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Abstract—Mathematics plays a pivotal role in most scientific
disciplines, being them meant both inside and outside academic
contexts, with applications in a large part of the jobs nowadays,
and also in several situations of everyday life. If on one hand this
is well recognized, as an expression like the queen of the sciences
show, on the other hand it is usually not among the students’
preferred subjects, both from the liking and the interest points of
view. Furthermore, it is still partly believed that Mathematics
cannot be properly learnt by everyone, since it is perceived that,
for really mastering it, a specific personal attitude is necessary.
Considering all this, we designed a course in which the approach
is considerably devoted to applications, being it directed at
students of a scientific bachelor program not mainly focused on
Mathematics, and problem solving, that is the contextualization of
problems in real life situations. For this purpose, we made use of
technologies such as a Learning Management System integrated
with an Advanced Computing Environment and an Automated
Assessment System. It has been observed that the students, which
are taking a program in Biotechnology, gained curiosity and
interest in the subject, thus allowing in turn a better proficiency.
Since interaction between learners is promoted, the students are
made active users of the contents, and their learning paths can be
adapted according to the personal needs. They have been able to
improve also the self-consciousness of their skills. This has been an
important achievement especially for (but not limiting to) their
future as scientists, considering the role transversal skills play in
science, such as teamwork or flexibility. Finally, the students were
specifically able to recognize how the problem solving approach
will help them in both university and job careers, and how the use
of the software has been helpful too.

Keywords — advanced computing environment; automated
assessment system; blended learning; contextualized problems;
learning management system; problem solving; teaching
Mathematics; virtual learning environment.

L.

To design a Mathematics course for students of a scientific
faculty, but not strictly devoted to the hardest STEM disciplines
such as Mathematics, Physics or Computer Science, results to
be a challenging task, since they are, and in particular
Mathematics is, perceived as “obstacles” through their studies.
Indeed, these students generally do not put them at the top of
their liking scale, and these subjects are often tackled with a lack
of interest, thus making appropriate for teachers to motivate well
why they are important and to arouse interest around them. On
the other hand, even among academics it is sometimes believed
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that these disciplines are not within reach for all learners, or
alternatively that they are not subjects to be treated in depth
within curricula which are not geared to any specific domain.
This leads to consider the exam of Mathematics a little more
than a “necessary step” through graduation, resulting in
difficulties ranging from procrastination to repeated failure. In
this paper we will devise a strategy helping the students of a
scientific faculty which is focused on other disciplines, namely
Molecular Biotechnology and Health Sciences, to gain a proper
interest, and thus to efficiently develop competencies, mainly in
Mathematics. These students are going to use the competencies
relative to this subject, which include knowledge and abilities,
in their applications, so the proper tools have to be known. A
way to deal with the passage from theory to practice that proved
to be successful in several other contexts is given by the problem
solving approach, in which real life situations are modeled into
mathematical problems. Indeed, Mathematics is the discipline
par excellence developing problem solving competencies, since
a large number of phenomena can be explained in terms of
relations between quantities. On the other hand, digital
competencies will be also of much use: if one wants to study a
modeled real situation in the 21 century, he/she is usually not
called to doing computations by hand, for several reasons such
as the time that can be saved by relying on computers. As a
consequence, what has to be asked to the students can be focused
on solving strategies, rather than verifying how much they are
able to compute. The paper is structured as follows: Section II
contains an overview about the state of the art around the main
trends implied by our study. In Section III the research question
is explicitly presented, while in Section IV an extensive
description of the methodology is depicted. Section V is devoted
to the presentation of the course we devise, while in Section VI
the results with the relative discussion are provided. Finally,
Section VII presents some final remarks.

II. STATE OF THE ART

A. Blended learning

One of the concepts which more recently arose in the
panorama of modern learning techniques, with a remarkable
interest from the researchers’ and teachers’ community, is the
one called blended learning. One of the ways to define it is as
an approach to education in which a student learns, at least
partially, through the delivery of content and instruction via
digital and online media, where the student is able to control
some elements of his/her track, relative to time, place, path or



pace; and at least partially in a supervised brick-and-mortar
location away from home, provided that the modalities along
each student’s learning path within a course or subject are
connected in an integrated learning experience [1, 2]. It is natural
to observe that blended learning is highly context dependent,
being the right equilibrium concerning personal and online
contact between teachers and students not the same for every
discipline. Therefore, the concept has been interpreted
differently over time and disciplines. Terms as hybrid learning,
personalized  learning,  technology-enabled  (enhanced)
learning, and differentiated instruction, have been used
sometimes as synonyms of blended learning [3]. The existing
research on blended learning is divided. Some authors point that
blended learning concerns mindset and pedagogy rather than
technology [4]. On the contrary, some other authors emphasize
how blended learning concerns learning design and course
delivery rather than learning itself [5], thus focusing more on the
technological aspects of the technique. This is brought to the
point that the term blended teaching is proposed as a
replacement for blended learning, while institutional strategies
are considered. However, regardless of any differences in
interpretation or practice, the increased internet access of the
latest years, paired with the systematic use of mobile platforms,
is revealing pivotal in the obtainment of UNESCO’s Sustainable
Development Goals [6], both in developing and developed
countries.

B. STEM Education

The disciplines involved in the STEM acronym, that are
Science, Technology, Engineering and Mathematics, are not
meant to be separate. Indeed, real-world applications make use
of them in a cohesive way: a saying state that science without
engineers is just philosophy, and engineering without scientists
is just impossible. This is consistent, for example, with the
design and the production of electronic devices of common use.
Consequently, it is proper not to treat them as discrete subjects,
but on the contrary to integrate them in an interdisciplinary
approach. One of the challenges relative to the STEM education
is to attract students toward these disciplines: several developed
countries are reporting shortages of workers, although starting
salaries for entry-level STEM jobs are on average considerably
higher than the average relative to other jobs, and there are
usually good possibilities to move up [7, 8]. STEM education
has to begin in the first phases of schooling, since even from
the primary school it is important to catch the interest of the
children in these disciplines, in an age in which they are more
prone to make new interests. On the other hand, it has to be
taken into account that several students change the core subjects
of their studies during time: it is not uncommon to see students
following a track in Humanities at the high school, and then
switching to a scientific program at the university. Since
nonscientific tracks cannot usually give the same preparation in
STEM compared to scientific tracks, it is important for them to
give a solid training at the beginning of the university studies,
in order to allow them to achieve their goals regardless of the
gaps in their previous studies.

It is noteworthy that the University of Turin, in the latest
years, carried on several research on new technologies in STEM
teaching and learning [9, 10, 11]. A model of automatic
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formative assessment, which has been particularly tested with
high schools, was also developed [10, 12].

C. Applications and Problem solving

One of the obstacles interposing between a student and
his/her proficient learning of Mathematics is often a low interest
for the subject. Indeed, it is frequent for them to think that
Mathematics is not of much use in real life, thus considering it
secondary with respect to other disciplines, regardless of the
intrinsic difficulty which can be also higher for the latter ones.
In order to overcome this obstacle, it is useful to help the
students understand the real meaning of the topics studied,
which can interest them in what lies behind a certain dynamics
that can be described by means of mathematical tools. Starting
points can be given to students, with the purpose of introducing
themes which otherwise would not catch the right interest; the
abstract concepts of Mathematics are linked with real situations,
better if related to one or more disciplines constituting the core
of their study program [13]. For example, biologists could
discover what Biomathematics is and its importance in the study
of the populations’ evolution, and so on.

III. RESEARCH QUESTION

In light of what we established in the previous sections, the
research question, motivating our study and its relative analysis,
can be formulated as follows: how can we help the students of
a scientific program, which is however not mainly focused on
Mathematics, in developing mathematical competencies? In the
rest of the paper we will give a possible answer, based on a
certain methodology able to provide results which are discussed
accordingly to the goal implied by the question.

IV. METHODOLOGY

We asked students to submit two questionnaires, an initial
one in which students were asked to answer, among other
questions, about their knowledge on Math technologies, and a
final one in which they have to review the experience with the
same methodology, along with more general questions about the
subjects and the topics of the course, such as Mathematics and
Statistics themselves, but also Computer Science competencies
and problem solving approach. The analysis relative to how
much the students took the activities proposed was developed by
using data from both the Learning Management System (LMS)
and the grades.

A. Advanced Computing Environment

An Advanced Computing Environment (ACE), is a software
which allows to take advantage of both the user-friendliness of
an interface, and the representation possibilities of scientific
(e.g. mathematical) objects in a simple and functional manner.
ACEs possess also graphical and interactive features, allowing
to draw figures ranging from simple graphs of functions to
animations, and to interact with them through proper options.
This allows the students to improve their reasoning, thanks to
the possibility to make numeric and symbolic computations,
geometric views in two and three dimensions, actions on
interactive components where the results can be analyzed by
changing proper parameters in a handy way, thus developing
computational thinking [14]. The student is thus helped in
checking his/her learning process. For the development of our



course, we made use of the ACE Maple [15], which allows the
creation of interactive files.

B. Automated Assessment System

An Automated Assessment System (AAS) has several
advantages: for example, it allows the possibility to do tests on
a regular basis, by showing personalized feedbacks and
monitoring the learning process through an extended span of
time. In Mathematics, it could be useful to ask the students to
explicitly write formulas, equations, sets, or other mathematical
entities, which forms the solution or the intermediate steps of the
solution of a given problem, rather than ask them to choose
between a few choices in a multiple choice setting, which is not
always appropriate [16, 17]. In order to allow an automatic
system to evaluate correctly whether a mathematical entity is
expressed correctly, an ACE could be used, being it able to
recognize the set of the correct forms of a given expression
(which are often more than one). The AAS Mébius Assessment
[18] allows to take advantage of both an AAS and an ACE. By
maintaining fixed the structure of the question, and modifying
only the numerical values, they allow the students to learn from
their errors. Hence, the error becomes part of the learning
process [19]. An important feature of Mobius Assessment is the
availability of the so-called adaptive questions, that are
multipart questions in which a tailored path is proposed to the
student depending on his/her answers. This methodology allows
to introduce immediate feedbacks that are very useful in terms
of formative assessment. Several studies [20] agree on the fact
that a feedback is really effective if it can hastily inform on the
correctness of the given answer, if it is not too long (otherwise,
the students would tend not to read it), if it is specific for the
considered answer, but, even more important, if it guides the
students to the solution through an active process, which is the
case here. They can give them even more self-consciousness on
which they are really doing when studying, paired with the
ability to learn more efficiently and to be personally involved in
their improvement [21].

V. MATHEMATICS FOR BIOTECHNOLOGISTS

We now describe how the course is designed relatively to the
methodology just presented. Around 180 undergraduate
students, from the first year in Biotechnology are asked to follow
a course named Matematica e Biostatistica con Applicazioni
Informatiche (Mathematics and Biostatistics with Computer
Science Applications). This is a course meant to give them
Mathematical competencies but also digital and problem solving
competences (soft skills) useful in their subsequent studies and
during their career. In a regular classroom, 36 hours of
Mathematics (mainly Linear Algebra and Calculus) and 16
hours of Biostatistics were provided. Additionally, we provide
the students 12 hours in a room equipped with computers; during
them, they were able to work with the ACE. Finally, 12 final
hours were provided as exercises specifically targeted on the
impending exam.

In the online course, apart from general info, students were
encouraged to take part in various activities, often involving the
ACE or the AAS. There is a section for every topic (vector
calculus, matrix algebra, univariate calculus, integrals...),
generally containing Maple worksheets with interactive
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components (presented in Section IV.A) and Mobius Assessment
tests (depicted in Section IV.B).

The final exam was constituted by 12 questions, 8 relative to
Mathematics, and 4 in reference with Biostatistics, in order to
reflect roughly the proportion of the hours devoted to both sets
of topics. Students have been able to obtain the maximum grade
with a quota of correct answers around 85%, which has been
considered adequate given the context. Students were also asked
to write a term paper with the ACE, that was meant to be
discussed after the exam with the AAS in an oral session, and
which has been able to modify the grade obtained there. In this
paper, a practical problem seen during the course, had to be
considered and extended, in order to highlight what the student
had been able to acquire both in terms of the subjects and the use
of the ACE. The teachers were able to monitor, thanks to the
data given by the platform [22], the activities undertaken by the
students, the errors they committed, and to intervene whether
some theoretical or practical concepts resulted to be particularly
difficult for the students.

VI. RESULTS AND DISCUSSION

We first analyze the results of the questionnaires, by
comparing how certain opinions changed before taking the
course versus after taking the course. In this and in the
subsequent tables, evaluations were given in a scale from 1 (not
at all) to 5 (very much).

TABLE L SELF-EVALUATION ABOUT PROBLEM SOLVING APPROACH
Before course After course Diff
Problem solving approach
Avg. S. D. Avg. S. D.
It helps learning the theory 3.60 0.94 3.66 1.14 0.06
It helps career in university 3.59 0.98 3.93 1.03 0.34
It helps career in job market 3.49 1.06 | 3.62 1.08 0.13

It is worthy to note that the best improvement occurred while
asking about their university career: if I study Mathematics also
with problems posed in certain contexts, do I obtain a better
outlook on my academic future? The students gave credits also
while asking about a better learning of the theoretical part of the
course, and about obtaining a better outlook on their future in
the job market, but with slightly lower results. The latter is
probably motivated by their young age, and the perception of
that market as “far” for them. Indeed, they will take at least two
year and a half to obtain a bachelor’s degree, and many of them
will continue studies as graduates, so their vision of the job
market could be still a bit blurry. Table II shows how the AAS
was better recognized by the students after having taken the
course. In particular, the students did come to appreciate how it
has been useful to solve exercises with random generated
parameters, which in turn allowed them to simulate repeatedly
tests that were constructed essentially similar, in terms of
structure, to which it would have been the final exam. Also, the
feature of being assessed immediately, not requiring a manual
checking of the correctness of the answers, which moreover is
not always available on exercises taken from textbooks, has
been perceived as notably good.



TABLE IL SELF-EVALUATION ABOUT THE USE OF AN AAS TABLE IIL SELF-EVALUATION ABOUT COMPETENCIES

AAS Before course | After course | Diff Self-evaluntion on: Before course After course | Diff
Avg. S.D. | Avg. S. D. Avg. S. D. Avg. S. D.

It guarantees more equality 3.21 092 | 321 1.18 | 0.00 Theoretical knowledge 3.49 0.78 | 3.55 | 0.69 | 0.06
Random parameters are good 3.11 1.10 3.72 0.96 0.61 Computations 3.93 0.74 3.97 0.87 0.04
Immediate evaluation is good 4.05 0.78 424 0.95 0.19 Graphics 353 091 3.62 0.90 0.09
Repeated simulation is good 3.95 0.71 421 0.82 | 0.26 Data analysis 3.18 0.94 3.48 0.87 0.30
Better understanding of errors 3.53 0.96 | 366 | L.11 | 0.13 Use of an ACE 1.76 097 | 262 | 068 | 086
Problem solving approach 2.99 1.02 3.28 0.96 0.29
As a partial weakness, we would be able to mention that, Interdisciplinarity 3.09 093 | 345 | 091 | 036

although its evaluation is generally positive (i.e. above the
midpoint 3) too, students were a bit more worried about equality.
Indeed, we gave them also the chance to freely write some
comments and observations on the overall perception of the
course. In some of the posts they wrote, doubts about the
possibility of being excessively penalized by wrong calculations
emerged. The AAS is nevertheless capable to handle, from a
symbolic point of view, several syntaxes, and from a numeric
point of view, answers within a user-defined margin of error.
Analogously, a question can be constructed such that answers
relative to intermediate steps are required and give partial grades
in case of errors elsewhere, even without making use of adaptive
capabilities. It is likely that the students were used to write the
extended solution of a problem in a setting in which their whole
production during a test was read by the teacher. Thus, the idea
of being evaluated only on answers to specific questions was
somewhat “new” for them, which sparked some moderate
mistrust among part of the class. Table III shows how their
competencies in Mathematics and Statistics were perceived
before and after having taken the course. We note a steady
increase in the use of an ACE, which is also supported by the
answers to another question, asked only at the end of the course:
in your opinion, how much the competencies acquired by using
the ACE Maple will be useful in your future professional career?
That question resulted in an average of 2.97 and in a standard
deviation of 0.94, confirming a perception which is very near the
midpoint globally speaking, and moderately positive for some
of the students. But, apart from the improvement, the score is
still the lowest among the competencies. This is due to the
difficulties in recovering from its very low counterpart
belonging to the initial questionnaire, in which emerged how a
consistent part of the students lacked a proper consideration of
ACE:s in the high school.

Let us analyze now how much the students took the activities
proposed. Regarding the tests with the AAS, 13 different tests
relative to single topics were made available (9 on Mathematics
and 4 on Biostatistics), along with a general test on Biostatistics,
and a test designed to simulate in the structure the final exam.
Until the date of the first call, an average of 25.15 students, with
a standard deviation of 7.61, took the specific tests. For the tests
on Mathematics the average was 27.44 and the standard
deviation 7.73, while for the tests on Biostatistics the two indices
were respectively 20 and 4.62. The general tests saw 13 students
taking the one on Biostatistics and 26 students taking the exam
simulation. These results can be compared with the number of
students who took the exam on the first call: 20.
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It has to be noted that a relevant number of students decided
to take the exam later for reasons not related to the structure of
the course. Indeed, many of them want to retake the admission
test in Medicine and Surgery, which will take place in
September, in order to try studying as physicians rather than
biotechnologists. Since in the Medicine and Surgery program
there is not an exam in Mathematics concerning the topics
constituting our course, they prefer to focus in the first place on
other exams, such as Physics, which is present in that program,
and can be generally transferred from one career to another if
taken with success. But in our opinion this is not a limitation: on
the contrary, in a certain sense, we ensure that the students
considered for our survey are genuinely interested in a career as
biotechnologists, thus validating our considerations about
studying Mathematics while following another scientific
program to obtain a degree in it (and not for different purposes
in relation with other careers). We see that the number of
students which took the simulation is higher than the amplitude
of the group taking the exam, with 19 students taking both the
simulation and the exam on the first call; in general, students
taking the activities proposed were more eager to take the exam
as soon as possible. On the other hand, some specific tests saw
an even larger participation, for example the test on Vectors was
taken by 43 students. This can be explained by inferring that a
part of the cohort was interested in training but not in giving the
exam as early as possible, by deciding this either at the
beginning or during the course, possibly after having noted that
more individual study was required for them. This is consistent
with the personalized learning path capabilities of the blended
learning paradigm.

TABLE IV. NUMBER OF STUDENTS TAKING AAS TESTS
Vectors 43 3D curves and surfaces 21
Linear Algebra 38 Differential equations 22
Univariate functions 27 Descriptive statistics 24
Univariate integrals 26 Probability 24
3D analytic geometry 23 Random variables 16
Bivariate functions 24 Inferential statistics 16
Bivariate integrals 23 Specific average 25.15
General biostatistics 13 Exam simulation 26




Table IV shows the number of students taking the various
tests.

Concerning the worksheets with the ACE, we note an
average number of students that opened at least once the
resources which exceeds too the 20 students taking the exam on
the first call. Table V shows how many users had access for
every topic; for the sake of compactness, applications in
Computer Science were regrouped as two topics, one relative to
theory and one in reference with the solving of exercises and
problems, both constituted by 4 worksheets, and of which
average numbers are given:

TABLE V. NUMBER OF STUDENTS ACCESSING ACE RESOURCES
Vectors 65 Comp. Sci. Appl. (avg.th) | 33.25
Linear Algebra 74 Comp. Sci. Appl. (avg.ex) | 29.25
Univariate functions 95 Weighted average 44

An important feature relative to both cases is given by
multiple access. Indeed, several students choose to open the
resources more than once, which in the case of the AAS is
consistent with the paradigm of the learning through errors
which motivates the creation of questions with random
parameters. Nevertheless, also if we consider the ACE,
accessing multiple times to a certain resource means with all
chance that the student wants to control its pace. For example,
the first time it could simply viewed, while the second time a use
of the interactive capabilities occurs; and this is again a trait of
the blended learning scheme. Table VI show some examples of
the ratio between the total number of accesses to a certain
resource (by counting multiple accesses from the same student
as different ones), and the number of students accessing it
(whose data come from Tables IV and V), thus giving the
average number of times a student opened it.

TABLE VL AVERAGE NUMBER OF ACCESSES TO NOTABLE RESOURCES
AAS: Vectors 2.53 ACE: Vectors 1.94
AAS: Linear Algebra 2.68 ACE: Linear Algebra 1.53
AAS: Exam simulation 3.65 ACE: Univar. Functions 1.97

In the period October 2019 — February 2020 the number of
weekly global accesses to the LMS by students was around
1,000. There were two maximums, one of more than 1,200
interventions in the last week of November, near the end of the
classroom hours, and a second one of more than 2,500 readings
in the week of January immediately preceding the first call.

We give now a brief overview of the term papers which
students were asked to write with the ACE: they show how them
profitably acquired both problem solving and digital
competencies, as it was the goal of the given task. Fig. 1 shows
an excerpt from one of these term papers: we see how a problem
concerning a colony of bacteria, which can be solved in the first
place with fixed values of the variables involved (this would be
a “traditional” exercise, so we do not show it here), can be easily
generalized to arbitrary values for them, thanks to the ACE
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capabilities. Indeed, a form allows to enter the data needed, such
as initial number of bacteria, formula for food per capita, and
two other coefficients, and to obtain as a result a plot of the
number of bacteria versus time. Students were able to create
these interactive files with some help from teachers and tutors
but also with a considerably autonomous work, thus proving to
have gained competencies in both of the aforementioned fields.

Y Interactive model
Initial number of bacteria: [10000

Food: write a number or an equation in t (the number or the equation is for the food per capita)

ba () + 03+ —a'“a“‘zz‘ t— 10)

Ed

Enter

40

Fertility coefficient £ 1
0.0 0.2 04 0.6 0.8 1.0

=

Probability of dying fr 2
robabitty of dymg from avirus o 0" 02 0.4 06 0.8 1.0

Time (hours): from [0 to 140

Fig. 1. An excerpt from a term paper redacted with the ACE, regarding a
model about a colony of bacteria

Finally, let us analyze the grades: by considering the ones
relative to the exam with the AAS, before the modifications due
to the paper term with the ACE (which were slight, although
submitting that paper was mandatory for taking the exam), in
reference with the first call, every student has been sufficient,
being the lowest grade (among the group of twenty) a 21 out of
30.

Histogram of grades

Frequency

[ T T T 1
21-22 23-24 25-26 27-28 29-30

grades
Fig. 2. Exam with the AAS: distribution of the grades.
This is a result which is surprising in a certain sense, since

usually in programs of the area relative to biology and medicine,
to which Biotechnology belongs, the percentage of failures in



the Mathematics exam (or in the first one, provided that there
are more exams on the subject) is considerably higher than 5%,
thus giving one or more fail every 20 students. On the other
hand, 5 out of 20 students took a grade of 30 out of 30, with 4 of
them taking even a laude, which was awarded to students
obtaining an exact evaluation higher than 30; again, we found
that students taking the activities proposed took generally higher
grades. Fig. 2 shows the distribution of the grades.

VII. CONCLUSIONS

We have seen how with the use in conjunction of a problem
solving approach, a Learning Management System (LMS), an
Advanced Computing Environment (ACE), and an Automated
Assessment System (AAS), we were able to obtain promising
results in the teaching of a course in Mathematics for non-
mathematicians. Indeed, students from a program in
Biotechnology, representing disciplines considerably different
from the hardest STEM ones, were able to do better. This is to
be meant in at least a double sense: on one hand, students
achieved better grades, obtaining a collective result that was
significantly above the expectations which were based on the
outcome of the previous years, in which students had to take the
exam “on paper”, not in an interactive format, after following a
traditionally structured course. On the other hand, they
improved their consideration of the problem solving approach,
and more in general of studying Mathematics, recognizing the
importance of the aid given by the ACE and the AAS. In some
sense, this is even more important, since the students were able
to valorize their general capabilities on the subject, which can be
useful both for possible subsequent mathematical courses, and
for future jobs in a scientific context. In particular, these results
gave a positive answer in terms of whether the use of blended
learning during the course by teachers and tutors had been
effective for students: indeed, they were able to improve their
self-evaluation, their competencies, and finally their grades. As
future work, a challenging idea could be to extend what we have
done here for programs and departments even more distant from
Mathematics than Biotechnology. Indeed, some competencies
given by the mathematical sciences belong to the area of the
transversal skills, that can be useful throughout academic
contexts and outside them, and in particular for students taking
a linguistic program or in Humanities. On the other hand, the use
of the AAS has been adopted also in these disciplines, since
parameters and adaptiveness can be fine-tuned in order to work
also with words and phrases [23], and in Computer Science [24].
This means that, if a proper setting will be designed, students
would be able to deal with the very same system they already
know from their other disciplines, while studying or taking an
exam in Mathematics.
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So,Joseph C. H. ...oiiiiiiiii i 196
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Song, Myoungkyu .......cooeviiiiiiiiiiiiiiiiniinnenn. 931
SoNg, QIWET ..ouuiitiiiii i 921
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Washizaki, Hironori .................. 1113, 1117, 1119, 1121
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Yamasaki, Ikuo .......c.ocooiiiiiiiiiiiii 1218
Yamashita, Kazuyuki .............ocoiiiiiiiiii 613
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Zhang, Xuehan ............cooeviiiiiiiniiiiinininnann.. 1569
Zhang, Yating ........ccovveiiiiiiiiiiiniiiiiineans 872, 963
Zhang, Yin ...oooeeiiiiiiiiiiiii e 1261
Zhang, YUN ......o.iiiiiiiiiiiii i 1267
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