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Abstract 
 

The total number of graduates of all colleges of 
National Institute of Technology (NIT) is over 10,000 
every year. The graduate students are valued from 
the industry for over 50 years. In order for the 
students to acquire high skills, the features of the 
curriculum in NIT are to combine lectures, and 
experiments and/or practical training. However the 
skills of experiments and practical training is 
implicit knowledge until now. Therefore we make 
the skills to be explicit knowledge for improvement 
of skills. Then we propose a method to visualize the 
skills, and we introduce an approach to decide the 
level of achievement of experiments and practical 
training skills. 

 
Keywords: technical experiments, 
visualization of experimental skills, 
achievement of the experimental 
skills, 5-level evaluation, 
curriculum improvement, educational 
improvement 
 
Introduction 
 

In the National Institute of Technology that consists 
of 51 colleges, professional education in 7 engineering 
fields (mechanical, electrical and electronic, chemical, 
material, architecture, construction and information) has 
been carried out. Also, technical experiments and 
practical training have been carried out in the each field. 
It is a feature of the NIT that is focused on experiments 
and training. Experimental skills of graduates in society 
have been highly evaluated. However, it is important 
that the students to experience the experimental skills, it 
is necessary visualization of experimentation and 
evaluation skills of achievement. 

By specifying the metrics of the experiment the 
contents of each college, to facilitate the evaluation of 
the achievement of the experimental skills, further 
allowing for effective technology education. It is 
possible to clarify the metrics, to visualize the student 

skills. Then, by indicating the achievement and effect of 
student technical education, it is possible to expect the 
effect of increasing. Here, we proposed by using the 
experimental evaluation-sheets and the experimental 
skill-sheets, to clarify the metrics of the experiment and 
to indicate the achievement level. 

There are educational effects by the evaluation 
introduction of the experimental skills. First, the 
features of the educational content have been revealed. 
Metrics and arrival goal in the experiment of each 
technical college will be systematically collected. As a 
result, content and function of education is clear. Then, 
we will visualize the experimental skills of students. 
Here, we made the 5-level evaluation criteria for 
elements of experimental basis, theory, measurement, 
analysis and report. We experiment to evaluate the skills 
in using this criterion. As a result, the outcome is 
visualization, we can expect that the outcome and will 
sense of students to rise. The teacher will be able to 
guide more students. Finally, it is the improvement of 
education. It uses the skills sheet that will be linked to 
the review of the curriculum and educational 
improvement. 
 
The features of the Model Core Curriculum   
 

Each of colleges was independent before 2004, 
various problems have occurred when become one 
corporate organization. Several problems are indicated 
below. 

 
 No unified evaluation standards 
 Not enough to announce the feature of curriculum 

to society 
 The curriculums of each colleges are independent 
 
In order to improve those problems, the Model Core 

Curriculum (tentative plan) was published in 2012. 
The features of the Model Core Curriculum are as 

follows. 
 The learning level of the NIT's students is defined 
 The learning item of each specialized field is 

shown 
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The Model Core Curriculum is a common decision 
by all colleges. It's important for the contents of subjects 
and the evaluation standard to have been explicitly. It's 
important to have been shown the contents of subjects 
and the evaluation standard. However, the Model Core 
Curriculum includes the following problems. 

 
 There is a few numbers of items of the 

experimental subjects or the training subjects. 
 The evaluation standards of the experimental 

subjects and the training subjects have not been 
defined. 

 
The above problems require careful discussion, and 

time is required. In order to improve the curriculum of 
the experimental subjects and the training subjects, the 
experimental skill-sheet and the evaluation-sheet that 
will enhance the Model Core Curriculum have been 
developed. Overview of the project is shown in Figure 1. 
In following sections, we show the reasons and the 
developing procedure of these sheets. 
 
 

 
Figure 1. Overview of the project 

 
 
Development of the experimental skill-sheet and the 
evaluation-sheet 
 

The Model Core Curriculum has defined the 
contents of subjects and minimum learning level in all 
colleges. As stated above, there is enough description to 
the lecture subjects, but there is not enough to the 
experimental subjects or the training subjects. The 
reasons are as follows. 

 
 The laboratory instruments in a department will 

influence on the contents of the experimental 
subjects or the training subjects. 

 The learning items are related to the curriculum 
policy of each department. 

 The curriculum policy will be affected in the 
feature of the area where the college is located. 

 
Therefore, as the refinement of the Model Core 

Curriculum, the experiment skill-sheets and the 

evaluation-sheets have been developed. The common 
items of the experimental contents at several colleges 
are collected in the experiment skill-sheet. 
 
Phase1: How to develop the experimental skill-sheet 
 

It is difficult to collect the experimental 
manual/tutorial of all colleges. Therefore, seven 
colleges (8 campus) with different areas were chosen, 
the experimental texts of those colleges were collected 
to develop the experimental skill-sheets. The 
experimental manuals/tutorials of five specialized fields 
(Mechanical, Materials, Electrical and Electronic, 
Chemical and Architecture and Construction) were 
collected. 

The steps to develop the experimental skill-sheet are 
as follows. 

 
1. Collect the experimental manuals/tutorials 
2. Sort in each experimental theme (Figure 2) 
3. Extract the technical terms and the keywords 

(Figure 3) 
4. Classify the common items to the experimental 

skill-sheet 
5. Set the level of the common experimental theme 

(Figure 4) 
 
 

Field C
Experimental

manual/tutorial

Field A

Experimental
manual/
tutorial

Field B

Experimental
manual/
tutorial

Experimental
manual/
tutorial

 
Figure 2. Collect and sort 

 
 
 

keyword extraction
magenta Equipment and Device

cyan Theory and Background

green Data

orange Arrangement and Consideration

 
 

Figure 3. Extract the technical terms and the keywords 
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Figure 4. The common experimental skill-sheet 
(Japanese) 

 
 

The above steps had created the experimental skill-
sheets. Those sheets of each field are as follows. 

 
Mechanical: 25 
Materials: 10 
Electrical and Electronic: 230 
Chemical: 18 
Architecture and Construction: 23 

 
Phase2: How to develop the evaluation-sheet 

 
The experimental skill-sheet is a framework to sort 

the items in the specialized field of the experimental 
subjects or the training subjects. However, the 
experimental skill-sheet does not show the evaluation 
standard for the students who work on the experiment 
theme. 

To solve the problem, the evaluation-sheets that 
correspond to each experimental skill-sheets have been 
developed (Figure 5). In addition, the evaluation is set 
to five levels, and each level is defined as follows. 
 
Level1 (knowledge and memory): 

Teacher's guidance is needed to do an experiment. 
 
Level2 (understanding): 

An experimental text and teacher's advice are needed 
to do an experiment. 

 
Level3 (adaptation): 

An experimental text is needed to do an experiment. 
 
Level4 (Analysis): 

An experimental text is sometimes used to do an 
experiment. 

 
Level5 (Evaluation): 

Nothing is needed any advice to do an experiment. 
 
The development of the evaluation-sheet make 

possible to show the evaluation standard for the students 
who work on the experiment theme. The evaluation-
sheets had been created. 

 
Mechanical: 5 

Materials: 2 
Electrical and Electronic: 4 
Architecture and Construction: 3  

 
 

Field Theme Name of NIT Grade

Field X Field Theme Name of NIT Grade

Field Y
Field Theme Name of NIT Grade

Field X

Evaluation
items

Evaluation standard Self
Check

Comment

Basis
Correct handling of the laboratory  
equipment and the elements

Theory
Learning for the theory in the experimental 
contents

Measurement
Acquisition of the measurement technology 
conforming to the experiment theme

Analysis
The result of measurement can be 
gathered and considered in the table and 
the chart

Report Acquisition of the technical-writing skill

 
Figure 5. The evaluation-sheet 

 
 
Trial of the experimental skill-sheets and the 
evaluation-sheets 

 
The experimental skill-sheets and the evaluation-

sheets were tried out. 3 classes of Tsuruoka College and 
1 class of Sendai College tried those sheets. In these 
trials, we evaluate the propriety of evaluation-sheet in 
actual, then we have several valuable knowledge as 
follows. 

 
(1) It is available to visualize the skill using the 

evaluation-sheet, but granularity of item in the 
sheets is consideration.  

(2) It is possible to evaluate the level of skill 
achievement by students themselves; here accuracy 
and variance are also consideration. 

(3) It is very necessary to recognize the importance of 
experimental skill evaluation to students, staffs and 
lecturers. 

 
Although there are a few trials, it was possible to 

indicate the utility of the experimental skill-sheets and 
the importance of the evaluation-sheets.  

The Figure6 is an evaluation model using UML 
(Unified Modeling Language) that Tsuruoka College 
had created. From this figure, the experiment items and 
the skill achievement will be evaluated independently 
each other. 
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Figure 6. Evaluation model using UML 

 
 

Conclusions 
 
In the current Model Core Curriculum, the contents 

of subjects or the evaluation standard of the 
experimental subjects and the training subjects have not 
been well defined. Therefore, we worked on defining 
the contents of subjects or the evaluation standard. Thus, 
the educational content will become clearer, it will be 
possible to further reveal the feature of the NIT (Figure 
7).  

 
 

A College

Standardization

Field Theme Items

The Experimental Skill-sheet

The Features of
A College

B College C College

Collect the experimental manuals/tutorials

 
Figure 7. Collect and standardization 

 
 

In this project, the number of the collected 
experimental texts amount to over 300. The 
experimental skill-sheets and the evaluation-sheets have 
been developed using the learning items, which sorted 
those texts manually. Improvement of those sheets and 
assessment methods will be the challenge in near future. 
In order to increase the working efficiency, it is 

necessary to develop a system for automatically creating 
the experimental skill-sheets. 

Finally, it is possible to visualize each student’s 
skills by defining the evaluation standard. The 
evaluation standard is one of tools to guide students 
effectively. Thus, the sense of achievement and the 
motivation of student will be increased in the 
experimental subjects and the training subjects. 
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Abstract 
 

 Mexico delivers education in Spanish, the 
country’s official language. Nowadays, global 
industries require professionals with good English 
command. In 2014, our country ranked 39th out of 
63 countries according to the EF English 
Proficiency Index (EF EPI). The University of 
Guanajuato (UG), located in the central region of 
Mexico, is committed to the internationalization of 
its curriculum. According to the UG Development 
Plan (2010-2020), it shall offer at least 2% in 2015, 
and 5% in 2017 of subjects in English. Nevertheless, 
these programs have to overcome several barriers: 
English is not the mother tongue of professors and 
students, and both live in a Spanish speaking 
environment; these circumstances render difficult 
the purpose of the Program. Furthermore, the 
teaching process should accomplish two learning 
outcomes: to teach subject content and to develop 
English communications skills for academic 
purposes. Our results show that the program is 
incipient, since only 82 (1.46%) of 5608 subjects at 
the whole university are offered in English. 
Furthermore, most of the professors with a good 
level of English are mainly concentrated in the 
Academic Divisions of Natural and Exact Sciences, 
Engineering and Economy and Administration. In 
addition to professors who are already teaching 
English, another group of 90 professors want to 
participate in this program. The professors 
manifested the need for specialized pedagogical 
training. Thus, specialized courses were offered to 
faculty where Constructivist methodologies were 
taught including class preparation, class 
development, and alternative assessment. From our 
practice, it was found that students taking subjects 
in English need at least a B1 English level, 
according to reference to the Common European 
Framework of Languages. The student-centered 
learning approach helped the students to become 
more participative in the classroom, and to utilize 

English for academic purposes through discussions 
and presentations. This experience shows that 
undergraduate students need to take two or more 
courses in English to use this language for their 
professional life and academic purposes. 
 

Keywords: Internationalization, constructivism, 
English for academic purposes, student-centered 
learning, internationalization at home. 

 
Introduction 

 
At present, English is considered the lingua franca 

of the modern time, since this language is used for 
business, education, or science. Therefore, English is 
the best way to communicate with people who speak 
different mother tongues. Interestingly, non-native 
English speakers shape the language to their needs, for 
work, business or to study in English-speaking 
countries (Seidelhofer, 2005). Considering the 
importance of English language, many countries have 
adopted a national policy that emphasizes the 
importance of offering courses in English. This 
initiative aims to promote economic and social 
developent to connect the citizens with the world, and 
to offer an international educaion to their students 
(Dearden, 2014).  Thus, France and Japan are now 
offering educational programs in English to provide 
local students an international education, and to attract 
students from abroad to internationalize their Higher 
Education Institutions (HEI) (Campus France, 2015; 
Japan Student Services Organization [JASSO], 2015). 
Mexico is not immune to these global transformations. 
With the arrival of foreign industries to the central 
region of Mexico, the socio economic scenario is in 
constant transformation. Moreover, overseas industries 
settled in Mexico require professional with good 
command of English (British Council, 2015). 
Nevertheless, despite these requirements, our country 
ranks 39th out of 63 countries according to the EF 
English Proficiency Index (2014), a comprehensive 
ranking of countries by English skills. Hence, the 
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Mexican government is aware of the changes needed in 
the National Education System. Two initiatives will be 
mentioned. The Mexican Ministry of Education (SEP), 
to promote international competitiveness has 
implemented a program to secure the quality of higher 
education throughout internationalization (Secretaría 
de Educación, 2015). The Mexican HEI’s should adopt 
this new dimension as a mean to reduce the gap in 
development with highly developed countries through 
the international cooperation among universities (PIFI 
program, Secretaría de Educación, 2015). Furthermore, 
the Mexican National Council for Science and 
Technology (CONACYT) promotes accredited 
graduate programs through the National Quality 
Graduate Program (PNPC, from its acronym in 
Spanish). One of CONACYT policies includes 
international cooperation and curriculum 
internationalization, and English proficiency as a 
requirement for student graduation (CONACYT, 
2015). The Higher Education System in Mexico 
delivers education in Spanish, the country’s official 
language. Importantly, some public and private HEI 
are offering courses taught in English, as well as 
complete undergraduate and graduate programs to 
internationalize their curricula and also to increase 
their international visibility.  Implementing the use of 
English as a language of instruction at HEI represents a 
challenge since the students must master the language 
and then take specific subjects in English. Moreover, 
the faculty members should have a good command of 
English to use “English as a medium of Instruction” 
(EMI) at different education levels in non-English 
speaking HEI  (Dearden, 2014).  

The University of Guanajuato (UG) in Mexico is a 
public state university that offers 194 undergraduate 
and graduate academic programs. UG mission is to 
prepare professionals with an international profile to 
perform in the world arena. One of the ways to support 
internationalization is offering subjects taught in 
English as stated in the UG Development Plan 2010-
2020. UG expects to offer by 2015 at least 5% of the 
total number of courses in English. To carry out this 
goal, several tasks have been accomplished: First, 
identify the professors with English skills and the 
willingness to teach in English. Second, determine the 
pedagogical training required by professors to teach in 
English. Third, encourage the students to use English 
for academic purposes. Our primary objective is for 
students to learn course content and use the English 
language for academic and professional purposes. UG 
has identified the faculty members with the English 
skills and the willingness to use English for teaching 
purposes. The need to provide specific training for 
faculty members on the use the Student-Centered 
approach based on Constructivism was detected 
(Béres. & Turcsányi-Szabó 2010; Hussain, 2012). This 
methodology has been developed in accordance to the 
Educational Model of the University of Guanajuato 
(Universidad de Guanajuato, 2011). Finally, the 

challenges that this Program embodies were identified, 
and the lessons learned to find the most suitable means 
to implement this program to succeed will be shown. 

 
Procedures 

 
Mexican government and university policies for 

foreign language acquisition. It is important to grasp 
the present situation of Mexico regarding the 
internationalization guidelines and their relation to the 
learning of a second language in HEI. The following 
documents were consulted: (1) The Development 
National Plan 2013-2018 (Plan Nacional de Desarrollo, 
2015. (2) The Sectoral Plan of Education 2013-2018 
(Secretaría de Educación, 2015). (3) The Graduate 
Programs policy from CONACYT (2015). (4) The UG 
Development Plan (2010-2020) (Universidad de 
Guanajuato, 2010). (5) The UG Educational Model 
(Universidad de Guanajuato, 2011), and (6) one report 
from The British Council (2015). 

Survey to identify faculty to teach in English. 
Considering that in 2015, at least 280 out of 5600 
subjects would be offered in English, it was convenient 
to identify the faculty members to participate that shall 
use English as a way of teaching. UG counts on 3,011 
faculty members. The survey was launched by using 
the SurveyMonkey platform 
(www.surveymonkey.com). The professors were 
requested to perform a self-evaluation of their English 
level according to the Common European Framework 
of Reference of Languages (2015).  

Catalog of subjects offered in English. The total 
number of courses offered in 2014 at the University 
was quantified; the information was directly retrieved 
from the university website (www.ugto.mx). The 
number of courses offered in English was quantified. 

Faculty Development Workshops: Student-centered 
learning and constructivism. Teaching subjects in 
English in a Spanish-speaking environment represents 
several challenges: English is not the mother tongue of 
professors and students, and both live in a Spanish-
speaking environment. The Institution provided several 
training workshops on student-centered learning when 
English was used as a teaching method. Therefore, 
some professors participated in specific Faculty 
Development Programs to teach subjects in English 
through student-centered learning techniques. The 
workshops were held in Mexico (2010) in Canada 
(2011 and 2013), and in the USA (2014). The faculty 
trained abroad in 2014 participated as facilitators in 
four workshops in the UG attended by 90 professors. 
The University of Colima and the Popular Autonomous 
University of the State of Puebla (UPAEP) shared their 
experience in setting up the courses taught in English. 
 
Results and Discussion 

 
 Mexican National Policy. The Development 

National Plan (Plan Nacional de Desarrollo) 2013-2018 
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only mentions quality education, but no strategies are 
outlined related to the internationalization of the 
curriculum. Then, the Sectoral Plan of Education 2013-
2018 (Secretaría de de Educación, 2015) only makes 
reference to internationalization for cooperation but no 
allusion to foreign languages acquisition. Importantly, 
for graduate programs recognized by the National 
Register of Quality Graduate Programs, it is mandatory 
for the students to sustain and approve a standardized 
English Test (TOEFL) to graduate (CONACYT, 2015).  

Faculty survey. The objective of this survey was to 
detect the professors with the English skills to teach in 
English. A total of 254 professors responded the 
questionnaire. However, only 114 faculty members 
with an English level ranging from B1 to C3 were 
considered (Table 1). 

 
Table 1. Faculty members from University Divisions 
with skills to teach in English. 

 
 
 
 
 
 
 
 
 
 
 

 
The Guanajuato Campus has 80 professors, and the 

Irapuato Salamanca campus relies on 34 professors 
with the language skills to teach in English. Regarding 
the experience of UG professors in the use of English 
for academic purposes, 35% of them reported having 
used it in formal courses, congresses, and conferences. 
Professors expressed their willingness to teach their 
courses in English and the need for specific training. 

Course catalog. The University of Guanajuato 
offers 192 undergraduate and graduate programs. Only 
82 (1.46%)-out 5608 of the courses are taught in 
English. It was found that only two campuses offer 
courses in English. Campus Guanajuato offers 47 
(57.31%) out of 82; whereas the Campus Irapuato 
Salamanca imparts in English 35 (42.68%)-out of 82 
courses. The distribution by Academic Divisions is 
shown in Figure 1.  

Importantly, the Division of Humanities and Social 
Sciences, Campus Guanajuato offers 30 courses in 
English through the TESOL program, and the Master 
in Management offered at the Division of Economic-
Administrative Sciences. At Irapuato-Salamanca 
Campus, the TESOL program is also and contributes 
with 30 subjects taught in English.  

Training process: train the trainers. In 2010, 
nineteen professors participated in the Faculty 
Development Program, in Guanajuato, taught by 
Mount Royal University instructors. However, until 

2011, two professors began to put in practice the 
constructivist pedagogy, but teaching in Spanish. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Courses taught in English at the academic 
Divisions from Guanajuato Campus and Irapuato-
Salamanca (C-IS). Number of courses is shown into 
parenthesis. 

 
In 2013, six professors followed the same program 

in Canada, but at their return little impact on teaching 
was noticed. In 2014, with the support of Mesa 
Community College Center for Teaching and Learning, 
five professors carried out a specific stay to learn 
techniques for collaborative learning and class 
observation. After their return, the trainees offered four 
workshops to share the acquired knowledge. Ninety 
professors attended the workshops and showed their 
eagerness to use English as instructional language.  

Student-Centered Learning. Teaching is one of the 
three substantial purposes of the University, along with 
research and outreach activities. The professors who 
want to use the EMI should follow a training process to 
acquire and put in practice specific pedagogical 
strategies in the classroom. It is expected to encourage 
the students to use English as a communication 
medium of instruction in a friendly environment 
(Felder & Brent, 2009). According to University of 
Guanajuato Academic Model (2011), it is expected to 
change the teaching methodologies to student-centered 
learning.  

Thus, the constructivist practices shall help the 
students to develop skills such as interpretations, 
judgments, to participate in different situations where 
teamwork and oral communications are acquired. The 
professor should play an active role by setting different 
pedagogical activities, as well as to encourage the 
students to learn in a different setting. These 
approaches aim to attain two main outcomes: to learn 
the subject content and to encourage the students to use 
English for academic oral communication (The 
University of Sydney, 2015 
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The involvement of students in group activities 

shall help them to develop an active environment in the 
classroom to look for information and find solutions 
under the guidance of their professor. Students liked 
the group's activities, and active participation was 
always present. The tri dimensional models 
manufactured by students allowed using them as 
support to explain the structure and functioning of 
biological molecules or systems. The oral presentations 
helped the students to organize logically the 
information and to present the subject in a coherent 
fashion.  

 
Lessons learned. General recommendations.    

 
Suggested strategies to teach in English. It is 

convenient to consider the following stages when 
teaching in English (Figure 2). Some 
recommendations for the class planning are shown in 
Table 2.  

 
 
 
 
 
 
 
 Class preparation. 

 
Figure 2. Stages for class development when using 
English for teaching. 
 

 
Table 2. Suggestions for preparing each individual 
class. 

 
 
 
 
 
 
 
 
 
 
 

 
Communication with the students. The Use of 

information technologies is suggested; platforms such 
as Moodle or creating a “closed group” in Facebook 
are suitable. The materials to use in class must be 
upload early, 4 to 5 days previous to the session. 
      Defining learning outcomes. Students must know 
what they will learn by the end of each class, based on 
learning objects. Define up to five learning outcomes 
for each theme (Osters & Tiu, 2015).  

Course development. In our experience session of 2 
to 3 h is suitable to use student-centered learning. An 

example of 120 min class development is shown in 
Table 3.   

 
Table 3. Time distribution for a 120 min class by using 
student-centered pedagogy. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Assessment. This is the most difficult step in the 

courses taught in English. Since this is not a traditional 
course, each activity will be differentially evaluated 
according to the skill intended to be developed. Hence, 
evaluate not only knowledge but also skills. Suggested 
criteria are shown in the Table 3.  

 
Table 3. Assessment criteria for student-centered 
teaching courses 

 
 
 
 
 
 
 
 
 
 

 
Professor’s skills and attitudes. Professors need to 

develop specific skills to set up, in the classroom, an 
environment of confidence for students to understand, 
participate, practice and improve communication skills.  
It is important to consider that the professor cannot 
teach in English the same way he teaches in Spanish. 
Therefore, student-centered learning techniques are 
needed. Professors should manage the English 
language at least with a B2 (Common European 
Framework of Reference of Languages, 2015). They 
also should be patient; flexible, creative and 
innovative. Participation in specialized Faculty 
Development Programs should be required (Powell, 
2013).  
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Students. Students should have at least a B1 level of 

English or five courses of English learning; accept that 
making mistakes in English is part of the learning 
process and be aware that taking a subject in English 
requires an extra effort. Students should look for extra 
help in the self-access center for language learning, 
where English native speakers are available. 

Classroom environment: The ideal size for a group 
to work efficiently is from 5 to 15 students. Encourage 
the students to work in small groups; use the traditional 
blackboard and in less extent a projector (Figure 3). As 
long as possible, do not correct student’s speaking 
mistakes; instead, rephrase the question with the right 
pronunciation of phrase structure. Do not expect your 
students to develop all the communication skills after 
taking one course in English. If possible, invite an 
English speaking native to help both students and 
professor with some possible communication 
difficulties.  

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Classroom activities for student-centered 

teaching. Tridimensional models help the students to 
use English for description and teamwork.  
 

Professor Testimony No. 1: Experiences and 
outcomes. Most graduate students in Mexico have 
sufficient skills to write and read in English because of 
the continuous years of practice. However, oral 
communication skills are limited, considering the 
students live in a Spanish-speaking environment. To 
improve the oral communication, in the courses the 
collaborative-learning techniques were incorporated. It 
was decided to integrate that methodology gradually in 
a blended fashion; the advanced courses are taught 
20% in Spanish and 80% in English until the courses 
are offered 100% in English. For undergraduate 
students, the inclusion of English was more gradual. 

Some of the collaborative learning techniques used 
are traveling file; think-pair-share and, numbered heads 
together.  Most of the professors reported that students 
were excited by using new methods in the classroom.  
When the traveling file was employed, the professor 
presented the theory; the students were asked to work 
in groups, in a case study, to later prepare a brief 
report. The students learned to review, analyze, critique 
and evaluate someone else's work. Importantly, the 
students detected the main facts and also the mistakes 

and how to learn from them. It is important to mention 
that the students have learned to appreciate the work 
and effort of their classmates. 

Thus, students are pleased to use collaborative 
learning techniques in the classroom. Since teamwork 
aims to get a common goal, it drove the participants 
form passive listening to active thinking and 
participation.  Additionally, students reported no 
feeling stressed when answering a question incorrectly. 
Some professors have been using “Numbered Heads 
Together” to review class content before the final test; 
it allows students to identify the class material that was 
not completely clear. 

Professor Testimony No. 2. Teaching Experience 
by using collaborative learning in the following 
subjects: Contemporary Biology and Immunology at 
bachelor’s degree and Immunology at postgraduate 
level. Difficulties. The size of the group: a maximum 
of 30 students is fine, small groups (5 students or less) 
it could also be inappropriate. The attitude of students: 
if students expect a very traditional course, they may 
be disappointing, at least as they began to learn and 
take a liking to the subject. A group of many motivated 
students will create a better study environment; the 
teacher needs to set up the environment to get the 
students motivation and enthusiasm at the very 
beginning of the course. Collaborative learning is 
easier to develop with postgraduate students, since they 
are highly motivated, well-organized, and they have 
good study habits, and they share more interests and 
time with their classmates. Advantages. The most 
important point, in the opinion of experts (I agree), is 
that students truly learn. Students not only learn about 
the subject, but also they gain skills in finding relevant 
information. Students learn to share knowledge in 
groups by teaching and learning reciprocally with their 
classmates. The students develop and use proper 
communication skills. This methodology helps the 
students to develop their analytic and critical skills.  
Students will research more on the topics of their 
interest. Thus, the learning will be more meaningful. 
Collaborative learning is a very active, possibly funny 
process, and it provides a more relaxing way of 
learning, compared to traditional lectures or 
assessments. 

 
Conclusions 

 
The Program to use English as a way of teaching is 

important for internationalization since it shall attract 
more foreign students and increase UG international 
visibility. Our students will get the international profile 
to become more employable, or to have access to 
scholarships to study abroad. Moreover, UG possesses 
enough faculty members to support this initiative, but 
specific pedagogic training is needed. Therefore, this is 
an opportunity to create a Teaching and Learning 
Center also to support the Educational model for 
student-centered teaching and constructivism. Finally, 
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there is a chance to adapt the university regulations to 
include instruction in English or to offer complete 
programs in this language, as the world-class 
universities do.   
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Abstract 
 

This study aim to determine the learning 
behavior of Emilio Aguinaldo College students in 
relation to classroom methods. A total of 346 
number of respondents from Engineering, Hotel and 
Restaurant Management, Nursing, Criminology, 
Education, Business Administration, Accountancy, 
Custom administration, computer science, Radio 
Technology, AB communication, Midwifery, 
Physical Therapy, and Vocational Technology. The 
frequency of use of classroom teaching methods 
among the faculty as follows. The faculty members 
always used digital light processing (DLP) and LCD 
projectors with the weighted mean of 2.58 and 
ranked first. Second, faculty members used 
whiteboard and marker with the weighted mean of 
2.46.Third, faculty members used of handouts with 
the weighted mean of 2.45. Fourth, the used of group 
discussion were seldom used with the weighted mean 
of 2.20. Fifth, the assignments were seldom used with 
the weighted mean of 2.12. Sixth, were the used of 
individual presentation with the weighted mean of 
2.11. Role playing and Case study were also seldom 
used with the weighted mean of 1.91and ranked 
seventh. The classroom mini seminar and workshop 
were also seldom used with the weighted mean of 
1.71 and ranked eighth. Last in rank with the 
frequency of 1.53 and was rarely used, which was the 
return demonstration and ranked ninth.The learning 
behavior of the students of Emilio Aguinaldo 
College. Interest in the subject matter and acquired 
information were ranked as first with a weighted 
mean of 2.52. Second, was to understand important 
concept about the topic with a weighted mean of 
2.51. Third, was to reflecting real life situation and 
by stimulating their imagination with a weighted 
mean of 2.50. Fourth, was to relate the lesson 
presented in the teaching strategy with another 
learning materials with a weighted mean of 2.49. 
Fifth, was to grasp the lesson easily with a weighted 
mean of 2.47. Sixth, was to listen attentively to the 
presentation of the lesson with a weighted mean of 

2.46. Seventh, was to manifest official thinking skills 
with a weighted mean of 2.43. Eighth, was to 
participate well in the class discussion with a 
weighted mean of 2.42. Last in rank was to raise 
question about the content and context of the lesson 
with a weighted mean of 2.40. Findings revealed 
there was no significant relationship between 
learning behavior of the students and classroom 
teaching methods among the faculty members of 
Emilio Aguinaldo College. 
 
Keywords: Education, Learning behaviour, teaching, 
correlation, learners 
 
Introduction 
 

Quality education was a broad avenue to obtain life 
betterment. School institutions were the place wherein 
the students acquiring more scientific knowledge, being 
useful in their future, and to have systematic and decent 
job someday. Teaching methods, strategies, content of 
the subject, and deliberation of the topics were work 
together to enhance the knowledge of the learners. How 
about the learning behavior of the students? Is it 
necessary to consider the students behavior in order to 
implant the well-equipped and useful information to 
their carnal mind? The students’ behavior and interest 
these factors need an attention to inculcate their 
capabilities. As globalization is concern, they should 
focus the core competency endures to the future 
professionals. This study is considerable as a tool to 
verify the student assessments towards the teaching 
methods utilize by faculty members. When the 
researchers engaged and facilitate this study they were 
personally approached to the respondents. Thomas 
Angelo, when he said; “Teaching in the absence of 
learning was just talking.” Doyle.T. (n.d.). A teacher’s  
effectiveness is again about student learning. Students 
can answer questions about the quality of lectures, the 
value of readings and assignments, and the clarity of the 
instructor's explanations. Students were certainly 
qualified to express their satisfaction or dissatisfaction 
with the experienced. While in class, students were 
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exposed to all sorts of instructional experiences 
(lectures, instructional materials and aids, readings, and 
exams). Students claimed that can judge what was 
taught and how it was taught. Higher education strives 
to become more effective teachers so that students can 
learn better, and many explore methods to improve their 
teaching practice. Depending on the nature of subject, 
number of students, and the availability of the facilities, 
there were different methods teachers are using in the 
classroom. 

 
The main purposes of this study are: 

 To find out the various teaching methods 
used by college teachers to teach students 
in different departments of Emilio 
Aguinaldo College-Cavite;  

 To explore the opinion of students about 
the teaching methods they perceived as the 
most interesting and best teaching method;  

 To find out the reasons for perceiving any 
teaching method as the interesting and best 
method; 

 To provide suggestions for improving 
quality of teaching in the light of students 
perception and use of ratings. 

Theoretical Framework 
 

The social learning theory proposed by Albert 
Bandura has become most influential theory of learning 
and development. Bandura believed that direct 
reinforcement could not account for all types of 
learning. His theory added a social element, arguing that 
people can learn new information and behaviors by 
watching other people. Known as observational learning 
(or modeling), this type of learning can be used to 
explain a wide variety of behaviors. There are three core 
concepts of social learning theory. First was the idea 
that people can learn through observation. Next was the 
idea that internal mental states are an essential part of 
learning process. Finally, this theory recognizes that just 
because something has been learned, it does not mean 
that it will result in a change in behavior. In addition to 
influencing other psychologists, Bandura's social 
learning theory has had important implication in the 
field of education. Today, both teachers and parents 
recognized the importance of modeling appropriate 
behaviors. Other classroom strategies such as 
encouraging students and building self-efficacy are also 
rooted in social learning theory. 

 
 
 
 
 
 
 
 
 
 
 

Research Paradigm 
 

      Independent Variables              Dependent Variables 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1. The Relationship of Variables 
 
Methodology 
 
Research Design 
 
This study used the Descriptive – Correlational Survey 
type of research. The profile of the students of Emilio 
Aguinaldo College-Cavite was ascertained according to 
the variables of age, gender, course, and year level. The 
descriptive part dealt with the effective teaching method 
relation to learning behavior of Emilio Aguinaldo 
College students.  
 
Respondents 
 
A total of 346 participated in the study. The respondents 
are from selected students from different departments 
and faculty members of the Emilio Aguinaldo College.  
Research Instrument  
 
The researchers used an adapted and modified survey 
questionnaire with reference to the study entitled 
“Effectiveness of Innovative Style of Teaching as 
perceived by nursing students of Emilio Aguinaldo 
College-Cavite” by Raymart V. San Juan et., al. 
(2011).The questionnaire was composed of close-ended 
questions and included the different teaching methods 
commonly used in Emilio Aguinaldo College-Cavite. 
The questionnaire was divided into two parts: Part I 
included the socio-demographic data of the respondents: 
Age, Gender, and Year Level; Part II and III included 
the list of different teaching methods recently used in 

Classroom teaching 
methods 
o Lecture using DLP 
o Lecture using 

handouts 
o Lecture using 

whiteboard & 
marker 

o Group discussion  
o Individual 

presentation  
o Assignments  
o Role playing  
o Case study  
o Classroom mini 

seminars and  
o Workshop 
o Return 

demonstration/pra
ctical 

Learning Behavior 

of students of  

Emilio Aguinaldo 

College – Cavite 
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Emilio Aguinaldo College. In Part II the respondents 
ranked how frequent it used in the classroom. Part III 
contained ten criteria used to evaluate the effectiveness 
of the teaching methods. 
 
Results and Discussion 

 
The correlation analysis of the two variables (x & 

y), the value of computed was -1.286 which was less 
than the critical value of tabulated t of -2.036 at the 
degrees of freedom of 8 and significance of α = 0.05. 
Therefore, there was no significant relationship between 
learning behavior of the students and classroom 
teaching methods among the faculty members of Emilio 
Aguinaldo College. It was because the learning of the 
student was not depending on what teaching methods 
was used by the faculty and how it was deliver. The 
teaching methods utilized by the faculty members were 
nothing to do in learning behavior of the students. 
 

 
Teaching Methods 

T O T A L  
Rank Mean 

(X) 
V.I. 

Using DLP 2.58 A 1st 
Using handouts 2.45 A 3rd 
Using whiteboard 
and marker 

2.46 A 2nd 

Group discussion 2.20 S 4th 
Individual 
presentation 
(reporting) 

2.11 S 6th 

Assignments 2.12 S 5th 
Role playing  1.91 S 7th 
Case study 1.91 S 7th 
Classroom mini 
seminar & workshop 

1.71 S 8th 

Return 
Demonstration 

1.53 N 9th 

T O T A L  Xw = 
2.10 

S  

 
Table 1. Frequency of use of Classroom Teaching 
Methods among the Faculty Members 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2. The Learning Behavior of the Respondents 

Conclusions 
 

Based on the findings of this study, the researchers 
concluded that: 
 

 Most of the respondents ranged between 19 to 
22 years old. Finding appeared that in this 
school year 2012-2013, female students 
dominated the male students in Emilio 
Aguinaldo College-Cavite. 

 The faculty members were always using the 
Dim Light Projector (DLP), handouts and 
whiteboard marker. They sometimes used 

Learning 
Behaviors 

T O T A L  
Rank Mean 

(Y) 
V.I. 

Show interest 
the subject 
matter. 

 
2.52 

 
A 

 
1st  

Attentively 
listens to the 
presentation of 
the lesson. 

 
2.46 

 
A 

 
6th 

Participate well 
in the class 
discussion. 

 
2.42 

 
A 

 
8th 

Raises 
questions that 
will improve 
the content and 
context of the 
lesson. 

 
2.40 

 
A 

 
9th 

Grasps the 
lesson easily. 

2.47 A 5th 

Manifests 
official 
thinking skills. 

2.43 A 7th 

Acquire more 
information. 

2.52 A 1st 

Relates the 
lesson 
presented in the 
teaching 
strategy with 
another 
learning 
materials. 

 
2.49 

 
A 

 
4th 

Understand 
important 
concepts about 
the topic.  

 
2.51 

 
A 

 
2nd 

Reflects real 
life situation by 
stimulating my 
imagination. 

 
2.50 

 
A 

 
3rd 

T O T A L  Yw = 
2.47 

A  
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group discussion, individual presentation, 
assignments, role playing, case study, 
classroom seminar and workshop. 

 The learning behavior of the students, they 
showed interest in the subject matter and also 
acquired information by using DLP and LCD 
projectors which was the highest rank in 
classroom teaching methods. 

 There was no significant relationship between 
learning behavior of students and classroom 
teaching method utilized by faculty members 
of Emilio Aguinaldo College-Cavite 
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Abstract 
 

We have assessed how third-year students who 
studied at the National Institute of Technology, 
Hiroshima College prepared for physics achievement 
examinations using electronic books as study aids. 
The ebook was created by the students of the 
Department of Distribution and Information 
Engineering who were performing graduation 
research. The ebook was composed of the questions 
and answers from the achievement examinations 
given in 2012.  

We found that ~82% of the students questioned 
own a smartphone/touch device, and ~52% of them 
were interested in electronic books as study aids. Of 
the students that owned smartphones, ~37% used 
the ebook. For the students that used the ebook, 
~72% found the book to be useful. Additionally, 
~42% of students found the mathematics class in 
differential and integration calculus and mechanics 
to be useful. 

 
Keywords: electronic books, epub, learning 
achievement examinations, graduation research, 
smartphone/ touch device 
 
Introduction 
 

Recently, many students have acquired a smartphone, 
such as an iPhone, or other such electronic device. To 
introduce a student-learning style that incorporates 
electronic books (ebooks), we have studied test 
preparation for the learning achievement physics 
examinations aimed at third year students in our college 
who utilized ebooks using information from 
examinations given 4 years ago.   

The newly ebook was created by the students of the 
Department of Distribution and Information 
Engineering who were performing graduation research. 
The electronic book contains questions and answers 
from achievement examination given in 2012. There 
have been a number of improvements in the ebook 
compared with the previous ebook that contained 
questions and answers from the achievement 
examination in 2007-2010. The ebook was made 

available to students as a download from a homepage 
designed for that purpose.  

In addition, a graduation research student played an 
important role as a teaching assistant in the mathematics 
class covering differential and integration calculus and 
mechanics.  

Electronic books provide a novel platform when 
incorporated into smartphones and tablets.  Using such 
devices, which are small and light weight, students can 
study at their own pace at any time and in any place. For 
Apple iBooks applications, pages are turned by tapping 
or swiping the page. To highlight, search for a specific 
passage, add a memo, bookmark a page, or to return to a 
highlighted word/section, a mouse and/or an external 
keyboard are not required, students need only to use 
their fingers. 

The results of this approach are discussed herein 
using answers provided by the students. 
 
Procedure for creating the ebook 
 

The original ebook manuscript was typeset as 
a .docx file. To generate a .jpg file from the .docx file, 
the .docx file was converted into a .pdf file, which was 
then outputted as a .jpg file. Finally, to create an epub 
file from the .jpg file, which is a format used for ebooks, 
we used the ChainLP software, which can be 
downloaded free of charge from http://no722.cocolog-
nifty.com/blog/, was used.  

For the preparation of the question/answer format 
that we used for the ebooks, the question text was input 
by hand without using a scanner. And the answer and 
explanation was produced by graduation research 
students, which is based on their taking an examination 
and advice from their teachers.   

They came up with various ideas to make the 
expression of formulas easy to see. For example, the 
formulas were expressed using large Meiryo fonts 
(22pt) and box, as shown Fig. 1.  

Included in the answers are the associated formulas, 
and laws, and calculations highlighted by underbraces 
(Fig. 2), and detailed color illustrations (Fig. 3). For 
example, separate colors for each type of forces were 
used. The chapter contents are shown in Table 1.  
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To make the best use of the ebook platform, which 
allows the reader to turn a page by touching or swiping 
the screen, the question and its corresponding answer 
were placed on alternating pages. 

  

 
 

Figure 1. The formulas were expressed using the 
Meiryo font and were boxed. 
 
 

 
 

Figure 2. Helpful explanation for the transformation 
formula and calculation process. 

 
 
Figure 3. Separate colors used for each type of force. 
 
Table 1. Composition of the ebook containing 
questions from the achievement examinations in 
2012 
Chapter Contents Page 

1 Displacement・Velocity・
Acceleration 

3 

2 Force・Equation of motion 19 
3 Mechanical energy・Momentum 38 
4 Rotational motion・Universal 

gravitation・Simple harmonic 
motion 

56 

5 Heat 73 
6 Wave 92 
7 Electric field 103 
8 Magnetic field 121 
9 Differential and integration 

calculus and mechanics 
140 
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Distribution of the ebook and an explanation of how 
to use it 

 
 The ebook could be accessed via the homepage, 

http://dep.hiroshima-cmt.ac.jp/~general/staff/fujiwara1. 
htm, and downloaded wirelessly to an iPad or iPhone 
(Fig. 4). 

 
 
Figure 4. Website for downloading the ebook 
 
Procedures for transferring the ebook to an iPhone, 
iPod touch, or iPad and its use 
 
Step 1) The iBook application is downloaded from the 
iTunes store to an iPhone, iPod touch, or iPad. 
Step 2) After downloading the ebook wirelessly from 
the homepage as shown in Figure 4, the icon "Open in 
iBooks" is tapped to open the iBook application. 
Step 3) The ebook "Question-and-answer of learning 
achievement examinations 2012" in the iBook archive is 
tapped.  
Step 4) The table of contents appears (Fig. 5).  
Step 5) A bookmark, highlight, and memo, all of which 
can be added by the reader, are shown in Figure 6. 
 

 
Figure 5. Table of Contents 

 
 

Figure 6. Place a bookmark, highlight, and memo on 
an ebook page 
 
Results and Discussion 
 
   After the Achievement Examinations, 
questionnaires were completed by 108 students. A 
summary of their responses follows.  
1. Do you own an iPhone, Android smartphone, iPod 

touch, iPad, or other similar touch device? 
(Question asked of all students.) 

2. Would you be interested in using the teaching 
material presented in the ebook? (Question asked 
of all students.) 

3. Have you used the ebook on your smartphone? 
(Asked of smartphone/touch device owners only.) 

4. Was the ebook useful as study aid? (Answered by 
students who had used the ebook.) 

5. Would you use ebooks as study aids in the future if 
a smartphone/touch device was available? 
(Answered by non-smartphone owners.) 

6. Was the lecture of the differential and integration 
calculus and mechanics at mathematics class 
useful as a study aid? 

 
   According to the answers provided by the students, 
~82% owned a smartphone, and ~52% of them were 
interested in ebooks as study aids (Fig. 7). Of the 
students that owned smartphones, ~37% use the ebook 
(Fig. 8). For the students that used the ebook, ~72% 
found the book to be useful (Fig. 9).  

Among the students that did not own smartphones, 
~16% were interested in using ebooks as study aids (Fig.  
7). Additionally, ~26% of those students hoped to use 
the ebook in the future, although ~32% were undecided, 
and ~42% expressed no interest (Fig. 10). It appears, 
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therefore, given the answers to the questionnaire, that a 
strong demand for the ebooks exists.  

Additionally, ~42% of students found the lecture of 
the differential and integration calculus and mechanics 
at mathematics class useful as a study aid (Fig. 11). 
 
 

 
 
Figure 7. Student interest in using the ebooks 
(Percentages are given for owners and non-owners of 
smartphone/touch device)  
 
 

 
 
Figure 8. Use of the ebook by smartphone/touch 
device owners 
 
 

 
 
Figure 9. Usefulness of the ebook according to 
smartphone/touch device owners 

 
 

Figure 10. Desires of non-smart-phone/touch device 
owners to use the ebook 
 
 

 
 
Figure 11. Usefulness of the mathematics class of the 
differential and integration calculus and mechanics 

   
Impressions and evaluations from the students 
 
    Statements made by the students in the questionnaire 
concerning the ebooks in general are given below. (The 
statements are paraphrases of the original Japanese 
statements.)  
 
• The ebook was fresh and had a modern feeling. 
• It employed color, so it was very easy to see.  
• The ebook was very useful. 
• It was possible to study while moving. 
• It was possible to see while lying down. 
• It could be used during a wait for the train.  
• Because there are few teaching materials for the 
exclusive use of National Institute of Technology 
students. 
• It was easy to carry the ebook anywhere, which cannot 
be done with heavy paper books. 
• It was easy to study in free time.  
• It was easy to understand the relationship between 
differential and integration calculus and mechanics.  
• The explanation by the graduation research students 
was easy to understand.  
• Because I always have a smartphone with me, I could 
study anywhere.  
 
Conclusions 
 
     According to the result of the questionnaire, it seems 
that students were interested in the electronic books. In 
particular, 72% of the students who had used the 
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electronic book found it to be useful for study. 
Therefore, it was clear that the student who was 
interested and had copied the digital book onto a smart 
phone was recognizing its usefulness. 

The average score on the physics learning 
achievement examinations in 2014 was 178.6 and 
decreased 6.2 points compared with the previous year 
(2013). On the other hand the average score for our 
college was 66.6 and rose 28.4 compared with last year 
(2013).  

A submitted graduation research thesis was accepted 
for the proceedings of the 15th IEEE Hiroshima section 
student symposium. A poster presentation of a 
graduation research student was highly regarded by a 
student of another university and a teacher from another 
college (Fig. 12).  It was a great pleasure and honor for 
graduation research student.  

In addition, graduation research students made great 
contributions to the class as teaching assistants.  The 
appreciation that they received from the third year 
students and teachers has increased the confidence 
among the graduates in pursuing their graduation 
research.  
 

 
 
Figure 12. Graduation research student presents a 
poster at the 15th IEEE Hiroshima section student 
symposium  

 
To advance our development of ebooks as study aids 

one step further, we wish to introduce a graphical 
method for the mechanics of a particle.  For example, in 
graphical methods, the slope at any point on a distance-
time graph gives the speed at that point in time, and the 
area under a speed-time graph gives the distance 
travelled. Such a graphical method is very useful in 
order to solve the problem without formulas. The 
development of the graphical method is now underway.  

In the future, it seems likely that the provision of 
teaching materials in electronic book form will come to 
be used more widely and play an important role in ICT 
education.   

Based on the success of this project, we intend to 
pursue the use of electronic books as a new educational 
technology in physics education.    
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Abstract 
 

Learners differ in competency levels and 
personality configurations, which challenges 
educators to use a blend of learning strategies and 
methods to meet individual learning needs and 
address specific difficulties to help, as far as is 
possible, all students to achieve the desired learning 
outcomes. This action research paper presents a 
student centred blended learning case study for 
teaching cloud computing module, which is 
composed of a set of learning objects with smaller, 
self-contained, interactive, re-usable units of 
learning.  
 
It outlines a pedagogical model that can be 
effectively used to provide multiple differentiated 
learning objects to facilitate individualized learning. 
The approach engages the students actively in the 
learning process by enabling them to interact with 
the learning objects, facilitated by lecturers both 
online and in classroom.  
 
The paper discusses the issues and challenges of 
constructing the learning process to addresses 
individual learner’s needs and difficulties, and how 
to maintain an active and interactive group learning 
context throughout the module. It also details the 
key challenges and offers some practical approaches 
to facilitating the learning process along the 
dimension of cognition, affection and conation in 
blended learning. Finally, the case study shows how 
the learning outcomes are evaluated by the 
facilitator and students to continuously improve and 
co-construct the blended learning experience by 
optimizing the learning objects, reconfiguring the 
pool of learning objects, and enhancing the 
facilitation process. 
 
Keywords: Blended learning, pedagogic framework, 
cloud computing curriculum, online facilitation 
 
Introduction 
 

Successful blended learning requires more than the 
use of technology per se, but a careful consideration of 
the pedagogy and instructional design that best utilizes 

the technology tools to facilitate student learning and 
attainment. The challenge is to create the optimized 
blended learning experience in which the benefits of 
both face-to-case and online contexts are maximized 
(Dziuban et al., 2006). Garisson and Vaughan (2008) 
capture the view of blended learning depicted here: 
 

Blended learning is the thoughtful fusion of 
face-to-face and online learning 
experience…optimally integrated such that the 
strengths and weakness of each are blended 
into a unique learning experience congruent 
with the context and intended educational 
purpose. 
 
…combines the properties and possibilities of 
both to go beyond the capabilities of each 
separately. (p.6) 

 
This paper documents a case study for teaching 

cloud computing module, which has systematically 
employed a varied and differentiated collection of 
learning objects, as shown in Table 1, with smaller, self-
contained, interactive, re-usable units of learning as key 
pedagogic tools in supporting the learning process 
(Beck, 2010). The learning objectives are largely 
achieved through interactions with pools of learning 
objects at different levels of complexity. 

 
Table 1: Classification of Learning Objects 

Types of 
Learning 
Objects 

LO Used in 
the case study 

Interactivity Blended 
Learning 
Support 

Cloud 
Service 

Content LO Google Doc, 
Youtube, web 
2.0 tools 
(Realboard) 

Yes Yes SaaS 

Practice LO Google 
Application 
engine, 
CodePen, web 
sniffer, Azure, 
Amazon 
Paypal, 
Expedia 
Sandbox  

Yes Yes PaaS, 
IaaS 

Assessment LO Online Quiz, 
Google form 

Yes Yes SaaS 

Communication 
LO 

Forum, 
Facebook 
message, 
Socartive, 
email 

Yes Yes SaaS 
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Researchers have argued that learning objects offer 
considerable potential as effective learning tools (Kay, 
,&Knaack,2009). However, careful consideration is 
required in the design and selection process of such 
tools. It is suggested that good learning objects should 
(a) require students to construct and manipulate, (b) 
provide rich feedback and interactive illustrations, (c) 
help students understand abstract ideas with concrete 
representations and (d) support key student weaknesses 
like limited working memory, difficulty in retrieving 
information from long term memory, and ineffective 
cognitive and metacognitive strategies. In addition, it is 
emphasized that instructional strategies that 
pedagogically support the use of specific learning 
objects are critical for success. A thoughtful mix of 
instruction, exploration, practice and reflection is 
needed(Kay&Knaack,2009).  
 
Model for Blended Learning 

 
  Figure 1: Blended learning with learning objects below 
shows a blended learning model where students are 
continually interacting with the learning objects and 
being supported through facilitation by lecturers in both 
the class room and online environment.  
The key is the optimized pedagogical design of the 
learning objects to enable the students’ to maintain an 
active and group learning approach, supported by 
teaching faculty when needed,  in  mastering  the 
desired learning outcomes, customized to  individual 
capability and competence. 
 

LO1.

LO2.

LO3

LO4.

LO5.

LO6.
Facilitation

Monitor and communication

Face to face online

managerial

Face to face online

affective

Face to face online

Cognitive

Face to face online

Pedagogical Design for blended learning

LO in the Cloud

 
Figure 1: Blended learning with learning objects 

 
The learning process is activated, by providing students 
with a challenging but achievable real life problem to 
solve. This is intended to evoke curiosity in students, 
and encourage them to explicitly frame the subject to be 
investigated and formulate strategies to be used for 
solving the problem. Typically, this involves them 
coming up with tentative solution through self-
exploration and interaction with both peers and tutors. 
The students are presented with relevant learning 
objects to further facilitate the learning process and help 
them to solve the problems iteratively. 
 
In the dynamic process of learning, reflection and 
sharing on learning experience, additional learning 
objects, from the pool of resources, are introduced when 

needed and facilitated according to student need. 
The importance of appropriate feedback is fundamental 
to supporting student learning (Hattie, 2009) and is a 
key part of the ongoing instructional approach. For 
example one student commented: 
 
 “We need to get the response/comments as soon as 
possible; we want someone to tell us whether the 
suggestions are workable or whether the comments are 
valid”. It not only enhances the students conceptual 
understanding but is a consistent signal to students that 
the instructor cares about their learning (Mizoguchi,  &  
Dillenbourg, 2006). 
 
Finally the learning outcomes are evaluated by 
facilitators to continuously identify the learners’ needs, 
and optimize the learning experience by reconfiguring 
the pool of learning objects.  The model provides a 
continuous learning process, which allows the lectures 
to add new learning objects, or reconfigure the sequence 
of the learning objects to meet the students learning 
needs. Figure 2: Pedagogical Design using Blended 
Learning depicts a detailed view for the blended 
learning model employed: 
 

Pool of learning objects

Learnig  outcome and evaluation

Blended Leaning model 

Leaning Goals

Interact with other LOs

Problems solved

Reflection and sharing 
LOs

Newly created LO

Existing LOs

CompletedPartially completedFailed attempt

Main Leanig objects 

Working on the 
main LOs

Yes

Need More 
resources

No

Lo for 
communiation LO LO

Continously working

Deep learning 
through reflection 

and sharing

Peer to peer 
interaction

Interaction with LOs

Lecturer as 
facilitator

Evaluation

Interacting with lecturer

Optimize the Pool of LOs

Interaction with 
lecturers syn/asyn 

Inquiry by self 
exploration, peer 

interaction and lecture 
interaction

LO for 
deployment inI 

real life

 
Figure 2: Pedagogical Design using Blended Learning 
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It is clear that while presentation of content is clearly 
one important aspect of any learning encounter, without 
effective interactivity manifested through 
communication, involvement, control, and adaptation, 
the effectiveness of online and flexible learning will be 
minimized (Mizoguchi, & Zhu 2006). In this 
pedagogical model, ongoing activity and interaction 
with peers and tutors takes place synchronously or 
asynchronously in the blended learning experience: 
 
**Lecturers and learning objects interaction 
Identify the students’ learning difficulties in achieving 
the learning outcome and carefully select and evaluate 
an appropriate set of learning objects to address 
different learner’s competency is critical for the model.  
 
**Lecturer and student interaction 
Interaction is the key to facilitate the blended learning 
experience to know what and how the students are 
learning and then appropriately modify the instructional 
strategy if necessary 
 
**Students and learning objects interaction 
Self-paced learning is an interactive mode of learning 
over the Internet that each learner does on his or her 
own, at his or her pace and in his or her time. It is 
asynchronous learning that adds significant value to the 
blended learning equation (Alonso, 2008). ). For 
example, asynchronous text can provide certain 
significant advantages over the typical face-to-face 
situation. In face-to-face learning there is often too 
much information to absorb and too little time for 
reflective thought and the kind of synergetic knowledge 
building that comes from good collaborative learning 
over time. Similarly, Hamilton and Zimmerman (2002) 
argue that the asynchronous text medium can create an 
excellent forum for thoughtful, extended, reflective 
dialogue. They highlight that:  
 
The medium supports iterative exchanges of 
information and opinions over an extended time period, 
so ideas are not merely “hatched” and delivered but 
rather allowed to evolve and be refined in a manner that 
makes information more convincing, narrative 
deliveries richer in detail, and learning more thorough. 
(p.265) 
 
**Peer to peer interaction 
Peer to peer interaction allows the students to share the 
learning experience, such as problems encountered, 
possible attempts and solutions, etc. In the model, 
learning objects, such as supportive feedback 
comments, are an integral part of the blended learning 
model, which serves as a communication channel 
dedicated for the particular session. However, social 
media like Facebook may not be suitable for the 
comments as students are very sensitive to the 
relationship between who they are communicating with 
and what they are talking about with these tools (Daniel 
L., 2011). 
 

Case Study: Using Blended Learning for Teaching 
Cloud Computing Module 
 

While the teacher determines the learning objectives, 
and provides a set of learning objects for student 
activity through the 15 weeks using a web site 
(http://kindservice.net), the focus is on enabling students 
to be self-directed. The teacher identifies the learning 
difficulties and insufficiencies of the applied methods 
by examining the activities and establishes links 
between previously known concepts with the new 
concepts to be taught. The main purpose of the course is 
to teach web service and cloud concept, and 
programming skills to students. The teacher seeks to 
cultivate the students’ abilities to understand the 
concepts and motivate them to use the learning objects 
by showcasing the relevance of the topics to real world 
application. Subsequently, students endeavour to 
produce solutions for programming problems.  
 
In the lecture sessions, if the programming concepts that 
are to be taught are related to “HTTP request”, students 
perform activities related to “HTTP request”. Students 
work individually or form small groups to work 
collaboratively. The task of the teacher is to facilitate 
the learning process, identify individual learning 
difficulties, and direct the students to think more deeply 
and creatively. Learning how to program is an iterative 
and continuous process that lasts for 15 weeks and 
comprises of renewal, improvement and change. New 
learning objects with higher difficulty levels are 
introduced when appropriate and to ensure a continuous 
learning process. As students provide solutions and 
present their ideas, teachers provide the necessary 
feedback.  Finally, teachers evaluate their instructional 
approach and the learning objects involved in order 
improve their practice, renew learning objects, and 
modify the way they facilitate the learning process. 
 
For practical sessions, as shown in Figure 3: Case Study 
for practical session, students may start their learning by 
following the provided notes on google document, 
which allows students to write comments. When 
students face difficulties, lecturers may guide students 
individually.  Students can then extend their learning by 
watching related Youtube videos selected for their 
relevance to the content and outcomes of the practical 
session. Students then attempt the online quiz for self-
assessment. In cases where the students are in doubt, 
they can refer to the online tutorial. 
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Case Study 1: Pedagogical Design for pure e-learning week

 
Figure 3: Case Study for practical session 

 
Some of the key learning points are as follows: 
 
**Consistently using the pedagogical model.  
This is also important for establishing a sense of 
learning community with the students (e.g., Daniel, 
2011) as well as lowering the cognitive cost when 
switching among different learning modes. 
 
**Detailed Documentation for the Learning Objects 
Especially for pure e-learning mode, detailed 
documentation for the Learning objects, such as task 
number, line number for the code, should be in place for 
the convenience of the asynchronous communication.  
 
**Linking E-learning tasks with previous class room 
activity seamlessly 
When learning online mode, students may work on the 
learning objects, which is based on the previous class 
room activity.  Similarly, the e-learning experience can 
be used as a resource for class room learning.  
 
**Observing the partial code working to get students 
started 
As the nature of the module is to train students 
programming skills, the partially working example is 
provide and hosted on CodePen, which allows students 
to view the code, and see how the code works. The 
partially working code hosted on Codepen, serves as a 
comfortable starting place for students to work on the 
rest of the functions by themselves. 
 
**Know what the students know and what they do not in 
real-time 
In the blended learning, interaction is the key to 
facilitate the learning process. Student response tools 
such as Socrative were used as an iterative Learning 
object plugged into the learning experience. 
By plugging in the LO from Socrative, appropriate 
diagnostic interactivity with students is key to addresses 
different learning needs and levels of conceptual 
understanding. 
  
**Mindful and continuous facilitation is a key aspect 
The use of open questions invites student to make 
explicit their prior knowledge as well as any 
misconceptions and knowledge gaps. For example, 
“What is the difference between HTML and HTTP?”  
The question can activate students to recall what they 

have learned as a pre-knowledge. The question is posted 
in the Socrative Room, where each student is given time 
to think individually and independently without any 
sharing on ground or online, which is followed by 
sharing the answers, brainstorming, and reviewing the 
answers as a whole pipeline of constructing knowledge. 
The following are the key learning points in the 
facilitation processes. Firstly an empty space is created 
by not sharing the answer in the first place, which 
allows each student to think independently based on 
his/her own existing knowledge and experience. 
Secondly detailed explanations or discussion are given 
as a variety of answers will be posted in the room. The 
focus is on what can be learned both from a correct and 
wrong answer given by the students, in order to enhance 
future learning. Lastly, the continuous presence of the 
facilitation process provides a consistent support for the 
students in the blended learning environment, which 
requires much effort and time. 
 
Evaluation of Blended Learning: Benefits and 
Pitfalls 

 
    The evaluation for the case study for teaching cloud 
and service computing module using the blended 
learning model supports the importance of sound 
pedagogical design in order to facilitate the students’ 
active and interactive learning. The lecturer’s role both 
as a designer of the learning experience and as a 
facilitator in the learning experience are key factors for 
blended learning. 
Figure 4: Leaning Objects access Data Analytics 
Shows the number of visits to different learning objects 
by 80 students for academic year 2014/2015 semester 2: 
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Figure 4: Leaning Objects access Data Analytics 

 
The evaluation data to date strongly suggests that the 
blended learning used in teaching this module has 
successfully engaged the students in the learning 
experience. The design and building of appropriate 
learning objects, which can fully address the learning 
needs and difficulties of students, is a critical success 
factor for this blended learning approach. Effort has 
been made by the teaching faculty to add a range of 
learning objects to address the more advanced learning, 
outcomes such as security for cloud computing and 
Geolocation service. However, the right learning objects 
need to be provided at the right time, in order to meet 
leaning needs, and thus achieve the learning objectives. 
For example, learning objects for revision for exam 
receives total 575 hits during examination period.  
 
Comparison of the students’ performance results 
between traditional leaning and blended learning shows 
that the average marks remain similar. 
 
 
Conclusions 
 
The pedagogical design used in the case study provides 
a built-in mechanism for evaluation and continuous 
improvement for the blended learning. The key is to 
identify and address the students’ needs both in 
classroom and e-learning mode, and address the needs 
by continuous improvement of the pool of learning 
objects, which could provide the differentiated learning 
path for each student.  
 

Most fundamental is the focus on good pedagogic 
design, which has drawn much from the work of 
Bransford, 1999, and Hattie, 2009. The importance of 
activating students’ prior knowledge and being able to 
provide appropriate learning objects tailored to their 
needs and competence levels are core to effective 
learning. Similarly, through the technology tools used 
and ongoing facilitation, both synchronously and 
asynchronously, help to motivate and encourage 
students to use their thinking skills (e.g. metacognitive 
strategies) to solve challenging learning goals. By 
activating prior knowledge, setting challenging goals 
and providing ongoing two-way feedback, the approach 
has been consistent with the finding of Hattie (2009) 
that found high effect sizes for such methods (0.67, 
0.61, 0.73 respectively). 
 
Further work includes exploring the ways to further 
support and encourage students to share ideas, take 
intellectual risks and give and receive feedback in the 
blended learning experience (Daniel L. 2011). 
 
Acknowledgements 
 

We wish to acknowledge the support of the School 
of DMIT, Singapore Polytechnic management team, and 
encouragement and guidance from Mr. Dennis Sale for 
the action research work.  
 
References 
 
Alonso, F., López, G., Manrique, D., & Viñes, J. M. 
(2008). Learning objects, learning objectives and 
learning design. Innovations in Education and Teaching 
International, 45(4), 389-400. Retrieved from 
http://search.proquest.com/docview/210685381?account
id=40699 
 
Beck, Robert J. (2010). What Are Learning 
Objects? Learning Objects, Center for International 
Education, University of Wisconsin-Milwaukee. 
Retrieved from 
http://www4.uwm.edu/cie/learning_objects.cfm?gid=56 
 
Bransford, J. et al. (1999). Brain, Mind, Experience & 
School. Washington D.C: National Academy Press. 
 
Chames, J. & Lieberman, L. (1965). Differences 
between normal and clinical groups in judging, 
evaluating and associating needs. Journal of Clinical 
Psychology, 21, 145-156. 
 
Daniel L. (2011). Building a classroom learning 
community: three instructional design principles for a 
Web 2.0 world. Global Learn Asia Pacific 2011, 
Melbourne Australia. 
 
Dziuban, C., Hartman, J., Juge, F., Moskal, P. & Sorg, 
S. (2006). Blended learning enters the mainstream. In C. 
J. Bonk & C. R. Graham (Eds), The handbook of 

　Back▲



Transactions of ISATE 2015
The 9th International Symposium on Advances in Technology Education

16-18 September 2015, Nagaoka, JAPAN

201

 
 

blended learning: Global perspectives, local designs (pp. 
195-208). San Francisco, CA: Pfeiffer Publishing. 
 
Garrison, R., & Vaughan, H. (2008). Blended learning 
in higher education: Framework, principles and 
guidelines. San Francisco: Jossey-Bass. 
 
Hamilton, S. & Zimmerman, S.,  (2002), Breaking 
Through Zero-Sum Academics: Two Students’ 
Perspectives on Computer-Mediated Learning 
Environment (Ch 11, pp 257 –276) in K. E. Rudestam 
& J. Schoenholtz (eds), Handbook of Online Learning: 
Innovations in Higher education and Corporate 
Training. London: Sage. 
 
Hattie, J., (2009). Visible Learning.  New York; 
Routledge. 
 
Kay, R. H., & Knaack, L. (2009). Analysing the 
effectiveness of learning objects for secondary school 
science classrooms. Journal of Educational Multimedia 
and Hypermedia, 18(1), 113-135. Retrieved from 
http://search.proquest.com/docview/205853481?account
id=40699 
 
Kelley, D. & Gorham, J. (1988). Effects of immediacy 
on recall of information.  
Communication Education, 37 (2), 198-207. 
 
R. Mizoguchi, P. Dillenbourg, Z. Zhu (2006). 
Learning by effective Utilization of Technologies: 
Facilitating Intercultural Understanding. 
Retrieved from 
https://books.google.com.sg/books?id=1QXvAgAAQB
AJ&lpg=PA338&ots=LVHQ7nUPrK&dq=Becoming%
20a%20virtual%20professor%3A%20pedagogical%20r
oles&pg=PA330#v=onepage&q&f=true 
 
 
 

 
 
 
  

　Back▲



Transactions of ISATE 2015
The 9th International Symposium on Advances in Technology Education

16-18 September 2015, Nagaoka, JAPAN

202

   
 

 
 

EDUCATIONAL OUTCOMES OF ACTIVE LEARNING ON  
STRUCTURAL MECHANICS FOR 1ST GRADERS OF KOSEN 

 
T. Kaita*,a, A. Shimabukuroa and T. Tamuraa 

 
a Department of Civil Engineering and Architecture,  

National Institute of Technology, Tokuyama College, Shunan, Japan 
 

*kaita@tokuyama.ac.jp 
 
 
Abstract 
 

In national institute of technology, Tokuyama 
College (Tokuyama Kosen), the exercise class of 
structural mechanics based on experience named 
“Force and Deformation” has been practiced for 1st 
graders who belong to department of civil 
engineering and architecture, since 2009. The 
purpose of this introductory education is to draw out 
the mechanical curiosity and inquiring mind from 
1st graders, who know nothing about structural 
mechanics, through the experience-based group 
learning. All themes in this exercise class are 
student-centered active learning. In addition, "Force 
and Deformation" is also utilized actively for 
development of new educational tools by the subject 
teachers. In this paper, the main educational 
outcomes generated from “Force and Deformation” 
are provided as a practical example of the active 
learning which is being widely recognized as the 
effective method for engineering education in recent 
years. From the results of annual student 
questionnaire, Good evaluation results (average 
point 3.4 ~ 3.7 in 1~4point scale) were obtained 
continuously for the past 6 years (2009-2014). The 
score of several evaluation items, which are related 
to the ingenuity about enkindling a sense of 
participation, was high especially, but the difficulty 
level and learning sheets for each themes may have a 
margin for improvement. For development of 
educational tools, the Pasta-clay tower model is 
introduced as an example of simple and functionable 
tool generated from this class. The Pasta-clay tower 
model will have high educational effects for learning 
the concept of dead load and buckling behaviour 
through the process of tower construction and 
collapse. This original tower model had been chosen 
as the best award in the contest of science education 
tool for elementary and junior high school students 
in colleges of technology 2012. Moreover, the 
proportion of 1st~3rd graders to all students, who 
challenged to the structure design division of design 
competition in college of technology, was increasing 
from 0 % to 60 % for recent years. In this period, 
our teams were awarded a prize 3 times in structure 
design division. 

Keywords: Structural mechanics, Active learning, 
Class Questionnaire, Educational tool development, 
Pasta-clay tower, Design competition in Kosen 
 
Introduction 
 

In the field of civil engineering and architecture, it is 
indisputable that the structural mechanics is one of the 
most important core subject, because the structural 
mechanics is positioned as base of many mechanical 
subjects (reinforced concrete, steel structure, 
geotechnical engineering, fluid dynamics, architectural 
structure design etc.) which must become essential to 
construction engineers. However, it seems that many 
students have some learning concern about structural 
mechanics despite understanding its importance. 
Therefore, the educational ideas which can draw out as 
soon as possible the mechanical curiosity and inquiring 
mind from students will be required for developing the 
instinctive sense for mechanical problems.  

From the background mentioned above, the exercise 
class of structural mechanics based on experience 
named “Force and Deformation” has been practiced for 
1st graders who belong to department of civil 
engineering and architecture, since 2009. This class is 
an introductory education, which is practiced as active 
learning, for connecting smoothly into the subsequent 
mechanical subjects for 2nd graders and above. 
Moreover, this class will be expected to prompt 
participation of lower graders in the structure design 
division of the design competition in college of 
technology. These original education tools are used not 
only for this class but also for the visiting lecture of 
regional science events and the open campus of Kosen. 

On the other hand, new educational tools developed 
by subject teachers are applied to "Force and 
Deformation" actively for improvement or verification 
of educational effects. 

In this paper, the main educational outcomes, which 
were focused on the class questionnaire, original 
educational tool and leading to design competition, were 
provided as a practical example of the active learning. 
And the educational effects and active learning method 
were discussed for introductory education of structural 
mechanics through the results of some questionnaire 
investigations and the Pasta-clay tower construction. 
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Table 1. Contents of “Force and Deformation” in 2015 

Weeks
Theme

Number
Theme

1 (1)  Paper bridge competition

2 (2) Kinds of force and deformation

3 (3) Moment and equilibrium conditions

4 (4) Structural types

5 (5) Straw bridge competition

6~8 (6) Pasta-clay tower competition

9~14 (7) Bridge competition

15 － Comment on terminal examination  
 
Outlines of “Force and Deformation” 
 

“Force and Deformation” is class for 1st graders 
who belong to department of civil engineering and 
architecture. This exercise class with 1 credit is 
conducted in first semester as introductory education of 
structural mechanics. This class applies the group work 
of 3~4 persons per 1 group to encourage voluntary 
learning for students. Also, this class is composed of 7 
main themes in 15 weeks as shown in Table 1. The 
outlines of main theme are as follows; 

 
(1) Paper bridge competition 

Students make sensuously the paper bridges with 2 
spans (22cm or 40cm) to find suitable cross-section 
shapes which can reduce the bending deformation 
through the loading test using iron miniature cars, as 
shown in Photo 1 (a). The number of papers that 
students can use is 1 or 2.  

 
(2) Kinds of force and deformation 

At first, students investigate freely the force and 
deformation of interest by using the Internet or library. 
Then, they make a presentation using familiar objects or 
bodies about the learning results to other students.  

 
(3) Moment and equilibrium conditions 

Students sensuously understand the definition of 
moment, equilibrium conditions and the action-reaction 
law through some simple experimental trials (seesaw, 
pulley, industrial tools, muscle training, tug of war etc.)  

 
(4) Structural types 

Students investigate structural types of interest (arch, 
truss, rigid frame, or shell) by using the Internet or 
library. Then, they make a presentation to other students 
by using simple models made by considering the 
learning results.  

 
(5) Straw bridge competition (B. Zubrowski, 1982) 

Students construct the truss bridge by using the 
rainbow straws with 10 colors. The loading test shown 
in Photo 1(b) are carried out to contest the specific 
strength. Also, the designing beauty of each bridge is 
evaluated by mutual balloting among students.  

 
(a) Paper bridge 

 

 
(b) Straw bridge 

 

 
(c) Cardboard bridge 

Photo 1. Examples of loading test in each theme 
 
(6) Pasta-clay tower competition 

Students construct the higher truss tower by using 
only oil clay and dry pastas. Details of this theme will 
be described later in this paper. Students will 
experimentally learn the dead load and various failures 
appearing by the axial forces. 

 
(7) Bridge competition 

This theme is the most important in this class. Based 
on knowledge obtained by each above theme, a bridge 
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model, which is not limited in structural types, is made 
by cardboards or balsa wood. Students must design 
under the given conditions, which are the width, height, 
and bridge length and span, to construct a bridge model. 
The bridge competition is carried out to contest the 
specific strength after constructing a bridge. The loading 
test in this theme is shown in Photo 1 (c).  

 
The class of “Force and Deformation” is composed 

of investigations, presentations, model constructions, 
and loading tests, as mentioned above. For achievement 
evaluation, students must complete and submit all 
learning sheets for each themes. The achievement of 
students in this class is evaluated by contents of learning 
sheet, results of each competition and presentation, and 
terminal examination. 

 
Class Questionnaire of “Force and Deformation” 
 
    In Tokuyama Kosen, students must evaluate all 
classes per half year or full year. This evaluation is 
called the class questionnaire, and all students mark by 
1~4 point scale (1: very poor 2: poor 3: good 4: very 
good) in each question. This class questionnaire 
includes 9 evaluation items concretely as follows; 
 
(1) Teacher’s voice was clear during the lecture. 
(2) Explanation of teacher was comprehensible. 
(3) Attainment goals and explanation were set to the 
appropriate level every time. 
(4) Blackboard writing and slide shows of teacher were 
comprehensible. 
(5) Contents of actual class corresponded to that of 
published syllabus. 

(6) The teacher tried to heighten student's sense of 
participation in the class. 

(7) Supplementary material such as learning sheet were 
utilized effectively. 
(8) Composition of class was ingenious to achieve 
attainment goals. 
(9) You have achieved attainment goals of this class. 
 

All results of the class questionnaire by students of 
“Force and Deformation” since 2009 are shown in 
Table 2. Each question numbers (1) ~ (9) in this table 
corresponds with 9 evaluation items mentioned above, 
respectively. 

From these results, yearly overall assessments were 
very high as 3.4 ~ 3.7 in average values. In each 
question number, the evaluation results of (6) and (8) 
were the highest in comparison with other question 
numbers as 3.7 in average values for past 6 years. 
Therefore, it will be thought that the mechanical 
curiosity and inquiring mind could be drawn out 
successfully from 1st graders, who know nothing about 
structural mechanics, through the experience-based 
group learning, because the high score of question 
number (6) means that a sense of participation for 
students were improved. In addition, the high score of 
question number (8) will mean that composition of class 
was suitable to keep the highly-motivated state for 
active learning.  

However, it was clarified that the explanation 
method, difficulty level and learning sheets for each 
themes have a margin for more improvement, because 
the average values of question number (2), (3), and (7) 
were lower (3.5) than that of other items. 
 
Pasta-clay Tower & Discussion for Active Learning 
 

In this section, Pasta-clay tower model, which is 
original tools developing through the educational 
experience of “Force and Deformation” since 2012, is 
introduced as an example of simple and functionable 
education model for structural mechanics. And, this 
model was proposed by the collaboration between 
subject teachers and some senior students with 
experience in teaching assistant of “Force and 
Deformation”.  

Photo 2 shows Pasta-clay tower in “Force and 
Deformation”. The materials required for this tower 
construction are only commercially available dry pasta 
and oil clay. And the construction method is very simple, 
because student only has to insert dry pasta into clay 
ball. Students can justify the length of dry pasta by 
snapping off by own fingertips. Here, using of dry pasta 
with 1.8 mm diameter is recommended by considering 
of adherability and material properties (G.V. Guinea, 
2004). By this construction method, Pasta-clay tower 
will be not needed to have any industrial tools and 
edged tools. Therefore, higher safety of students while 
at working will be realized. Since the especial loading 
test also is not needed, all efforts including preparation 
and clearance may greatly reduce for busy teachers. In  

(1) (2) (3) (4) (5) (6) (7) (8) (9)
2009 4.0 3.0 3.5 3.5 4.0 4.0 3.5 4.0 4.0 3.7
2010 3.7 3.6 3.5 3.5 3.7 3.6 3.5 3.6 3.6 3.6
2011 3.4 3.4 3.4 3.2 3.2 3.6 3.4 3.5 3.6 3.4
2012 3.6 3.6 3.6 3.7 3.6 3.7 3.6 3.8 3.5 3.6
2013 3.5 3.5 3.5 3.4 3.5 3.6 3.5 3.5 3.4 3.5
2014 3.6 3.6 3.5 3.6 3.5 3.8 3.6 3.7 3.4 3.6

Average 3.6 3.5 3.5 3.5 3.6 3.7 3.5 3.7 3.6 3.6

Question Number
Year Average

Table 2. The results of the class questionnaire
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(a) Under construction     (b) King of towers (H=226cm) 
Photo 2. Pasta-clay tower in “Force and Deformation” 

 

 
Figure 1. Mounting paper for Pasta-clay tower 

 
passing, the cost of Pasta-clay tower will be less than 60 
yen per 1 tower at most, because oil clay can repeat use.  

In “Force and Deformation”, students construct a 
Pasta-clay tower by a group of 3~4 people within the 
time limit (75 minutes). This time limit includes 
meeting and discussion time (15 minutes) before the 
tower construction (T. Wujec, 2010). All towers must 
be constructed on the inner side of a circle in 20cm 
diameter printed to distributed mounting paper shown in 
Figure 1. Number of pastas and amount of clay are not 
limited currently in competition rules. It is indisputable 
that the team, which could construct the highest tower 
within the time limit, becomes champion.  

In Pasta-clay tower, one of the most important 
educational features is that students are able to learn 
easily the concept of dead load, which is unavoidable 
load in all structures, with enjoyment through the 
process of tower construction and collapse.  

For constructing of higher tower, students has need 
to learn the basic theory of truss structure from the past 
themes shown in Table 1. In addition, observing the 
behaviors of own tower during construction is very 
important, because various local failures will be due to 
appear with the increase in height of tower. Photo 3 
shows the example of mechanical failures at node due to 
axial forces. All nodes have some pulling and punching 
strength by viscosity of oil clay. But, if the axial force 
exceeds each critical strength, local failures of node will 
appear as shown in Photo 3 (a) and (b). And, students  

 
(a) Pulling failure            (b) Punching failure 

Photo 3. Failures at node due to axial force 
 

 
Photo 4. Global collapse due to local buckling at base 

 
will learn the importance and measures for eccentricity, 
which means an axis line alignment of upper column 
and lower column, in compressive force. In Pasta-clay 
tower, pulling failure and punching failure as shown in 
Photo 3 express the breaking and compression failure in 
actual structure members. If the local failure at each 
node did not appear, the buckling of column members 
will be certain to encounter the tower construction. 
Photo 4 shows global collapse of tower caused by local 
buckling of column pasta near the base.  

The Pasta-clay tower never collapses instantly, even 
if the tower has any damages in some place, because 
node has some viscosity resistance to rotation of 
members. In many cases, since the global collapse of 
tower spends several tens of minutes, students can 
observe the failure carefully. Then they will start 
restoration or reinforcement of tower immediately after 
discussion for cause of failure.  

From the results of terminal examination and 
questionnaire for this class in 2012 and 2013, it was 
confirmed that most students could understand about 
mechanical features of each failure mentioned above 
through the constructing Pasta-clay tower.  However, it 
was not enough to understand applied skills and 
considerations for higher tower construction (F. Onishi 
et al., 2013 and 2014). For improving this problem, the 
class for Pasta-clay tower construction was conducted 
twice across 3 weeks since 2014 as shown in Table 1.  
And, the time of group meetings for free discussion 
about structural improvement were established after first 
tower construction (K. Shiono, 2009). In this result, the 
average height of towers was increased considerably 
from 101cm (in 2013) to 161cm (in 2014). Photo 2 (b) 
shows the highest tower, which had been reached to 
ceiling board, in 2014. From the observation of these 
high towers, main structural artifices, which students 
learned voluntarily, are as follows; 
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(a) Difficulty level of Pasta-clay tower 

 
(b) Interest in Pasta-clay tower 

Figure 2. Examples of questionnaire for students 
 
(1) The length of column pastas at the lower position are 
shorter from considering of buckling. And, these 
compressive members are composed by lapped pastas. 
 
(2) The diameter of clay nodes at the upper position are 
smaller for reducing the dead load. 
 
(3) The design of diagonal members are the shape of 
“M” for preventing torsional failure of the whole tower. 
 
(4) The lateral bracing members are attached in all 
section for preventing the cross-sectional deformation. 
 

Because Pasta-clay tower was developed as an 
educational tool to increase more children familiar with 
structural mechanics, it is used not only for “Force and 
Deformation” but also for the visiting lecture to regional 
science events and the open campus of Kosen.  

Finally, the examples of the questionnaire results 
obtained from 171 elementary and junior high school 
students, which joined to above events and experienced 
Pasta-clay tower construction, are shown in Figure 2. 
From these figures, it was clarified that the percentage 
of students with “difficult” answer was 89 %, but that of 
students with “interest” answer was very high (95%), 
too. This feature that combines difficulty and fun will be 
important and basal factor as educational tool. 

 
Figure 3. Yearly transition of participant students 

 
The purpose of introductory education such as 

“Force and Deformation” is to draw out the mechanical 
curiosity and inquiring mind from children, who know 
nothing about structural mechanics, through the 
experience-based group learning. Therefore, it will be 
thought that the development of more functionable 
education tool, which is able to fill as many as possible 
of educational demand performance, will be essential 
for accomplishing this purpose. In other words, active 
learning and the educational tool development may be 
inextricably linked together in introductory education. 
 
Leading to Design Competition 
 

In Tokuyama Kosen, the educational effects through 
the student participation to the design competition in 
college of technology are expected greatly. However, 
the lower graders will have an inclination to keep a 
distance from active participation with concern over 
technical knowledge for structural mechanics. From this 
reason, we expected to improve this problem by “Force 
and Deformation”.  

Figure 3 shows the yearly transition of participant 
students to Tokuyama Kosen teams for the structure 
design division of design competition in college of 
technology. From this figure, the proportion of 1st~3rd 
graders to all students, who challenged to the structure 
design division of design competition in college of 
technology, was increasing considerably from 0 % to 
60 % for recent years. Therefore, "Force and 
Deformation" enables the students of lower grades to 
improve the concern over technical knowledge for 
structural mechanics. Also, the scholastic ability of 
these students is not always high, but it will be definite 
that they like making things by own hands.  

In design competition mentioned above, Tokuyama 
Kosen teams were awarded a prize 3 times (second 
place and jury's special awards in 2010, 2011 and 2014) 
in structure design division. Moreover, the scholastic 
achievement of students who challenged to the structure 
design division of this design competition is often 
improved with one's grade in school advanced. Of 
course, it doesn't mean that these good results was 
obtained by influence only of "Force and Deformation", 
but it cannot ignore the possibility of this experience-
based class which was started from just 2009. 
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Conclusions 
 

In this study, the main educational outcomes, which 
were focused on the educational effects and active 
learning method, were discussed for introductory 
education of structural mechanics through the results of 
some questionnaire investigations and the Pasta-clay 
tower construction. The main conclusions obtained from 
educational discussions through the experience-based 
group learning for “Force and Deformation” are as 
follows; 

 
 (1) From the results of the class questionnaire for 

“Force and Deformation”, the mechanical curiosity 
and inquiring mind could be drawn out successfully 
from 1st graders, who know nothing about 
structural mechanics, through the experience-based 
group learning. However, the explanation method, 
difficulty level and learning sheets for each themes 
have a margin for more improvement. 

 
(2) The Pasta-clay tower model will have high 

educational effects for learning the concept of dead 
load and some local failures such as buckling 
behaviour through the process of tower construction 
and collapse. 

 
(3) From the questionnaire results for Pasta-clay tower, 

the percentage of students with “difficult” answer 
was 89 %, but that of students with “interest” answer 
was very high (95%), too. This feature that 
combines difficulty and fun will be important and 
basal factor as effective educational tool. 

 
(4) It will be thought that the active learning and the 

effective educational tool development must be 
inextricably linked together in introductory 
education from the experience of Pasta-clay tower 
construction. 

 
(5) In Tokuyama Kosen, the proportion of 1st~3rd 

graders to all students, who challenged to the 
structure design division of design competition in 
college of technology, was increasing from 0 % to 
60 % since 2009 when the “Force and Deformation” 
has been started. 
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Abstract 
 

As the aging population of Japan is growing 
rapidly, people over 65 years old occupy more than 
25% of the Japanese population now. At the same 
time, birth rate is also decreasing. These two factors 
are causing a decrease of the labor force at an 
alarming rate. To maintain the labor population in 
Japan at the present level, it is very important to 
increase the number of women in the workforce. 
However, half of the women engineers retire from 
their jobs after getting married or having children 
due to the load of housework or the care of their 
children. According to the survey by Women on 
Boards Survey by GMI Ratings in 2013, Japan is the 
country with the lowest percentage (1.1%) of the 
female Directors at industrial market, whereas Hong 
Kong is ranked as the highest country (9.5%) in Asia. 
In National Institute of Technology (NIT), there are 
many female students working toward becoming 
engineers in the future. Career education is very 
important for students in order to consider their 
long-term career plans. The purpose of this study is 
to recognize the difference of work values between 
Hong Kong and Japanese students, and utilize the 
information for career education for Japanese 
students. 

We conducted the survey among students of 
Department of Engineering in Hong Kong and 
Japan by asking them to complete some 
questionnaires. The contents of the questionnaires 
are about the motivation for their jobs and life 
plannings. Then we compared the differences of the 
results between the Hong Kong and Japanese 
students and it became clear that Japanese female 
students have concerns about continuing to work as 
an engineer after getting married and having 
children. As conclusion, it is very important to show 
female students the role model (women engineers) in 
their career education so that they can have a long-
term image of their career as an engineer.  

 
 

Keywords: career education, work values, women 
engineers, career plan, questionnaire 
 
1. Introduction   
 

Japan is facing problems of aging population now. 
The number of people aged 65 or over more than 25% 
of the population. The proportion of people aged 65 or 
over is forecasted to reach nearly 40% of the population 
in 2060. Meanwhile, the main working population aged 
15 to 64 fell below 62%. It becomes more necessary to 
increase the number of women in workforce. According 
to surveys by Gender Equality Bureau Cabinet Office 
(2014), 27.7% of working women quit their job after 
getting married and 36% of working women quit after 
having a baby. In addition, it was found that Japan is the 
country with the lowest percentage (1.1%) of the female 
Directors at industrial market in Asia (Women on 
Boards Survey by GMI Ratings in 2013). On the other 
hand, Hong Kong is ranked as the highest country 
(9.5%) in Asia. In National Institute of Technology 
(NIT), there are many females students who would 
work as engineers in the future. However, according to 
the survey of female graduates, half of them have quit 
their job after getting married or having children. 
Therefore, career education during their college days is 
very important for them in order to think about their 
long-term career plans. In this study, we conducted 
surveys about the motivation for their jobs and life 
plannings among students of Department of Engineering 
in Hong Kong and Japan. From the result, we identified 
the difference of work values between Hong Kong and 
Japanese students. In this report, we will discuss how 
career education should be for Japanese students by 
utilizing the information of the result. 

 
2. A Breakdown of respondents   
 

We conducted a survey for Japanese students who 
belong to NIT (Tokyo, Takamatsu, Tomakomai 
College) on 2015, and obtained a total of 611 
respondents. They are in the 4th grade or 5th grade in 
NIT, and their ages are around 19 to 20. For comparison, 
the survey was also conducted for a total of 81 Hong 
Kong students who belong to the department of 
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engineering at Technological and Higher Education 
Institute of Hong Kong (THEi) on 2013. They are year 
1 or year 2 students, and they are around 19 to 21 years 
old. Total number of the respondents of this survey is 
shown in Table 1. Both surveys were conducted by 
distributing to and collecting from students directly.  

To compare their attitude and motivation for their 
jobs and life plannings between Japanese and Hong 
Kong students, the questionnaire includes 6 questions 
which are shown in Table 2. 

 
Table 1. The number of students and respondents 
 

 THEi(HK) Tomakomai Takamatsu Tokyo Total(JPN) 
Male students 71 106 157 150 413 
Female students 10 22 33 20 75 
No answer on sex 0 111 3 5 123 
Total 81 239 197 175 611 

 
 

Table 2. Questions of the questionnaire 
 

Q1. Why did you choose your major fields? 
      (Choose 2 items from 7 items)  
Q2. What is the highest levels of education you are aiming 

 for? 
Q3.When you choose your job, what are key concerns? 
Q4. What is your career plan?  
       (Check the job level by each age group on the table.) 
Q5. For male students: Which life plan do you want  

for your partner? 
       For female students: Which life plan do you wish to 

pursue? 
(Choose 1 items from 5 items)  

Q6. The reason why you chose the life plan at Q5 
 
3. Results of the survey 
 

 The results of the survey are shown in Figure 1 to 
Figure 7. Figure 1 to Figure 6 show the comparative 
results of Japanese and Hong Kong students. The 
analysis of Figure 5 and Figure 6 does not include the 
respondents of  “No answer on sex” in Table1. Figure 7 
shows concerns for future jobs for only Japanese 
students. 
 
3.1 Reasons for choosing their major fields 
 

  Figure 1 shows the reasons for choosing their 
major fields. Two items were chosen from seven items. 
The upper bar of the graph represents Japanese students 
in NIT, and the lower bar represents Hong Kong 
students in THEi. The most common answer for both 
NIT and THEi students is “It is interesting/meaningful”. 
In Hong Kong (THEi), 55% of students chose 
“Engineer salary is good”. However, only 7% of NIT 
students chose it. On the other hand, more NIT students 
chose “Recommendation of my family” and 
“Recommendation of teacher or other people” than 
THEi students.  

These results show that THEi students chose their 
major field by themselves based on not only their 

interest but also their financial aspect, while NIT 
students chose their major field with some influence 
from family members’ opinion thought they think that 
engineering salary is not so good. 
 
3.2 Students’ aims for their highest levels of 
education 
 

 NIT is a well known technical college which has a 
five-year consistent engineering education for students 
from 15 years old. The education system is a 
combination of high school and college. Students get an 
associate degree in engineering when they graduate. In 
addition NIT has a two-year advanced course which 
gives bacherlor's degree. After graduation, 40% of 
students tranfer to the advanced course or the 3rd year 
of university. THEi has a bachelor’s degree programme, 
although it does not have a master degree course yet. In 
such as situation, we asked the students of both NIT and 
THEi about the aims of their highest levels of education. 

Only 21% of NIT students aim to have Master 
degree, whereas 46% of THEi students prefer to have 
Master degree. Hong Kong students tend to be more 
highly motivated to get a higher degree in their career. 
 
3.3 Students’ key concerns when choosing jobs 
 

 Figure 3 shows the key concerns for students when 
they choose their jobs. In this question, two items were 
chosen from eight items. The percentage of THEi 
students selecting “Good salary” and “Related to my 
skill” is almost double compared to NIT students. On 
the other hand, the biggest key concern of NIT students 
is “It is interesting/meaningful”. Even though NIT 
students have studied technologies as their major fields  
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Figure 1 Reasons for choosing major fields 
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Figure 3 Students’ key concerns when choosing jobs 
 

for five years, they do not emphasize their skill and 
knowledge when choosing their jobs.  

The percentage of “It has a good working 
environment for employees who are carrying or raising 
children” is 4% of NIT students. However, if the case is 
limited to only female students, the percentage of NIT 
students became 30 %, while that of THEi students was 
0%. In Japan, all companies have to allow women 
employees to take 14 weeks maternity leave. Now, most 
companies also have 1 year childcare leave system. In 
Hong Kong, childcare leave is not very common and 
maternity leave is only 10 weeks. Despite the fact that 
child care system in Hong Kong is worse than Japan, 
Hong Kong students do not consider it too much. The 
result suggests that Hong Kong has other systems for 
parenting support other than the companies' own 
systems. 

 
3.4 Students’ career plans 
 
      To investigate the motivations for their jobs, we 
asked them their career plans (job levels) for each age 
group. The result is shown in Figure 4. THEi students 
have relatively stronger motivations for building their 
career. It can also be observed that the timing of 
promotion in the company is similar between Japan and 
Hong Kong. Becoming a manager requires 
approximately a decade of experience and the next 
promotion (becoming a director) requires another 
decade. Retirement ages are almost past 60 years old for 
both of Japan and Hong Kong.  

 
3.5 Students’ life plan 
 
      To research students’ value towards female 
employees’ life plans, we asked female and male 
students respectively about their expectation of the 
continuation of women’s work after getting married.  
The options are as follows. 
 

No.1 Getting married and having children, quit a job 
and not return to work. 

No.2 Getting married and having children, quit a job 
temporarily and return to work . 

No.3 Getting married and having children, continue  
working. 

  No.4 Getting married and not having children,  
continue working. 

  No.5 Not getting married, continue working.   
 
Figure 5 shows the result by each group of students. 

As seen in Figure 5, most THEi students prefer to 
continue working. Only 10% of male students chose 
No.1. For NIT students, however, more than half of 
them chose No.1 or No.2. There is only 17% of male 
students choosing No.3. It was found that work values 
of the continuation of women’s work after getting 
married have a huge difference between THEi students 
and NIT students.  

The reasons of chosen answers at Q5 are shown in 
Figure 6. This question is for students who did not 
answer No. 1 at Q5. As a reason for continuing working, 
both THEi and NIT male students chose “Work is 
interesting/meaningful” and “It is a generally accepted 
practice” while half of THEi female students chose 
“Financial needs” and half of NIT female students chose 
“Social contribution” or “I want to be independent”. 
The results shows the difference in the way of thinking 
between male and female students.  

In addition, although 80% of THEi female students 
chose No.3 at Q5, only 17% chose “Working is 
interesting/meaningful” and the main reason for keeping 
working is “Financial needs”. As it is reported in 
International Housing Affordability Survey: 2015 that 
Hong Kong is the No.1 country in the world for the  
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Figure 4 Students’ career plan 
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Figure 5 Students’ life plan 
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Figure 6 The reasons of chosen life plans in Q5 (except 
for No.3) 
 
unaffordable housing, the cost of living in Hong Kong is 
quite expensive. Therefore, THEi female students might 
put much value on financial needs for their livings. 
 
3.6 NIT Students’ concerns when starting to work 
 

Figure 7 shows the biggest concerns for NIT 
students when starting to work. This question was asked 
only to NIT students. More than half of NIT female 
students are concerned about work-life balance while 
only 23% of male students have the same concern. It 
implies that male students do not consider seriously 
work-life balance when they start to work. In Japan, it is 
still mainly women who do housework even though 
they have jobs. As for graduates of NIT, it is reported in 
Y.UCHIDA (2011) that 60% of female employees quit 
their job after getting married or having children even 
though they have technical skills and knowledge.    
Although some of them intend to go back to work after 
their children grow up, it would be quite difficult to find 
a technical job again. In addition, in most companies, 
there is only a small number of female employees  
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Figure 7  The biggest concerns when starting to work 

working related to engineering. It implies that female 
engineers usually do not have a role model for 
balancing their family and career. To increase the 
number of women in the workforce, it is very important 
for female students to understand the difficulties to find 
a technical job again after quitting their jobs, and show 
them role models of women engineers who have a good 
work-life balance as their career education. 
 
4 Conclusion 
 

It follows from these results of the questionnaire that  
the key concerns of THEi students when they choose 
their jobs are “Good salary” and “Related to my skill”, 
while that of NIT students is “interesting/meaningful”. 
In addition, THEi students are more eager for women’s 
continuous career than NIT students. It seems that that 
they have more role models who have a good work-life 
balance in the Hong Kong society so that they can have 
a better image about their long-term careers.  In contrast, 
more than half of NIT male students prefer their 
partners to quit their jobs after getting married. Also, 
NIT female students consider quitting their jobs 
permanently or temporarily to do housework and take 
care of their children. Therefore, NIT female students 
don’t have a long-term image of their career. In addition, 
balancing of work and life requires cooperation and 
supports from families and colleagues. It is also 
important for male students to understand the situations 
of the continuation of their partner’s work and how they 
should contribute. 

In conclusion, it is very important to provide a role 
model of female engineers in the career education for 
both male and female students of NIT so that they can 
have a long-term image of their career and life. 
Moreover, by creating more chances for NIT and THEi 
students to discuss their mutual career plans, it is 
possible to introduce new ideas into their current work 
values. 
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Abstract 
 

For more than fifteen years, National Institute of 
Technology (NIT), Gifu College has created new 
educational and learning environment extensively 
utilizing ICT to make students’ voluntary learning 
possible at its higher level. These past educational 
practices were funded by the “Support Program for 
Contemporary Educational Needs (GP)” of MEXT, 
Japan (2004), etc. Based on this background, we 
have started to develop new educational program 
comprising of extensive use of active learning 
methods in and outside our formal curriculum. This 
program has been picked up as a project of the 
“Acceleration Program for Rebuilding of University 
Education (AP)” (2014) by MEXT. Since 2001, our 
college has prepared personal computers in all the 
classrooms for the fourth-year students so that each 
student can use a personal computer exclusively. 
Under the support of the AP program in 2014, we 
have accelerated this movement by creating an 
environment suitable for ICT-driven education also 
in the first-year students’ classrooms. With this ICT 
environment, we have intensively introduced active 
learning methods into the classes. We are trying to 
expand this ICT environment further to the classes 
for the second and third-year students with the 
promotion of active learning methods in their 
education. 
 
Keywords: ICT-driven education, Active Learning, 
Learning Environment, Creation of an Educational 
Environment, Active Education, Learning Tools 
 
Introduction 
 

In 1961, with the revision of the School Education 
Law, the “Colleges of Technology (the Kogyo Koto 
Senmon Gakko; KOSEN)” was established as a system 
of five-year higher educational institutions to meet the 

strong demand from Japanese industry. KOSEN 
accepted the first students in 1962 with a junior high 
school diploma, and educated them to become practical 
engineers against the background of the economically-
industrially rapidly growing Japanese society. In 1962, 
the first twelve national colleges of technology were 
established, and in 1963, the second twelve colleges 
were founded; our college, currently “National Institute 
of Technology (NIT), Gifu College”, was among the 
second twelve colleges, and celebrated our 50th 
anniversary in 2013. 

We, National Institute of Technology (NIT), Gifu 
College applied for the “Acceleration Program for 
Rebuilding of University Education (AP)” started by the 
Ministry of Education, Culture, Sports, Science and 
Technology (MEXT) in 2014, and our application was 
successfully adopted. Our “AP” project consists of two 
things: introduction of active learning (AL) into all the 
subjects and visualization of the learning outcomes. 

For more than fifteen years, our college has strongly 
promoted advanced educational methods including 
development of e-learning contents and establishment of 
various types of Project-Based Learning (PBL). These 
are all to cultivate students’ voluntary learning. 
Moreover, we have invented a system to give students 
incentives for voluntary learning and to evaluate its 
outcomes. These activities had been funded by the 
“Support Program for Contemporary Educational Needs 
(GP)” of MEXT, and these implementations received 
awards from several academic societies for education. 

Before the AP program was started, students’ 
voluntary learning was performed only in a few classes. 
Then, the AP program has triggered off introduction of 
the method into the classes of all teachers. 

In our AP program, (1) we have expanded “Active 
Learning (AL)” to all the subjects in our formal 
curriculum so that some AL method is applied at least 
once per semester, (2) we also encourage students to 
voluntarily obtain, for example, vocationally useful 
public licenses as their activities outside the formal 
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curriculum, and (3) finally, we apply our original 
method to visualize outcomes of these “active learning” 
in both non-curriculum and curriculum, based on the 
“practical engineering credit” system. See Lage, Platt, 
and Tandreglia (2000), Bergmann & Sams (2012), Khan 
Academy (2006), and Bonwell & Eison (1991) for 
various AL methods. 

We also assist both teachers and students in their 
implementation of the AL in classrooms by providing 
the following environment: (1) to consolidate 
educational contents for teachers and learning assistance 
materials for students in a server and distribute them to 
both teachers and students through internet; the 
educational contents are prepared based on Model Core 
Curriculum (MCC) by the Institute of National Colleges 
of Technology, Japan so that the quality of contents is 
ensured, (2) to establish the classroom ICT environment. 

In 2014, we prepared an ICT environment mainly in 
the first-year students’ classrooms and introduced active 
learning mainly into these classes. We think it's vital for 
freshman students to become accustomed to active 
learning in order to understand its meaning, and to 
experience and master the skills of creating new things 
by him-/her-self and/or with friends in classes over a 
short time period; of course, these are true for students 
of the upper grades as well. So we are now developing 
the supporting system of students’ voluntary learning; 
all the teachers learn how to use the electronic 
blackboard system, the LMS server, tablet PCs and 
software for creating teaching materials. 

On starting this AP program, we have consulted with 
some senior graduates of our college, who have worked 
long and/or are currently working in Japanese industries 
as leading engineers, about knowledge and skills which 
they think important when students will enter into 
industry after their graduation. Specifically, at the 
question of 2014, they picked up important forty-four 
items among those included in MCC, and recommended 
visualization of educational outcomes of these items. 
More specifically, they suggested subjects, keywords, 
related matters, backgrounds, reasons, motivation, the 
introductory level, the intermediate level, the advanced 
level, familiar products and cases in use, using diagrams 
as well as texts when needed. From this academic year, 
we will create the learning contents and learning support 
contents of each item, based on the suggestions of the 
graduates. We will also create the contents while being 
conscious of the learning level of each content and the 
relations among the subjects.  
 
The foundation for introducing active learning  
 

In our college, from 2001 until the present, ICT-
driven education has been practiced in the multimedia 
educational building where the fourth-year classrooms 
of all five departments reside. 

The installation of ICT-driven equipment for 
teachers and desktop personal computers with desks 
having a storage feature for locking away each personal 
computer made it possible to perform ICT-driven 
education in all classes. ( Figure 1 ) 

 

 
 
 
 
 
 
 
 
 
 
 

Figure 1  ICT-driven equipment in the fourth-year 
classrooms  
 

Additionally, supported by the “Support Program for 
Contemporary Educational Needs (GP)” which we 
acquired in 2004, we developed the contents and system 
for e-Learning. ( Figure 2 ) Also, the program to provide 
two different kinds of consortium with lectures by using 
the e-Learning system has successfully been continued 
until today. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2  An example of a presentation using the e-
Learning system  

 
Two different kinds of consortium: One is a 

consortium formed among National Institutes of 
Technology, colleges and universities nationwide, 
agreed to credit transfer. The other is a consortium 
formed among neighboring colleges and universities 
within Gifu prefecture, agreed to credit transfer. The 
number of National Institutes of Technology which are 
participating in the consortium is increasing year after 
year. To this day, nearly half of all the National 
Institutes of Technology have already participated in the 
consortium. 
 
 
Active learning before the acquisition of AP   
 

Our college is presenting a plan that we will 
introduce active learning into all classes of our college 
and establish it within the term of the third-stage 
medium-term programs and objectives. In 2012, our 
college started active learning such as flipped learning 
in the classes of some subjects underlying engineering, 
more specifically, mathematics, physics, chemistry, 
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applied physics and applied mathematics. These 
subjects took a central role in promoting active learning 
in our college. 

In active learning, where the utilization of 
knowledge is important, such class activities as group 
discussion, debate and group work are effective. Also, 
cooperative learning done in groups and presentation 
are indispensable. In order to do flexible education of 
active learning, it is beneficial that the equipment of the 
classrooms to be used is versatile. 

Considering these points, in 2013 our college 
developed ICT environment by installing electronic 
blackboards, tablet computers, a file server for teaching 
materials and the like in the laboratory classrooms of 
applied physics, physics and chemistry.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3  ICT installment in the laboratory classroom of 
applied physics  
 

The classroom has also been used for classroom 
lectures of applied physics and applied mathematics, 
and a new type of flipped learning where classroom 
lectures, practical experiments and ICT-driven 
education are combined has been practiced.  

Our college has developed a learning environment 
by installing some custom-made trapezoidal tables 
which can be combined in various forms in addition to 
movable downsized whiteboards for group discussions 
in a 2nd floor classroom of the library. 

 
 

 
 
 

 
 
 
 
 
Figure 4  The environment for active learning in a 2nd 
floor classroom of the library  
 
ICT-driven equipment introduced by AP funds  
 

ICT-driven equipment and the like were introduced 
by AP funds. The five items below were introduced in a 
bidding by AP funds.  

 
(1) An electronic blackboard system that uses ICT  

In 2014 we replaced the blackboards in the back of 
the first-year classrooms of all five departments 
with whiteboards, and introduced Epson-
manufactured projectors which have the function of  
electronic blackboards. ( Figure 5 ) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 5  An electronic blackboard system introduced in 
the first-year classrooms in 2014 

 
(2) Software for making teaching materials, STORM 

Maker  
STORM Maker: Two licenses for the departments 
of liberal arts and natural science respectively. 
Three licenses for the specialized five departments 
respectively. It was decided that each department 
should install one license in a lending notebook 
personal computer which is stored in the library.  
The installment in the lending notebook personal 
computers which are stored in the library will help 
students to make teaching materials using the 
software.  ( Figure 6 ) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 6  A screen of materials selection for making 
teaching materials using STORM Maker  
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(3) Lease and maintenance operations of wireless LAN 
device 
The wireless LAN device was set up for use in all 
the 25 classrooms of all the years (from the first to 
the fifth year) of all the five departments. The 
system was developed by providing two access 
points for the wireless LAN in each classroom and 
by controlling using MAC address to prevent 
injustice access.  ( Figure 7 ) 
 
 
 
 
 
 
 
 
 
 

Figure 7  The equipment of wireless LAN 
 

(4) Tablet computers  
The same setting was conducted for more than 160 
tablet computers (Toshiba). They can be connected 
to all the access points for the wireless LAN of 25 
classrooms. So, though tablet computers are stored 
in the storage cabinets near the first-year 
classrooms, they can be used in other classrooms as 
well.  ( Figure 8 ) 
 
 
 
 
 
 

 
 

 
 
 
 
 

 
 

Figure 8 Tablet computer storage cabinets placed in a 
corridor 
 
(5) LMS server (Moodle) and DB server＋FileMaker 

The LMS server was introduced so that personal 
computers and tablet computers within and outside 
the campus as well as smartphones could access. 
This enabled students to access it at home in 
addition to in the classroom.  
In 2014, students used the LMS server for 
conducting “students evaluation” ( Figure 9 ), and 
teachers used it for submitting “a report on active 
learning”. “DB server＋FileMaker” will be used 
for DB processing to visualize the learning 
outcomes and visualization itself. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9  Students evaluation using LMS (Moodle） 
 
Results and Discussion 
 

The educational environment for practicing active 
learning and our actual practices in our college were 
described. 

ICT-driven education practiced in an educational 
building occupied by all of the fourth-year classrooms, 
active learning using ICT-driven equipment introduced 
in the laboratory classrooms, active learning using ICT-
driven equipment introduced in the first-year classrooms 
by AP funds in 2014 ― these are actively practiced in 
the classes of all teachers. With respect to teaching 
materials, a substantial amount of teaching materials  
created thus far, for the students of our college as well 
as other colleges and universities, are stored in the e-
Learning system which was introduced with the support 
of the GP program. The system has become firmly 
rooted, increasing the number of colleges and 
universities which have agreed to credit transfer. 
Regarding the forty-four items suggested by some 
graduates of our college for creating teaching materials 
as part of the AP program, the teachers in charge from 
seven departments, including general education, are 
required to create teaching materials based on MCC by 
the end of the current academic year. 

In our college, as just described, the creation of an 
environment conducted by introducing ICT-driven 
equipment, ICT-driven education and active learning, 
which had been practiced prior to the acquisition of the 
AP program, have successfully led all teachers of our 
college  to conduct new styles of classes. 
 
Conclusions 
 

We are promoting improvement of our educational 
methods by introducing the teaching method where 
student-oriented interactive lectures, exercises and 
active learning such as discussions and debates are 
conducted. The aim that each student will acquire the 
ability to keep learning for him or herself and take the 
initiative in solving problems is paramount. 

We consider it important to hold faculty 
development (FD) lecture sessions for all teachers for 
the purpose of promoting the college-wide program. 
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Henceforth, our faculty meetings will include an FD 
lecture session concerning two kinds of active learning, 
more specifically, the way to use ICT-driven equipment 
and the teaching method of active learning. In addition, 
the FD workshops on how to use ICT-driven equipment 
including an electronic blackboard, a document camera, 
a tablet computer and LMS are also held after school 
with advance notice to all teachers. 

NIT is promoting ICT-driven education and active 
learning, so that all the National Institutes of 
Technology will be able to graduate students whose 
educational quality is ensured based on the sectoral 
attainment targets (MCC) and visualize that for 
everyone to see. Early in the current academic year, NIT 
introduced LMS called Blackboard which all the 
National Institutes of Technology can use in common. 
NIT is planning to operate an education integrated 
system for all the National Institutes of Technology in 
the academic year 2018. The system aims to integrate 
several kinds of systems related to the educational 
affairs including LMS, a teaching materials sharing 
system, a web syllabus and a system for administering 
students' academic achievement. Blackboard, which is 
used by all the National Institutes of Technology, is an 
earlier introduction of part of the education integrated 
system. The other functions of the system used in 
common by all the National Institutes of Technology 
will be developed, introduced and integrated from now 
on as well. 

Our college has been using LMS (Moodle) which 
had been  introduced as part of the AP program before 
NIT  introduced LMS (Blackboard) for all the National 
Institutes of Technology. Our college is promoting 
active learning by using two different kinds of LMS: 
LMS (Moodle) introduced as part of the AP program is 
used for trial practices conducted within our college, 
and LMS (Blackboard) for all the National Institutes of 
Technology is for common use including our usual 
classes. The teaching materials used for trial practices 
related to LMS (Moodle ) are also stored in LMS 
(Blackboard). 

In this academic year, our college organized 
workshops on how to use LMS (Blackboard) . They 
were offered at three levels (basic, intermediate and 
advanced) and held nine times during a three-week 
period. A total of 131 teachers participated in the 
workshops. Due to teacher scheduling conflicts, the 
workshops were planned to be held during lunch break 
rather than after school. Conducted in a relaxed 
atmosphere and focused on the important functions for 
practical use, favorable comments were presented by the 
participants. 

We will continue to develop the educational 
environment for using ICT-driven equipment and 
promote “active learning in all classes by all teachers” 
at a college-wide level in the current academic year and 
after. In the current academic year, we are planning to 
introduce the same ICT environment that we did into 
the first-year classrooms in the last academic year (a 
whiteboard, a projector with the function of an 
electronic blackboard and a document camera) into 10 
additional classrooms. In our college, in this situation, 

the same ICT environment that we introduced into the 
first-year classrooms in the last academic year will also 
be introduced into all the classrooms of the second and 
third year, which will help promote ICT-driven 
education and active learning expansively and at an 
accelerated rate. 
 
Acknowledgements 
 

Development of the new educational system in NIT, 
Gifu College, comprising of extensive use of active 
learning methods, is being financially supported since 
2014 through the “Acceleration Program for Rebuilding 
of University Education (abbreviated as AP)” by MEXT 
(the Ministry of Education, Culture, Sports, Science and 
Technology, Japan). We are also grateful to moral 
support for our educational practices by our mother 
organization “National Institute of Technology, Japan”. 
 
References 
 
Bergmann, J. & Sams (2012). A. Flip Your Classroom: 
Reach Every Student in Every Class Every Day. 
International Society for Technology in Education. 
ISBN 1564843157. 
 
Bonwell, C.C. & Eison, J.A. (1991).  Active learning: 
Creating excitement in the classroom. Washington, DC: 
School of Education and Human Development, George 
Washington University. 
 
Khan Academy (2006). "Khan Academy". 
https://www.khanacademy.org/ .  
 
Lage, M., Platt, G. & Treglia, M. (2000). Inverting the 
classroom: A gateway to creating an inclusive learning 
environment. The Journal of Economic Education. , vol. 
31, no. 1, p. 30-43. 
 

　Back▲



Transactions of ISATE 2015
The 9th International Symposium on Advances in Technology Education

16-18 September 2015, Nagaoka, JAPAN

218

   
 

  
 

Development of Teaching Tool based on AR for the Experiments  
Using Oscilloscope  

 
Yusuke Ohira*,a, Yusuke Yodoa and Takashi Miyazaki b 

 
a National Institute of Technology, Nagano College/Technology Office, Nagano, Japan 

b National Institute of Technology, Nagano College/Electrical and Electronic Engineering, Nagano, 
Japan 

 
*ohira@nagano-nct.ac.jp 

 
 
Abstract 
 

In department of electrical and electronic 
engineering of NIT Nagano College, the students of 
lower grades often make electronic experiments by 
individuals, not a group. In the experiments, 
students use many various instruments. Especially, 
an oscilloscope is one such as those important 
instruments, but it is difficult for students to learn 
how to use it appropriately. In this study, it is a 
purpose to develop the teaching tool showing how to 
use clearly. In this teaching tool, following three 
important points are required. First is that it is easy 
to understand compared conventional printed 
operation manuals. Second is that it is easy to use. 
Because students need to operate instruments or 
make a circuit during experiment. Third is that it is 
fun to use. It is very important to arouse their 
interest when they learn how to operate it, because 
the interesting helps their own understanding of 
each student. We developed the learning tool 
including such elements based on Augmented Reality 
(AR) technology. When a student holds the backside 
of the tablet with the camera to the oscilloscope, all 
buttons on it are changed graphical buttons by using 
AR technology. Students touch one button, then the 
character of this system describes the function of the 
buttons in a unique voice. Therefore, the students 
can instantly know the function of the button in 
stead of looking for a part of textbooks that was 
written operation instruction. In addition, when 
holding the tablet in the circuit diagram, the 
breadboard appears on the tablet screen. Then, each 
circuit electronic element is gradually disposed on 
the breadboard with the animation in order. The 
character notes important points for making the 
diagram in a voice at that time. The student can 
display the larger circuit by bringing the tablet close 
to it and can look from a different angle. Since the 
student can confirm each time whether the made 
circuit is correct or not, it is possible to reduce 
mistakes of the circuit. The good answer to following 
questionnaire came back from the student of the 
second grader using this tool in the measuring 
experiment. 

Keywords: Teaching Tool, Tablet, Augmented Reality 
(AR), 3D, Speech Synthesis 
 
Introduction 
 

In department of electrical and electronic engineering 
of NIT Nagano College, the style of an experiment 
using oscilloscope has been switched from groups to 
individuals a few years ago. This is because there are 
students who do not use the equipment in the group. In 
particular, since the oscilloscope is an important 
equipment, students must learn how to operate it. 
However, it is difficult for students to learn how to use 
the oscilloscope. It is one reason that the oscilloscope 
has a lot of buttons. In addition, these buttons often have 
multiple functions. Furthermore it is necessary to 
operate them in the correct order. Conventionally, the 
function and the procedure of the button had been 
explained by the printed manual (Figure 1). Since it has 
frequently a few figure and a lot of text, it is difficult to 
understand where the description is written.  

 
Figure 1 Traditional printed manual 
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Moreover, it is necessary to make a circuit in order to 
perform the experiment, but many students cannot make 
a circuit immediately only by looking at the circuit 
diagram because they are inexperienced. 

Therefore the purpose of this study is the development 
of a teaching tool, which support to explain how to use 
an oscilloscope and how to make a circuit. 

In this teaching tool, following three important points 
are required. 

First of all, this tool must be fun. What is the most 
important in using a tool is enjoyment, because an 
uninteresting tool bores students stiff and they do not 
use it immediately. Conversely, an interesting tool gives 
students an incentive to do the experiment. 

Second, it should be easy to use. A user-unfriendly 
tool irritates students. Because students must use 
various experiment devices, a tool should not bother 
them while using their devices.  

Last, it had better easy to understand compared with a 
conventional printed operation manual. 

This paper introduces the teaching tool which has been 
developed based on the above (Figure 2).This tool has 
been used in the experiment for three years from 2013. 
We performed a questionnaire to students to confirm the 
effect of this tool after they use it. 

 

 
Figure 2 Developed teaching tool 
 
 

 
Figure 3 Using technologies in developed tool 

Developed teaching tool 
 
Developed teaching tool is made using a variety of 

techniques, for fun to use, easy to use and easy to 
understand. We focused on Augmented Reality (AR), 
Speech Synthesis, Tablet and Game Engine. 

AR attracts attention in a field of the education (e.g., 
Yuen, Yaoyuneyong, and Johnson  2011;  Schmitz, 
Specht, and Klemke 2012). 

We selected Qualcomm's Vuforia that can be used as 
an oscilloscope or circuit diagrams with a marker-less. 

Speech synthesis was selected Aquest's AquesTalk 
known as "Yukkuri" in video sharing service. 

Tablet was selected Apple's iPad mini, which is 
appropriate size and which has a camera on the back. 

Game engine was selected Unity Technologies Inc. 
Unity, which can be made animation easily such as 
buttons and circuit elements created with 3D. Moreover, 
it can unify the techniques mentioned above (Figure 3). 

This tool is used in following procedure. 
First, when built-in camera of a tablet shoot an 

oscilloscope or a circuit diagram, this tool determines 
which of explanation is necessary in automatic. Next, 
using AR, buttons are set on an oscilloscope, and circuit 
elements are added on a circuit diagram. Finally, by 
touching an item on tablet, unique characters speak 
about it (Figure 4). 

This tool has the following three features. The first 
function is a description of the procedures for using the 
oscilloscope. To use an oscilloscope, it is necessary to 
perform the initial setting. It must operate buttons 
continuously in this setting, not only to operate a single 
button. Moreover each button does not have a specific 
role, it is changed by the current mode. Because an 
oscilloscope has a lot of buttons, it is difficult for 
students to find the button required operation. Therefore 
this tool flash the button. In addition, the above 
character explains the button, while issuing the voice 
(Figure 5). 

 

 
Figure 4 Using flow of developed tool 
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Figure 5 Description of an oscilloscope use 
procedure 
 

 
Figure 6 Description of each button of an 
oscilloscope 
 

 
Figure 7 GUI covering setting items 
 

The second feature is a description of each button of 
the oscilloscope. When the button on the teaching tool 
is touched, under character describes while talking 
(Figure 6). 

GUI covers the setting item as necessary (Figure 7). 
Students can complete the configuration by harmonizing 
GUI with the setting item. 

The third feature is an explanation of how to make a 
circuit. In description of circuit diagrams, disposing  

 
Figure 8 Description of circuit diagrams 

 

 
Figure 9 Different angle of Figure 4 

 
circuit elements with animations make easy to 
understand what to do must be careful (Figure 8). 

In this case, because circuit elements are created with 
model data in 3D, can be displayed larger by a tablet 
approaching to the circuit, and can be seen from a 
different angle (Figure 9). 
 
Results and Discussion 
 

After the educational tool is used in the experiments, 
the questionnaire for survey was conducted. The left 
side of the data is 2013 (38 students), the center of the 
data is 2014 (34 students), the right side of the data is 
2015 (21 students). 

About fun of this teaching tool, over 90% of students 
answered that this teaching tool was fun (Figure 10). 

 

 
Figure 10 Fun of teaching tool 

　Back▲



Transactions of ISATE 2015
The 9th International Symposium on Advances in Technology Education

16-18 September 2015, Nagaoka, JAPAN

221

   
 

 
 
 
 

 
 
 

 
 

 
 
 
 

About operability of this teaching tool, 90% of 
students answered that this teaching tool was easy to use 
(Figure 11). 

About description of an oscilloscope use procedures, 
all students answered that this teaching tool was helpful 
(Figure 12). 

About description of the button of an oscilloscope, 
90% of students answered that this teaching tool was 
helpful (Figure 13). 

About description of how to make the circuit, 90% of 
students answered that this teaching tool was helpful 
(Figure 14). 

 

 
 
 

 

 
 
 
 

 

 
 
 
 

About ease of understanding compared with a 
conventional manual, 95% of students answered that 
this teaching tool was more helpful (Figure 15). 

Also, many students answered that it was interested in 
technology using in this tool (Figure 16). 

 
Conclusions 
 

This teaching tool that support the use of an 
oscilloscope and support making the circuit was 
developed. AR, Speech Synthesis, Tablet and Game 
Engine is used for it. This tool has three functions of  
a description of the procedures for using the 
oscilloscope, a description of each button of it and an 
explanation of how to make a circuit. 

Figure 11 Operability of the teaching tool 

Figure 12 Description of an oscilloscope use 
procedure 

Figure 13 Description of the button of oscilloscope 

Figure 14 Description of how to make the circuit 

Figure 15 Ease of understanding compared with 
a conventional manual 

Figure 16 Interesting technology 
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This tool is fun to use, easy to use, and easy to 
understand than to understand using conventional 
printed manual. 
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