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Preface 
 

This book includes the abstracts of all the papers presented at the 2nd 
Annual International Symposium on the  Future of STEAM Education (23-26 July 
2018), organized by the Athens Institute for Education and Research 
(ATINER).  

In total 31 papers were submitted by 33 presenters, coming from 16 
different countries (Austria, Bulgaria, Egypt, Estonia, Finland, France, Italy, 
Jordan, Mexico, Romania, Singapore, Taiwan, Turkey, UK, Ukraine, and 
USA). The conference was organized into 9 sessions that included a variety of 
topic areas such as Teaching and Learning, Steam: The Current Trend, Future 
Developments and Prospects of Engineering and Science Education, more. A 
full conference program can be found before the relevant abstracts. In 
accordance with ATINER‟s Publication Policy, the papers presented during 
this conference will be considered for inclusion in one of ATINER‟s many 
publications.  

The purpose of this abstract book is to provide members of ATINER 
and other academics around the world with a resource through which to 
discover colleagues and additional research relevant to their own work. 
This purpose is in congruence with the overall mission of the association. 
ATINER was established in 1995 as an independent academic organization 
with the mission to become a forum where academics and researchers 
from all over the world could meet to exchange ideas on their research 
and consider the future developments of their fields of study.  

It is our hope that through ATINER‟s conferences and publications, 
Athens will become a place where academics and researchers from all over 
the world regularly meet to discuss the developments of their discipline and 
present their work. Since 1995, ATINER has organized more than 400 
international conferences and has published nearly 200 books. Academically, 
the institute is organized into seven research divisions and 37 research units. 
Each research unit organizes at least one annual conference and undertakes 
various small and large research projects. 

For each of these events, the involvement of multiple parties is crucial. 
I would like to thank all the participants, the members of the organizing 
and academic committees, and most importantly the administration staff 
of ATINER for putting this conference and its subsequent publications 
together. Specific individuals are listed on the following page. 

 

Gregory T. Papanikos 
President 
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2nd Annual International Symposium on the Future of 
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Members of the committee include all those who have evaluated the 
abstract-paper submissions and have chaired the sessions of the 
conference. The members of the academic committee of the 2nd Annual 
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7. Ethel Petrou, Academic Member, ATINER & Professor and Chair, 

Department of Physics, Erie Community College-South, State University of 
New York, USA. 

8. Nikos Mourtos, Head, Mechanical Engineering Unit, ATINER & Professor, 
San Jose State University, USA. 

9. Ellene Tratras Contis, Head, Chemistry Unit, ATINER & Professor of 
Chemistry, Eastern Michigan University, USA. 
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https://www.atiner.gr/presentations/Opening-23July.pdf
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Group Discussion on Ancient and Modern Athens.  
Visit to the Most Important Historical and Cultural Monuments of the City (be prepared 
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Dimitris Argyropoulos 
Distinguished Professor, North Carolina State University / University of 

Helsinki, USA / Finland 
 

New Insights on the Structure of Kraft Lignin and its 
Fractions with Tangible Practical Implications 

 
The complexity of native softwood lignin when coupled with the 

complexity of the kraft pulping process is known to lead to a rather 
heterogeneous material that has eluted us to date. During this lecture a new 
structural constitutional scheme will be proposed for Softwood Kraft Lignin. 
This effort attempts to unify and rationalize our current knowledge of kraft 
pulping chemistry with a series of focused NMR & Chromatographic 
measurements. This effort will thus introduce the foundations for describing 
our systematic efforts in the following areas aimed at arriving at practical 
applications for an otherwise intractable raw material. More specifically the 
lecture will cover our efforts in:  

 
(i) Refining technical kraft lignin so as to expose its potential as a source 

for reactive polyphenols of well-defined molecular weight polymers 
and oligomers. We will then demonstrate that a continuum of narrow 
fractions can be isolated from softwood kraft lignin, common to a 
variety of such sources irrespective of the manufacturing details of the 
pulping process. Such consistently homogeneous lignin streams from 
technical  lignins offer significant commercial ramifications.(ii) 
Creating heat stable kraft lignin copolymers with heat stabilities 
approaching 300 0C. 

(ii) Creating Novel blends with polylolefins  
(iii) Creating new thermoplastic lignin polymers and precursors to carbon 

fibers by applying propargylation derivatization chemistry followed 
by thermal treatments.  

 
This approach offers a versatile novel route for the eventual chain 

extension & utilization of technical lignins with a significant amount of 
molecular control.   
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Enzo Bonacci 
Secondary School Teacher, Scientific High School “G.B. Grassi” of Latina, 

Italy 
 

Proposals for an Effective Teaching of Quantum Physics at 
Secondary School 

 
In the Italian education system, secondary students (ages 14-19) face the 

foundations of quantum physics during the final term of scientific high 
school (pre-university year). The Italian Ministry of Education, Universities 
and Research (MIUR) has remarked its importance in the syllabus to address 
the high school exit examination (30% of the 5th year physics course) but, due 
to limited learning time and intrinsic difficulty, this branch of physics is 
neither assimilated nor appreciated as it should.  

We wish to illustrate six didactic suggestions focused on learning 
motivation, emerged during a 16-year long teaching experience, which could 
help to tackle the main problems found. The key reference is the talk “Why 
nobody understands quantum mechanics?” given in 2013 at the 2nd Rome 
workshop «Science Perception» together with a concise and evocative poster 
outlining the history of quanta.  

Other useful resources are the two invited lectures “Relativity vs. 
Quantum Mechanics” and “Relativity vs. Quantum Physics” held, 
respectively, in 2010 at the International Year of Astronomy (IYA09) and in 
2015 at the closing day of the Academic Year by the Astronomical Pontine 
Association (APA-lan). 
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Ronnie Bryan 
Teacher, Sequoyah High School, USA 

 

Math Foundations at Sequoyah High School 
 

The mathematics curriculum at Sequoyah High School leads students 
through an unfolding of abstract concepts that build up their skills while 
drawing interdisciplinary connections. Beginning with the Natural Numbers 
and the Properties of Equality, students engage in a series of logical 
explorations that guides them through an expansion of their definition of 
“number” throughout Algebra 1, Geometry, and Algebra 2. Practical 
applications suggest the need for concepts such as Integers, Rational 
Numbers, Real Numbers, and Complex Numbers. Included among the 
application projects are those outside the realm of STEM that seek to explain 
or create visual art, music, and poetry. Student statements, examples of their 
work, and descriptive statistics of their performance on learning objectives 
are provided to support the efficacy of the program. 
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Marie Bukowski 
Director, School of Art, Kent State University, USA 

& 
Chester Wilson 

Associate Professor, Louisiana Tech University, USA 
 

Visualization of Science and Technology through Art 
 

Advances in technology and science have made previously 
unimaginable concepts wholly possible. The intent through collaborative 
work is to advance the arts and cross-pollinate disparate fields of endeavor. 

My collaborations at Louisiana Tech University with scientists and 
engineers have led to cross-disciplinary projects. My science-based art has led 
to multi-discipline grants where art can teach science. Scientists have realized 
that my artwork carried out over the years has engaged contemporary 
science and technology through projects incorporating disciplines from cell 
biology to neuroscience to imaging technology through a variety of artistic 
approaches. This generative process seeds artistic experimentation through 
collaborative efforts between artists and scientists. Within the broad 
framework of this interdisciplinary interaction, a locus of activity has 
emerged, which included work in three interrelated areas: 

 
Art: the connection of humanity with the larger environment, 
Biology: the relationship of biological science and cognitive science with 
the human being, and 
Computational Studies: the physics of the relationship of the intelligent 
machine with the human being. 

 
This activity takes advantage of the extensive technological and artistic 

capabilities at Louisiana Tech. Combining the ABC‟s will develop methods 
for creating interactive social interfaces, incorporating tangible objects, 
networked devices and collaborative activities. “Context aware components” 
are designed to facilitate discourse and enhance understanding and 
contextualization of information and shared awareness. The goal of this 
interdisciplinary method of learning/creating is to design a set of tools and 
user interfaces for initiating dialogue and building bridges between people, 
their intellectual and practical actions, and socio-cultural reality as they 
encounter each other in public environments. The ultimate goal of my 
creative work/research is to creative an environment within a university 
setting that brings disparate fields of endeavor together, where students and 
faculty become part of “whole brain thinking” in order to become more 
efficient in today‟s ever changing world. 
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Viorel-Laurentiu Cartas 
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The Viscoelastic Feature of the Spacetime 
 

The present paper aims to describe the spacetime  viscoelastic  feature in 
the light of the LIGO gravitational waves and Gravity B-probe experiments. 
The elasticity of the spacetime fabric it seems to be more evident if we 
consider the tensorial similarity between the Einstein‟s equations and the 
Cauchy-Voigt-Hook‟s strain-stress equations. Since, in the frame of the 
General Relativity the spacetime is a real object, featuring a certain structure 
and physical properties, the viscosity successfully completes the gravitational 
description. A very humble and minimalist spacetime model is introduced in 
order to fit the viscoelastic properties. 
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Adrienne Coleman 
Director of Equity and Inclusion, Illinois Mathematics and Science 

Academy, USA 
 

Diversifying the STEM (Science, Technology, Engineering, 
Mathematics) Education to Career Pipeline 

 
According to the National Science Foundation, “the U.S. STEM 

workforce must be considered in the context of an expanding and vibrant 
global scientific and technological enterprise” (2014).  “The National 
Academy of Sciences further suggests that, without the participation of 
individuals of all races and genders, the increasing demand for workers in 
STEM fields will not be met, potentially compromising the position of the 
United States as a global leader”.  The stark reality is that there are a 
disproportionate number of Blacks and Latinos who lack the access and 
exposure to become STEM-literate.  In order for the U.S. to remain a global 
STEM leader, an intricate look at STEM inequity on a national scale must 
occur and diversifying the STEM education to career pathway must be a 
priority.   

The Illinois Mathematics and Science Academy sought to gain a better 
understanding of how to diversify this STEM education to career pathway.  
Thus, a study was conducted on the motivation of Black and Latino students 
to engage in STEM as well as two Diversifying STEM Think Tanks held to 
understand and address the racial STEM divide. The racial inequities in 
STEM were examined, strategies to address these inequities were discussed, 
and factors that motivate Black and Latino STEM engagement were 
identified.   

From the perspectives of 415 STEM Stakeholders (students, parents, 
professionals, and educators), the D-STEM Equity Model to diversify the 
STEM Education to Career Pathway with national implications and global 
scalability, was developed.  This model suggests “diversifying STEM 
policies” need to be developed that mandate funding for racially-based 
collaborative STEM initiatives to be implemented, that work towards 
achieving equity by addressing the identified problems collectively and 
integrating factors of Black and Latino student STEM motivation into STEM 
programming as well as encourage culturally responsive training for 
state/national teacher certification and current STEM educators. 
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Teaching Creativity:  
The Value of the A in STEAM 

 
As professional educators, we understand the importance of instructing 

our students using a great variety of teaching strategies. We combine lectures 
with demonstrations, lead discussions, encourage feedback, utilize online 
programs and facilitate hands-on participation. However, as arts educators, 
when we are presented with students who have little or no previous 
experience in the arts, we immediately eliminate all of these methods in favor 
of lecture style teaching.  Typically, we ask non-artists, some of whom might 
be majoring in a STEM field, to sit quietly, often in uncomfortable chairs and 
behind desks, for the duration of the semester while we talk at them.  By not 
allowing all students to physically interact with art, regardless of previous 
experience, we miss the opportunity to teach a skill valued by most 
disciplines and most especially by those in STEM fields: creativity. 

Instead of the traditional lecture-style music appreciation course for non-
musicians, I offer an entirely hands-on experience where all students, 
regardless of major, are generating and manipulating sound themselves.  
Throughout the semester they are required to describe, document, analyze, 
discuss, evaluate and debate their sound creation.  By the end of the course, 
students are more willing to engage within a foreign context, can self-reflect 
and debate purposefully, and have the capacity to listen more deeply.  These 
students have gained self-confidence and overcome their fear of working in 
an unfamiliar environment. They are able to defend and stretch their original 
insights. The ultimate learning outcome is that they have become comfortable 
working “outside the box.”   
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Alexandre De Bernardinis 
Research Scientist, IFSTTAR, France 

Wiem Benatia 
MSc Student, Toulouse Paul Sabatier University, France 

& 
Richard Lallemand 

Research Engineer, IFSTTAR, France 
 

Electro-Thermal Analysis for Lithium Carbon (LiC) Hybrid 
Supercapacitors 

 
The research work within the framework of the IFSTTAR ELECTROCAP 

project, has concerned the analysis of electro thermal characterizations 
performed on a storage component named Lithium-carbon Supercapacitor 
(LiC) of highest capacity. LiC is a hybrid supercapacitor. By employing the 
technique of frequential electrochemical impedance spectroscopy (EIS) in 
potentiostatic mode which consists in controlling the cell voltage, several 
series of tests have been performed on 3300F cell. The experimental EIS set-
up is shown in Fig. 1. Static tests with several voltage amplitude points, then 
thermal tests by placing the Supercapacitor in a programmable and regulated 
climatic chamber. The performed measures were then reported on frequency 
Nyquist diagrams, as shown in Fig. 2. The obtained results demonstrate, on 
the one hand, that for low frequencies the physical behavior of the LiC 
Supercapacitor approaches that one of a lithium battery (or electrochemical 
accumulator) characterized by a certain slower dynamics of the internal 
electrochemical reactions. On the other hand, for high frequencies the 
behavior is the one of a classic Supercapacitor with a faster dynamics of the 
charge transfer. A similar tendency was able to be observed for the 
temperature characterizations. Indeed, at low temperature (0°C) the behavior 
of battery is dominating while for high temperatures (above 40°C) the 
evolution of the impedance frequency spectra show a behavior of high 
faradic supercapacitance. For the voltage characterization, at the absolute 
potential of 3V, an inflexion of the voltage curve is observed which 
corresponds to the (Li+/Li) Redox potential E0(V)=-3,04V, and which may 
explain the change of behavior for the LiC between battery and 
supercapacitor. Additional characterizations in temperature will be further 
planned to consolidate the first experimental results and bring new elements 
of analysis and explanation to the physicochemical phenomena that were 
observed. 
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Fig.1. Experimental set-up for EIS analysis for 3300F LiC cell Supercapacitor. 

 
Fig.2. Impedance spectra for 3300F LiC cell under voltage and temperature constraints. 
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Francisco Delgado 
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Assembling Large Entangled States in the Ingarden-Urbanik 
Entropy Measure under the SU(2)-Dynamics Decomposition 

for Systems Built from two-Level Subsystems 
 

Entanglement is not only a special feature of quantum mechanics, 
instead it is a processing resource in quantum information. In the nature, 
quantum entanglement can be achieved only through entangling bipartite 
interactions, which combined could give extended entangled states 
involving a large number of single elementary quantum systems. 
Recently, an architecture to hold quantum information has been proposed 
in the form of weak chains of two-level subsystems involving local and 
bipartite non-local (entangling) interactions:  
 

 
 

in such sufficient general systems, the Hamiltonian can be decomposed as 
a direct sum of two-dimensional subspaces in the global Hilbert space, 
which is directly inherited to the evolution matrix of the system: 
 

     

 
 

despite there are multiple basis to reach this decomposition in the 
quantum information of the system, generalized Bell states (GBS) is a 
universal basis for this decomposition if Hamiltonian is time-independent. 

In anyway, the blocks of Hamiltonian: 
 

 
 

generate as well a dynamics which can be expressed as a semi-direct 
product of evolution matrices in the form of exponentials of the last, a 
structure well known on SU(2). This structure lets to set generalized 
standard information operations as: logical, loop, exchange, Hadamard, 
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and controlled gates. Due to the universality of the bipartite quantum 
processing on qubits, this procedure gives a general structure for quantum 
processing on these systems. In particular, the processing to obtain 
maximal entangled states as W or  Greenberger–Horne–Zeilinger ones are 
easily obtained as recursive procedures. In this work, under last scheme, 
the construction of more arbitrary large entangled states is presented 
using the Ingarden-Urbanik entropy measure. 
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Scott Grenquist 
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Ancient Dimensions and Units:  
Ancient Greek Unitary Systems and Their Evolution from 

Earlier Systems of Measurement 
 

Ancient Greek Unitary Systems were composed of units that were both 
derived locally, or through adoption from other neighboring cultures, such as 
the Egyptian civilization and the Persian civilization. A hierarchy of Ancient 
Greek units detailed measurements of length, time and weight that 
permeated the lives of the individuals that live throughout Greece and the 
Ancient World.  In many cases, the units included in the Ancient Greek units 
have different characteristics then modern unitary systems.  For instance, 
units for volume were different depending upon whether that volume 
consisted of a fluid or dry material. This is still true for common units of 
volume in Japan, as well.  Many times, even though the same unit was used 
for similar measurements throughout Greece, different city-states would 
have different standard lengths for the same unit. There was little 
standardization of unitary systems across the entirety of Ancient Greece, but 
each city-state had a standardized unitary system within its territory. This 
paper examines how much of the Ancient Greek unitary systems were self-
designed, and how much of the Ancient Greek unitary systems were 
adopted from other cultures. When it is shown that Ancient Greek units have 
been adopted from other civilizations, those evolutionary roots will also be 
examined. 
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Energy Consumption Factor (ECF) as a New Classification 
Figure to Compare Machining Processes 

 
Energy efficiency is a more and more relevant topic for the industrial 

sector due to the demand of low production costs. This topic is also 
important for governments that impulse the saving of energy for a more 
sustainable and environmental friendly manufacturing. Within the 
framework of the Industry 4.0, it is stated that digital technologies have the 
capacity to transform manufacturing up to a more efficient level. Nowadays 
machines include a myriad of sensors and actuators that increase the amount 
of available process data. Consequently, operators and production managers 
need powerful classification figures to support decisions that will thus 
positively influence the performance of the whole business. The paper is 
dealing with a unique method for the evaluation and comparison of energy 
efficiency. The experiments have been done in the field of milling but the 
general idea can be extended to all subtractive, formative and additive 
processes. Besides the theory, test results are presented to demonstrate how 
this evaluation method can be implemented to become useful for both at the 
engineering and operational level. There is also an open window for the 
evaluation of new technologies (e.g. ultrasonic and laser assisted machining, 
3D-printing). 
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Lorraine Howard 
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Girls’ Mathematics Identity: The Gateway to STEAM Success 
 

Description of Presentation: 
This paper presentation workshop will focus on girls' math identity – the 

belief that you can do math and the belief that you belong – as a gateway to 
participation in STEAM education and careers. Mathematics identity refers to 
a person's beliefs, attitudes, emotions, and dispositions about mathematics 
and their resulting motivation and approach to learning and using 
mathematics knowledge. It involves the way students think about 
themselves in relation to mathematics and the extent to which they have 
developed a commitment to, are engaged in, and see value in mathematics. 
Thus, this presentation will look at systematic barriers to impeding 
participation of girls and women in STEAM, and possible solutions – 
effective approaches, practices and strategies. 
 
Participant Learning: 

According to recent research, the concept of "mathematics identity" is a 
critical component of framing the knowledge, skills, habits, attitudes, beliefs, 
and relationships that students need to develop as successful mathematics 
learners. Thus, participants will learn about how to support a positive math 
identity in girls using research-based strategies. The presentation will feature 
a large-group presentation about current research; small-group discussions 
on addressing barriers as well as specific strategies that foster a positive math 
identity in girls; and a hands-on, minds-on activity that demonstrates these 
strategies using math found in everyday experiences. During the activity, 
participants will explore higher order math in order to improve students' 
math skills, increase engagement and comprehension, and support the 
development of a positive identity.  
 
Focus on Math: 

The central mathematics content is about the importance of a positive 
math identity to girls' future success in STEAM.  
 
Interactive Workshop: 

Participants will form small discussion groups to problem-solve strategies 
for developing a positive math identity in girls. They also will participate in a 
hands-on activity to demonstrate and experience specific identity strategies 
and will be using math manipulatives that reinforce equity -- easily found, 
accessible and culturally familiar materials. 
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Biofuel Cells based on Glucose Electrooxidation at 
Conducting Polymer Modified Electrodes with Palladium 

and Platinum Nanoparticles 
 

Glucose fuel cells are considered a promising power supply with a 
competent long-term stability and power density. In this respect, new 
modified electrodes were fabricated for biofuel cell based on electrochemical 
polymerization of organic monomer on glassy carbon electrodes. An 
investigation was carried out on the catalytic electro-oxidation of glucose in 
basic solution utilizing conducting polymer electrodes modified by 
incorporation of palladium-nanoparticles (PdNPs) and/or platinum-
nanoparticles (PtNPs) dispersed in the poly(1,8-aminonaphthalene) (p1,8-
DAN) film. The prepared Pd/p1,8-DAN/GC, Pt/p1,8-DAN/GC, 
Pd/Pt/p1,8-DAN/GC and Pt/Pd/p1,8-DAN/GC catalysts showed excellent 
electro-analytical performance with excellent operation/storage stability. 
Higher activity and stability of Pt/Pd/p1,8-DAN/GC catalyst were 
observed. These versatile kind of modified electrodes render the potential 
candidates for developing a new generation of glucose biofuel cells. 
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Supercritical Water Gasification of Isopropanol and 
Isobutanol: An Alternative Approach for Energy Production 

 
The development of sustainable, efficient and environmentally benign 

alternative methods for energy production is currently being the focus of 
many scientific investigations. One of these promising methods is 
supercritical water gasification, which takes place at conditions exceeding the 

critical point of water (T>374C, P>22.1 MPa). Behaving both as a reaction 
medium and a reaction participant, supercritical water enables chemical 
reactions to occur in a single homogenous phase and without interfacial 
transport limitations. High gasification efficiency and combustible gaseous 
effluent production are among the other advantages of the process. In this 
study, the supercritical water gasification of isopropanol and isobutanol was 
investigated. The experiments were performed at three reaction temperatures 

(500, 550 and 600C), and four reaction times (15, 20, 25 and 30 s), at a 
constant pressure of 25 MPa. The results unveiled that the gaseous products 
were comprised mainly of hydrogen, methane, ethane, propane and 
propylene. Gaseous product yields up to 4.2 L/L feed and 8.4 L/L feed were 
obtained for isopropanol and isobutanol, respectively. For isobutanol, the 

greatest amount of combustible gaseous effluent was obtained at 550C and 
for a reaction time of 25 s. At these conditions, the gaseous product contained 
47.6% methane, 5.3% hydrogen, 4.1% ethane, 10.4% propane, 14.5% 
propylene and 10.1% carbon monoxide. On the other hand, for the case of 
isopropanol, 99.3% of the produced gas contained combustible components 
at the same experimental conditions. This produced gas involved 12.1% 
methane, 19.4% hydrogen, 3.8% ethane, 15.6% propane, 47.5% propylene and 
0.1% carbon monoxide. 
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Drying of Okra by Different Drying Methods:  
Comparison of Drying time, Product Color Quality, Energy 

Consumption and Rehydration 
 

In this study, okra was dried and modelled with using five different 
drying methods exist in literature. In the methods of vacuum and hot air 
drying, the drying temperature of 50°C was selected, while the powers of 
microwave and infrared were set as 90 W and 83 W, respectively. The results 
were evaluated in terms of drying time, product color quality, energy 
consumption and rehydration. The minimum drying time was obtained by 
microwave drying method. Also, the energy efficiency increased with the 
microwave drying method. In terms of colour criteria the best value was 
obtained by the hot-air drying method. Rehydration content of dried okra 
samples with hot air was higher than that of other drying methods. From the 
results of this study, the most efficient drying methods were determined as 
microwave and hot-air drying. 
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Investigation of Turbulent Processes in Magnetosphere 
Plasma 

 
In this work we used the measurements of four spacecraft of the space 

mission of the Cluster-2 with time resolution 22,5 Hz in the moments of 
magnetic field dipolarization for the analysis of turbulent processes in the 
magnetosphere plasma. 

We carry out the following: analysis of tail and evolution on different 
scale of the probability distribution function of magnetic field fluctuations; 
determination of kurtosis and analysis of expanded self-similarity ESS-
analysis; spectral power density analysis; amplitude analysis and wavelet 
power spectral of the signal. In the wavelet analysis, we used the Morley 
wavelet, consisting of a plane wave modulated by a Gaussian. 

Among the obtained results we note that for all measurements 
considered during the dipolarization (DP) of the magnetic field the 
distribution function of the magnetic field fluctuations is substantially wider 
than at moments up to DP. Power law tails indicates on non-Gaussian 
statistics of processes, as well as the kurtosis of energy of large-scale 
perturbations generated by the source. 

In this investigation we carried out a comparison of obtained 
dependencies with existing at the moment models for description of both 
uniform and non-uniform turbulent processes. 

We can note the significant difference of the spectral index for moments 
before and during the dipolarization of the magnetic field: the spectral index 
is close to Kolmogorov‟s model before; and close to electron-
magnetohydrodynamic turbulence during the event. 

Wavelet analysis showed the presence of both direct and reverse cascade 
processes, and presence of Pc4 and Pc5 pulsations. 
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Theories of Gravity and Contemporary Observations 
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Power-Gated Processor Architecture for Dark Silicon 
 

The pace of Moore's law has been slowing down for a decade. With deep 
submicron manufacturing process, the rise of leakage current causes the 
failure of Dennard scaling. At 8 nm technology node, more than 50% of the 
chip area has to be powered off. We are expecting the coming of dark silicon 
era. 

We propose novel processor architecture for the dark silicon era, 
featuring intra-core power-gating to improve energy efficiency. The main 
theme for power-gating control is parallelism adaption, which adapts the 
instruction-level parallelism to execute a program in a VLIW processor. 
Previous researchers show that the register file power dominates the total 
power dissipation in a VLIW processor. To maximize the efficiency of power 
gating, we propose the PGRF-VLIW architecture featuring distributed and 
power-gated register files. The architecture relies on compiler support to 
exploit its energy efficiency. For instruction scheduling, we propose 
deadline-constrained clustered scheduling (DCCS) algorithm to reduce the 
energy dissipated on register files and make the processor power scales with 
parallelism. Based on the DCCS algorithm, we propose global code 
optimization algorithm to realize parallelism adaption. Loop-based policy is 
applied to partition the application program and each program segment is 
assigned its own execution parallelism to improve the utilization of activated 
hardware. We evaluate our approach with CoreMarkPro benchmark suite. 
The evaluation shows that our approach saves 30.46% to 64.06% of the 
energy dissipated on register files. 
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Local and Global Anisotropic Multifractal Analysis of 
Turbulent Flow 

 
The regularity of the solutions to the Navier--Stokes equations is a major 

concern for theoretical hydrodynamic, being even one of the Clay prize's 
problems. The thematic of singularities in turbulence has in particular been 
studied by Onsager. This subject, that appears to be mainly of theoretical 
interest, may actually have serious physical applications. Indeed, more recent 
results state that the presence of singularities could have a non-negligible 
influence on the flow. 

Namely, those singular structures would be able to dissipate energy in a 
non-viscous way, which may be related to the so called "turbulence zeroth 
law". Said another way, to compute the energy balance of a turbulent flow, 
one would have to include the effect of singularities. 

To search for singularities, one possibility is to use the concept of 
multifractal analysis. Indeed, this method computes the fractal dimensions of 
the subspace of singularity exponents h where this coefficient h corresponds 
to a measure of the regularity of the flow. In particular, finding a singularity 
exponent below 2 means that the field is not twice differentiable, and thus 
not a solution to the Navier--Stokes equations. 

The multifractal theory, introduced by Parisi and Frisch is a statistical 
method to quantify globally the probability of observation of a singularity of 
scaling exponent h. In the understanding of the regularity properties of a 
velocity field, it would however be useful to be able to quantify locally the 
Holder continuity, i.e. to devise a local multifractal analysis. 

In this talk, we discuss the extension of the multifractal theory to be able 
to get local Holder exponents. We then apply both global and local the 
multifractal analysis to the velocity vector field measured in direct numerical 
simulation of Navier-Stokes. 
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Exploring Authentic Assessment in the Learning of 
Mathematics 

 
Throughout the ages, the development of Mathematics has been fuelled 

by the need to solve real-world problems, explain phenomena and pursue 
the intellectual desire to search for the truth. Applications of Mathematics 
have permeated almost every discipline of human knowledge, including the 
hard sciences (e.g. physics, engineering, computing), soft sciences (e.g. 
psychology, economics and finance), life sciences (e.g. biology, chemistry, 
medicine), humanities (e.g. geography), arts (e.g. music, dance), and 
linguistics. Nevertheless, obvious distinctions exist between the tasks learned 
in school Mathematics and those tasks mathematicians or users of 
Mathematics actually carry out (Lampert, 1990). How we learn inside the 
classroom is also different from how we learn beyond its walls. (Resnick, 
1987).  

These disparities between in-school and out-of-school learning have 
implications for the kinds of instruction and assessment that goes on in 
educational institutions with a Mathematics curriculum. Singapore 
recognizes the imperative role of a strong foundation in Mathematics, Science 
and technology in the economic development of the nation. Schools play an 
important part in laying this foundation for the Mathematics and Science 
education and the nation emerged first in Mathematics, Science, Reading and 
Problem Solving through Teamwork in PISA 2015. To help our students 
thrive in a fast-changing world, the Ministry of Education identified 21st 
Century competencies (21CC) within a framework that underpin the holistic 
education that schools provide to better prepare our students for the future.  

This symposium seeks to provide an example of how an authentic 
assessment task can be used to fulfill student outcomes in the 21CC and 
Singapore Mathematics Frameworks. Instead of referring to a mark scheme, 
rubrics are employed to better reflect the nature of the task and the 
authenticity of assessing problems in real-world contexts. Student voice is 
also included through the use of group presentation peer checklist and the 
student self-reflection, in addition to having the students present their 
opinions, defend their positions and critique the validity of ideas. In 
constructing the assessment task and the rubrics, Wiggins‟ (1998) standards 
for authentic assessments were utilized. Assessment is a critical aspect in the 
teaching and learning of Mathematics. It requires careful consideration by 
teachers. However, assessment experiences for many students remain as one 
based on an approach where discrete facts and skills are tested (Niss, 1993). 
We cannot stop assessing problems in real world context by thinking that no 
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one instrument can fully assess thinking and learning, because we can have a 
combination of assessment strategies. Now is the time for us as educators, 
administrators and practitioners to answer Eisner‟s (1998) call of deepening 
of the “artistry” of teachers. 
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Using Biofuels in a CI Engine as Alternative Fuel 
 

Nowadays, researchers have focused to alternative and renewable 
energy sources due to decrease of petroleum reserves. Besides, use of cleaner 
energy sources such as sun, wind, wave and biomass has pervaded due to 
increase greenhouse gases on world. Biomass is an important method for 
produce of alternative fuels. Biofuels such as biodiesel, bio-alcohols and 
biogases can produce owing to it. The aim of this study is investigate use of 
biofuels (biodiesel and bioethanol) produced from local feedstock in a diesel 
engine as experimental. In this study, blends of biodiesel produced from 
safflower with bioethanol produced from sugar beet used as fuels. Bioethanol 
added as volumetric 5% into biodiesel. Bioethanol decreased engine power 
due to its low calorific value. But, it decreased especially NOx and smoke 
emissions. Besides, bioethanol improved biodiesel‟s fuel properties such as 
density, viscosity and cold flow. 
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Stem Teaching and Learning –  
A Journey from Virtual to Real World 

 
Paper is about virtual reality (VR) enhanced teaching in Science, 

Technology, Engineering and Mathematics (STEM) domain. Study 
encompasses development and testing of the VR enhanced (VR device, 
mobile phone and VR mobile application) scenarios for in-service educators. 
These scenarios are based on inquiry-based learning (IBL) model and are part 
of European Union project “Enhancing Learning in Teaching via e-inquiries” 
(ELITe). The two scenarios designed during our study are about Physics 
(astronomy) and phobia overcoming. With their testing we aim STEM 
teachers to get to know with the new existing technologies and how they can 
enhance their teaching and learning process. Also how they can develop a 
design of "non-traditional" training (virtual reality and other ICT) and 
"reality" (real places for educational visits) and how both of them can enrich 
the learning process, increasing students‟ performance on the STEM 
disciplines is another important goal. Generally, the study examines how the 
“reality” in STEM discipline teaching could be improved by VR. 
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Power Series Solution to Strongly Nonlinear Oscillators 
 

 This paper compares the accuracy of the power series approach with 
that of the modified Lindstedt-Poincare method for strongly nonlinear 
vibration. The free vibration of an undamped Duffing oscillator is considered 
because it has an exact solution. In the power series approach, the time 
variable is transformed into an „oscillating time‟ which reduces the governing 
equation to a form well-conditioned by the power series method. The results 
show that the power series approach provides extremely accurate vibration 
frequencies, even at large values of the nonlinear parameter, compared with 
errors of up to nine percent for the modified Lindstedt-Poincare method. The 
Duffing equation  

𝑢 + 𝑢+𝜖 𝑢3=0, (1) 
 

with initial conditions 𝑢 0 =𝐴, 𝑢 (0) = 0, is transformed using the time 
variable  

𝜏 = sin𝜔𝑡 (2) 
into  

𝜔2 1−𝜏2 𝑢′′− 𝜔2𝜏 𝑢′+ 𝑢+ 𝜖 𝑢3=0, 𝑢 0 =𝐴,𝑢′ 0 =0. (3) 
 
Applying the power series method to eq(3) leads to the recurrence 

formula  
𝑎𝑛+1= 𝜔2(2𝑛−2)2−1 𝑎𝑛−𝜖𝑏𝑛2𝑛(2𝑛−1)𝜔2, n=1,2,…. (4) 

 
between the series coefficients. Rayleighs energy principle is used to 
compute the oscillating time frequency ω. The Table below compares the 
vibration frequency obtained using different methods for various values 
of the nonlinear parameter ϵ. The results show that the power series 
method provides extremely accurate frequencies even at large 
nonlinearity. The error of the modified L-P technique [1] exceeds the 7 % 
limit predicted by the author but remains within 9 % of the exact values 
for the range of ϵ considered. 
 
 Nonlinear  
Parameter  
ϵ  

Modified 
L-P  

Power 
series  

Exact 
solution  

1  1.2553  1.3178  1.3178  
10  2.6253  2.8666  2.8666  
20  3.5799  3.9240  3.9240  
30  4.3291  4.7516  4.7516  
40  4.9665  5.4548  5.4547  
50  5.5309  6.0762  6.0771  
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Bioguided Isolation from Lippia Graveolens Kunth of 
Compounds with Antiprotozoal Activity against Entamoeba 

Histolytica 
 

Aim: An estimated billion people suffer from one or more neglected 
tropical diseases [1]. Amoebiasis caused by Entamoeba histolytica, a protozoan 
of the family Endomoebidae is associated with high morbidity and mortality. 
It has become a major public health problem worldwide and is therefore 
considered as the third parasitosis of medical importance after malaria and 
schistosomiasis [2]. In the world, around 50 million people develop 
amoebiasis, and up to 100,000 deaths occur annually. 

Nowadays, metronidazole is the therapeutic drug of choice for the 
treatment of amoebiasis but is experiencing drug resistance by E. histolytica, 
resulting in the need for increased doses to overcome the infection and thus 
causing unpleasant side-effects. Owing to these undesired side effects and 
considering the development of resistant strains of E. histolytica against 
metronidazole, new, more effective and safer antiprotozoal agents are 
urgently required [3]. 

Natural products are an important source of lead compounds in the 
development of new drugs. 

We reported the antiamoebic activity shortly in vitro of the methanolic 
extract of Lippia graveolens Kunth and the bioguided isolation of carvacrol as a 
bioactive compound with antiprotozoal activity [4]. In this study, we are 
reporting the structure elucidation of additional antiamoebic compounds 
occurring in this plant. 

Applied methods: Partition of the methanolic extract of Lippia graveolens 
by extraction with n-hexane led, after elimination of the solvent, to a residue 
with excellent activity against E. histolytica (90.9% growth inhibition at a 
concentration of 150 µg/mL). Chromatography of this hexane residue over a 
silica gel column led to the isolation of carvacrol [4]. The following work-up 
of the methanol residue by partition between methanol and ethyl acetate 
followed by chromatography of the EtOAc residue over a silica gel column 
afforded the flavonoids pinocembrin (1), sakuranetin (2), cirsimaritin (3) and 
naringenin (4). The compounds were tested for antiprotozoal activity against 
Entamoeba histolytica trophozoites using in vitro tests. Each compound was 
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dissolved in DMSO (150 µg/mL), and a 50 µl subsample was adjusted with 

950 L of E. histolytica at logarithmic phase suspension in peptone, pancreas, 
and liver extract medium containing 10 % of bovine serum. Vials were 
incubated for 72 h. After this time, the number of dead trophozoites per 
milliliter was determined by using a hematocytometer.  Each compound 
assay was performed in triplicate. The inhibition percentage was determined 
as the number of dead cells compared with the untreated controls. The 50 % 
inhibitory (IC50) concentration of these compounds was evaluated by using a 
Probit analysis with a 95 % confidence level. 

Main results: Structure elucidation of the bioactive compounds was 
based on spectroscopic/spectrometric analyses (IR, 1H- and 13C-NMR; MS) 
and comparison with literature data. The corresponding chemical structures 
and the observed IC50 against E. histolytica are shown in Figure 1. 
 
Figure 1. Structure and IC50 against E. histolytica of flavonoids isolated 
from Lippia graveolens 
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    Pinocembrin (1)              Sakuranetin (2)                Cirsimaritin (3)            Naringenin (4) 
    IC50 = 29.51 µg/mL           IC50 = 44.47 µg/mL            IC50 = 150.01 µg/mL       IC50 = 28.85 µg/mL 
 
 

Conclusions: The isolated flavonoids from L. graveolens displayed more 
than 90% growth inhibition against E. histolytica (at a concentration of 150 
µg/mL), showing IC50 values ranging from 28.85 to 150.1 µg/mL, far less 
effective than metronidazole (IC50 0.205 µg/mL), but these IC50 values are 
suitable as selection criterion for further investigation of this plant as source 
of potential antiprotozoal agents. 

These research funds may validate the use of this plant in the traditional 
Mexican medicine for the treatment of some digestive disorders and can help 
to integrate the use of extracts of L. graveolens in the conventional and 
complementary medicine for the treatment of parasitic diseases. 
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Two-Dimensional Nonlinear Oscillations in an Electrically 
Charged Rectangular Frame 

 
Motion characteristics of a point-like charged particle projected within 

the interior plane of a two dimensional electric field of a uniformly charged 
square and/or rectangular frame is intuitively unpredictable. This 
investigation quantifies its kinematics.  Two scenarios are considered.  First, 
the charged particle is projected along the frame's symmetry axis.  Second, it 
is projected at an arbitrary direction.  In both cases the equations of motion 
are challenging nonlinear differential equations.  Applying Computer 
Algebra System (CAS), specifically Mathematica, these equations are solved 
numerically.  The first scenario results in weak nonlinear oscillations along 
the symmetry axis. The second case is conducive to a two dimensional 
nonlinear oscillations sensitive to the orientation of the initial velocity.  For 
visual comprehension of nonlinear oscillations, we utilize Mathematica's 
innate animation feature for both scenarios to simulate the oscillations. 
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Chinese Pre-Service Teachers STEAM Engagement through 
Legos 

 
This paper will share findings from a cross-cultural study that explored 

changes in Chinese and American pre-service teachers‟ dispositions and 
pedagogical content knowledge regarding implementing STEAM activities 
with children following a series of professional development sessions based 
on Lego Education Kits. As STEM has only recently become a part of the 
national Chinese curriculum, changes in participants‟ interest and awareness 
of STEM/STEAM concepts and their classroom application will be of 
particular interest. The professional development experiences will center on 
creative problem solving and engineering design tasks. 

The STEM content will focus primarily on alternative energy utilization 
through design, engineering, and optimization of solar and wind power. 
Each professional development session will afford participants the 
opportunity to observe how elements from all areas of STEAM are achieved 
through engagement in well- developed design tasks. The study will take 
place at a single Chinese university though there may be an additional 
opportunity to engage with local schools. Regardless of scope, findings 
should lay the groundwork for a number of future comparative studies. 
Participants will be grouped as much as possible by their educational 
program areas. Data will be collected in February and March of 2018. 
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Adaptation of the Questionnaire that Measures Students’ 
Motivation toward Science Learning (SMTSL) into Bulgarian 
version of Students’ Motivation toward Chemistry Learning 

Questionnaire (BG SMTCLQ) 
 

In educational research, the availability of a validated version of an 
original instrument in a different language offers the possibility for valid 
measurements obtained within the specific educational context and in 
addition it provides the opportunity for valid cross-cultural comparisons. 
The present study aimed to adapt the questionnaire that measures students‟ 
motivation toward science learning (SMTSL) for application to a different 
cultural context (Bulgaria), a different age group (secondary school students) 
and with a focus on chemistry learning. Subsequently, the Bulgarian version 
of students‟ motivation toward chemistry learning questionnaire (BG 
SMTCLQ) was used in order to investigate Bulgarian secondary school 
students' motivation to learn chemistry for the first time. The sample 
consisted of 250 secondary school students. Confirmatory factor analyses 
provided evidence for the validity of BG SMTCLQ. The five motivation 
components of the original instrument namely self-efficacy, active learning 
strategies, chemistry learning value, performance goal, achievement goal and 
learning environment stimulation were used. Findings of the study defined 
the validity of the BG SMTCLQ questionnaire and its reliability for Bulgarian 
secondary students. The results and the implication for using the BG 
SMTCLQ questionnaire in research and in classroom are discussed in the 
paper.  
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The Great Science Teachers of Tomorrow:  
A Study on Pre-Service Teacher Training from Skills 

Perspective 
 

Being a great science teacher today is characterised not only by wide 
multidisciplinary knowledge and inspirational scientific talks and lab 
demonstrations, but also by the fluent use of inquiry-based learning 
techniques, creative application of modern technologies and development of 
exciting project tasks for the students. To achieve that incredible image, a 
teacher needs to develop the necessary attitudes to face all challenges and 
also a set of skills that differ from those of the teachers of decades ago.  

This study is based on a literature review on the science teacher‟s role in 
a constructivist learning environment from John Dewey‟s works to modern 
articles. Based on the findings of the review, a model set of skills of the 
successful teacher is presented, divided in three groups – teaching skills, 
interpersonal skills and contextual skills. Following this model, the training 
of 30 pre-school science teachers is observed over a period of one academic 
year, using classroom observations, interviews, surveys, focus-groups, 
reflection diaries and other methods. The focus of the observations is to track 
the development of the predefined skills for great teaching in the pre-school 
practice. The most representative of the observed pre-school teachers are 
presented as case-studies, showing that the teacher training programmes are 
mainly focused on the teaching skills, neglecting the other two groups. The 
key findings of the study are that although it is not realistic to expect having 
complete professional teachers in the end of the university education, much 
more effort needs to be put in development of interpersonal skills and life-
long learning attitudes of the future teachers.  
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Human Activity Recognition on Smartphones Making Use of 
Long Short Term Memory Techniques 

 
This paper proposes, investigates and describes the development of an 

artificial neural network in order to accurately determine a human activity 
of a given range. The data set used throughout this project is freely 
available and standardised. It contains the resulting sensor signals 
(accelerometer and gyroscope) from the protocol of activities that each of 
the 30 volunteers completed. There are 12 main classes in the dataset with 
each class representing a human activity and its postural representation. 
The core purpose of the research is to provide an effective way for 
smartphones to determine the human activity that is being carried out and 
the postural change associated with the activity. This information can be 
used to change many things such as screen orientation, text size or volume 
levels in smartphones.  

All of the data was standardised and padded with zeroes to ensure all 
of the data samples were the same size. The data was also split into three 
groups: training, validation, and testing. Trialing different classifier 
models of varying layers, number of neuron and epochs produced varying 
degrees of loss. Additionally, early stopping constraints were used to 
prevent unnecessary steps when training. Finally, the data was presented 
making use of loss over time graphs and as validation accuracy with the 
least amount of loss. 

Training the classifier is completed by using a mixture of Tensor flow 
and Keras loss models. Preliminary results have provided an average of 
91% accuracy with losses of 0.3when making use of Categorical Cross 
entropy to train the classifier. Following the results additional work will 
be completed to improve the accuracy and loss of the dataset and to 
present the information in an insightful way. The effectiveness of the 
model will be demonstrated on an another HAR dataset that will contain 
the same number of classes using existing research as the benchmark. The 
results from these experiments will be reported and presented with details 
about the optimised classifier and the steps required for it to outperform 
existing research. 

The pilot studies completed show that it is possible to identify human 
activities with a high level of accuracy and a small amount of loss. In 
contrast to previous approaches, the novel approach for human activity 
recognition outlined in this paper has shown promise and further 
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development, training and testing will produce results that can improve 
on prevailing research. 
 

 
Graph to show test and train accuracy over 500 epochs. Figure legends show best loss and best 
accuracy over the epochs. 
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Engineering-Based Learning:  
A New Methodology for High School Students STEM Learning 

 
Teaching STEM concepts to today‟s high school students has been 

challenging to say the least. Today‟s students are different from students a 
generation ago. Span of attention is short. Students are glued to their 
electronic devices. More importantly, they cannot appreciate the abstract 
method of teaching, meaning covering concepts followed by solving 
problems from a textbook. Research has shown that students become excited 
and motivated to learn STEM abstract concepts when they are related to their 
daily lives and see how these same STEM abstract concepts are applied to 
products and devices.  

Acknowledging this research finding, the question is how to change the 
traditional high school teaching approach to incorporate hands-on problem 
solving? Before we answer this question, we must bear in mind the many 
academic school year challenges and constraints. First, the curriculum is 
jammed. There is no room to add new courses. Second, it is hard, if not 
impossible, to add new content to courses. Teachers must prepare students to 
take mandated standardized state-wide tests. Third, schools operate on tight 
budgets, making hard to buy materials and supplies for student projects.  

One common teaching method that overcomes these challenges, and yet 
allows students some hands-on experience is problem-based learning (PBL). 
In a nutshell, a teacher using PBL assigns the students in class an open-ended 
problem that focuses on some concepts. Students research the problem and 
solve the problem. The main problem with PBL is that it is not a structured 
method, meaning there in set of steps that the teachers and students can 
follow to organize their research and activates to solve the problem. 

The author has conceived, developed, implemented, and tested a better 
method than PBL. It is coined as EBL; engineering-based learning. EBL has 
the same spirit as PBL in that is an open ended in nature, but it has a 
structure. It is the structure nature of EBL that makes it much easier to use in 
STEM classroom teaching than PBL. The structure is based on the well-
known engineering design process (EDP). 

The paper discusses EBL in more details, the EDP, providing 
professional development to high school teachers, the implementation of EBL 
in the City of Boston public schools, the results on students‟ performance, 
and future recommendations. 



2nd Annual International Symposium on the Future of STEAM Education,  
23-26 July 2018, Athens, Greece: Abstract Book 

 

51 

Hongyan Zhang 
Professor, The University of Toledo, USA 

& 
Jacek Senkara 

Professor, Warsaw University of Technology, Poland 
 

Joining Aluminum Sheets 
 

As one of the three enabling techniques (machining, forming/shaping, 
and joining/assembly), material joining is essential to all major 
manufacturing processes. Light metals have been introduced to the 
automotive industry for weight reduction in the last two decades. For 
instance, significant weight savings have been achieved using aluminum 
alloys for automobile body construction. Unlike steels which have been used 
as the structural materials since the birth of the automobile industry, 
aluminum alloys are relatively new to the automotive manufacturing, 
especially the welding process. Resistance spot welding, the most common 
joining method in automobile body construction, of aluminum alloys has 
proven difficult mainly because of their volatile physical properties. In 
general, welding aluminum requires much tighter process control than 
welding steels, and it is often augmented with adhesive bonding, which 
complicates the welding process. Alternative joining methods to welding 
aluminum alloys have been developed, and the most noticeable is probably 
friction-stir welding, which has been fairly successful in joining aluminum 
and other metals. Another alternative to welding, self-piercing riveting, has 
been adopted in certain applications. In this presentation, the difficulties in 
resistance welding aluminum and magnesium alloys are discussed, and 
solutions to overcome them are proposed. Major commercialized alternative 
mechanical joining approaches are also presented, as well as those currently 
in the development stage, yet have showed high potential for large-scale 
applications.  
 
 
 
 
 
  


