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ABSTRACT: We present the results of having applied a set of options in thermodynamics courses for encouraging a strong student
in-class participation and engagement. Strong emphasis is given to planned ahead in-class student Q&As encompassing both
thermodynamics and statistical mechanics and supplemented with take-home extra syllabus reading, Additionally, we designed
research-oriented individual and group projects with the goal of promoting critical thinking, problem solving, and both oral and
written communication skills, These projects involve quantum chemistry caleulations of gas phase thermodynamic properties, solid
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state equations of state, and optional topics self-selected by the students from a list of provided possibil

. The execution of the

Q&As and projects is beneficial and challenging for both the students and the instructor. Our practice demonstrates significant
improvement in student’s interest in learning and increased enthusiasm in teaching performance.
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M INTRODUCTION

The Chemical Engineering Thermodynamics course is part of
the i d dh chemi

ulum at Beijing Institute of Technology. It is offered in a
bilingual mode, Mandarin and English. Currently, the contents
cover chemical engineering thermodynamics, statistical me-
chanics™* and a brief introduction of nonequilibriam
thermodynamics.” Along several semesters we have introduced
and perfected an in-class question session. The goal has been to
enhance student participation, improve successful learning, and
engage students in evaluation and creation activities. We have
also developed and assigned research-oriented individual and
group projects aiming to promote critical thinking, problem
solving, and writing and oral communication skills. Pedagogical
paradigms and techniques addressing the development of these
skills include, but are not limited to, algorithmic thinking,”
inquiry-based learning,” question-asking,” case-based study,’
flipped classroom,"” as well as the recent systems thinking,''
Although it may be imposible to implement all these paradigms
and techniques in one course, the philosophies can be applied in
designed practices,

Here, we discuss in detail the class materials that have been
developed for attaining the above-mentioned goals. The
following sections describe the in-class questions and the take-
home mini-projects based on both calculation of the enthalpy of
formatian in the gas phase of a collection of molecules from
quantum chemistry and the determination of the equation of
state of molecular crystals. A discussion section tackles the
evaluation and statistics collected from students. A summarizing
conclusion ends this paper.
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M IN-CLASS STUDENT QUESTIONS

Most students do not ask questions in class. It i that, in
a regular class, only one or two students would have asked
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altogether a couple of questions throughout the entire semester.
We have developed and employed a scheme that specifically
tasks students to ask questions in class. Depending on the size of
the class and the semester time duration, about three to four
students in each class session were randomly chosen from the
roster of enrolled students to prepare good questions on
thermodynamics to be asked in the next class session. Along the
semester, all students had a chance of participating in class with
their oral contribution, although they did so in a random order.
This questioning exercise is a required assignment accounting
for 5% of the grade, although flexibility was used when students
were not prepared and wished to postpone their contribution to
Tater class sessions. In an initial phase of this process, we had
planned on rating the quality of the questions by assigning a
varisble mumber of points between relevant, well-posed
questions and questions less relevant or borrowed from the
textbook. However, we soon realized that impartiality was
difficult to achieve and question-based ratings deterred the
students from asking more naively. Thus, equal credit was
adopted. For example, in the Fall ‘19 semester, the tum out
vielded 59 out of 72 students who contributed with 59 in-class
questions.

Ameng the received questions, we categorized them into (i)
less comples, (i) deserving detailed explanation, and (iii)
challenging for the instructor. The first category was in its
nmajority answered by other students in the class and involved
about 70% of all the questions. The second category contained
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Abstract: Industrial ecology (IE} education is a topic that has received attention in institutions of
higher education throughout the world. Some universities have been teaching and rescarching 1E
for the past 20 years but its scope is still being defined. There is a need to catalog and exchange
experiences of IE teaching and their results. Based on a literature review, this paper aims to provide a
framework composed of content and strategies for IF; teaching. This framework is tested in teaching
1F as a general education course for undergraduate students at Beijing Institute of Technology (BTT).
‘The methodology applied in this paper is of a descriptive and empirical nature and thus this paper
focuses on a practice-oriented perspective in describing the experience of BIT. A range of different
strategies, including lectures, group discussions, case studies, role playing games, oral presentations,
evaluation, and student feedback have been incorporated in the course. The results show that the
course received a highly positive evaluation by the participating students. Students were impressed
by IE's characteristies of interdisciplinarity, ways of thinking, and practical value. Additionally,
the course appears to influence students values, attitudes, and behavioral intentions. The paper
concludes with some thoughts on ways of improving IE education in the future,

Keywords: industrial ecology; curriculum; higher education; pedagogical approach; circular econ-
omy; China

1. Introduction

Education has been recognized as a vital vehicle for realizing sustainable develop-
ment [1,2]. Acting as essential educational institutions, universities should be expected
to play a crucial role in transforming our world toward sustainability [3,4]. Industrial
ecology (IE) is arguably one of the key strategies and fields of research for achieving sus-
tainable development especially as it relates to industrial production and consumption [5].
Tt is a field which balances theory and practical application [6] and thus can influence
real-world activities [5]. Cockerill [1,7] argues that IE is seen as an applied approach to
address sustainability from multiple perspectives. This contributes to generating “new
and imaginative solutions that build on overall sustainability” [] (p. 133). As a result of
development in the past 30 years, IE has become a “noticeable presence in education” [1]
(p. 78) and increasingly integrated into formal education worldwide [6]. IE education has
received attention in institutions of higher education throughout the world [4,10]. It is
reported that 190 universities and colleges from 46 countries were offering courses and /or
programs in [E in 2012 [6]. The International Society for Industrial Ecology (ISIE) has listed
TE education as one of the key topics in the field. Currently, there is a need to be aware
of and exchange experiences of IE teaching and their results [%,11], which will facilitate
its further development. A few educators reviewed their experiences of I education
programs and courses in the past 20 years [8-10,12-20].

For instance, reflecting on their experience in teaching IE to graduate and Ph.D.
students at the Norwegian University of Science and Technology (NTNU), Marstrander
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energy and chemical engineering specialty
ZHAI Xue. QIAO Jinshuo, SUN Wang, LI Hansheng,

(School of Chemistry and Chemical Engineering, Beijing Institute of Technology, Beijing 102488, China)

Abstract: This paper analyzes the problems existing in the experimental teaching of energy and chemical engineering
specialty in Beijing University of Technology, and introduces the new professional experimental teaching model
explored and practiced by the Chemical Enginesring Experimental Center of Beijing University of Technology,
which involves the construction and improvement of teaching resources, formulation of curriculum assessment
methods and standards, and monitoring of teaching quality. By taking the “Measuement of cathode polarization
curve™ experiment as an example, the paper introduces the application of the new teaching model.
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