods and 

sustainability considerations. The integration of 

diverse disciplines such as mathematics, physics, 

and chemistry provides students with a 

comprehensive understanding of thermodynamic 

phenomena, preparing them for the complexities of 

real-world engineering challenges. Continuous 

learning and skill development are essential for 

future chemical engineers to thrive in a rapidly 

changing environment, requiring a diverse skill set 

encompassing technical expertise, critical thinking, 

and effective communication. 

Interdisciplinary collaboration plays a 

crucial role in bridging the gap between 

mathematics and chemical engineering. By fostering 

collaboration between mathematics and engineering 

faculty, institutions can develop integrated curricula 

that emphasize the practical application of 

mathematical principles in engineering disciplines. 

Interdisciplinary research initiatives enable students 

to explore the intersection of mathematics and 

chemical engineering through hands-on projects and 

experiential learning opportunities. Furthermore, 

partnerships with industry stakeholders facilitate the 

identification of relevant mathematical skills and 

competencies required in the workforce, ensuring 

that undergraduate education aligns with industry 

demands. By promoting interdisciplinary 

collaboration, institutions can equip students with 

the interdisciplinary skills and knowledge necessary 

to excel in both mathematics and chemical 

engineering fields, thereby preparing them for 

successful careers in a rapidly evolving global 

economy. 

Throughout this discussion, we have 

highlighted the importance of equipping students 

with essential mathematical proficiency for 

advancing thermodynamics education at the 

undergraduate level. Key points include the role of 

calculus, differential equations, linear algebra, and 

numerical methods in modeling and analyzing 

thermodynamic systems, as well as the challenges 

students may face in acquiring these mathematical 

skills. Strategies for educators to promote 

mathematical proficiency among students include 

active learning techniques, technological 

integration, and interdisciplinary collaboration. By 

emphasizing the significance of mathematics in 

thermodynamics education, we empower students to 

excel in their studies and prepare them for 

successful careers in chemical engineering and 

related fields. As we look towards the future, it is 

evident that a strong foundation in mathematics will 

continue to be essential for advancing the frontiers 

of thermodynamics research and addressing global 

engineering challenges. 

The landscape of multidisciplinary 

thermodynamics education is continuously evolving 

to meet the demands of a rapidly changing world. 

With advancements in technology, the integration of 

computational methods and data-driven approaches 

is becoming increasingly prevalent in 

thermodynamics education. Students are not only 

expected to understand traditional thermodynamic 

principles but also to apply modern tools and 

techniques to analyze complex systems and real-

world problems. Furthermore, there is a growing 

emphasis on sustainability and environmental 

stewardship within the field, driving the inclusion of 

topics such as renewable energy, green chemistry, 

and process optimization in thermodynamics 

curricula. As the boundaries between disciplines 

blur, interdisciplinary collaboration between 

chemical engineering, mathematics, physics, and 

other related fields becomes essential to provide 

students with a holistic understanding of 

thermodynamic phenomena and prepare them for 

diverse career paths in academia, industry, and 

research. 

Continuous learning and skill development 

are imperative for future chemical engineers to 

remain competitive and adaptable in a dynamic job 

market. In today's knowledge-driven economy, 

technological advancements and industrial 

innovations occur at an unprecedented pace, 

necessitating lifelong learning to stay abreast of 

emerging trends and developments. Moreover, as 

the challenges facing society become increasingly 

complex, chemical engineers must possess a diverse 

skill set that goes beyond technical expertise. 

Effective communication, problem-solving, critical 

thinking, and leadership skills are equally essential 

for navigating multifaceted engineering projects and 

driving meaningful change. Therefore, fostering a 

culture of continuous learning and professional 

development within the chemical engineering 

community is vital to empower engineers to tackle 

global challenges, innovate solutions, and make 

lasting contributions to society. 

 

Reference 
[1]. Dreyfus, B. W., Geller, B. D., Meltzer, D. E., 

& Sawtelle, V. (2015). Resource letter 

TTSM-1: Teaching thermodynamics and 

statistical mechanics in introductory physics, 

chemistry, and biology. American Journal of 

Physics, 83(1), 5-21. 

[2]. Keith, J. M., Silverstein, D. L., & Visco Jr, D. 

P. (2009). Ideas to Consider for New 

Chemical Engineering Educators: Part 1 



Avinashkumar V. Karre, et. al. International Journal of Engineering Research and Applications 

www.ijera.com 

ISSN: 2248-9622, Vol. 14, Issue 3, March, 2024, pp: 58-64 

   

 
www.ijera.com                                      DOI: 10.9790/9622-14035864                                   62 | Page 

(Courses Offered Earlier in the 

Curriculum). Chemical Engineering 

Education, 43(3), 207-215. 

[3]. Salaheldeen Elnashaie, S., Danafar, F., 

Hashemipour Rafsanjani, H., Salaheldeen 

Elnashaie, S., Danafar, F., & Hashemipour 

Rafsanjani, H. (2015). Chemical Engineering 

from Technology to 

Engineering. Nanotechnology for Chemical 

Engineers, 1-77. 

[4]. May, V., & Kühn, O. (2023). Charge and 

energy transfer dynamics in molecular 

systems. John Wiley & Sons. 

[5]. Mahaffy, P. G., Matlin, S. A., Whalen, J. M., 

& Holme, T. A. (2019). Integrating the 

molecular basis of sustainability into general 

chemistry through systems thinking. Journal 

of Chemical Education, 96(12), 2730-2741. 

[6]. Stephanopoulos, G., & Reklaitis, G. V. 

(2011). Process systems engineering: From 

Solvay to modern bio-and nanotechnology.: A 

history of development, successes and 

prospects for the future. Chemical 

engineering science, 66(19), 4272-4306. 

[7]. García-Serna, J., Pérez-Barrigón, L., & 

Cocero, M. J. (2007). New trends for design 

towards sustainability in chemical 

engineering: Green engineering. Chemical 

Engineering Journal, 133(1-3), 7-30. 

[8]. Bain, K., Moon, A., Mack, M. R., & Towns, 

M. H. (2014). A review of research on the 

teaching and learning of thermodynamics at 

the university level. Chemistry Education 

Research and Practice, 15(3), 320-335. 

[9]. Bejan, A. (2016). Advanced engineering 

thermodynamics. John Wiley & Sons. 

[10]. Winterbone, D., & Turan, A. 

(2015). Advanced thermodynamics for 

engineers. Butterworth-Heinemann. 

[11]. Shell, M. S. (2015). Thermodynamics and 

statistical mechanics: an integrated approach. 

Cambridge University Press. 

[12]. Gyftopoulos, E. P., & Beretta, G. P. 

(2005). Thermodynamics: foundations and 

applications. Courier Corporation. 

[13]. Bayin, S. S. (2013). Essentials of 

mathematical methods in science and 

engineering. John Wiley & Sons. 

[14]. Koretsky, M. D. (2012). Engineering and 

chemical thermodynamics. John Wiley & 

Sons. 

[15]. Demirel, Y. (2013). Nonequilibrium 

thermodynamics: transport and rate processes 

in physical, chemical and biological systems. 

Newnes. 

[16]. Jordan, P. (2012). Chemical kinetics and 

transport. Springer Science & Business 

Media. 

[17]. Papon, P., Leblond, J., & Meijer, P. H. 

(2002). Physics of Phase Transitions (pp. 

185-209). Berlin Heidelberg, Germany: 

Springer-Verlag. 

[18]. Teh, Y. S., & Rangaiah, G. P. (2002). A study 

of equation-solving and Gibbs free energy 

minimization methods for phase equilibrium 

calculations. Chemical Engineering Research 

and Design, 80(7), 745-759. 

[19]. Kilkovský, B. (2020). Review of design and 

modeling of regenerative heat 

exchangers. Energies, 13(3), 759. 

[20]. Bazmi, A. A., & Zahedi, G. (2011). 

Sustainable energy systems: Role of 

optimization modeling techniques in power 

generation and supply—A review. Renewable 

and sustainable energy reviews, 15(8), 3480-

3500. 

[21]. Banos, R., Manzano-Agugliaro, F., Montoya, 

F. G., Gil, C., Alcayde, A., & Gómez, J. 

(2011). Optimization methods applied to 

renewable and sustainable energy: A 

review. Renewable and sustainable energy 

reviews, 15(4), 1753-1766. 

[22]. Santos, M. J., Medina, A., Mateos Roco, J. 

M., & Queiruga-Dios, A. (2021). 

Compartmental Learning versus Joint 

Learning in Engineering 

Education. Mathematics, 9(6), 662. 

[23]. Bischof, G., Zwölfer, A., & Rubeša, D. 

(2015, June). Correlation between 

engineering students' performance in 

mathematics and academic success. In 2015 

ASEE Annual Conference & Exposition (pp. 

26-410). 

[24]. Middleton, J. A., & Weber, E. (2011). 

Developing Elementary Teachers' 

Pedagogical Content Knowledge of Rate-of-

Change in Engineering Thermodynamics: A 

Design Study. North American Chapter of the 

International Group for the Psychology of 

Mathematics Education. 

[25]. Bejan, A., Tsatsaronis, G., & Moran, M. J. 

(1995). Thermal design and optimization. 

John Wiley & Sons. 

[26]. Tadmor, E. B., Miller, R. E., & Elliott, R. S. 

(2012). Continuum mechanics and 

thermodynamics: from fundamental concepts 

to governing equations. Cambridge 

University Press. 

[27]. Milanovic, I., Eppes, T., & Wright, K. (2019, 

July). Simulation-Based Approach to Science, 

Technology, Engineering, and Math 

Challenges. In Fluids Engineering Division 



Avinashkumar V. Karre, et. al. International Journal of Engineering Research and Applications 

www.ijera.com 

ISSN: 2248-9622, Vol. 14, Issue 3, March, 2024, pp: 58-64 

   

 
www.ijera.com                                      DOI: 10.9790/9622-14035864                                   63 | Page 

Summer Meeting (Vol. 59025, p. 

V001T01A045). American Society of 

Mechanical Engineers. 

[28]. Daoutidis, P., Derby, J., Dorfman, K., 

Kaznessis, Y., & Kumar, S. Numerical 

Methods in the ChEn curriculum: One 

Program s Evolution over 30 Years. 

[29]. O'Connell, J. P., & Haile, J. M. 

(2005). Thermodynamics: fundamentals for 

applications. Cambridge University Press. 

[30]. Ma, T., & Wang, S. (2014). Phase transition 

dynamics (pp. 380-459). New York: Springer. 

[31]. Zeleznik, F. J., & Gordon, S. (1968). 

Calculation of complex chemical 

equilibria. Industrial & Engineering 

Chemistry, 60(6), 27-57. 

[32]. Mazumder, S. (2015). Numerical methods for 

partial differential equations: finite difference 

and finite volume methods. Academic Press. 

[33]. Milewski, S. (2018). Combination of the 

meshless finite difference approach with the 

Monte Carlo random walk technique for 

solution of elliptic problems. Computers & 

Mathematics with Applications, 76(4), 854-

876. 

[34]. Patron, F. (1997). Conceptual understanding 

of thermodynamics: a study of undergraduate 

and graduate students (Doctoral dissertation, 

Purdue University). 

[35]. Murugesan, K. (2022). Modeling and 

Simulation in Thermal and Fluids 

Engineering. CRC Press. 

[36]. Braha, D., & Maimon, O. (2013). A 

mathematical theory of design: foundations, 

algorithms and applications (Vol. 17). 

Springer Science & Business Media. 

[37]. Franceschini, G., & Macchietto, S. (2008). 

Model-based design of experiments for 

parameter precision: State of the 

art. Chemical Engineering Science, 63(19), 

4846-4872. 

[38]. Bain, K., Moon, A., Mack, M. R., & Towns, 

M. H. (2014). A review of research on the 

teaching and learning of thermodynamics at 

the university level. Chemistry Education 

Research and Practice, 15(3), 320-335. 

[39]. de Berg, K. C. (2022). Student thinking 

profiles within a small group addressing 

problems in thermodynamics as part of a 

physical chemistry unit: reflections for 

students and instructors. Chemistry Education 

Research and Practice, 23(3), 628-643. 

[40]. Eichenlaub, M., & Redish, E. F. (2019). 

Blending physical knowledge with 

mathematical form in physics problem 

solving. Mathematics in physics education, 

127-151. 

[41]. Serth, R. W., & Lestina, T. (2014). Process 

heat transfer: Principles, applications and 

rules of thumb. Academic press. 

[42]. Schrader, G. L., Pigford, R. L., & Gates, B. 

C. (1983). Integrating Chemistry and 

Engineering: A Course in Industrial and 

Engineering Chemistry. Chemical 

Engineering Education, 17(1), 16-46. 

[43]. Savage, R., Chen, K., & Vanasupa, L. (2008). 

Integrating project-based learning throughout 

the undergraduate engineering 

curriculum. Journal of STEM 

Education, 8(3). 

[44]. Herrera, I., & Pinder, G. F. 

(2012). Mathematical modeling in science 

and engineering: An axiomatic approach. 

John Wiley & Sons. 

[45]. LEZ, E. M. G. THE LEARNING OF 

MATHEMATICAL CONCEPTS AND 

PRINCIPLES THROUGH THE 

INTEGRATION OF TECHNOLOGY IN 

LABORATORY ACTIVITIES. The Journal 

of Mathematics and Science, 97. 

[46]. Bain, K., Moon, A., Mack, M. R., & Towns, 

M. H. (2014). A review of research on the 

teaching and learning of thermodynamics at 

the university level. Chemistry Education 

Research and Practice, 15(3), 320-335. 

[47]. Bain, K., Moon, A., Mack, M. R., & Towns, 

M. H. (2014). A review of research on the 

teaching and learning of thermodynamics at 

the university level. Chemistry Education 

Research and Practice, 15(3), 320-335. 

[48]. Gainsburg, J. (2008). Real-world connections 

in secondary mathematics teaching. Journal 

of Mathematics Teacher Education, 11, 199-

219. 

[49]. Atarés, L., Canet, M. J., Trujillo, M., 

Benlloch-Dualde, J. V., Paricio Royo, J., & 

Fernandez-March, A. (2021). Helping 

pregraduate students reach deep 

understanding of the second law of 

thermodynamics. Education Sciences, 11(9), 

539. 

[50]. Camacho, D. J., & Legare, J. M. (2015). 

Opportunities to Create Active Learning 

Techniques in the Classroom. Journal of 

Instructional Research, 4, 38-45. 

[51]. Sindelar, T. M. (2010). The effectiveness of 

problem-based learning in the high school 

science classroom (Doctoral dissertation, 

Wichita State University). 

[52]. Georgiou, H., Sharma, M., & Khachan, J. 

(2014). Doing Positive Work: On student 

understanding of thermodynamics (Doctoral 

dissertation, University of Sydney). 



Avinashkumar V. Karre, et. al. International Journal of Engineering Research and Applications 

www.ijera.com 

ISSN: 2248-9622, Vol. 14, Issue 3, March, 2024, pp: 58-64 

   

 
www.ijera.com                                      DOI: 10.9790/9622-14035864                                   64 | Page 

[53]. Van Niekerk, W. M. K. (2018). Cooperative 

pair problem solving: a teaching-learning 

strategy for tutorials in mechanical 

engineering thermodynamics (Doctoral 

dissertation, North-West University (South 

Africa), Potchefstroom Campus). 

[54]. Sengupta, P., Kinnebrew, J. S., Basu, S., 

Biswas, G., & Clark, D. (2013). Integrating 

computational thinking with K-12 science 

education using agent-based computation: A 

theoretical framework. Education and 

Information Technologies, 18, 351-380. 

[55]. Hightower, A. M., Delgado, R. C., Lloyd, S. 

C., Wittenstein, R., Sellers, K., & Swanson, 

C. B. (2011). Improving student learning by 

supporting quality teaching. Retrieved on, 3, 

14. 

 

 

 

 

 

 


