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Abstract

A high quality education is more critical than ever in the knowledge-based economy.
Although many national governments allocate significant financial resources to improve
education quality, an insufficient number of quality teachers, especially in developing
countries, appear to retard the quality improvement of education.

To tackle the scarcity of quality teachers, this study presented an alternative approach
where high-level system architecture of intrinsically motivated learning systems is
proposed. The system architecture is designed to maximize students’ role in learning to
immediately cope with the shortage of quality teachers while teacher quality
improvement programs should be implemented in parallel to increase the number of
quality teachers. The proposed system architecture is intended to be used as a blueprint
for designing various forms of intrinsically motivated learning systems whose common
objective is to enhance students’ motivation to learn on their own as well as helping
students cultivate their active and self-directed learning mindset.

Extensive literature across disciplines and education reports were first reviewed to
synthesize a set of system design principles of a successful learning system. Together
with case studies in Thailand, the system architecture was specifically designed to
manage educational challenges in other developing countries where conditions might
be similar to those in Thailand. System architecture frameworks (e.g., the needs-to-
goals framework) were then used to guide the development of the high-level system
architecture of intrinsically motivated learning systems, resulting in the software
prototype that participating students have actually interacted with. Two questionnaires
were also constructed and distributed to collect data from participating students in
order to measure changes in their intrinsic motivation levels. The qualitative analysis
suggested that some students using the software prototype learned to think more
systematically and started recognizing the value of concepts learned in high school.
However, whether or not students have higher intrinsic motivation is inconclusive due
to insufficient number of active participants.
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And the world will be better for this
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Still strove, with his last ounce of courage
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“Education may be the only thing that makes the impossible dream possible.”
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1. Introduction

1.1. Thesis Motivation

“What you make of your education will decide nothing less than the future of this
country. The future of America depends on you,” Barack Obama said in his speech on
importance of education! on September 8, 2009. I strongly agree with him that among
the key factors in national development, education appears to be the most promising
driver of sustainable development. Because people are the foundation of a nation and
education obviously leads to human development, it is indispensable for every nation
not only to constantly evaluate the effectiveness of its national education system but
also to push propitious education reforms in order to cultivate “educated and
responsible citizens”. This notion corresponds to the Declaration on Science and the Use
of Scientific Knowledge at the world conference on science in Budapest in 1999:

“Today, more than ever, science and its applications are indispensable for

development. All levels of government and the private sector should provide

enhanced support for building up an adequate and evenly distributed scientific and
technological capacity through appropriate education and research programmes
as an indispensable foundation for economic, social, cultural and environmentally

sound development. This is particularly urgent for developing countries.”” —

UNESCO

1 Obama, B. (2009, September), Obama's Speech on Importance of Education. Retrieved May 10, 2011 from
http://www.upi.com/Top_News/2009/09/08/0bamas-speech-on-importance-of-education/UPI-
21501252429738/#ixzz1Lyn6NYyh

2 UNESCO. (1999). The Declaration on Science and the Use of Scientific Knowledge. Retrieved April 9, 2010 from
http://www.unesco.org/bpi/science/content/docum/declare.htm
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It is clear that the vision of education as the key for development is conceived as
a fundamental truth. Following the recommendations of the Association of American
Colleges and Universities 2005 report3, education systems should promote the
development of critical and creative thinking; foundational knowledge and fundamental
skills; appropriate habits; and beneficial personal values and positive attitudes, which
will allow people to conscientiously cope with the never-ending challenges inside the

nation and in the world around them.
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Figure 1: Public Education Expenditure as a Percentage of Government Expenditure and Total Government
Expenditure as a Percentage of GDP, 2005

As shown in Figure 14, although many governments have been responding to this

fundamental truth by allocating a large proportion of their national budget to education,

3 AACU. (2005). Liberal Education outcomes - A Preliminary Report on Student Achievement in College. Retrieved May
12,2010 from http://www.aacu.org/advocacy/pdfs/leap_report_final.pdf

4+ UNESCO. (2007). Global Education Digest 2007. Retrieved on May 11, 2011 from
http://www.uis.unesco.org/template/pdf/ged /2007 /EN_web2.pdf
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a problem of education quality is still prevalent in many countries, particularly in
developing countries. Memon?, for example, pointed out that even though Pakistan
experienced a massive growth in number of students enrolled due to the government’s
initiatives in uplifting the quality and quantity of education, the poor qualification of
teachers retarded their education improvement initiatives. The inadvertent results
reflect in the percentage of students dropping out before grade 5 at 50% and the
percentage of low adult literacy rate of 45%. This particular case in Pakistan reveals
that the inferior teacher quality can be the principal obstacle to improving education

despite the availability of financial resources.

Key Education Indicators Pakistan|India| Sri Lanka
Adult literacy rate % (1999) 45 56.5| 91.4
Female literacy rate % (1999) 30 4.5 88.6
Primary enrolment (% gross (1997) 74 100 109
Secondary enrolment (gross) % (1997) 26 49 75
Percentage of children dropping out before grade 5 (1995-1999) 50 48 3
Public expenditure on education (as % of GNP) 1995-97 2.7 3.2 3.4

Table 1: Key Education Indicators Comparing Pakistan to Other Countries in the Same Region

Unequal access of students to qualified teachers appears to be another important
hindrance. A U.S. study® in 2007 by Motoko Akiba, Gerald K. LeTendre, and Jay P.
Scribner reported that a major obstacle in federal and state efforts to increase the
quality of teaching workforce and student achievement is the students’ access to
qualified teachers. Obviously, the student’s poverty imposes a great barrier to access

high quality teachers, which intensifies educational inequality. Thus, the inferior quality

5 Memon, G.R. (2007, Spring). Education in Pakistan: The Key Issues, Problems and The New Challenges. Journal of
Management and Social Sciences 3(1), 47-55. Retrieved May 12, 2011 from
http://www.biztek.edu.pk/downloads/research/jmss_v3_n1/5%20EDUCATION%20IN%20PAKISTAN.pdf

6 Akiba, M., LeTendre, G. & Scribner, J. (2007, July). Teacher Quality, Opportunity Gap, and National Achievement in 46
Countries. Educational Researcher 36(7). 369-387. Retrieved May 12, 2011 from SAGE Journal Online
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of teachers and unequal access to qualified teachers are two salient problems in

national education system in both developed and developing countries.

Surprisingly, the United States, which is one of the leading developed countries,
is also facing the shortage of qualified teachers in schools. Although Daniel Sturtevant’s
thesis” suggested that one possible solution is to increase the standard wage of teachers
to attract quality people to become quality teachers, it would be difficult for developing
countries to immediately execute this solution due to lower available financial
resources, resulting in inability to pay teachers higher salary. As a consequence, many
high-quality people in developing countries are likely to work in more profitable

industrial sectors than in academia to generate a higher income.

Even though it is indispensable for every nation to create more qualified
teachers, it might be time to revolutionize education systems by introducing a
complementary learning system that can intrinsically motivate students to learn more
on their own. This education revolution would cultivate a new student’s focus on self-
directed learning to tackle the problem of inadequate numbers of quality teachers until

resources are available.

1.2. Thesis Objective

The primary thesis objective is to develop a system architecture used as a
blueprint for intrinsically motivated learning systems. The common objective of
intrinsically motivated learning systems is to enhance intrinsic motivation of high
school students in learning, particularly students in developing countries; to focus more

on learning activities inside and outside school and to learn on their own without

7 Sturtevant D.J. (2008, September). America Disrupted: Dynamics of the Technical Capability Crisis. Retrieved May 12,
2011 from https://Igosdm.mit.edu/VCSS/servlet/LoadFile?VIEW=4&file=/Thesis/25371/Sturtevant%20thesis.pdf
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teachers’ presence. The intrinsically motivated learning systems are also expected to
indirectly cultivate an active learning attitude by assisting students to question
themselves why they learn® and develop their own learning goals accordingly. The
active learning attitude would gently nurture the development of the students’ lifelong
learning habits. It is important to note that the system architecture is not intended to
replace any existing education systems and teachers. Instead, this system architecture
is designed to mitigate the problem of inadequate teacher quality, especially in
developing countries, while teacher quality improvement programs could be

implemented in parallel to heighten the quality of teachers at the same time.

Although teachers are the main source of students’ motivation at school and the
most indispensable education system component, there are three main reasons why the
system architecture for intrinsically motivated learning systems is designed to

minimize the role of teachers.

®m  First, teachers lacking motivational skills can undermine student motivation.

®  Second, high school students tend to exhibit low attention span, interest and
even desire to learn when the concepts being taught in classes are not well

articulated because of under qualified teachers. Hence, the concepts seem

meaningless to them in the first place, which creates a negative impression and
even disdain for learning on that particular subject.

®  Third, even though recruiting high quality teachers seems to be a quick and
effective solution to tackle this motivation problem, it is difficult for developing

countries to nurture and carry over both high quality teachers and fundamental

8 Identifying own needs help develop “a sense of purpose”, which is one of the three minimum elements for intrinsic
motivation - Pink, D. (2009). Drive: The Surprising Truth About What Motivates Us, Retrieved May 11, 2011 from
http://www.danpink.com/drive
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learning infrastructure (e.g., school, museum, public library, etc.).

1.3. Hypothesis

Presuming that student awareness of the subtle connections between learning
activities and their professional activities would increase student motivation to learn,
the idea of designing a system architecture for intrinsically motivated learning systems
that aids students to recognize these subtle connections is proposed as an
unprecedented approach to enhancing student motivation in learning. Although a
reading educator, Sharon Draper, ideated that when children can make meaningful
connections between reading and their own lives, their motivation to read becomes
intrinsic?, there is no strong evidence to support that if a learner can make meaningful
connections between learning activities (e.g., reading) and professional activities (e.g.,
activities of their own lives), his or her motivation in learning would be intrinsic. For
this reason, along with novel system architecture, the hypothesis of “whether or not the
recognition of subtle connections among concepts, skills and professions (future roles in a
society) is a contributing factor in raising student motivation in learning” is also tested in
this thesis. The thesis was planned to validate the defined hypothesis by using online
questionnaires where the data analysis would help gain more understanding of whether
or not visible connections among knowledge concepts, skills and desired professions

can intrinsically motivate students to learn on their own without teacher’s presence.

1.4. Methodology

This thesis begins by reviewing a wide range of interdisciplinary literature and

research on worldwide education systems, learning theory and human motivation—

9 Braunger, J., & Lewis, J. (1998). Building a knowledge base in reading, 2nd edition. Newark, NJ: International
Reading Association.
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particularly student motivation. The outstanding literature and research are carefully
analyzed to identify convergent insights in order to develop a set of system design
principles, which are subsequently interwoven to design a system architecture for
intrinsically motivated learning systems to meet the defined objective of this thesis.
Since the system architecture is designed to work in practice in both developed
countries and developing countries, education systems of selected developed countries
as well as a selected developing country Thailand are examined to identify major
challenges and limitations in the existing education systems worldwide. In addition,
notes gathered from classroom observations and personal interviews with Thai high
school teachers in Khon Kaen, a remote area in Northeastern Thailand, are included to
provide local perspectives. With these local insights, the system architecture can be
designed to manage education system shortcomings in other developing countries
where conditions are similar to those in Thailand. Several frameworks in ESD.34
system architecture are then utilized in the design process of the system architecture to
control the risk of system failures when implemented in practice. The designed system
architecture is then used as a blueprint to develop a prototype under the name of
REACH, which was implemented with Flash™ technology. Finally, the opinions of
students interacting with the prototype were collected via two online questionnaires
for eventual analysis where the objective is to validate the defined hypothesis and the

practicality of the designed system architecture.

1.5. Thesis Organization

Chapter 1 provides an overview of the thesis outline. Chapter 2 reviews
educational statistics of selected successful countries in education to generalize

common characteristics of a successful education system. Chapter 3 describes two
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selected cases in Thailand, including a report on class observations and student
interviews, as well as Thailand education system challenges. The objective of chapter 3
is to identify key concerns in developing countries whose conditions might be similar to
those in Thailand. Chapter 4 provides a summary of key concepts in lifelong learning,
self-directed learning, constructivism, constructivism and cultural-historical
psychology, which are used to synthesize design principles for the system architecture
development of intrinsically motivated learning systems. Interesting findings in
research on human motivation and vicarious learning are introduced in chapter 5 to
provide further understandings of how to successfully design a learning system that can
enhance students’ motivation in learning. Based on those learning system design
guidelines, the designed system architecture for IMLS is proposed in chapter 6, while
the development of a conceptual design and the implementation of a prototype are
presented in chapter 7. Next, chapter 8 discusses the design rationale of the
questionnaires used for identifying associations displaying in the prototype and for
validating the hypothesis. Chapter 8 also offers the survey results and analysis, leading

to thesis conclusion and suggested future research in chapter 9 and 10 respectively.
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2. Characteristics of Successful Education Systems

Successful companies across industries are likely to share a set of common
characteristics. Likewise, successful education systems across countries tend to share
some mutual characteristics that led them to the excellence. Because education systems
basically consist of two main system components, which are learner entity and mentor
entity, scrutinizing common characteristics of successful learners (or students) and
schools (where a group of mentors cooperate together) across countries would unveil
some promising success drivers, which can subsequently underlie a set of fundamental

system design principles of successful learning systems.

Because successful education in science strongly correlates with the creation of
new knowledge, new technologies and innovations, leading to economic growth and
social development, interesting findings on top-performing students and schools in
science from various OECD? countries are firstly introduced in this chapter. After that,
common characteristics of top-performing learners and schools across countries are
then identified. Along those finding and the common characteristics, an in-depth
analysis is conducted to shed the light on what fundamental principles of education
system design should be proposed and added into the list of the learning system design
guideline. At the end of this chapter, a study of specific characteristics of the education
system in Finland, the best country in providing high quality education, is presented to
fill in any missing principles in the preceding list of the learning system design

guideline.

10 Organization for Economic Co-operation and Development
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Unless otherwise noted, information for this chapter mostly comes from “Top of the

class - High Performers in Science in PISA 200611” by OECD.

2.1. Definition of Top Performing Students

To classify the proficiency of students in science, the PISA 2006 report has
developed six proficiency levels where the description presents in the following table.

PISA defined top performers as the students in level 5 and 6 on this proficiency scale.

Proficiency Student Performance Description
Level
1 Students have limited scientific knowledge and are only able to provide possible

explanation in familiar context

2 Students draw conclusions from simple investigations

3 Students can identify clearly scientific issues in a variety of contexts and apply

scientific principles, facts and knowledge to explain phenomena

4 Students can address specific phenomena and situations, making the inferences
about science or technology, and they can reflect and communicate decisions

using scientific knowledge and evidences

5 Students can identify the scientific components of many complex life situations,
apply both scientific concepts and knowledge about science to these situations,
and compare, select and evaluate appropriate scientific evidence for responding
to life situations. Student at this level can use well-developed inquiry abilities,
link knowledge appropriately and bring critical insights to situations. They can

construct explanations based on evidence and arguments based on their critical

11 OECD. (2006). Top of the class - High Performers in Science in PISA 2006. Paris, France. OECD Publication.

23



analysis

6 Students can consistently identify, explain and apply scientific knowledge and
knowledge about science in a variety of complex life situations. They can link
different information sources and explanations and use evidences from those
sources to justify decisions. They clearly and consistently demonstrate advanced
scientific thinking and reasoning, and they demonstrate willingness to use their
scientific understanding in support of solutions to unfamiliar scientific and
technological situations. Students at this level can use scientific knowledge and
develop arguments in support recommendations and decisions that centre on

personal, social and global situations.

Table 2: Definition of Top Performers in Science, Reading and Mathematics

2.2, Findings on Top-Performing Countries in Education
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Figure 2: Top Performing Countries in Science

According to the PISA report, 20% of all 15-year-old students in Finland were

considered top performers!? in at least one of the subject areas of science, mathematics

12 Top performers are students at level 5 and level 6 on the proficiency scale (of the PISA 2006 Science assessment).
More details in the PISA report page 26
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and reading as shown in figure 2. The following runner-ups were New Zealand, Hong
Kong, Japan and Taiwan respectively. Surprisingly, UK and USA, where many people
believe in the effectiveness of their education system, ranked 8t and 20t in the

proportion of top performers in science.

As shown in the figure 3, although US and UK had the unexpected proportion of
top performers, US accounted for 25% of the total number of top performers across all
PISA countries because of its country size while Finland, the country with the highest
top performer proportion, made up only 1% of the total population of the top

performers because of its small size.

n n
l Percentage of top performers across all PISA countries and economies l

United Kingdom
8%

Figure 3: Top Global Talent Pool - A Perspective from PISA

2.3. Characteristics of Top-Performing Schools

To gain more understanding about the distribution of top performers among

schools, PISA conducted a survey of school principals and found out that top performers
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tend to attend schools where other top performers attended. In other words, most top
performers are concentrated in a few schools. For example, more than 90% of students
in Finland, Australia and New Zealand are in schools attended by top performers.
However, the evidence suggests that a concentration of top performers in certain

schools is not a pre-requisite for archiving high proficiency levels.

Interestingly, Nordic countries (Finland, Iceland, Norway, Sweden and Poland)
show little variation in student performance among their schools. To put it differently,
top-performing students are distributed among schools not concentrated in just a few
schools. Thus, identifying specific characteristics of the education system in Nordic
countries could help reveal a reliable approach to evenly distribute educational
excellence in science among schools, leading to a smaller gap of educational inequality
within a country. Since Finland is the best Nordic country providing high quality
education, the last section in this chapter is devoted to analyze Finland education

system to synthesize learning system design principles.
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In addition, PISA found that top performers are prone to attend schools where
the student body comes from a more socioeconomic advantaged background. This
evidence supports that schools with large proportion of students who come from a
more advantaged background often provide a stronger learning program with
demanding curriculum and instruction. Also, such schools have an ability to attract the
best teachers seeking for a high-productive teaching environment, which reflects in the
higher student performance than the average. However, it is not always true to say that
students who come from a more socioeconomic advantaged background will have a
better chance of being top performers, which corresponds to a study in the December
2008 issue of Psychological Science reporting that children of parents with a high
socioeconomic status tended to express more "disengagement" behaviors than their
less fortunate peers!3. This contradictory finding implies that some students with an
advantage background could sometimes disengage from learning activities than peers
with a socioeconomic disadvantage background. For this reason, the socioeconomic

status of student body is not an indispensible component for top performing schools.

2.4. Characteristics of Top-Performing Students
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Figure 5: Regular Science Lessons in School, By Performance Group

13 Kraus, M.W., Keltner, D. (2008). Signs of Socioeconomic Status: A Thin-Slicing Approach. Psychological Science 20
(1), 99-106. Retrieve May 10, 2011 from http://pss.sagepub.com/content/20/1/99
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Top-performing students in 12 out of 28 OECD countries reported that they had
a greater exposure to a teaching approach where teachers show either scientific

physical models or present potential applications of science being taught in the classes.

Since these two teaching approaches appear to be the most effective methods for top
performing students, the learning systems that offer students insights into how they
might use scientific understandings in multiple roles in a society (e.g., citizens, workers,
inventors, innovators) are likely to nurture top-performing students in science. While
focusing on application of science is an effective learning approach for top-performing
students, the engagement-based teaching approaches (e.g., scientific investigation,
hand-on experiences, and student interactions) can generate a greater interest in
science in ordinary students because of the enjoyment of freedom to explore and
interactions with others. Hence, good learning systems should provide a mix of different

teaching strategies to serve the dissimilar characteristic of the student body.

When looking closer to the learning experience of the top-performing students,
PISA found that top performers receive more science lessons at 4 hours a week while
the lowest performing group receive only 2 hours a week. This finding confirmed the
general notion that the more time a student seriously devotes to scientific education;
the more understanding in science the student develops. Moreover, activities outside of
school or in conjunction with school could reinforce students in learning. The PISA 2006
survey found that top-performing student group engages in science-related activities
more than other student groups. The activities include reading science magazines or
articles often (38% among OECD top performers), watching TV programs about science
often (32%), visit websites about science topics (21%) and buying books on science

topics (14%). This discovery shows a strong correlation between student performance
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and student-initiated activities. It is inferable that awareness and accessibility to
available learning materials in articles or on TV program (and websites) appear to be
the key factors that help promote student performance outside school. Besides, the level
of enjoyment and interest also highly affect the performance of top students.
Specifically, more than 80% of top performing students reported that they enjoy
learning science, are interested in learning science and have fun in learning whereas
less than 50% of lowest performance student group reported the same feelings. For that
reason, a learning activity should be organized in a way that increases enjoyment,

interest and fun, which will consequently attract students to learning.

Average p ge of stud by perfi group in OECD countries reporting high or medium interest in the following:
Lowest performers Moderate performers Strong performers Top performers
Interest in different science topics % % | % I %
Human biology 56 &7 74 77
Topscs in chemistry 37 45 59 72
Topics in physics 39 X I 57 | B
Topics in astronomy 36 30 62 67
Ways scientists design experiments 38 43 | 50 | 58
The biology of plants i1.] ) 51 56
Topics in geology 29 37 | a7 | 52

What is required for scentific explanations 29 32 M

Average percentage of students by performance group in OECD countries agreeing or strongly agreeing with the following:

Lowest performers Moderate performers Strong performers Top performers
Enjoyment of learning science % o« l % ] £
1 enjoy acquiring new knowledge in science, 49 62 ] 78 I v
| am interested in learning about science. 46 57 73 a5
1 genexally have fun when | am leaming science topics. 48 57 l 72 | 83
I like reading about science. 33 43 &0
1 am happy doing science problems. 30 37 l 53 | 68

Figure 6: Interest in Different Science Topics and Enjoyment of Science

Equally important, the motivation to learn science seems to be another key
driver for majority of top performers in science because they believe that the study will
help them succeed in future studies and career. This inference came from the results for
the average percentage of students on statement concerning their instrumental

motivation to learn science as shown in the figure 7.
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Average percentage of students by performance group in OECD countries agreeing or strongly agreeing with the following;

Lowest performers Moderate performers Strong performers Top performers
Instrumental metivation to learn science % °% % %
1 study science because | know it is useful for me. 55 62 73 81
Studying my science subject(s) is worthwhile for
me because what | leam will improve my career 52 56 67 76
prospects.
Making an effort in my science subject(s) is worth it
because this will help me in the work | want to do 58 58 66 75
later on.
What | learn in my science subject(s) is important
for me because | need this for what | want 1o study 51 50 58 70
later on.
1 will learn many things in my science subject(s) that e
will help me get a job. =k S 9 &7

Figure 7: Instrumental Motivation to Learn Science and the Importance of Doing Well in Science

81% of top performers study science because they believe science is useful for
them while 76% of top performers learn science because understanding in science will
expand career opportunities. In the same vein, 75% of top performers feel motivated to
learning science because learning will help them in the work they want to do later on.
As shown in the figure 7, the large proportion of top performers agree with statement 2
(studying my science subject is worthwhile for me because what I learn will improve
my career) and statement 3 (making an effort in my science subject is worth it because
this will help me in the work I want to do later on), which could be conceived that the
motivation to learn is often inspired by potential job opportunities in which knowledge

in science is a must.

Average percentage of students by performance group in OECD countries agreeing or strongly agreeing with the following:

Lowest performers Moderate performers Strong performers Top performers

Self-concept in science % %* % %

1 can usually give good answers to test guestions on

science topics. 49 60 A L/
When | am being gughl science, | can understand the 44 53 69 82
concepts very well.

1 learn science topics quickly. 41 50 66 80

1 can easily understand new ideas in science. 42 49 65 79
Science topics are easy for me. 16 40 55 70
Learning advanced science topics would be easy for me. 42 39 52 68

Figure 8: Self-Concept in Science
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Last but not least, the self-efficacy and self-concept (also called self-perspective)
of a student appear to be two additional key success factors for great performing in
school. Self-efficacy in this context means the confidence level of a student in tackling
specific tasks while the notion of self-concept is the belief level in student academic
ability. As shown in the figure and table below, PISA found that top performers have
strong self-concept and self-efficacy, which advocates the fact that students’ perception

about their ability is very critical to the educational success.
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Figure 9: Self-Efficacy in Science, by Performance Group
2.5. System design principle to nurture top-performing
students

Showing possible applications of concepts being taught in classes develops
better understanding in the concepts for top-performing students whereas engaging
lower-performing students in learning activities by providing freedom to investigate
concepts and interact with other students can stimulate significant interest in scientific

learning. As a consequence, it is suggested that learning activities at school should
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provide possible real-world applications so they can appreciate concepts being taught
in classes and then effectively apply those concepts in the future activities. Based on this
finding, the first system design principle for learning systems is proposed and added to

the list of system design guideline for nurturing more top performers at schools.

System Design Principle 1: Linking learning to real-world applications

Learning activities in a good learning system should link concepts being
taught in the learning activities to real-world applications so learners can

learn how to apply those concepts in reality if they are interested.

Table 3: System Design Principle 1

Regardless the socioeconomic status of students, the performance of top
students strongly depends the level of enjoyment and interest in learning. As mentioned
in the PISA report, 80% of top performing students enjoy learning science, are
interested in learning science and have fun in learning. As a result, learning activities
should be arranged in a way that students can enjoy and have fun with the learning
activities instead of getting bored. This feature of a learning system should be appended
into system design principles to help develop and cultivate characteristics of top-

performing students.

System Design Principle 2: Enjoyment and Interest

Learning activities in a good learning system should be conducive to

learner’s enjoyment and interest.

Table 4: System Design Principle 2

Furthermore, students are more motivated to learn when they believe that they

will definitely use the knowledge being taught in their desired jobs or future works.
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According to the PISA report, 75% of top performing students feel motivated to learning
science because they believe learning will help them in the work they want to do later.
For this reason, the links between occupations and knowledge concepts used in
occupational activities should be cognitively established and visualized to increase
students’ awareness. This possible feature of a learning system is also listed in the

proposed system design principles.

System Design Principle 3: Bridging professional goals and concepts

A good learning system should show important connection between
learner’s desired professional goals (or roles in a society) and concepts

being taught to the learner

Table 5: System Design Principle 3

As top-performing students have a great tendency to believe in their ability as
well as confidence in accomplishing given academic assignments, a good learning
system should empower students by building self-efficacy and self-concept over time. In
order to instill characteristics of top-performing students, the following system design

principle is included in the list of the learning system design guidelines.

System Design Principle 4: Self-Efficacy and Self-Concept

A good learning system must build and enrich self-efficacy (confidence in

doing tasks) and self-concept (belief in own abilities) in student.

Table 6: System Design Principle 4

2.6. Finland as a Top Performing Country in Education

Finland is a country that has successfully transformed itself into a knowledge

economy within a short time period despite a severe economic recession by a major
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banking crisis, high unemployment rate (from 5% to 15%) and the accumulation of
government debt (over 60% of GDP) in the early 1990s. By 2000, Finland has become
one of the top performers in the international competitiveness rankings. With this
magnificent turnaround, the Finnish education system, their innovation system and
their research ecosystem are introduced in this section to fill in any missing system

design principles.

2.6.1.Finland Education System

The Finnish education system is an
Education in Finland

egalitarian Nordic system where the tuition Academic
Vocational degrees | Age
degrees
and meals are free for full-time students*. The doctor
— employment
_ . licentiate
education system requires students to attend .
master Polytechnic(new) 4+2-3
the nine-year comprehensive school (home bachelor Polytechnic +3-4
18-
schooling is also allowed). During the first hog | Vocational 18
upper secondary sc school 17
years of comprehensive school, grading may be 16
limited to verbal assessment rather than 15
14
formal grading. Then, the students can choose 13
. . . 12
to continue three-year secondary education in comprehensive school 11
either an academic track or a vocational track. 10
9
While the tertiary education is divided into 8
. . d . l . . 7
university and vocational university systems, Sta-achoo S

only university system awards licentiate and

doctorate degrees. Table 7: Education System in Finland

14 Retrieve May 18, 2011 from http://en.wikipedia.org/wiki/Education_in_Finland
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2.6.2.Finland Innovation System

The Finnish innovation system is accountable for this success. As shown in the
figure 10, Parliament decides the total public resources to be allocated for innovation
activities following on the research, technology and innovation policy developed by the
Research and Innovation Council. The council is responsible for the strategic
development and coordination of Finnish science and technology policy as well as the
national innovation system as a whole!>. Among the funding institutions, the Academy
of Finland funds basic research while TEKES and SITRA fund applied research and
development projects. SITRA is also considered a major think tank. Many Finnish

policies enhance innovations through “direct R&D subsidies.”

| PARLIAMENT |
|
| GOVERNMENT |

[ I I )

MINISTRY OF EMPLOYMENT
RESEARCH B i CHEDE CALON AND THE ECONOMY MINISTRY OF e
AND ARGICULTURE MINISTRIES
INNOVATTON Department for | Department Innovation Other AND FORESTRY
COUNCIL Education and for Cultural Department | Departments
Science Policy Policy
| |
SITRA
ACADEMY OF . ULES (Finnish National
FINLAND (Enp=ESndug Fund for R&D
Agency for and Innovation)
Technology
| | | Innovation)
UNIVERSITIES
AND OTHER HEI'S RESEARCH RESEARCH RESEARCH RESEARCH
INSTITUTES INSTITUTES INSTITUTES INSTITUTES
+ 2 S| 6 9
POLYTECHNICS @ ® ® ©®
(€)
PRIVATE SCIENTIFIC RESEARCH UNITS AND JOINT RESEARCH PRIVATE NON PROFIT
FOUNDATIONS SOCIETIES DEPARTMENTS OF INSTITUTES OF RESEARCH
AND FUNDS BUSINESS ENTERPRISES ENTERPRISES INSTITUTES

Figure 10: Finnish Innovation System

The coordination arranged by the Research and Innovation Council appears to
be one of the keys to success of the Finnish innovation system when comparing to
Thailand where insufficient coordination among numerous education-related

government agencies in Thailand resulted in not only fragmented education efforts but

15 Retrieve May 18, 2011 from
http://cordis.europa.eu/erawatch/index.cfm?fuseaction=ri.content&topicID=35&countryCode=FI
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also incongruous direction for overall education development. Rie Atagi', for example,
found that no single government agency took responsibility for coordinating 11
different pilot projects related to learning reform, ICT in education, and the
decentralization of educational administration and management. It is clear that the
presence of a consistent development direction and a dedicated government agency is

likely to help increase the success rate of education system improvement efforts.

2.6.3.Finland Innovation Environment

Another interesting characteristic of the Finnish innovation system is the intense
stakeholder linkages in their innovation environment. For instance, a research entity
can increase a chance of receiving R&D funding from TEKES when the R&D projects are
performed in collaboration with other companies, research institutes and/or
universities. No doubt that this approach promotes the collaborations and strengthen

network among stakeholders in the Finnish innovation environment.

Private
sector

companies
880

/enture capitalists:
Private 268

try Investment Ltd. 66

Sitra 29

From abroad
169

Academy of Finland
219

Universities
1040 (454)

Finnvera
406 (40)

Public
sectors

Ministe
sectoral

ries, TE-Centres,
rresearch institutes

12 (221)

Basic research Applied R&D Businegs development
Marketing

Internationalization

Figure 11: Finnish Innovation Environment: Resources and Funding?”

16 Fry, G. (2002). The Evolution of Educational Reform in Thailand. Retrieve May 18,2011 from
http://www.worldedreform.com/intercon2 /fly.pdf

17 Y1a-Anttila, P. & Palmberg, C. (2007). Economic and Industrial Policy Transformations in Finland. Journal of Industry,
Competition and Trade 7(3), 169-187. Retrieve May 18, 2011 from
http://www.springerlink.com/content/c054128511075711 /fulltext.pdf
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The extensive R&D collaboration in Finland also supports the economic theory
on research joint venture that research collaboration is likely to produce more R&D
than research competition!8. Players in both public and private sector in the Finnish

innovation environment can be summarized in the figure 11.

2.7. System Design Principle Based on Finland Findings

The emphasis of coordination among key government agencies and
organizations in both public and private sectors led Finland to become one of the top
performing countries. Although developing educational policies are not considered
within this thesis scope, a learning system could be designed to instill a sense of
“teamwork” in learners through team-based learning activities. This learning strategy
will cultivate learners with a value of collaboration and knowledge sharing, which are
not only the shared value of Finnish students but also necessary for learners around the

world in the era of globalization.

System Design Principle 5: Establish and Promote Coordination among

Learners through Learning Activities

Learning activities in a good learning system should be assigned as team-
based projects to instill a value of collaboration and knowledge sharing in

learners.

Table 8: System Design Principle 5

18 Dahlman, C., Routti, J. & Yla-Anttila, P. (2007, December). Finland as a Knowledge Economy: Elements of Success
and Lessons Learned. World Bank Publications. Washington, DC.
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3. Thailand Education System

3.1. Thailand Educational System Overview

The Thailand education system consists of 12-year groups (as known as grades).
Typical students begin with pre-elementary school or kindergarten for about 3 years
before transitioning to primary school for the next 6 years. After completing the
primary school, they are expected to enter lower secondary school for 3 years to comply
with the 9-year compulsory education. Then, they can choose continue to either upper
secondary school or vocational and technical schooll®. Based on the National
Curriculum 2008, there were eight core subjects, which are comprised of Thai language,
mathematics, science, social studies, religion and culture, health and physical education,

arts, careers and technology, and foreign languages (i.e., English mostly).

e

Approx | Grade LEVEL OF EDUCATION

Non-Formal
3 Education
4 Pre-Elementary Pathways

5 AN

Primary

12 7 Short

13 8 Lower Secondary Course
Training

Vocational and Technical Education
16 il P Y Lower vocational <:

Tertiary vocational

Undergraduate

23 18

Studies

Figure 12: Thailand Education System

19 Ministry of Education. (2008). Towards A Learning Society in Thailand. Retrieved on May 13, 2011 from
http://www.bic.moe.go.th/fileadmin/BIC_Document/book/intro-ed08.pdf
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3.2.

Selected Statistic of Thailand Education System

nazmsndale 82121
Ministry of Foreign

naslgmnsnasinlng 15,086
Royal Thai Armed Forces Headquarters:
nENTNNY mm.vumn'ﬂm 40822
nasiingIMA 31,6554 7+ Ministry of Tourim and Spor
Royal Thai Air Force

niEmmann 202,5232
Ministry of Finance

nasiwda 32,801

nainun 83,569
Royal Thai Army

T

Small Medum LvgelSHL 19,000 - nsmmsnalu 169,092

Ministry Of Dafence

Guhsstugnin
Resarved Budget 48,005.7

d \Q[
Govamment Healthcars 48,600 T \E# r

NN 249,565.7
.- Shared Budget

sinymunnathnems

dninwuniguunt 28,7
The Prime Miniser's Office

Wowia s vy ?03
Pension 82,450 \P‘ Y }J

®)

nimmsiRueTy 4,933 .-G
Ministry of Culture

Audries Guyawedinems
Compensation 27,900

nsnmsinemeedussnnluled  8,3528
Ministry of Science and Technology 5

naznmamiuladrminauszarifioms 3,9¢
Ministry of Information and Communication Technology

neEmmem R wiunvaye] 95765
Ministry of Social Development and Human Security

dwinemldanisn i 26,806.7
Office of the Permanent Secretary

nsnafnilng  330,069.2

dninanannsAindudugm .
Offce of the Basic Education " Mnistry of Education
Commsion 2091676 T

1,
Mmmn, of Public Health

dninomnpcnTumandiion 16,870 |-
Vocational Education Commission |

dninamdmsind .
Royal Thai Police 69,6212 |

Siam Intelligence Unit (SIU) is the group of economic professionals and analyst. We conduct

a research on politics, economics, govemment policy, strategy, and new med

Our clients include many govemment agencies, public organizations, NGOs, altemativelcitizen
media, and private companies. Our works were published on various business publications in
Thailand.

Slam Intelligence Unit
Find more SIU works at http://www.siamintelligence.com

nENTI NN T Ruas R Ind
Ministry of Natual Resouces and Environment

JWUTZAIMIINIY WA, bEeo
Thailand Budget 2009

1,835,000

§uwn Million Baht

dmnanidn 77,4686 . .
Otners

ou 21,3323

niEnmunsesuasmnal  69,670.3
Ministry of Agriculture and Cooperatives

(W) hnistry of Labour

Twihwideraliiuaonds
Liabisty 27,5402

Other Products by SIU

quddayamisiiiaslng
Thailand Political Base

Online database for Thai politicians, parties,
and campaings - http://politicalbase.in.th

NTNDITINK z75457

Tdmin 18,00
Provincial Budget

Thailand's Government Budget 2009 suU52u1518318UENALNY N.A. bede

Wig: Muum
- dinemdssidny 22,7983 Million Baht
' """ Social Security Offic 2
NIWMINEN  40,794.3
- Department of Highways

MR 17,608

NENTIRNWNN 66,371.2
Department of Rural Roads

Ministry of Transportation

naunsnniss 24,7051

> (% - Department of Provincial Administration

naudaatunnineseiashin 136,152.3
of Local Adminisiration

; N
T
R

ngaonmuiny 14,42
R = Bangkok Metropolitan Adnisuaion
Thai Red Cross Society.

swesAenmnyAsuazmnTinRnRT

J - MmN 42523 Bank of Agriculturual and
& Winistey of Energ Agricultual Cooprative 99224
nzmmamdsd 6,504.1 s
Ministry of Commer < mynbilfwsdanamiazmelng
R Mass Rapid Transit
9QRETNTTH 5,843.7 - e ) 7,630

n
" Minsstry of Industry

msmafmstalsznalng 4108
Expressway Authorty of Thatan

Q mmnldninlsznalne 96682
Stale Railway of Thailand

gt
L

ML TH WM
= Funds and Credt 128,020.6
=

o
——

~ais
NN 16,550.1
Ministry of Jusice

" noapmiimacgumwdes
‘hatand Village Fund 9,950

MUVBINA
Courts 12,667.5

numuﬁ“mﬂunnﬂnm

by suvasigem
wdent Loan Fund 25,675.4

Pariament 3,843
‘whurmvasesinmieing 4
Consifutonal Agoncios 10,339.9 -

nasvudna=ugya iR
National Health Security Fund 80,597.7

Data from The Bureau of Budget, Thailand (http://www.bb.go.th)
Inspired by *Death & Taxes" visualization (http://www.wallstats.com)

[ ]
POTGHORA ©@OO0O

work is licensed under a Creative Commons

Online TV program on politics, econemics,
Atriuion Noneormmercil Shave Al 3.0 Unported License

and streategy - http:/practicalutopia.tv

Figure 13: Thailand National Budget on Education
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As shown in the figure 1329, Thailand’s government allocated about 18%
of the national budget to Ministry of Education in 2009 while they spent 22.3%
and 20.4% in 2010 and 2011 respectively (as shown in the table 1421).

Moreover, 21.91% of national budget was allocated to Education in 2005.

(in million baht)

1. Pre-Primary, Primary, and Secondary Education 282,212.1 310,330.0
2. Tertiary Education 62,604.2 71,749.8
3. Education not Definable by Level 2,052.8 2,406.2
4. Subsidiary Services to Education 22,471.5 22,747.4
5. Education not elsewhere classified 9,784.2 15,006.5

Total Education 379,124.8 422,239.9

Percentage of the Total Budget 223 20.4

Figure 14: Thailand National Budget on Education in 2010 and 2011

Although the national budget allocation for Education appears to
consistently be the largest share of the national budget across sectors in the last
5 years, it is still questionable on whether those resources are equally and
efficiently distributed among different income groups. Ms. Kohtbantau
highlighted “the poorest 40 percent of the population receives 56 percent of total
spending, reflecting a pro-poor allocation of resources. The distribution of
resources for secondary level education is fairly equal; however, spending for
tertiary education is clearly regressive. The wealthiest 20 percent of the

population receives 53 percent of total spending.22” In addition, Atagi mentioned

20 Retrieved on May 13, 2011 from http://siu.co.th/2009/02 /visualization-of-thailand-budget-2009/

21 BUREAU OF THE BUDGET. (2011). THAILAND’S BUDGET IN BRIEF FISCAL YEAR 2011. Retrieved on May
13,2011 from
http://www.bb.go.th/FILEROOM/CABBBIWEBFORM/DRAWER14/GENERAL/DATA0001/00001246.PDF
22 Kohtbantau, A. & Fitts, P. (2006, October). Thailand’s Secondary Education System at a Crossroads: Despite
Impressive Increases in Access to School, Challenges Remain. Retrieved on May 13,2001 from
http://www.worldbank.or.th/WBSITE/EXTERNAL/COUNTRIES/EASTASIAPACIFICEXT/THAILANDEXTN/
0,,contentMDK:21085719~menuPK:333302~pagePK:2865066~piPK:2865079~theSitePK:333296,00.html

40



in her work that a large amount of budget for education was allocated to new
buildings and land event though the budget could have spent on teacher

development and educational researches?23.

To gain deeper insight into the characteristics of Education System in

Thailand, some descriptive statistics?* are summarized in the table below.

Indicator Value Global Year
Ranking
Education spending 28.30% 2nd of 96 -

as percentage of total government expenditure

Education spending 5.20% 54th of 132 -

as percentage of GDP

Public spending on education 27.53% 4th of 103 | 2004

as percentage of total government expenditure

Public spending on education 4.23% 38th of 136 | 2004
as percentage of GDP
Spending per primary school student $1,048.00 | 21stof21 | 2001
per
student
Spending per secondary school student $1,177.00 | 21stof21 | 2001
per
student

Education enrollment by level (Primary level) 6,112,687 | 3rd of 189 | 2003

Education enrollment by level (Primary level) per 0.097 6thof 172 | 2003
capita
per capita

Education enrollment by level (Secondary level) | 5,009,844 | 1stof171 | 2003

Education enrollment by level (Secondary level) 0.079 3rd of 159 | 2003
per capita
per capita

Education enrolment ratio, net (Primary level) 93% 3rd of 160 | 2006

23 Fry, G. (2002). The Evolution of Educational Reform in Thailand. Retrieve May 13, 2011 from
http://www.worldedreform.com/intercon2 /fly.pdf

24 Retrieved on May 14, 2011 from http://www.nationmaster.com/red/country/th-thailand/edu-
education&all=1
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Progression to secondary level 90.7 46th of 97 -

Schools connected to the Internet 37% 23rd of 39 | 2002

Table 9: Selected Descriptive Statistics of Thailand Education System

The table shows that most Thai students at least receive a formal
education in both primary level and secondary level. However, since there were
a large number of students with financial difficulties, the government spending
per student was at $1,048 in the primary school level (while the weighted
average is at $4,100.19 per student) and $1,177 in the secondary school level
(while the weighted average is at $5,463.67 per student), which indicates that
most education system resources (e.g., school, learning instruments, subsidized
tuition) still heavily rely on the financial support from the government?>. For this
reason, the system architecture must be designed to help reduce education costs
to allow students, especially with financial difficulties, to afford educational

opportunities at their own will.

System Design Constraint 1: High Education Costs

A good learning system must be designed to help reduce education costs to

allow students to afford educational opportunities at their own will.

Table 10: System Design Constraint 1
3.3. Unique Challenge In Thailand Education System
Other than a large proportion of under qualified teachers and an unequal
access to high quality teachers like other developing countries, some traditional
customs appear to a unique factor that discourages students to become an active
and self-direct learner. For example, being considerate and respectful to teachers

is one of the prevalent cultural norms in schools. If a student asks his teacher a

25 Retrieved on May 13, 2011 from http://www.moc.moe.go.th/node/354
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difficult question during a class and the teacher cannot answer it, this situation
could make the teacher lose face and could be perceived as an insult. For that
reason, students tend not to ask questions although they don’t understand. This

finding was also reported in studies in both Thai?¢ and English?7.

Insufficient coordination among numerous education-related government
agencies and English language literacy are other two challenges in Thailand
education system. Although these two challenges will not be addressed within

this thesis scope, it is important to explicitly state them in this section.

Insufficient coordination among numerous education-related government
agencies results in not only fragmented education efforts but also incongruous
direction for overall education development. Rie Atagi28, for example, found that
no single government agency took responsibility for coordinating 11 different
pilot projects related to learning reform, ICT in education, and the
decentralization of educational administration and management. The absence of
a consistent development direction is likely to dilute education system

improvement efforts, resulting little impact on Education.

Besides, limited English literacy separates non-English speaking students
from the global knowledge system. Many Thai students don’t have opportunities
to learn English from native English speaker, resulting in the very low English

proficiency when comparing with other ASEAN countries (shown in table 11).

26 Retrieved on May 13, 2011 from http://www.moc.moe.go.th/node/354

27 Hallinger, P. Kantamara, P. (2009). Paper prepared for the Asia Pacific Journal of Education. Retrieved on
May 13,2011 from http://www.philiphallinger.com/papers/AP]JE.pdf

28 Fry, G. (2002). The Evolution of Educational Reform in Thailand. Retrieve May 13, 2011 from
http://www.worldedreform.com/intercon2 /fly.pdf
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For this reason, it is challenging for Thailand knowledge system to interact with

the other knowledge systems?°.

Country Average TOEFL Scores Rank

Indonesians 518 4
Laotians 496 9
Malaysians 527 3
Filipinos 578 2
Singaporeans 596 1
Thais 498 8
Vietnamese 511 6
Burmese 512 5

Table 11: TOEFL Mean Score of Students in ASEAN countries30

3.4. System Design Principle to mitigate identified

challenges

Although both limited resources (i.e., numbers of unqualified teachers
and unequal access to quality teachers) and some traditional customs in
Thailand’s classrooms can restrain students from nurturing active and self-direct
learning mindset, the system architecture of intrinsically motivated learning
systems can be designed to encourage students to take ownership of their own

future success3l. One approach is to promote the desire to be successful with

29 Fry, G. (2002). The Evolution of Educational Reform in Thailand. Retrieve May 13, 2011 from
http://www.worldedreform.com/intercon2 /fly.pdf

30 Prapphal, K. (2003). English proficiency of Thai Learners and Directions of English Teaching and Learning
in Thailand. Journal of English Studies 1(1). 6-12.

31 Project-Based Learning forces students to take ownership of their success - Wiki. Retrieved on May 13,
2011 from http://en.wikipedia.org/wiki/Project-based_learning
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their favorite professions, which would not only shift learning responsibility to

students but also instill the active and self-directed learning mindset in students.

System Design Principle 6: Promoting Ownership of Future

A good learning system should encourage students to take the

ownership of their own future success.

Table 12: System Design Principle 6

3.5. Constructionist School in Thailand - DSIL Case Study

3.5.1. Background

Darunsikkhalai School for Innovative Learning (DSIL) was found in 2000
as a constructionist pilot school where the learning scheme is primarily based on
the theory of constructionist learning (learning by making). The pilot school was
one of the tangible assets led by the Lighthouse project3? launched in 1997. At
that time, a group of Thai industrialists, educators, and government officials
approached Professor Seymour Papert and his group at the MIT Media
Laboratory to help design and implement a radical change in Thailand
educational system in order to develop learners for a knowledge-based
economy. Constructing meaningful artifacts and projects were the core activities
within the Lighthouse project to promote the development of both participating
teachers and students. The Lighthouse project had demonstrated many
extremely positive learning outcomes (e.g., increasing learning enjoyment,
assimilating learners in computational learning environments, etc.), which

inspire participating teachers to use this constructionist learning style at their

32 Cavallo, D. (1998). Project Lighthouse in Thailand: Guiding Pathways to Powerful Learning. Retrieved on
May 13, 2011 from http://el.media.mit.edu/logo-foundation/pubs/logoupdate/v7n1/v7n1-lighthouse.html
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own schools. Unfortunately, there was a strong change resistance from their
school managements to adopt the constructionist learning style because of their
fixed mindset. For this reason, Khun Paron and a board member of the
Suksapattana Foundation formed an idea of establishing a pilot school, resulting

in the existence of Darunsikkhalai School for Innovative Learning (DSIL).

Figure 15: Darunsikhalai School of Innovative Learning (DSIL)

3.5.2.DSIL Learning Process

The theory of constructionist learning was used as an underlying principle to

design the DSIL learning process, which consists of the following eight steps:

Identifying
students’ learning
interests

Adjusting actions
based on new
knowledge

Developing a
specific learning
plan with students

Learning through
project-based
activities

Presentation the
lessons learned

Figure 16: Darunsikhalai School for Innovative Learning Process
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®  Ateacher stimulates and identifies students’ learning interests in a class

®m  Teachers across fields (e.g., art, science, math) help create an initial
learning plan for that particular interest

®  The teacher develops a specific learning plan with students in the class

®  Both teacher and students begin learning through project-based activities,
for each activity both parties work together on: researching and planning;
modeling and constructing; testing hypothesis and discussing with
experts in the field; and exchanging Knowledge

®  The teacher and students summarize the lessons learned

®  The teacher and students present the lessons learned

®  The teacher and students analyze and assess the lessons learned

®  Students adjust actions based on new knowledge being constructed

3.5.3.DSIL Class Observation and Student Interviews

To gain better understanding of whether DSIL students actually benefit
from the constructionist learning style, I visited DSIL and observed a couple of
lectures in person. The experience gave me an impression that the
constructionist learning style helped increase interactions between a teacher
and students in classes, implying that students have higher interest and learning
enjoyment in the learning activities, especially in subjects in science. It was
interesting to note that students in primary and lower secondary school level
were more enthusiastic in classes than in high school level. After discussing with
DSIL high school students, they expressed that the constructionist learning style
helped develop their “systematic thinking skill” but they perceived that DSIL

students would not be able to compete on learning contents with those from
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other leading schools where rote-learning style is used in the mastery of
foundational knowledge. I presume at this point that rote-learning style could
instill a large set of factual knowledge within a shorter time while the
constructionist learning style develops “learning skill” that lasts for a lifetime.
Based on a further discussion, most students planned to continue their study
abroad so the Thai national standard test would not their big concern. When we
discussed favorite learning activities, there was no consensus about their
favorite and non-favorite learning activities. However, the common
characteristics of their favorite ones were learning activities are “fun and
interesting” while the common characteristics of their non-favorite ones are
“boring, routine and inappropriate to their perceived abilities (e.g., not too

challenging, not too easy).”

Since the teachers encourage students to develop their own social norms
and choose their own learning topics, especially classes in science, some students
commented that the limited number of DSIL students per grade year (i.e., about
20 students per grade year) as well as their diverse backgrounds impose a
challenge of forming project-based groups in which the students shared the

same learning interest.
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3.6. Suburban School in Thailand - Kookhampittayasan

School Case Study

Figure 17: Kookhampittayasan School in Khon Kean Province

During my research, Kookhampittayasan School33 was introduced on a
Thai television program because of its innovative learning method on
Mathematics. To identify the differences between learners in an innovative
school like DSIL and those in an innovative school in a suburban area, I arranged
a trip from Bangkok to Khon Kean (a province in Thailand). The trip objective
was to observe the actual learning environment and interactions between
teachers and learners in a suburban high school in Thailand. It is important to
note that Kookhampittayasan School is a typical school in Thailand suburban
area but the school adopted the "open-ended” learning approach as its learning

scheme for Mathematics.

3.6.1.Kookhampittayasan School Learning Approach

The approach was originated in Japan in 1970s. Since 2002,
Kookhampittayasan School has been using a so-called “open-ended” approach
where students get engaged with a Mathematic open-ended problem. The open-

ended problem is formulated in such a way that there are many correct but

33 Retrieved on May 13, 2011 from http://www.kookhampittayasan.com/kookham.htm
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incomplete answers. A class lecture usually takes about one hours. The students
in a class are assigned in a team where each team can construct their own
solutions for half hours, which sometimes introduce new ways of problem
solving. Then, a teacher of the class let the students share what their solutions
are to the rest of the class. At the end, the teacher provides the conclusion of the

lecture.

Engaging students with an
open-ended mathamatics
problem

Encouraging students to
construct their own
solutions

Concluding the learning
lessons

Letting students share
their own solition to the
classmates

Figure 18: Kookhampittayasan School Learning Process

3.6.2.Class Observation and Student Interviews at

Kookhampittayasan School

[ arranged group discussions with students regarding favorite learning
activities. I found that there is no consensus about their favorite learning
activities. However, the common characteristics of their favorite ones were fun
and appropriateness to their perceived abilities (e.g., not too challenging, not too

easy). Interestingly, one learner in the focus group mentioned that “working in a
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team” contributes to his desire to learn whereas another learner identified

“being omniscient” as a drive to learn.

Figure 19: Kookhampittayasan School Class Observation

Although the current learning scheme can engage students more than the
traditional rote-learning style, I noticed that a couple of students lost their
attention from time to time because of the distractions from noises inside (i.e.,
chatting) and outside the classroom. My observations correspond to the research
result3* conducted to assess the “opened-ended” learning approach. The
research results indicate that the students under this learning style perceived
themselves as more active, more original and more hand-on experienced
students. The students also expressed that the loud classrooms and unclear

instructions were the dominant factors that retarded their learning experience.

3.7. System Design Principle through Case Study Analysis

The two cases of Thai schools obviously support that a good learning
system strongly needs fun and interesting learning activities, which has already
been proposed in our list of system design principles (number 2). Beyond fun
and interesting, the learning activities must be appropriate for their perceived

competence level. Working as a project team, in which students shared similar

34 Inprasitha, M.. (2006). Tsukuba Journal of Educational Study in Mathematics (25). Retrieve on May 13, 2011
from http://www.human.tsukuba.ac.jp/~mathedu/journal/vol25/inprasitha.pdf

51



interest and competence level, also shows a tendency to promote “fun” in the
learning activities. The analysis of these two cases led to the proposed system

design principle number 7.

System Design Principle 7: Forming a Homogeneous Team

Learning activities in a good learning system should be assigned to
teams in which team members shared similar leaning interest and

competence level.

Table 13: System Design Principle 7
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4. Revolutionary Learning Theory

Even though the common characteristics of successful education systems
and educational challenges in developing countries like Thailand can offer an
overview of currently desired learning system features, it is vital to review
revolutionary ideas in “learning” to gather key concepts used to synthesize core

design principles for the architecture of future learning systems.

There are four orientations to learning summarized in the table 1435,
Since the thesis objective is to develop system architecture of learning systems
that not only instill an active and self-directed learning mindset into learners but
also develops learning skills for the learners, only literature in the aspect of

cognitive learning theory (i.e., Piaget and Papert) and humanistic learning theory

(i.e., Maslow) become the main focus at this point.

Aspect Behavioral Cognitive Humanistic Social and situational
Thorndike, Koffka, Kohler,
Learning Pavlov, Watson, Lewin, Piaget, Maslow Rogers Bandura, Lave and
theorists Guthrie, Hull, Ausubel, Bruner, » 108 Wenger, Salomon
Tolman, Skinner Gagne
Internal mental
process Interaction /observation
: includin in social contexts.
View of the . ( . & A personal act
: Change in insight, ! Movement from the
learning . : ; to fulfill .
behavior information : periphery to the centre
process . potential. .
processing, of a community of
memory, practice
perception
Stimuli in Learning is in
Locus of external Internal cognitive | Affective and relationship between
learning . structuring cognitive needs people and
environment .
environment.
. Produce Develop Become self- Full participation in
Purpose in . . . s :
behavioral capacity and actualized, communities of practice

35 Smith, M. K. (1999). 'Learning theory', the encyclopedia of informal education. Retrieve May 20, 2011 from

www.infed.org/biblio/b-learn.htm
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education change in skills to learn autonomous and utilization of
desired better resources
direction

Works to establish

Arranges Facilitates s .
. . Structures communities of practice
RGUGEESIN  environment to development of . .
. . content of in which
role elicit desired . . the whole .
learning activity conversation and
response person

participation can occur.

Table 14: Comparison of Learning Orientations

While the literature in the aspect of cognitive learning theory is
introduced in this chapter, the literature in the aspect of humanistic learning
theory is saved for the next chapter. This chapter begins with the concept of
lifelong learning, which appears necessary for all individuals in the 215t century.
Then, the concept of constructivism, constructionism and cultural-history

psychology are presented respectively.

4.1. Lifelong Learning

The concept of the lifelong learning is introduced to present the radical
change in perspectives on education during last few decades. Due to rapid
change in all aspects globally, the competition in both business and non-business
landscape becomes fiercer. This phenomenon not only tremendously transforms
the definition of the “education” over time but also originates a new mindset of
lifelong learning. This new mindset is now indispensible for any individual
seeking life improvement as well as smarter living. Before this concept was
introduced, people used to think that education was limited by learning activities
occurring within student life at schools. The belief about the traditional
definition of education is far from today’s truth, when learning activities actually
occur across the whole life span. Frequently, the difference in forms and

environments unconsciously influenced the learners’ perceptions, resulting in

54



the distorted definition of education. For that reason, a clear definition of

education in the perspective of lifelong learning is introduced in the next section.

4.1.1. Definition of Lifelong Learning

There have been a number of controversial discussions to define the
precise meaning of the words “lifelong learning”. Although several different
approaches are invented to conceptualize this particular terminology, the
meaning varies in different contexts. Nevertheless, there are at least four

functions of the notion of lifelong education3®:

The preparation of individuals for the management of their adult lives

The distribution of education throughout an individual’s lifespan

The educational function of the whole of one’s life experience

The identification of education with the whole of life

Based on the functions above, a simple and concise description of the

lifelong learning concept developed specifically for this thesis scope is:

The Thesis’s Definition of Lifelong Learning

“A state of the learners’ mindset where the learning behavior has already
changed from passively absorbing knowledge from subject matter experts
or routine circumstances to actively seeking for new activities
contributing to learners’ new skills and knowledge while improving

competency of possessed skills throughout the whole lifespan.”

Table 15: Thesis's Definition of Lifelong Learning

36 Aspin, D. & Chapman, J. (2007). Philosophical Perspectives on Lifelong Learning. Lifelong Learning Book
Series 11, 19-38. Springer Netherlands. Retrieved on May 15, 2011 from
http://www.springerlink.com/content/v32786303p48262w/
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This description is very close to the definition specified in David Aspin’s
paper stating that lifelong learning is concerned with promoting skills and
competences necessary for developing general capabilities and specific
performance in work situations. In order to demonstrate the distinction between
a traditional concept of the school and the lifelong learning, a comparison table

from Gerhard’s paper37 is excerpted below.

School / University Lifelong Learning
Emphasis “Basic” skills; exposure; access Education embedded in ongoing
work activities; informed
participation
Potential Decontextualized, not situated Important concepts are not
Drawbacks encountered
Problems Given Constructed
\ATA ]I Defined by curricula Arise incidentally form work and
situations

Structure Pedagogic or “Logical” Structure | Work activity

Roles Expert-Novice Model Reciprocal learning; “Symmetry of
ignorance”
Teachers/ Expound Subject Matter Engage in work practice
Coaches
Mode Instructionism Constructionism
(knowledge absorption) (Knowledge construction)

Table 16: Comparison of Different Conceptualization of School and Lifelong Learning

As lifelong learning can be presented in various forms, the next section
provides some common forms that are based on the described characteristics in

the comparison table.

37 Fischer, G. (1999). Lifelong Learning: Changing Mindsets. Retrieved May 15, 2011 from
http://www.cs.colorado.edu/~gerhard/papers/icce99.pdf
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4.1.2.New Forms of Learning in Perspective of Lifelong
Learning

Learning in the information age occurs in various interactive forms and
locations (i.e., conversation on the phone, discussions in the virtual meeting
room and so on) where each individual learner constructs the learning objective
on their own and develop a choice of possible learning plans to solve the defined

problem. According to Gerhard, the new forms of learning consist of:

m  Self-directed learning: This form of learning gives a full control to
students to define their own leaning objective. The knowledge is
constructed when the learners formulate a problem that they are
motivated to solve and then develop a research plan with peers or
even teachers through conversations to ensure the validity of the plan.
Furthermore, the importance of this form of learning was also
highlighted in the research paper38, from the Schiefelbusch Institute
for Life Span Studies, which indicates “skills associated with becoming
more self-determined (e.g., setting goals, problem-solving, decision-
making, self-management) are important for a successful transition
from school to adult life.“ Once the learners acquire these skills, he is
able to handle all the challenges in their lives better. Conversely, this
type of learning form could impose a new risk to the learners if they

don’t understand their own needs or lack motivation to learn.

38 Retrieve May 15,2011 from
http://www.beachcenter.org/research/FullArticles/PDF/SD9_Promoting%20Transition%?20Goals%20and
%208Self-Determination.pdf
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Learning on Demand: Since change is constant, it is unavoidable for
the learners to assimilate new knowledge when a given task requires
that particular knowledge. We observe that this form of learning is
actually prevalent in many of our life activities. For example, if the
learner is assigned to repair a computer, he first needs to understand
how the computer works. This learning form demonstrates the
necessity of the fundamental learning skill. Consequently, the
development of learning skill appears more important than the
understanding of the knowledge.

Informal Learning: Learning is not restricted to the formal
educational institutions. Instead, the learning is moving from school
and libraries toward home, community and workplace where the daily
interactions and shared relationships among members are the
primary means of learning.

Collaborative and organizational learning: When there are
collaborative interactions among learners, not only are the dissimilar
ideas discussed among learners through socialization, leading to a
new knowledge and innovative idea, but also shared beliefs and values
are unconsciously exchanged. One evident example is discussion in a
brainstorming session among learners. The most agreeable idea is
chosen and supported by that group of learners of whether the idea is

the best.

58



4.1.3.System Design Principles to Support Lifelong

Learning

As the shift in mindset from ‘school’ to lifelong learning is transforming
every knowledge society, a good learning system must be designed to support
the vision of lifelong learning. Not only should a good learning system support
learners to learn continuously following self-directed learning objectives but also
cultivate the appropriate personal beliefs and habits to always seek learning
opportunities to improve their own skills. For this reason, two design principles
are initially proposed below as the learning system guidelines to support lifelong

learning.

System Design Principle 8: Supporting Lifelong Learning

At a given time, a good learning system must help the
learners to not only define their desired learning
objectives but also define the learning space in alignment

with the defined learning objectives.

Table 17: System Design Principle 8

Since there are many things a person can learn during a lifetime, a good
learning system should empower learners to articulate their most preferred
learning focus at a time. According to the study conducted in 2001 by Joshua
Rubinstein, Jeffrey Evans and David Meyer, the research team found that people
lost significant amounts of time as they switched among multiple tasks. This
finding confirms that although people can work on several things in parallel, it is

difficult to focus on several things at the same time due to the natural limits of
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human cognitive ability. Also, a good learning system must assist learners in

confining the learning space according to the selected learning focus.

System Design Principle 9: Personalized Learning Plan

A good learning system must encourage the learners to
develop a personalized learning plan, which includes

defined learning goals and objectives.

Table 18: System Design Principle 9

In order to fulfill a learning objective, key learning goals must be listed.
This will allow the learners to develop a strategic learning plan to systematically
achieve the defined learning goals and then fulfill the learning objective. For that
reason, the learning plan is very critical to the learning success at the end. In
accordance with the research paper3? from Schiefelbusch Institute for Life Span
Studies, almost all the students who learned how to develop their learning plan
through a Self-Determined Learning Model of Instruction dramatically improve
their learning performance. The evidence shows that a good learning system
must have this system feature to help learners succeed in learning regardless of

learning activities.

4.2. Constructivism Theory

When considering a famous revolutionary perspective attempting to
address an ambitious but mysterious question about learning, such as “How do
we come to know?” in recent decades, most researchers and educators would

think of Piaget’s assertion as the starting point. Piaget, who is a Swiss

39 Retrieve May 15, 2011 from
http://www.beachcenter.org/research/FullArticles/PDF/SD9_Promoting%?20Transition%20Goals%20and
%208Self-Determination.pdf
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developmental psychologist, stated that the knowledge was not a simply direct
copy of reality. Instead, knowledge is acquired and constructed through a
constructivist process where an individual organizes, structures and
restructures experiences in accordance with the existing objects accumulated

inside his/her mental model?.

Piaget’s primary assumption is one of subject-object unity, describing the
discovery that knowledge does not simply come from the object or the subject
but the interaction between the subject and the perceived object. To understand
an object in reality, a learner must interact and transform the perceived object.
For example, a learner may connect, displace, combine, take apart, reassemble or
do all together in his own way to construct a new meaningful object, resulting in
the new knowledge about the perceived object. However, the new knowledge is
not a copy of reality. It is just only a chosen part of the object a learner may
select. Piaget further assumed that there are two types of activities to construct
such knowledge. The first type is the coordination of actions while the second
type is the coordination related to the object. Each activity type also constructs a
different type of knowledge. The coordination related to the object constructs
physical knowledge, which relates to the figurative aspect of the object because
the subject tries to represent the object without transforming it. In contrast, the
logical mathematical knowledge is derived from the learner’s reflection on his

own coordinating activities.

40 Siegel, 1., Brodzinsky, D. & Golinkoff, R. (1981). New directions in Piagetian theory and practices. Hillsdale,
NJ. Lewrence Erlbaum Assiciates, Inc.
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4.3. Constructionism Theory

The term “constructionism” is firstly coined by Professor Seymour Papert
to describe the notion that knowledge is effectively constructed inside the mind
of learners when the learners make their own “objects-to-think-with” tangible
and sharable with others. While making the objects tangible encourages learners
to externalize their internal ideas in concrete forms, making the objects sharable
helps other learners not only transform and build upon those ideas but also co-
construct new knowledge together. Although Papert and Piaget share the same
view that anything is easy to learn if learners can assimilate that matter to the
existing collection of models in their minds, Papert went beyond the cognitive
aspect of the Piaget’s original theory by including the dimension of affection.
With positive affection toward some particular “objects-to-think-with”, learners
can easily recall and use those existing mental models to construct more complex
knowledge. For example, Papert’s favorite mental models were gears. Papert
once mentioned about his affection toward gears in his childhood experience:

“Playing with gears became a favorite pastime. I loved rotating circular
objects against one another in gear like motions and, naturally, my first erector set
project was a crude gear system.” So, when he got into an elementary school, the
gears served as models for him to assimilate new knowledge. “I saw
multiplication tables as gears*,” he thought.

His personal story showed that he used a mental gear model to construct
new concepts based on his existing concept of gears, which is more concrete than
a multiplication table. Since a computer is versatile and flexible enough to be

transformed into a thousand of different forms that serve numerous functions,

41 Papert, S. (1980). Mind-storms Children, Computers, and Powerful Ideas. Basic Books, Inc.
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Papert believes that the computers are the best learning instruments for all
learners to construct their own “objects-to-think-with” like the gears were for
Papert. It is important to note that the focus is not the “objects-to-think-with”
constructed by the computers but the learner’s mental models constructed for a
lifetime through the experience of making the “objects-to-think-with”. Once the
mental models are constructed, learners can think on their own even when the
physical contact with a computer (and objects-to-think-with) is removed. Thanks
to Papert’s theory, education researchers in last few decades focus more on
creating the learning conditions where the learners can develop personal

affection on “objects-to-think-with”, resulting in more learning enjoyment.

4.4. Cultural-Historical Theory

Vygotsky is a Russian psychologist who invented the cultural-historical
theory, explaining that the development of a child’s cognition is the result of his
or her interactions with others within a specific social context. He also believes
that the culture where a child has been immersed influences the cognition of the
child. Specifically, the way a child thinks, remembers, listens, communicates and
solves a problem appears to depend on the social context. Furthermore, he
conceived that a human mind was constituted of human history (phylogeny) and
a person’s individual history (ontogeny). Therefore, his notion of a children

development is often referred to as the “cultural-historical theory”42

4.4.1. The Vygotskian Framework

Vygotsky proposed four basic principles to child development known as

Vygotskian Framework, which comprise:

42 Bodrova, E. & Leong D. (2007). Tool of the mind: the Vygotskian approach to early childhood education
(9-11). Upper Saddle River, NJ. Pearson Education, Inc.
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1. Children construct knowledge

Although Vygotsky shared the same view with Piaget on the belief that
children construct their own understandings, Vygotsky focuses more on the
influence of present and past social interactions while Piaget seemed to be more
interested in interactions with physical objects. Vygotsky also believes that
physical manipulation and social interaction are necessary for development. For
that reason, teachers’ will be the key to mediate how children should learn; as

teachers act as a filter to select which ideas the children will learn.

2. Development cannot be separated from its social context

According to Vygotsky’s work, the social context is more important to
children development than pure attitudes and beliefs since the social context is a
part of development process as well as a part of molding children’s cognitive

processes. The social context can be considered at several levels:

= Immediate interactive level - the direct interaction between a
child and another individual at the moment. For example, a child
whose mother emphasizes learning the names of objects will think
differently from a child whose mother lets him/her play on his/her
own.

®  Structural level - the social structure such as family and school
can also influence a child. Children raised in orphanage did not
have the same level of planning and self-regulatory skills

compared to children raised in families.
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= General culture or social level - the features of society at large,
such as language, numerical systems, and the use of technology
can impact children’s development as well. For instance, Asian
children who used an abacus had different concepts of numbers

than those who did not.

Westerners are accustomed to viewing cognition as a set of internal
mental processes for an individual. However, there are many growing number of
studies that regard the concept of cognition as a shared process recognize the
importance of social context in this mental process acquisition. For that reason,
children tend to learn and acquire a mental process by sharing, or using it when
interacting with others. This discovery emphasizes the importance of social
culture in all levels, which is the key to defining a model for how children

discover not only what to know but also how to think.

3. Learning can lead development

Unlike behaviorists, Vygotsky argues that learning and development are
different processes. He believes that although maturational prerequisites are
needed for some specific cognitive development, learning can hasten and even
causes the cognitive development, which contradicts the beliefs of some
theorists who postulate that the maturation must exist before major
development processes can occur. For example, a 3-year old girl is classifying
objects but she cannot keep them straight. Her teacher gave her two boxes, each
of which contains a word and a picture to assist her in keep the object straight.
As a result, the girl can categorize other objects as well as learning the word and

image, which hasten the development of categorical thinking. This example
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shows that the learning can lead development if there is a proper learning

context setup.

4. Language plays a central role in mental development
Since the language is a main mechanism used to describe an abstract
concept or idea without the actual object present, language allows children to
imagine, manipulate and share ideas with others. Since shared activity is the
means that facilitates a child’s internalization of mental processes, children’s
cognitive processes will be constructed and developed further as a result of

dialogues and discussions.

4.4.2. Key Vogotskian Strategies for Development and

Learning

Zone of Proximal Development (ZPD) is one of the best known of
Vygotsky’s concepts whereby Vygotsky believes that there are two levels of

behavior development or skill development*3:

* The lower level where a learner can solve a problem independently
* The higher level where a learner still needs both direct guidance or
indirect help (i.e., facilitate learning, setup environment) from more

capable mentors to assist in solving a problem or in performing

As Vygotsky conceived development as a continuum of behaviors, not as a
discrete scale, he chose the word “zone” to describe the wide range of skills or

behaviors that could be develop in near future while “proximal” emphasizes that

43 Bodrova, E. & Leong D. (2007). Tool of the mind: the Vygotskian approach to early childhood education
(P.86). Upper Saddle River, NJ. Pearson Education, Inc.
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only some behaviors or skills closely associated to the learning activities will be

developed, not all within the zone.

The size of ZPD is dynamic for each student and varies from person to
person. Some students might need little help or time to make leaps while the
others might need significant assistance and time to accomplish just a small
lesson. Also, a student could have different ZPD sizes at different times in the
learning process. For example, the student does not have trouble acquire reading
comprehension but has a great difficulty in long division. Moreover, Vygotsky
depicted the ZPD as shifts when the child attains a higher level of thinking and
knowledge, so the development can be illustrated as a sequence of dynamic

zones, which have their own unique sizes.

Recently, the National Association for the Education of Young Children
published the Basic of Developmentally Appropriate Practice (DAP), which took
the idea of ZPD into account. Copple and Bredekamp** encourage teachers to
meet learners “where they are, taking into account their physical, emotional,
social and cognitive development and characteristics” but at the same time to
“identify goals for children that are both challenging and achievable.” In other
word, the teacher must identify the independent level (lower level) of
performance and goals that are beyond the independent level but are still
achievable in the ZPD zone. By observing children’s reactions, teachers can
assess whether the learning activity that is designed to develop skills is still in
ZPD or not. If a child accepts the teacher’s support, the activity is in ZPD. If the

child ignore, fail to use or incorrectly use the skill, these feedbacks mean that the

44 Bodrova, E. & Leong D. (2007). Tool of the mind: the Vygotskian approach to early childhood education
(P.45). Upper Saddle River, NJ. Pearson Education, Inc.
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learning activities are outside the ZPD zones. Vygotsky also emphasizes that the
child should practice what he can do on his own while being exposed to elements

at the higher levels of the ZPD.

Shared Activity is the second concept where Vygotsky believes that the
mental functions can be shared in learning activities where the learners stay
mentally active. The activities need a medium to encourage sharing. Although the
novice-expert interactions seem to be a traditional type of shared activities that
was believed to significantly promote learning, learner’s peers and partners also

contribute to learning.

4.4.3. System Design Principle Based on Vygotskian

Framework

Since Vygotsky has not clearly explained how to reach the upper limit of
the ZPD zone, several researchers have tried to develop more specific ideas to fill
the missing gap. Scaffolding is one idea proposed. Basically, they recommended
experts should “reduce or simplify steps required to solve the problem so the
child can manage them, maintain the child’s interest in pursuing the goal, point
out the critical features that show the difference between the child’s
performance and the ideal performance, control frustration, and demonstrate

the idealized version of what the child is doing.”

Based on their recommendation and Vygotsky ZPD concept, one more
principle is added to the learning system design principles proposed earlier to

support learners in learning and development in Vygotskian style.
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System Design Principle 10: Zone of Proximal Development (ZPD)

A good learning system should not only assess the current
level of each individual learner’s capability, noting where the
learner can solve problems without assistance. The system
should concurrently introduce a set of appropriate bite-size
learning activities within the ZPD, designed to enable each

learner to reach the upper level of the ZPD.

Table 19: System Design Principle 10

A learning activity is an instrument for learners to not only help students
to assess their current level of understanding about some specific
concepts/ideas but also encourage them to learn about new concepts or ideas
they have not yet acquired. To qualify Vygotsky’s definition of what constitutes a

learning activity, the next section is provided.

4.4.4.Learning activity

A learning activity can be defined as a child-initiated activity driven by
enquiry motivation (intellectual curiosity). Vygotsky suggested that a good

learning activity must have the following components:

Control actions or
feedback to
compared with a
standard

Learning task as
the generalized Learning actions
way of acting

Motivation or
desire to learn
and participate in
the learning task

Assessment or
self-reflection
action

Figure 20: Learning Activity Components
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Learning task as the generalized way of acting

The goal of a learning activity is not to acquire facts but to discover
general principles explaining those facts.

Learning actions

Each learning action appears in a sequential, explicit form where the
learner proceeds in a step-by-step fashion. Mediators could be also used
to make those steps more discernable.

Control actions or feedback to compared with a standard

The learning activity must have a feedback mechanism to ensure the
accuracy of the learner’s comprehension as well as to facilitate
comparison of the learner’s performance with the standard or
benchmark.

Assessment or self-reflection action

Learners must become aware of what they can do as a result of having
participated in the activity that they could not do before.

Motivation or desire to learn and participate in the learning task
Learner must see the learning activity as something worthy of learning,

interesting and useful.
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5. Motivation Theory

This chapter is dedicated to introduce selective theories in the field of
motivation in order to illuminate how motivation originates inside an
individual’s mind. The comprehension of this internal dynamic is the only way to
reveal an effective design of the conceptual learning system that can intrinsically
motivate humans to learn. Not only can knowledge in this particular science
shed light on how such a system should be designed to well serve its main
purpose but also provide insights on to motivation to help prescribe a set of

system design principles grounding this unique conceptual learning system.

Whilst historical studies in psychology suggested that biological needs is
an important contributing factor driving humans to perform a task, modern

studies reveal two additional types of motivation which are:

®  [Intrinsic motivation - the motivation that is driven by an individual
interest, enjoyment and satisfaction in a task

= Extrinsic motivation - the motivation that is driven by external factors
where their forms appear in both tangible and intangible rewards such as

money, prizes, compliment or even punishments and competition.*>

Unlike extrinsic motivation that often directs human’s attention to the
outcome of an activity rather than the joy of experiencing such the activity,
intrinsic motivation appears to be the most important source of psychic energy
that not only sustains but also promotes lifelong human learning and

development because intrinsic motivation usually establishes some kinds of

45 Retrieved May 15, 2011 from http://en.wikipedia.org/wiki/Motivation
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affective connections between a learner and a learning activity, resulting in more
enjoyable learning experience, more curiosity to explore, more energy to master,
and stronger activity engagement. According to a number of experts in this field,
the natural inclination toward intrinsically motivated behavior also plays an
important role in development, high quality performance and well-being*¢. For
that reason, this chapter focuses more on the works of intrinsic motivation

rather than extrinsic motivation.

This chapter begins with basic concepts and fundamental theories in
motivation field to provide readers a basic understanding for advanced theories
and sophisticated frameworks. Then, the meta-analytical results of the effects of
dissimilar types of rewards is presented in the following section to unveil some
unprecedented rewarding techniques that could be used to build and stem
intrinsic motivation within an individual’s mind. Next, two compelling process
models of intrinsic motivation are introduced to illustrate how the intrinsic
motivation might be internally created. Along the way to the end of this chapter,
the new set of system design principles synthesized from the discovered
knowledge in motivation domain are incorporated into the existing list of the

learning system design principles to become a more comprehensive list.

5.1. Fundamental Theories in Motivation

5.1.1. Maslow’s Hierarchy of Needs

In 1943, Abraham Maslow’s paper “A Theory of Human Motivation” was

published in Psychological Review to propose his framework of human

46 Sansone, C. & Harackiewicz, J. (2000). Intrinsic and Extrinsic Motivation: The Search for Optimal
Motivation and Performance (P.17). Orlando, FL: Academic Press.
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motivation. The main idea of this theory is that humans are motivated by
unsatisfied needs, which are classified into five layers where he called
“deficiency needs”. The fundamental layer of the deficiency needs is
physiological needs, followed by safety needs, love and belonging, esteem and
self-actualization. Also, certain elements in a lower level need to be satisfied

before humans can be motivated by other elements in a higher level.

morality,
creativity,
spontaneity,
problem solving,
lack of prejudice,
Self-actualization acceptance of facts

self-esteem, confidence,

achievement, respect of others,

Esteem respect by others
X friendship, family, sexual intimac;
Love/belonging 3 % U
security of: body, employment, resources,
Safety morality, the family, health, property
Physiological

Figure 21: Maslow's Hierarchy of Needs*”

= Physiological needs are the literal requirements for human survival
such as air, food and water. It is obvious that if these requirements are not
fulfilled, human body will no longer function, resulting strong motivation
to fulfill these needs.

m  Safety needs are the needs of being free from physical threats and
emotional harms, which includes but not limited to personal security,
financial security and health and well-being.

= Love and Belonging indicates the needs for social connections and social

acceptance obtained from both large social groups (e.g., professional

47 Retrieved May 15, 2011 from http://en.wikipedia.org/wiki/File:Maslow%27s_Hierarchy_of Needs.svg
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organizations, religious groups) and small groups (e.g., family members,
mentor, friends).

®  Esteem is the needs for the respect of others (lower level) and self-
respect (higher level). So, people are motivated to be engaged in activities
in order to feel accepted and self-valued.

m  Self-Actualization is the desire to reach one’s full potential as a person.

Motivators in this category are truth, justice, wisdom and the likes.

Although Maslow’s Hierarchy of Needs can provide an interesting
explanation of how human motivation originates in the first place, other
theorists believe that this theory can still be improved, leading to the invention

of the ERG theory of motivation.

5.1.2. ERG Theory of Motivation

Since the theory of Maslow’s Hierarchy of Needs cannot clearly explain
some behaviors such as a starving artist who is willing to value growth needs
rather than existence needs, Clayton Alderfer revised and simplified Abraham
Maslow's Hierarchy of Needs and introduced his ERG Theory in an article titled
"An Empirical Test of a New Theory of Human Need" in Psychological Review in

1969. The ERG theory consists of three categories, which are:

= Existence - corresponds to the physiological and safety needs combined
= Relatedness - is analogous to social and external esteem together

®  Growth - is the needs for internal esteem and self-actualization

The needs of ERG theory can be mapped to those of Maslow’s theory as shown in

the figure below.
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ERG Model

morality,

creativity,
spontaneity,
problem solving,
lack of prejudice,
Needs Self-actualization acceptance of facts

<« Internal self-esteem, confidence,
achievement, respect of others,
< External  Esteem respect by others

Growth

Relatedness
Needs

friendship, family, Linti
Love/belonging riendship, family, sexual intimacy

security of: body, employment, resources,
Safety morality, the family, health, property

Existence
Needs

Physiological

Figure 22: Needs of Maslow's Theory mapped to ERG Theory

Unlike Maslow, Clayton views these needs as a continuum not a hierarchy,
which allows not only these needs to be simultaneously pursued but also the
order of the needs to be different for dissimilar individuals. As shown in the
diagram above, if a higher level of needs is unfulfilled, a person may regress to a
lower level of needs that appear easier to satisfy. This behavioral outcome is

known as frustration-regression principle.

ERG Theory — Clayton P. alderfer

— — — — Relatedness — —— —
l_ » Needs 1
I I > |
I [
¥ A 4 |
Existence Growth

Needs Needs

— Satisfaction / Progression

— — p Frustration f Regression

u Satisfaction / Strengthening

Figure 23: ERG Theory Diagram48

48 Retrieved May 15, 2011 from
http://downloadsoftwarestore.com/software_images/20/52/00045220/ERG_Theory__MBA _-
screenshot.gif
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Although the ERG theory and the theory of Maslow’s Hierarchy of Needs
suggest a simple systematic framework that empowers us to anticipate what
kinds of behaviors could be expected from an individual at a given state, these
frameworks offered only an overview how intrinsic motivation might be created
and developed inside an individual’s mind. Thanks to Edward Deci and Richard
Ryan, more sophisticated framework addressing how intrinsic motivation

originates was studied, resulting in the Self-determination Theory (SDT).

5.1.3.Self-Determination Theory (SDT)*°

According to the website of the Department of Clinical and Social Sciences
in Psychology at the University of Rochester>?, this theory assumes that “people
are active organisms, with evolved tendencies toward growing, mastering
ambient challenges, and integrating new experiences into a coherent sense of
self.” The SDT suggested that the healthy development and functioning require

three innate psychological needs, which are:

= Competence - Ability to effectively deal with ambient challenges
®  Relatedness - A universal want to interact, connect and experience
caring for others

= Autonomy - Ability to control of actions in harmony with an integrated

self

49 Retrieved May 15, 2011 from http://changingminds.org/explanations/theories/cognitive_evaluation.htm
50 Retrieved May 15, 2011 from http://www.psych.rochester.edu/SDT/index.php
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If these three innate needs are fulfilled, the optimal function and growth
will likely take place. SDT consists of five mini-theories®!, which are the

following.

5.1.3.1. Cognitive Evaluation Theory (CET)>2

This theory was initially introduced to describe the phenomenon where
rewards pose a negative effect on intrinsic motivation (Deci, 1971). Although
this theory asserts that rewards can decrease the level of intrinsic motivation for
an interesting activity or task (while a dull activity or task has no effect), the
declination of the intrinsic motivation still depends on the individual perception
of the rewards. Specifically, when the rewards support the perception of
individual autonomy and competence, intrinsic motivation is likely to
increase while the intrinsic motivation tend to decrease when the individual

perceives the controlling aspect of the rewards.

5.1.3.2. Organismic Integration Theory (OIT)53

This theory explains the process of internalization of diverse extrinsic
motives, which can be illustrated as a continuum of internalization ranging from
external regulation to integrated regulation. As shown in figure 4.4, the
continuum of internalization is located at the center of the self-determination
continuum (from red to yellow) while the leftmost shade is the state of lacking

motivation (amotivation) and the pure intrinsic motivation is on the rightmost.

51 Ryan, R. (2009, June). Self-determination Theory and Wellbeing. Retrieved May 15, 2011 from
http://www.welldev.org.uk/wed-new/network/research-review/Review_1_Ryan.pdf

52 Retrieved on May 15, 2011 from
http://changingminds.org/explanations/theories/cognitive_evaluation.htm

53 Retrieved on May 15, 2011 from
http://changingminds.org/explanations/theories/cognitive_evaluation.htm
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The Self-Determination Continuum
Nonself-Determined Self-Determined

Motivation Amotivation Extrinsic Motivation Intrinsic Motivation

What is the T

source of the Impersonal Internal Internal Internal
motivation?
Nonintentional, Personal Congruence, Interest,
What
regulates the Nonvaluing, Importance, Awareness, Enjoyment,
motivation? Incompetence, Consclous Synthesis Inherent
Lack of Control Valuing With Self Satisfaction

(Based on Ryan, R.M. & Deci, E.L. (2000). Self-Determination Theary and the Facilitation of Intrinsic Motivation, Social Development, and Well-Being.
American Psychologist. 55(1), 68-78.)

Figure 24: Self-Determination Continuum

On the self-determination continuum, dissimilar shades represent
different states of motivation, the description for each of which is summarized in

the table below.

Motivation Description

Category

Amotivation The state of lacking motivation to do things.

External An activity is done to purely satisfy some external rewards. For
Regulation instance, a student who completes surveys for gift cards.

Introjected An activity is performed to achieve a reward or avoid a punishment
Regulation that delights an internal mind such as pride or anxiety. For example, a

student who does things to show off their abilities.

Identified An activity is completed because a performer considers them
Regulation personally important. One exemplary scenario is a student who keeps
reading books because the content relates to his personal project in

the future.

78



Integrated An activity is accomplished because it is congruence with other
Regulation personal values and needs. For example, a student who always

explores a new way to do things because his personal value is

creativity.
Intrinsic An activity is carried out because it offers great satisfaction to the
Motivation performer. For instance, a student making a robot or building a LEGO

house for his self-satisfaction.

Table 20: Motivation Categories in the Self-Determination Continuum

To effectively engender the internalization, three contextual supports
consisting of autonomy, competence and relatedness need to be met. In other
word, an individual tends to internalize and integrate a practice or value when
the individual experiences choices, feel competent to achieve a selected choice
and have connection to people who convey the practice or value. Besides, a
number of researches around the world show that the greater internalization of
cultural practices, the greater wellness and performance the communities are

(Ryan & Deci, 2000).

5.1.3.3. Causality Orientations Theory (COT)54

This theory describes three types of causality orientations that regulate
people’s behaviors. Those three types of causality orientations comprise the

following:

= Autonomy-Oriented: a person acts on what he is interested in
= Control-Oriented: a person focuses on the activities offering

rewards

54 Retrieved May 15, 2011 from http://changingminds.org/explanations/theories/cognitive_evaluation.htm
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= Amotivated-Oriented: a person is internally forced to do things

because of anxieties concerning his own competency

5.1.3.4. Basic Psychological Needs Theory (BPNT)

Basic Psychological Needs Theory (BPNT) attempts to address the
concept of basic psychological needs by connecting them with wellness. Based on
BNPT, each need results in independent effects on wellness. The theory also
shows that the satisfaction of aggregate needs indicates individual health and

wellness.

5.1.3.5. Goal Contents Theory (GCT)

The theory shows the distinctions between intrinsic and extrinsic goals,
leading to the dissimilar impacts on motivation and wellness. Specifically,
extrinsic goals such as financial success, appearance, and fame tend not to
enhance need satisfaction while intrinsic goals such as community, close
relationships, and personal growth are conducive to the need satisfaction.
Consequently, the goals toward intrinsic motivation are better contributor to

wellness than extrinsic outcomes.

5.1.4. Reinforcement (Reward) Theory

From the perspective of behaviorists, B.F. Skinner has long introduced a
theory of motivation stating that the positively reinforced behaviors will be
repeated while the negatively reinforced behaviors is less likely to be repeated.
Skinner suggested that the positive reinforcement effectively contributes to the
behavioral changes and the altered behaviors tend to last longer when

comparing to the negative one. However, when a number of studies investigated
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this area further, many forms of reinforcements (or rewards) seem to endanger

human'’s behaviors and long-term intrinsic motivation.

5.1.5.The Effect of Reward on Intrinsic Motivation

Although Skinner’s theory is reasonable and widely acceptable by most
behaviorists, all rewards, in fact, do not affect intrinsic motivation in a uniform
way. Many studies also confirm that many forms of reinforcements (or rewards)
actually decrease intrinsic motivation. Since dissimilar forms of rewards lead to
different intrinsic motivation outcomes, the table below was constructed to

summarize all possible reward forms and their effect on intrinsic motivation.

Reward Type Enhance Rationale Examination

Intrinsic Method &
Motivation? Measurement

Value
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Unexpected Rewards

and

Task-Noncontingent

Rewards

Performance

Contingent Rewards

No effect to
intrinsic
motivation;
Unlikely to

undermine

Depends on

individual

If people are not doing a
task to get a reward, they
are not likely to experience
their task behavior as being

controlled by rewards

The reward can enhance

intrinsic motivation if

N/A

32 free choice

measure (d=-0.28);
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interpretation receivers interpret the 29 self-reports of
reward as an affirmation of | interest (no
competence. However, it significant)

could be interpreted to be a
control factor, decreasing

sense of autonomy

Table 21: The Effect of Reward on Intrinsic Motivation

Based on the summary above, it is obvious that verbal rewards in general
contribute to the increase in intrinsic motivation while other types of rewards
have a great tendency to jeopardize intrinsic motivation with the exception of
unexpected rewards, task-noncontingent rewards and performance contingent
rewards, which significantly depend on the perception and interpretation of each
individual. In addition to the table above, the summary of the meta-analytic
results of the effects of extrinsic rewards on intrinsic motivation is incorporated
into the table below to provide a comparison table of Cohen’s composite (d) and

effects (k) across reward types.
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Reward Type Sub-Reward Type

Verbal Rewards

College 0.43a | (14)b

Children 0.11 (7)p

Table 22: Summary of the Meta-Analytic Results of the Effects of Extrinsic Rewards on Free-Choice

Intrinsic Motivation, Shown as Cohen's Composite d

Although the verbal rewards help increase intrinsic motivation, it is

important to note that three conditions need to be fulfilled to ensure this
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expected outcome. First, the individuals must feel autonomous. Second, those
individual must not expect any feedback during performing the activity. Third, it

must be important for the individual to perform well.

5.1.6.System Design Principle to Promote Human Growth
and Development

The ERG theory and the theory of Maslow’s Hierarchy of Needs suggest a
simple systematic framework that empowers us to anticipate what kinds of
behaviors could be expected from an individual at a given state. Since the state of
“growth” would promote the human learning and development, a conceptual
learning system should create and maintain the learning environment in a way
that existence needs and relatedness needs are sufficiently satisfied to allow

learners to progress and remain in the final state of growth.

System Design Principle 11: Basic Need Fulfillment

A good learning system must setup and maintain a
learning environment in which the learners can
sufficiently fulfill their existence needs and relatedness

needs.

Table 23: System Design Principle 11

5.2. The language of Intrinsic Motivation

5.2.1.The Language of Goals

The cumbersome development of increasingly complex matrix of diverse
reward properties (i.e, expected and unexpected rewards, completion-

contingent and performance contingent rewards) led to the development of the
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goal language, which offers a much simpler framework to represent a scalable
and systematic structure of goals and means. Since the goal language refers to
the internal events or mental representations, the goal language can be used
over a wide range of influencing variables such as culture, personality and
context, allowing psychologists to understand the neutral effects of goals to
individual behaviors. Instead of investigating what rewards can do to you, the

goal language can illustrate what an individual is willing to do for the rewards.

Figure 25: System of Goals and Means

The structure of this “goals-means” system refers to the relation between
the activity and its goal while the substance of the system represents the type of
goal that the activity will serve as a mean to attain. For instance, self-

determination, competence and mastery as three exemplary goals that can fulfill
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individual intrinsic needs (Ryan et al, 1996) while tangible rewards or

evaluative pressures are deemed as extrinsic needs.

5.2.2.The Association of Goals to Means

Activity Activity Activity
1 2 3

Figure 26: Structural Equifinality

Since there could be numerous means to attain one particular goal, the
strength of the association between a goals and a means should decrease when
more alternative means are available. For example, there might be many possible
ways for one to choose to get in shape. While some might consider only a single
means (i.e., running), others could weigh many different activity options (i.e.,
running, lifting weights and playing basketball). This phenomenon where the
association between a goal and a single means is weakened by the presence of

other available means is referred as “mean disassociation”.
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5.2.3.The Association of Means to Goals

Activity
3

Figure 27: Structural Multifinality

On the contrary with equifinality, multifinality is referred to the
phenomenon where one single means can serve more than one goal. For
instance, the simple act of walking can be viewed as a means of transportation in
one context and a means of exercising in another context. Also, if one strongly
associates the act of jogging with the goal of getting in shape, one may be less
likely to consider jogging as a means for getting to school. The weakening of
association between an activity and a given goal because of increasing

associations with other goals is referred as “goal disassociation”.

5.2.4.Intrinsic and Extrinsic Associations

Based on the goal structure outlined above, the intrinsic motivation of an

activity to a goal is optimized when

®  The activity is always engaged in the pursuit of the goal

®  The activity is not associated with the attainment of any other goals
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®  No other activities associate with the attainment of the goal

The goal structure of intrinsic is illustrated in the figure A below.

(A) Intrinsic (B) Extrinsic Goal Disassociated  (C) Extrinsic Means Disassociated

The structural perspective suggests that intrinsic motivation can decrease
when there is extrinsic motivation, leading to either “goal disassociation (B)” or

“mean disassociation (C)”.

5.2.5. Implications of Goal, Activities and their

Associations

Committing to one particular goal can be viewed as one aspect of intrinsic
motivation. While goal commitment and enjoyment may depend on the
substantive quality of the goal, the stronger goals-means association contributes
to stronger commitment and greater enjoyment in the pursuit of the goal. In the
same vein, the greater association between an activity and a goal results in a
greater tendency for the activity to be perceived as the most dominant means to

fulfill the goal.

89



According to the model of goals and means, the qualities of one’s specific
goal could transfer to the activities in the pursuit of that particular goal. One
transferable quality is goal commitment. The stronger the relation between goal
and means, the more likely it was that a commitment to the goal transfers to a
commitment to the associated activity. For example, an individual who commits
to becoming educated, it is likely that the individual will commit to studying

when studying activity is strongly tied to the educational goal.

5.2.6. System Design Principle to Promote Intrinsic

Motivation

The system of goals and means constructed by the goal language shed the
light on how an individual’s intrinsic motivation can be enhanced and optimized.
A good learning system should help learners identify their intrinsic needs before
introducing learning activities that strongly tied to the learning goals fulfilling
their intrinsic needs. As a concrete example, we can strengthen the association
between the act of running and the goal of getting in shape by reframing the
notion that running is one of the best way for one to get in shape when
comparing to other means. This may enhance both activity commitment and
enjoyment because the qualities are transfer from the goal. From this rationale,
we can form a new system design principle into the proposed list of system

design principle.
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System Design Principle 12: Highlighting Association Between

Learning Goals and Learning Intrinsic Needs

A good learning system should enhance learner’s intrinsic
motivation in learning activities by introducing and
highlighting the learning activities that have strong
association to the specific learning goals thought to fulfill
the learner’s intrinsic needs while lessening the
associations of the learning activities toward other

“extrinsic” goals.

Table 24: System Design Principle 12
5.3. Process Model of Intrinsic Motivation

In 1991, Harackiewicz and Sansone formalized a process model of
intrinsic motivation illustrating how the individual goals affect the level of
individual intrinsic motivation. Individuals tend to have “perceived goals” - some
ideas on what to accomplish before beginning to perform activities - which are
influenced by multiple determinants. One class of the determinants involves
contextual factors such as the offer of performance-contingent reward while
another class of the determinants relate to personality factors such as individual
differences in achievement orientation. These effects represent as A paths in

figure 28.
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Contextual and Personality Factors

e.g., performance-contingent reward offer,
achlevement orientation

A A

Perceived Perceived
Purpose Goals Target Goals

Motivational Processes

Competence Valuation
Task Involvement
Perceived Competence

D

Intrinsic Motivation

Figure 28: Process Model of Motivation

Since perceived goals can range from low-order goals that are concrete
and situationally specific (i.e., “I want to read a chapter of my psychology text
tonight) to high-order goals that are broad, cross-situational and consistent
over time (i.e., personal strivings), Harackiewicz and Sansone believe that
intrinsic motivation is best interpreted as specific to a particular activity at a
particular time. Thus, they focus on the two levels of goals at the lower end of the

goal continuum: perceived purpose goal and perceived target goal.

The perceived purpose goals reflect reasons why an individual desires to
engage in a task (i.e., to develop or demonstrate one’s competency, to have fun,
to socialize) while the perceived target goals reflect what specific actions needed

to accomplish overarching perceived purpose goals. For instance, when an
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individual is offered a performance-contingent reward, he is likely to hold target

goals that reflect the specific performance standard meeting the performance

contingency (i.e., scoring more than 20,000 points). Both perceived purpose

goals and target goals create the motivational context that influences how an

individual approaches and experiences an activity (represented as C paths in

figure 4.8).

The motivational context is the result of internal motivational processes

where three distinct properties of performance-contingent rewards are

identified: evaluative threat, competence feedback and symbolic cue value>>.

Evaluative threat affects the motivational processes when an
individual realized that a reward depends on his or her performance
evaluation, leading to the feeling of pressured or being controlled. As a
consequence, the individual is likely to enjoy the activity less, resulting
in the decrease of the intrinsic motivation if there is nothing to
counter this effect.

Competence Feedback can repair some damage caused by evaluative
threat because a number of studies have documented that positive
competence feedback for skill-based activities contributes to the
increase on intrinsic motivation. Not only is perceived competence an
important determinant of subsequent interest but also some studies

have shown that the receipt of performance-contingent rewards can

55 Sansone, C. & Harackiewicz, J. (2000). Intrinsic and Extrinsic Motivation: The Search for Optimal
Motivation and Performance (P.82-90). Orlando, FL: Academic Press.
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enhance perceived competence relative to no-reward and no-feedback
control.

= Symbolic Cue Value can positively influence intrinsic motivation if an
individual regards the symbolic cue value as a reward for the next
level of his or her competence. For the reason, the perception to the
performance-contingent rewards is the key to determine if the
rewards will yield to the positive effect or null effect. Cue value could
be greater if the rewards symbolize higher levels of achievement (i.e.,

areward in a state tournament has a great value than in a class).

5.3.1. System Design Principle to Promote Positive Net

Effect on Intrinsic Motivation

To eradicate the possible negative effect caused by the evaluative threat, a
good conceptual learning system should let the learners define their own self-
assessment method. Since the self-assessment approach seems difficult to
implement in reality in the current era, the self-assessment approach is the ideal
way to maintain individual intrinsic motivation. For this reason, the good
conceptual learning system must find a right balance between wide-accepted

standard assessment and individual self-assessment.

System Design Principle 13: Self-Assessment on Learning Progress

A good learning system should offer a self-assessment
mechanism for learners to realize their learning

progress.

Table 25: System Design Principle 13
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Moreover, to increase the impact of both competence feedback and cue
value, performance-contingent rewards given within the designed conceptual
learning system should instill feelings of competence, accomplishment and pride
in learners. By consistently providing a mix of verbal rewards and positive
symbolic cue value (stars, red bows) to praise about learners’ efforts to learn, the
intrinsic motivation of the learners will increase over time. As a result of this
analysis, we conceive another new system design principle that should be put

into the proposed list of system design principle as follow.

System Design Principle 14: Positive Feedback and Symbolic Cue Value

A good learning system should consistently provide positive
verbal feedback and positive symbolic cue value for their

learning efforts.

Table 26: System Design Principle 14
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6. System Architecture of Intrinsically Motivated

Learning Systems

A learning system can be conceived as a dynamic shared space>® between
a learner entity and a mentor entity where collective knowledge and values are
constantly exchanged in between, resulting in the knowledge construction and
value absorption in both parties. A learning system could appear in a form of a
traditional learning system (i.e, a traditional classroom, a colloquium, a
professional training program or even a business meeting) or a technology-
driven learning system (i.e., an e-learning system, a flight simulator, a company

information system, a professional training system).

Similarly, an intrinsically motivated learning system shares the same
concept of a learning system. However, an intrinsically motivated learning
system is more specialized and specifically designed to enhance learner’s
intrinsic motivation in learning. Two minimum desired outcomes of an

intrinsically motivated learning system are:

® A transformation of a learner’s mindset from being a passive learner to
becoming an active and self-directed learner, and

®  An enhancement of learner’s intrinsic motivation toward learning

The focus for this chapter is to propose a high-level system architecture
for intrinsically motivated learning systems that can promote high school

students’ intrinsic motivation in learning. The proposed system architecture was

56 A Youtube video that effectively communicates the idea of shared space - Retrieved May 15, 2011 from
http://www.youtube.com/watch?v=bsHmrvmeuWs
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developed as a blueprint not only for designing new intrinsically motivated
learning systems from scratch but also for configuring existing learning systems
in such a way that the modified learning systems can enhance students’ intrinsic
motivation in learning. In other words, the proposed system architecture is not a
framework for just one particular intrinsically motivated learning system but a
wide range of implementable learning systems where the mutual objective is to

boost students’ intrinsic motivation in learning.

6.1. System Architecture of Learning Technology Systems

To compatibly interoperate with other related systems (i.e., learning
management systems, content management systems and such), the proposed
system architecture of self-motivated learning systems are designed upon IEEE
standard for learning technology (as known as Learning Technology Standard
Architecture or LTSA)%7. The LTSA standard offers universal system architecture
for various learning technologies such as an e-learning system, a flight simulator
or even an expert system. According to the LTSA, the system architecture of
learning systems can be stratified into five layers, presented below from the

highest layer (layer 1) to the lowest layer (layer 5):

® Layer 1 - Learner and environment interactions - focuses the interactions
between learners and learning environments. The interactions could be a
form of learner’s knowledge acquisition, knowledge transfer, discovery of
knowledge through interaction, for example. Detailed information can be

looked up at the Annex C.2 inside the IEEE standard documentation

57 I[EEE Computer Society sponsored by Learning Technology Standards Committee. (2003). [EEE Standard
for Learning Technology-Learning Technology Systems Architecture (LTSA). Retrieved May 15, 2011 from
http://ieeexplore.ieee.org/xpls/abs_all.jsp?isnumber=28129&arnumber=1257919&tag=1
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(LTSA).
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Figure 29: LTSA Abstraction-Implementation Layers

Layer 2 - Learner-related design features - concentrates on the needs of
the learners, which seem to vary based on a group of learners (i.e.,, a
group of high school students might be more interested in SAT than a

student group in a primary school).

® Layer 3 - System components - provides the component-based

architecture identified in human-centered and pervasive features. This is
the only normative layer in this standard while other layers are
informational. This layer will be elaborated more in detail in the next

section.

® Layer 4 - Implementation perspectives and priorities — describes learning

technology systems from a variety of stakeholder perspectives by
referencing possible subsets derived from the layer 3 - system
components layer. Within the LTSA standard documentation, a non-

exhaustive list of over 120 stakeholder perspectives was congregated in
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the Annex A. According to the standard, LTSA components are verified
and validated in significant systems, stakeholders and industries,
demonstrating the universal applicability of the LTSA.

® Layer 5 - Operational components and interoperability — care of the
aspect of operability and interoperability among learning systems.
Specific coding, APIs, protocols and system interfaces are considered to
be within this layer.

From the perspective of system designers of learning technologies, the
human aspect of learning system (layer 2) appears more important than a
particular media format (layer 5). The five layers introduce “a big picture” rather
than the “details”, which help a system architect design a large-scale learning

technology in a more systematic way.

6.1.1. System Components of Learning Technology System

Architecture

Since Layer 3 provides a framework for analyzing interoperability
requirements among major systems in learning industries, the details of system
components of learning technologies (layer 3) is excerpted in this section. As
shown in the figure 31, ovals represent processes that are “alive” and able to
transform its inputs into outputs. For example, a data transformation process
transforms data inputs into data outputs. Solid arrows represent data flows
while dashed arrows represent control flows. Lastly, rectangles represent stores

holding information.
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Figure 30: LTSA System Components

The learning technology system architecture (LTSA) consists of the
following system components (as literally defined in the standard

documentation):

®  Four processes: learner entity, evaluation, coach and delivery.

®  Two stores: learner records and learning resources.

® Thirteen data flows: learning parameters, behavior, assessment
information, learner information (three times), query, catalog info, locator

(two times), learning content, multimedia and interaction context.

Each process and its related components in the system components can

be briefly described below:
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Figure 31: LTSA System Component - Learner Entity

Learner Entity (emphasized in red oval) is an abstracted process
representing a human leaner, a group of individual learners, a group of
collaborative learners and so on. A possible input can be a multimedia
presentation via the multimedia (highlighted in blue) dataflow whereas an
output could be the behaviors of learners. There is also a two-way data flow
between the learner entity and coach, labeling as learning parameters, which
represent information exchange. The information exchange can be preferred
learning styles and strategies, which may be chosen by either the learner entity
(one-way negotiation such as assertion and inquiry), the coach (one-way
negotiation such as an assertion or inquiry), both the learner entity and the
coach (two-way negotiation), or an external authority (e.g., parents, teachers,
institutions, or content developers). The information exchange covers cognitive
limitations, physical limitations and/or cultural adaptation parameters, which

define an appropriate form of the learning process.
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Figure 32: LTSA System Component - Evaluation

Evaluation is an abstracted process that may produce measurement of
the learner entity. The main input of the evaluation process is the observable
behaviors via the behavior data flow while the interaction context data flow
could provide additional information for the evaluation process to offer an
appropriate evaluation (i.e., real-time spell-checking applications can help
teachers evaluate the learners’ essay), resulting in the assessment information to
the coach via the assessment data flow. The two-way data flow “learner
information” represents the possibility of storing and retrieving learner records

(i.e., grades, learning preference) if any.
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Figure 33: LTSA System Component - Delivery
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Deliver is an abstracted process that may transform information via a
learning content data flow from a store of learning resources into a
presentation (i.e., static, interactive, collaboration, involve experiments and
discovery) and may then be transferred to the learner entity via a multimedia
data flow. Because the LTSA focuses on computer-based learning technologies,
the locator sent by coach (i.e, a web URL) to the delivery process is the one-
way data flow to point out relevant learning contents while the locator sent by
delivery to the learning store is a control flow that identifies (i.e., a web URL) for

specific learning resources.
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Figure 34: LTSA System Component - Coach

Coach is an abstracted process exchanging information with the learner
entity. The coach process may also receive learner’s information (i.e., current
state) from the evaluation process via the assessment link and from the learner
records data store to determine the optimal learning experience. The coach can
also update learner information back on the learner records data store.
Furthermore, the query data link may be sent from the coach process to search

for appropriate learning resources, which will subsequently return catalog
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information via the catalog information data link. The coach may then pass the
selected locators from then catalog information to the delivery process for

further presentation to learner entity.

6.2. System Architecture of Intrinsically Motivated

Learning Systems

The proposed system architecture of intrinsically motivated learning
systems is not only designed upon the IEEE standard but also based on the
system architecting process taught in ESD.34 System Architecture class at MIT.
As indicated in the LTSA standard level 4, the needs analysis of stakeholders
contributes to a successful system architecture. For that reason, the needs of
both primary system beneficiaries and relevant stakeholders of typical learning
systems must be first identified in the process of system architecting before the
needs of system stakeholders are prioritized by their benefits. Then, those needs
are interpreted as system goals, which are subsequently sorted by their
delivered values to all system stakeholders. It is importantly note that chapter 8
shows a set of questionnaire results to ensure validity of the system architecture
and to check whether the essential needs of primary system beneficiaries are

met or not. The system architecting process is illustrated in the figure below.

Prioritize
the goals
based on the
integrated
stakeholder
needs

Identify

primary and Interpreting

other
stakeholder,
and their
needs

the needs as
goals

Figure 35: System Architecting Process - Needs to Goal Approach Framework
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6.2.1.Stakeholder Analysis

6.2.1.1. Primary System Beneficiaries and Needs

Learner Entity: Obviously, the primary beneficiary of learning systems is a
learner entity. Since the focal point of the thesis is high school students, the
needs of a typical high school student are used as independent variables for the
design of the proposed system. Based on the 2009 High School Survey of Student
Engagement (HSSSE), a primary reason why a typical high school student goes to
study at school is to get a high school degree because the degree will allow them
to advance their study. While 73% of survey respondents indicated, “I want to
get a degree and go to college” as a particular need for going to school, “I want to
get good jobs” came second in the list (67% of the respondents). The survey

classified three main purposes for which students attend school as follow:

= Academic purpose: get a high school degree and pursue future schooling
and/or work
®  Social purpose: meet peers and friends

= Family purpose: students feel an obligation to family to pursue schooling

Unfortunately, less than half of the students express that they want to go
to school because they want to acquire new knowledge (41% of respondents), to
enjoy the learning experience (36%) and to have interactions with teachers
(23%). This survey result revealed that a large number of students lacked
intrinsic motivation in learning. They didn’t consider the learning enjoyment and
obtaining knowledge as their important needs (highlighted in red in figure 36).

Instead, they would rather put more value on tangible extrinsic motivation such
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as a high-test score and a good grade. This finding confirms the need for self-

motivated learning systems.

Learner
A

— Going top College (73%)

] Getting Good Jobs (67%)

Mentor

1 Meeting Friends/Peers (66%)

U

— Law Compliance (56%)

- N Galning Respect " so‘:lety (66%)
- ] Flexible working Hours (56%)

— Interaction with Teacher (23%) e Earning Decent Salary (66%)

Figure 36: Learner and Mentor as System Beneficiary

Mentor Entity: Another primary learning system beneficiary is a mentor entity,
which is a high school teacher in this context. The needs of teachers can be
considered as selfless needs since many teachers emphasized a love for children
and a desire to do something meaningful as motivational factors for pursuing
this profession®8. Based on the 2008 MetLife Survey of the American Teacher -
Past, Present and Future, 98% of teachers responding the survey agreed that
they love to teach. 66% of teachers agreed that they feel respected in today’s

society and earn a decent salary rate.

58 Metlife. (2006). 2006 MetLife Survey of the American Teacher: Expectations and Experiences. Retrieve May
15,2011 from http://www.eric.ed.gov/PDFS/ED496558.pdf
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In addition, the Spring 2007 report from the National Comprehensive
Center for Teacher Quality and Public Agenda%® unveiled that most secondary
school teachers chose to teach because they want to teach a subject they love and
get students excited about it and to help shape student lives to success (79% of
respondents). 56% of the respondents also viewed the flexible working hours
(such as summer time off) as another decision factor. From this information, the
beneficiary can be illustrated in figure 36. Interestingly, the survey results imply
that teachers had higher intrinsic motivation for teaching than students had for
learning. This discrepancy demands better value-exchange alignment between

these two primary system beneficiaries.

6.2.1.2. System Stakeholders and Needs

Parents

Child’s Lighthearted
Learning Experience

Acknowledgement of
Child’s Learning Progress

Safe and Supportive
Learning Environment

Figure 37: Parents as System Stakeholder

Parents: For an adult learner, parents might not be considered as a vital
stakeholder of learning systems. However, if a learner is a high school student,
parents is a very critical stakeholder as parents not only contribute to student’s
behaviors and attitudes toward learning but also significantly affect the learner’s

choices of future professions, especially in Asian countries. Based on the Internet

59 National Comprehensive Center for Teacher Quality and Public Agenda. (2007). Lessons Learned: New
Teachers Talk About Their Jobs, Challenges and Long-Range Plans. Retrieved May 15, 2011 from
http://www.tgsource.org/publications/LessonsLearned1.pdf
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research regarding parent’s needs, child’s happiness®® appears to be the first
priority for all typical parents. The parents also expressed the need for safety,
discipline and a caring learning environment®!, which comes before the need for

their child’s learning progress®2.

Education institutions: Education institutions are an indispensable learning
system stakeholder that traditionally helps centralize a wide-range of
educational resources including, but not limited to teachers, friends, materials
and tools. Without education institutions, it would be very expensive for a
learner to obtain an education due to a problem of the economies of scale. For
that reason, the education institutions empower students to enjoy rich learning
environments and a variety of learning choices at a more affordable cost. Based
on the High School Survey of Student Engagement (HSSSE) in 2009, a safe and
supportive learning environment appears as an important factor for student’s
school attendance, which indicates that one important need of education
institutions is to maintain such a learning environment. Professional teachers,
responsible students and public recognition are also identified as the mutual

needs of conventional education institutions.

60 University of Michigan (2007, December). Parents Want Teachers Who Make Children Happy.
ScienceDaily. Retrieved May 16, 2011, from
http://www.sciencedaily.com/releases/2007/12/071206163305.

61 Philly.com. (2010, July). What do parents want from school? Retrieved May 15, 2011 from
http://articles.philly.com/2010-07-15/news/24968079_1_charter-schools-parental-choice-school-parents
62 Ad Hoc Parent Engagement Policy Development Committee of the Parent Collaborative. (2006,
December). Los Angeles Unified School District Parent Needs Assessment Survey Results. Retrieved May
15,2011 from http://latimesblogs.latimes.com/parent_needs_assessment_report-FINAL.pdf
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Figure 38: Educational Institution, Accrediting Agency and Employer as Relevant System
Stakeholder
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Accrediting agencies: Accrediting agencies are a relevant learning system

stakeholder whose critical need is to ensure that education provided by

institutions meets acceptable levels of quality. The accrediting agencies are

responsible for developing evaluation criteria and conduct peer evaluations to

assess whether or not accredited institutions periodically meet those criteria.

Business Entity: Although the salient primary need of most business entities is

the increase in shareholder value and the likes, the needs for qualified human

resources are emphasized in this context because learning systems for high

school students are the current focus. As a consequence, the needs of employers

for skillful professionals and employee engagement appear critical to the success

of all business entities.
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6.2.2. Stakeholder Needs Characterization and Prioritization

Benefit Ranking Learner

Learning

Preparation for College and Jobs Accomplishments
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Figure 39: Stakeholder Network of a Learning System

Once the needs of stakeholders are identified, the simplified stakeholder network is illustrated in the figure 39 accordingly. The
needs of a learner entity and a mentor entity appear more important than other system stakeholders, which corresponds to the paper

on E-learning stakeholder analysis®® in which the research team concluded that students and mentors must provide feedback to

63 Wagner, N., Hassanein, K., & Head, M. (2008). Who is responsible for E-Learning Success in Higher Education? A Stakeholders' Analysis. Educational Technology & Society 11 (3), 26-
36. Retrieved May 15, 2011 from http://www.ifets.info/journals/11_3/3.pdf
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improve the mutual learning experience. The team also developed the E-learning stakeholders’ responsibility matrix as a starting point

for new e-learning initiatives. The summary matrix of the E-learning stakeholders’ responsibility is excerpted below.

Student instructor institution Content Provider Technology Provider A”B;"Z“ym Emgloyer
* patticipate in * paticipate * use e-learning ® provide feedback * provide feedbadk * Demand o promote the validity
collaborative proactvelyin technologies regarding the regarding the accreditation fore- | of e-leaming during
exercises to exercises according to appropnateness of effectiveness of leaming programs interviews
Student enhance learning * provide feedback institutional policies content for e-learning technologies * Provide feedbadk
e share experiences regarding overall
and encourage use effe diveness
* provide effectively | share experiences || e use e-learning ® ensure protecton of * prowide feedback * adhere to * educate on the
designed courses and encourage use technologies copyrights regarding the accreditation validity of e-leaming
incomporating e- * promote according to * provide feedback effetiveness of standarnds
leaming content standardization institutional policies regarding the level of technologies
Instructor S TTode technical and standards effe ctiveness
and motivation al expenenced by students
supportto collectively
encourage use
e standardize the e- | ® provide training in * recognize e-learning * ensure protecton of * provide feedback to * adhere to * seek course
leaming experience instructional design credits copyrights improve future versions accreditation accredtation to
across courses and technology e share eleaming * provide funding for e supply appropnate standands provide evidence for
* provide technical * provide technical expenences and content development infrastructure to support | @ provide evidence quality assurance
Institution support support courses technology for quality * educate on the
* protect sensitive ¢ provide incentives | e encourage assurance validity of e-leaming
studentinformation |e enforee standardization
stand ardization
e select appropriate | ¢ provide content that |e prowide content that o comply wath standards o comply wath standards | e adhere to * provide content
content and media meets course & meets institutional forinteroperability forinteroperability accreditation relevant to work
Conrtent for e-learning program needs needs standards environment
Providar * comp by with * comply with * Comply with learning
usability standarnds leaming & usability standards
standands
* considerleaming * consider usability o comply wath standards | ¢ comply wath standards o comply vath existing * adhere to ® provide an effective
principles when and teaching forinteroperability forinteroperability standards, and accreditation leaming environment
designing principles when * provide technical ® Provide technical suppot | collaborate to develop standards to maximize learning
Technology | ¢ allow adjustments designing support and training newstandards when of potential
Provider forindividual * comply with necessary employees
leaming stdes leaming & usability
* comp by with standands
usability standards
Arakiaat| * enforce standards | e prowide dear * prowde dear ¢ provide dearguidelines | provide dear guidelines | e collaborate to * enforce effectve
to ensure quality of guidelines for guidelines and timely for requirements for requirements ensure standands to ensure
Body accredited courses requirements services consistency quality of gradu ates
* recognize the * provide feedback * provide feedback ¢ provide feedback * provide feedback * ensure that e share experiences
validity of e- regarding sucoess regarding success of regarding relevancein regarding success of standards provide and encoutage
Employer leaming of graduates gradu ates workplace gradu ates appropnate acceptance of e-
measures leaming

Table 27: E-Learning Stakeholders' Responsibility Matrix
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The needs of beneficiaries and stakeholders expected from a learning
system are subsequently sorted by their priorities in the diagram below. Note that
only needs inflows from immediate stakeholders and needs outflows to

immediate stakeholders are considered in this case for simplicity.

Take skill development direction
from business entities (0.2)

facilitate the communications
between mentors and learners (0.8)

prepare learners for
college and jobs (0.95

Report
Learner
acquire quality Profile (0.45)
educational resources
(0.95)
Track Learning Progress
And Accomplishments (0.6)
Develop skills for
professionals (0.2)

Figure 40: Stakeholder Needs Priority%+

After prioritizing the needs, we can perceive that a learning system must
sufficiently prepare learners for college and getting jobs (with importance level at
0.9565), acquire quality educational resources from accredited education
institutions (0.95) and provide a mentor learner profile (i.e., learning style,

historical academic records, competency, background, working experiences)(0.8).

64 Red color indicates critical needs, yellow color indicates moderate needs and green color indicates desired
needs

65 The importance level is calculated based on the matrix between benefit ranking and supply importance
shown at the top right in Figure 6.6

112



Furthermore, the learning system should be able to track learning progress and
accomplishments (0.6%¢) and construct learner profile (0.457) while the learning
system might take skill development direction from business entities into

consideration (0.2) and train skills needed for professionals (0.2).

6.2.3.Interpreting Needs As Goals

To reduce ambiguity and increase clarity of the designed system
architecture for intrinsically motivated learning systems, a representative system
goal (known as system problem statement in business contexts) is synthesized
based on the integrated interpretation of the top-priority needs of system
beneficiaries and stakeholders. Because the system architecture is specifically
designed for learning systems where the objective is to enhance students’

intrinsic motivation in learning without extrinsic human interventions, the needs

for the social aspect of a learner entity (i.e., meeting peers, satisfying parents, law
compliance and interacting with teachers) are not advocated in the current design
of system architecture. As a result, the proposed system architecture will only
accommodate the learner’s needs for going to college, getting good jobs, acquiring
new knowledge and enjoying learning experience while including other three
most critical needs from stakeholders analysis (shown in red circle in figure 40),
which comprise the system capabilities of preparing learners to be successful
professionals, the ability to track learning progress and a feature of facilitating
communications between mentors and learners, into a list of important system

features.

66 The importance value of this need (0.6) is normalized and shared between the importance level of the
same need for parents (0.4) and learner (0.8)

67 The importance value of this need (0.45) is normalized and shared between the importance level of the
same need for parents (0.1) and mentor (0.8)
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6.2.4.System Problem Statement

To develop a primary system problem statement for intrinsically
motivated learning systems, several findings in the High School Survey of Student
Engagement (HSSSE) in 2009 are listed to support the assertion that making
meaningful associations between selected professional goals and high school
learning activities within a student’s zone of proximal development (ZPD) could
not only satisfy the needs of high school’s students but also help increase
student’s interest in learning activities and student’s intrinsic motivation in

learning. Those supportive findings are:

1. 42% of respondent considered “Material was not relevant to me” as a
reason for their boredom.
2. 42% of the students who considered dropping out did so because they did

not see the value in the homework they were being asked to do.

3. 33% of respondents said that “homework was not challenging enough”
creating their boredom whereas 26% of respondents said that “homework

was too difficult”, resulting in their loss of motivation in learning.

The first and second findings emphasized the need for making the
meaningful associations between learning activities and professional goals while
the third fact called for learning activities within the zone of proximal
development (ZPD) for each individual student due to their differences in
competence. Moreover, interest in an activity comes from two appraisals (Silvia,
2005b; Silvia 2006): Novelty-complexity of an event - the evaluation of an event
as new, unexpected, complex, hard to process, mysterious or obscure and

Comprehensibility (or coping-potential) of an event - the evaluation of personal
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skills, knowledge and resources to deal with an event. This research result implies
that if the learning activities are new, complex or mysterious but comprehensible
and within the student’s ability to cope, the learning activities will become more
interesting. This implication confirms that the need for each individual student to
receive a set of personalized learning activities within their individual zone of
proximal development (ZPD) to make the learning experience more interesting,

which then increases student’s intrinsic motivation as a result.

Along with the revised student’s needs and selected stakeholders’ needs,
the system architecture is also designed to cope with the educational challenges
in developing countries such as limited access to high quality teachers. For this
reason, the system architecture must be used as a blueprint for affordable
intrinsically motivating learning systems, resulting in a system problem

statement to clarify the primary goal of the designed system architecture.

“To enhance high school student’s intrinsic motivation in learning; By making
meaningful associations between selected professional goals and high school
learning activities within student’s zone of proximal development (ZPD); Using

a self-directed tool”

The notion of a self-directed tool is to promote freedom to choose their
own learning materials and professional goals of their interest, as freedom (also

known as autonomy) is one contributing factors for intrinsic motivation®8.

68 White and deCharms proposed that the need for competence and autonomy is the basis of intrinsic
motivation and behaviour - Retrieved May 15, 2011 from http://en.wikipedia.org/wiki/Self-
determination_theory
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The system problem statement can be mapped to the object process diagram shown in figure below.

Students
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I
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and interested professional
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Interpreting & Flexibility
incorporating simplicity
Affordability
Flexibility in changing professions
Simplicity to understand associations
Affordability for learners in developing countries
Need Intent Process

Figure 41: Mapping a System Problem Statement to Object Process Diagram
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6.2.5.Descriptive Goals and Prioritization

Along with a clear and attainable system problem statement, the following
descriptive goals are documented based on the priority to the success of the
proposed design of system architecture. All the descriptive goals are classified

into three types of goals:
Critical Goals - the goals that the system architecture must meet

®  Learning system must sufficiently prepare learners for college and getting
jobs

®  Learning system must acquire high quality educational resources from
accredited education institutions

®  Learning system must facilitate the communications (i.e, knowledge,
learning activity and feedbacks) between mentors and learners

®  Learning system must track learning progress and accomplishments
Important Goals - the goals that the system architecture should meet

®  Learning system must provide a mentor learner profile (i.e., learning style,
historical academic records, competency, background, working
experiences)

®  Learning system should provide parents a learner progress report
Desirable Goals - the goals that the system architecture might meet

®  Learning system might take skill development direction from business
entities into consideration

®  Learning system might train a learner as a skillful professional
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6.2.6.Proposed System Architecture Constraints

Although making meaningful associations between professional goals and
learning activities within ZPD to enhance intrinsic motivation of high school
students in learning will satisfy the primary system goal, a critical descriptive goal
of acquiring affordable high-quality educational resources for learners, especially
in under-developed countries is not yet met. According to the “Tuition Fees and
Student Financial Assistance 2010 Global Year in Review®®” released in February
2011, students in Pakistan, Thailand and Philippine encountered the largest
increases in barriers to education in 2010 because all countries experienced
major cuts to student financial assistance. In the same vein, the tuition fees in
South Africa at most institutions rose between 9 and 15% while Singapore
universities increased their tuition fees ranging from 3 to 10 percent depending

on academic programs.

Student Financial Assistance Policy

Significant
Decrease in No change in Small increase | increase in
student aid student aid in student aid student aid
Decrease
in tuition
No Pakistan, Argentina, Brazil, Chile, China,
change in | Philippines, Colombia, Egypt, Germany, India,
tuition Thailand Finland, France, Japan, Nigeria,
Hong Kong, Russian
Indonesia, Israel, Federation, Spain
Italy, Malaysia,
Mexico, Poland,
Saudi Arabia,
Sweden,
Switzerland,
Taiwan, Turkey,
the UK
Small i e, South = Some US states, Australia”
increase @ Canada (Alberta) Africa, Ukraine Korea, most
in tuition Canadian
provinces
E Large Some US states | Vietnam
c increase (e.g. California)
=28 in tuition
5
(=

Table 28: Changes to Higher Education Affordability in 2010 and 2011 in the G40s

69 Higher Education Strategy Associates. (2010, February). Tuition Fees and Student Financial Assistance
2010 Global Year in Review. Retrieved May 15, 2011 from
http://www.higheredstrategy.com/publications/2011/Year_in_Review_2010.pdf

118



The system design constraint identified in chapter 3 suggested that a good learning
system must be designed to help reduce education costs to allow students to
afford educational opportunities at their own will.
“So, how can we tackle the problem of insufficient access to high-quality
teachers and educational resources while also lowering the cost of education
to an affordable level?”

Thanks to four big consecutive initiatives, which provide reusable digital
educational content in 1994; open content in 1998; creative commons in 2001;
and MIT OpenCourseware in 2001, the open educational content has been pushed
forward”0. It was not until 2002 that the phrase “open educational resource” was
coined at a forum held by UNESCO. People who wished to develop together a
universal educational resource available for the whole of humanity chose the

term “open educational resource” to describe their efforts:

“Open Educational Resources are defined as “technology-enabled, open
provision of educational resources for consultation, use and adaptation by a
community of users for non-commercial purposes. They are typically made
freely available over the Web or the Internet. Their principal use is by teachers
and educational institutions support course development, but they can also be
used directly by students. Open Educational Resources include learning objects
such as lecture material, references and readings, simulations, experiments and
demonstrations, as well as syllabi, curricula and teachers’ guides.”

Khan Academy’!, recently featured by most major news outlets from

70 Retrieved May 15, 2011 from http://opencontent.org/blog/archives/247
71 Retrieved May 15, 2011 from http://www.khanacademy.org/about
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CNN72 to National Public Radio, is a not-for-profit organization providing a free
world-class educational video to anyone including high school students. This
confirms the future trend of the open education resources.

For these reasons, the design of the proposed system architecture is focused
toward a computer-based system architecture for an intrinsically motivated
learning system to utilize the full advantage of increasing open educational
resources as well as to interoperate with other existing non-commercial learning

technologies.

6.2.7.Refined System Problem Statement

In order to illustrate the salient associations between selected professional
goals and high school learning activities within their ZPD on computer-based
systems, the “concept map” appears to be one of the strongest visualization
approaches because concept maps have long been used and developed to enhance
meaningful learning in the sciences’3. Since a well-done concept map is usually
framed by a specific context of a focus question, the concept map seems superior
to another popular approach like a mind map where the branches radiating out
from a central picture might not greatly illustrate systematic associations
between careers and concepts in knowledge domains. As a consequence, the

refined system problem statement became as follow:

“To enhance high school student’s intrinsic motivation in learning; By making
visually meaningful associations between selected professional goals and high

school learning activities within the student’s zone of proximal development

72 Kaplan, David. (2010, August), Bill Gates' favorite teacher. Retrieved May 15, 2011 from
http://money.cnn.com/2010/08/23/technology/sal_khan_academy.fortune/index.htm
73 Retrieved May 15, 2011 from http://en.wikipedia.org/wiki/Concept_mapping
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(ZPD); Using a self-directed interactive visualization tool; While also offering

the ability to provide simplification of understanding associations, flexibility in

changing professional goals over time and affordability for learners in

developing countries”

6.2.8.Skills and Knowledge Concepts as Middle Connectors

Making direct associations between professional goals and learning
activities in high school could be difficult and expensive because there are
countless dissimilar learning activities provided by various high schools around
the world. This problem imposes difficulties for making a simplified network of
numerous associations, resulting in the introduction of Bloom’s taxonomy (a
classification of learning objectives within education) and ontology for
educational domains’# as tools to manage the complexity in associating learning
activities to professional goals. Figure 42 presents one form of ontology for the
domain of algebra’s, which is used to systematically organize diverse concepts in
algebra. With existing educational ontologies, learning activities can be managed

through ontology-enabled systems.

74 An ontology is a formal representation of knowledge as a set of concepts within a domain, and the
relationships between those concepts

75 K. Anders Ericsson. (2009). Development of professional expertise : toward measurement of expert
performance and design of optimal learning environments. New York, NY. Cambridge University Press.
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Figure 42: Algebra ontology for Teacher and Student Use (Subsection)

Not only is every learning activity likely to have predefined sets of
knowledge and related cognitive skills as its learning objectives, but also most
teachers explicitly define these expected sets of the knowledge and cognitive
skills in the course descriptions or syllabi. This conventional school
administration clearly confirms the immediate practicality of the concept of using
“skills” (i.e., identifying, classifying)” and knowledge concept structures in
relevant educational ontology as middle connectors between professional goals
and learning activities to simplify the complex network between learning

activities and professional goals.

To serve as a high-level example, the depiction below shows both how
ontology in Mathematics is used to structure the Calculus-related concepts (which
link to the associated learning contents on the Internet) and Bloom’s taxonomy is
employed to classify cognitive skills constructed from relevant concepts. Since
some of those cognitive skills are critical to some particular professions (i.e., a
scientist might use calculus to formulate a Math model while CEO could use

calculus to make a strategic business decision), the skill management systems in
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talent management systems can suggest multiple associations among critical

skills and professional roles.

Layer Tools and Technologies Example
Scientist Manager CEO Engineer
Professional
Goals Skill Management Systems
Layer (in Talent Management Systems)
\ \
/
\ -
__________ L o e e e e —————— T LY LT T

/ Lever 6 - Creating

\
Lever 5 - Evaluate

rioritizing Level 4 - Analyze

Skills Educational Objective
Classification Tools
Layer )
Y (i.e., Revised Bloom’s Irganizir Level 3 - Apply
Taxonomies)
Level 2 - Understand
Level 1- Remember
Concept
Structure )\ protégé
Layer

Ontology Technologies

Learning
Activities i W P
Layer

Open Educational Resources

Figure 43: Skill and Concept as Middle Connectors
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6.2.9.Bloom’s Taxonomy and Beyond

My e
SRS A
e %

m,

\.
atch | explain \

Figure 44: Bloom's Taxonomy?76

Besides the original Bloom’s taxonomy shown in figure 44, the Revised
taxonomy of Educational Objectives’” shown in the table 29 is introduced as a
superior classification tool for educators to not only develop a visual
representation of a learning unit or a syllabus in a form of a matrix but also
facilitate accurate communication across teachers and subject matter experts. The
following scenario demonstrates how to use the matrix in classifying educational
objectives. If a teacher wants students to explain the consequences of the
Parliament Acts for different colonial groups, she could classify and put this
learning objective in the cell B2 because “explain” is the cognitive process
number seven in the column two whereas the “consequence” of the Parliament
Acts can be referred to generalized statements about Acts after taking effect,

which is closest to Bc. Knowledge of theories, models and structures in row B.

76 Retrieved May 15, 2011 from http://upload.wikimedia.org/wikipedia/commons/2/24/Blooms_rose.svg
77 Amer, A. (2006). Reflections on Bloom’s Revised Taxonomy. Electronic Journal of Research in Educational
Psychology 4(1). 213-230. Retrieved May 15, 2011 from http://www.investigacion-
psicopedagogica.org/revista/articulos/8/english/Art_8_94.pdf
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Knowledge Dimension

Revised Taxonomy of Educational Objectives*

Cognitive Process Dimension

This revised Bloom's Taxonomy

will assist you as you work to

improve instruction to ensure that

o standards, lessons, and
assessments are aligned.

e lessons are cognitively rich.

o instructional opportunities are
not missed.

1. Remember:
retrieving relevant
knowledge from
long term memory

1. Recognizing
2. Recalling

2. Understand: 3. Apply: carrying out
determining the orusinga
meaning of procedure in a
instructional given situation
messages 1. Executing
1. Interpreting 2. Implementing
2. Exemplifying

3. Classifying
4, Summarizing
5. Inferring

4. Analyze: Breaking

material into its
constituent parts
and detecting how
the parts relate to
one another and to
an overall structure
Or purpose

1. Differentiating

2. Onganizing,

3. . Attributing

5.Evaluate: making
Jjudgments based on
criteria and
standards
1. Checking
2. Critiquing

6.Create: putting

elements together to
form a novel,
coherent whole or
make an o ginal
product,

1. Generating

2. Planming

3. Producing

A. Factual Knowledge: basic elements that
students must know to be acquainted with
adiscipline orsolve a problem in it.

a. Knowledge of terminology
b. Knowledge of specific details and
elements

B. Conceptual knowledge: the inter-
relationships among the basic elements
within a larger structure that enable them
to function together
a. Knowledge of classification
b. Knowledge of principles and

enerali zations
¢. Knowledge of theories, models and
| :;,;‘; |

C. Procedural knowledge: how to do
something: methods of inquiry, and
criteria for using skills, algorithms,
techniques and methods
a. Knowledge of subject specific skills

and algorithms
b. Know ledge of technigques and methods
c. Knowledge of criteria for determining

when to use appropriate procedures

6. Comparin
I 7. F.xplaininﬁ I

Learning Objective

The consequence of the
Parllament Acts for
different colonlal groups

D. Metacognitive knowled ge: knowledge of
cognition in general as well as awareness of
one's own cognition

a. Strategic knowledge
b. Cognitive tasks, including appropriate
contextual and conditional knowledge

¢. Self-knowledge

Table 29: Revised Taxonomy of Educational Objectives
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6.3. Proposed System Architecture

Although making meaningful associations becomes simple and manageable with the cognitive tools introduced until at this point,
a more specific design of system architecture for intrinsically motivated learning systems (IMLS) based on LTSA layer 3 is proposed in
this section to serve as a ground for developing learning systems in reality. As shown in the figure below, LTSA layer 3 system

components are decomposed into sub-system components in the proposed system architecture for IMLS, which is comparable to the
layer 4 of LTSA.
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Figure 45: Transforming from LTSA Layer 3 to Proposed System Architecture for Intrinsically Motivated Learning Systems (Comparable to LTSA Layer 4)
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The system components of IMLS consists of:

IMLS Layer

Component

Personal learning device )

Use
Interchangeably

LTSA System

Component

System Component

Description

Internet
Figure 46: Delivery and Learning
Resources Sub-System Components

- Personal Learning Delivery An abstract class representing personal computing devices,
% Device which could be used to access learning contents everywhere
llaborative learning devi : : .
\ Collaborative leaming device and on-the-go. This class would promote self-directed mobile
Learning Resources learning.
RQprotégé Collaborative Learning Delivery An abstract class representing collaborative computing
Ontology Systems
Device devices, which could be for face-to-face collaborative learning
Organizing Blended . . i . X
Learning Content (i.e., Microsoft Surface) located at learning facilities (i.e,
4 school, office, home).
°Pe;e§:::":“a' Online Education Learning Links to the education resources, which could be Video clips
And the Internet
Resources and the Resources on YouTube, documents from Wikipedia or even SCROM-

compatible learning objects.
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Ontology Systems

Learning

Resources

An abstract class representing both ontology in educational
domains (i.e., Math Ontology?8, Physics Ontology’° and so on)
and ontology-based system, used together as an ontology
system. The objective of this class is to categorize blended

learning contents and searched for relevant learning concepts.

Educational Objectives Integrated
Classification System

Designing

Learning Teacher
Experience Communities

Prioritizing

Skill
Management
Service

Talent

l Desired Skills

Management Systems

peee
— 111

Validating

and Updating Professional

Communities

Figure 47: Coach Sub-System Component

IMLS Layer

Component

LTSA System

Component

System Component

Description

Educational Objective

Classification Systems

Coach

An abstract class representing classification
systems where learning activities are designed
and categorized based on their objectives and

expected outcomes. The classification is dynamic,

78 Gruber, T. & Olsen, G. (1994). An Ontology for Engineering Mathematics. Retrieve May 15, 2011 from http://www-

ksl.stanford.edu/knowledge-sharing/papers/engmath.html
79 Cook, D. Ontology of Physics for Biology. Retrieve May 15, 2011 from
http://www.bhi.washington.edu/research/SemBioProcess/OPB.htm
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which depends on the inputs from teaching
communities and the alignment with talent

management systems from industries.

Talent Management

Systems

Coach

An abstract class representing skill management
services in generic talent management systems.
The systems can suggest what skills are
necessary for each professional across
industries. The professional communities would

be responsible for validating and updating.

Learner Learner
Tracking Profile
Service Service

Learning
Management System

Tno . Sakai

Figure 48: Learner Record Sub-System Component

IMLS Layer

Component

LTSA System

Component

System Component

Description

Learner Tracking

Service

Learning

Management

System

An abstract class representing learner-tracking
services in generic learning management systems.

The services might provide student, grades, test
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score, performance and so on.

Learner Profile Learning An abstract class representing learner profile
Service services in generic learning management systems.
Management

The services provide learners’ preference and

System characteristics.

Learner Entity and Evaluation

Self Reflection and
Self-Actualization

MuItimediaO Feedback
ctoll

Figure 49: Learner Entity and Evaluation Sub-System Component

IMLS Layer LTSA System System Component
Component Component
Description
Learner Learner Entity and An abstract class representing a single
Evaluation (Merged learner interacting with 3 sources of
Learner Entity and knowledge: multimedia from learning
Evaluation from LTSA - | devices, feedbacks from personal social
network and self-reflection from learner
Layer 3 together)
himself
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6.3.1.System Architecture Interactions
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Figure 50: Interactions of Intrinsically Motivated System Architecture
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The system interaction of the designed system architecture can start from:

1. A learner defines an immediate professional goal or interest from which

personal beliefs gained through self-reflection about the world, forms of

feedback (i.e., verbal, body gesture) from his or her personal social network

(i.e., friends, parents, peers, teachers) and surrounding multimedia (i.e.,

document, movie, song) combine to affect the process of definition.

2. The learner begins to explore a learning space on the suggested learning path

(or plan) provided by an educational objective classification system according

to his defined professional goal or interest. The educational objective

classification system received three main inputs:

The structure of knowledge recommended by the ontology systems,
which provide the learner with the minimum set of prerequisite
concepts in order to accomplish the specific concepts tied to his defined
professional goal. For example, the leaner wants to learn investing. The
professional goal is to master skills of an investor. So, the ontology
systems suggest prerequisite concepts in investment to the learner.
The desired set of skills for each professional from skill management
system in generic talent management systems, which prioritize skills
needed for a selected professional goal. The skill management system
should be proposed, updated and validated by the professional
communities periodically.

The “scheme” of learning paths is designed by teaching communities.
The scheme can contain several learning paths among which the

learner can choose.
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These three inputs enable the educational objective classification system

to offer the learner with a set of integrated learning paths (or plan), which are

available in the accessible learning space where the various learning contents can

be directly retrieved from open educational resources and the Internet via URL or

indirectly retrieved as learning objects from SCORM-compatible systems.

3. The learner can learn through multimedia on his personal learning devices

(i.e., OLPC tablet for students in developing countries or even a mobile phone)

and collaborative learning devices at common learning facilities (i.e., schools).

Units

Subtracting”™ Multiplying

Adding and
subtracting
fractions

Linear

Equivalent Expanents 1
fractions

Exponents.2

fractions

Dividing
fractions

Graphing - Logarithms 1
points =y

Percentage Logarithms'2
word
problems 1

Simplifying
radicals

Functions 1

-

Exponents.3

Divisibility

Scientific
notation

Pythagerean
theorem 1

Figure 51: One Possible Visualization of a Learning Space (by Khan's Academy) - Each Box Represents
One Concept While Each Line Represents a Learning Path

4. Any given point on the path, the learner can track and assess his or her

accomplishments, learning progress, learning preference and competency

level. The tracking services and learner profiling services in a generic learning

management system should be able to handle these tasks.
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There is a wide variety of active research on almost all system components
and system interactions in the proposed system architecture for IMLS (i.e.,
ontology systems for education, learning management systems, talent
management systems, educational objective classification systems, learning
devices). For this reason, this thesis centers on the other two system interactions
in which only a few research projects have been conducted in order to ensure the
practicality of using the proposed system architecture as a blueprint for IMLS.

Those two interactions are:

®  [nteraction between learner system and coach system (self-exploring and
self-directed learning), and
® [nteraction between the learner system and learner records (self-tracking

and self-assessment)

The concept development process taught in ESD.34 System Architecture
class is used to guide the development of a user interface, which is responsible for
main interactions between the learner and other system components. The
conceptual design of user interface and the consequent prototype implemented as

a proof of concept are presented in the next chapter.
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7. Concept Development and Prototyping

Finding an effective visualization approach to delineating meaningful
associations between professional goals and high school learning activities is
challenging because the heterogeneous mentality of learners leads to an extensive
range of dissimilar cognitive interpretations. An inappropriate visualization
approach could impose difficulties in extracting meaning from the visual
representation of the simplified associations, especially for the first time users.
This challenge called for preliminary research on the visualization methods that
could offer a preview of vital pieces of informative associations to learners at first

sight.

7.1. Concept Exploration

Thanks to the periodic table of visualization methods®?, the visualization
approaches are categorized according to their distinctive features such as a group
of process visualizations and a group of convergent-thinking visualizations. For
that reason, the following desired visualization features are developed as main

decision criteria for selecting “fit-in-context” visualization approaches:

®  The visualization approach must provide a holistic overview and detail of
associations between professional goals and high school learning activities
in the first place so learners can be aware of most possible associations

®  The visualization approach is appropriate for structure visualization
because the associations between professional goals and learning activities

focuses on their structure, not their process

80 Retrieve May 16, 2011 from http://www.visual-literacy.org/periodic_table/periodic_table.html
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®  The visualization approach should effectively communicate qualitative
concepts rather than quantitative concepts, and

= The visualization approach should help develop convergent thinking,
which promotes critical thinking by reducing complexity through analysis

and synthesis

Filtered by the defined decision criteria, the visualization approaches were
narrowed down to 6 choices (highlighted in brighter shades) before 3 choices
(Parallel Coordinate, Information Lens and Tree Map) were further removed from
the list because of their inappropriateness for the current context8l. As a result,
the Graph Pyramid, Cone Tree and Hyperbolic Tree8? are the only 3 choices

selected as applicable concepts to overcome the visualization challenges.

Figure 52: Periodical Table of Visualization Methods

81 Pa (Parallel Coordinates), In (Information Lenses) and Tp cannot intuitively depict a hierarchical structure.
So, these three approaches were removed from the list

82 Examples are available at http://www.randelshofer.ch/treeviz/ -- Retrieve May 16, 2011 from
http://www.randelshofer.ch/treeviz/
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The revised system problem statement developed in the chapter 6 and the three visualization concepts selected in this section

together lead to the updated object process diagram illustrated in figure below. Each concept is described in detail in the next page.

Low-Motivated
Students

Freedom to choose

. Receiving Tracking
relevant learning

Rvar Positive Personal
activities feedback Learning

for effort Progress

Making meaningful
associations between
learning activities within ZPD
and interested professional
goals

Visualizing by . Pyramid-Based
using Graph Pyramid Visualization Tool
Flexibility in changing professions
Simplicity to understand associations
Affordability for learners in developing countries Visualizing by " Cone Tree-Based
using Cone Tree Visualization Tool
Visualizing by O .
using Hyperbolic Tree Hyper Tree Project

Figure 53: Design Vectors: Visualization Tool for Intrinsically Motivated Learning System
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7.1.1. Hyperbolic Tree

A hyperbolic tree was firstly introduced by researchers at Xerox®3. Since a
hyperbolic tree intrinsically has "more room" than Euclidean space, users can see
the entire tree structure at once. Together with Poincare disk model of hyperbolic
geometry, a fish-eye lens view of the plane can emphasize nodes, which are in
current focus, while displaying other nodes further out of focus closer to the
boundary of the disk. It is obvious that this visualization approach can meet the

defined requirements as listed in the main decision criteria, which are:

® The tree structure is very appropriate for structure data and
qualitative data

®  The fish-eye lens view provides a holistic view of the entire tree and

cognitively supports convergent thinking.

Figure 54: The Display of Hyperbolic Trees When Different Nodes are in Focus84

7.1.2. Graph Pyramid

Graph pyramids (synonymous with image pyramids) offer a way to

visualize the hierarchies of graphs and the linkage between consecutive graph

83 Spring, T. (1999). Inxight Shakes the Tree of Knowledge. PCWorld. Retrieve May 16,2011 from
http://www.pcworld.com/article/10473/inxight_shakes_the_tree_of knowledge.html

84 Snapshot was taken from the JavaScript (Canvas) Hyperbolic Browser - Retrieve May 16, 2011 from
http://hypertree.woot.com.ar/
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levels, which satisfies the defined requirements of appropriateness for presenting
a holistic view of structured data and qualitative data. Besides, the visualization of
the whole graph pyramid is well suited for navigation purposes®85, enhancing the

convergent thinking of first time users.

Figure 55: A Small Graph Pyramid Based on a 5x5 Pixel Image

While entire information can be presented in this hierarchical structure in
which each level represents a homogeneous group of information (i.e., a level of
concept, a level of skills), the connections between levels can be used to present
meaningful associations between any two heterogeneous groups of information

(i.e., associations between professional goals and skills).

7.1.3. Cone Tree

The cone tree is a three-dimensional representation of hierarchical
information to maximize effective use of available screen space and enable
visualization of the whole information structure®6. The root of the tree is located
at the apex of the cone while all its children are arranged around the circular base

of the cone in 3D. For the interactive applications, any node can be brought to the

85 Karren, A. (2006). Interactive Visualization of Graph Pyramids. Retrieved May 16, 2011 from
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.60.7885

86 Robertson, G., Mackinlay, J. & Card, S. (1991). Cone Trees: Animated 3D Visualizations of Hierarchical
Information. Retrieve May 16, 2011 from http://www2.parc.com/istl/groups/uir/publications/items/UIR-
1991-06-Robertson-CHI91-Cone.pdf
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front by clicking on it and rotating the tree. Also, each cone can reduce its
transparency so the cone can be still perceived and does not prevent users to

view other cones behind it.

Figure 56: Layout of a Simple Cone Tree Before and After Selection

7.2. Conceptual Design Space

Since all selected visualization concepts can be blended to intuitively
delineate the complicated associations between professional goals and high
school learning activities, a high-level morphological matrix comes into play in

representing the comprehensive view of the possible design space.

Design Function Design Option

Delineating the holistic network Hyperbolic Graph Cone
Tree
Pyramid Tree
Delineating associations between Hyperbolic Graph Cone
professional goals and their Tree )
Pyramid Tree
corresponding skills
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Delineating associations between skills Hyperbolic Graph Cone
and their corresponding concepts Tree )

Pyramid Tree
Concepts within a encapsulated bigger Hyperbolic Graph Cone
concept (i.e., a concept of Calculus can Tree _

Pyramid Tree
contain derivatives, limit, etc.,)

Table 30: Morphological Matrix

As shown in the morphological matrix, “Graph Pyramid” is selected to
provide the first impression of the whole network because the pyramid shape
imposes a sense of “developmental hierarchy” starting from the bottom to the top.
Like a great pyramid, which must have a strong fundamental base, a successful
professional must have a strong understanding of fundamental knowledge before
a knowledge-related skill set can be developed. Once the necessary skill set for the
professional is developed and improved, the overall quality of that professional
increases accordingly, resulting in the higher success of that profession and
community in overall. Although the “Cone Tree” visualization approach can also
provide the comparable presentation as the “Graph Pyramid” does, the Graph
Pyramid approach offers greater flexibility in arranging a variety of associations
between any two layers than the Cone Tree visualization approach. For that
reason, the Graph Pyramid is a more favorable representation than the Cone Tree.
Furthermore, to show concepts structured by a given ontology, the Hyperbolic
Tree appears to be a promising visualization approach because it directs user’s

attention to the center of the space where the node in focus is located.
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7.3. Conceptual Design

The network of Profession-Skill-Concept (PSC) shown in the figure below
is developed as a conceptual framework to illustrate associations between the
current state of students and the desired future state represented by various
choices of professions (or roles in a society). The skill layer separates a current

student’s states to a desired future student’s state.

Desired State of Student | Profession Layer

Business
Analyst

[ ] Architect Doctor

Data Susiness Skill Layer
m poceing Analysis Chemistry
Judgment and Social c";‘:"‘" 'I""
Decision Perceptiveness s::"":
Making
Service
Orientation Critical
Thinking
= Oral
C255 Comprehension
Reading
Comprehension
e Current State of Student

;

Figure 57: Conceptual Design of PSC Network - Step 1 (Skill Set)

For a student who can pin down what his professional immediate goal is,
he can then explore skills that would transforms him from his current state to his
desired state (his selected professions). With this conceptual design, the students
who are uncertain about their future desires can choose multiple professions at
once. The common skills needed for the selected professions will be highlighted
with hotter-tone colors while the less relevant skills will be highlighted in cooler-
tone colors. If the student targets a profession with a higher rank in a corporate

hierarchy, the color of highlighted skills will change toward hot-tone colors as to
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reflect the higher competency level needed for those skills to achieve higher-level
positions. (i.e., the competency level of “decision making” skill for a business
analyst is less than that of a CEO). Besides, it is interesting to note that the desired
state of a student could change over time when the student receives more
information about the world as well as experiencing changes in personal values
over a particular time span. Once the student finds out what skills he should
develop for his selected profession(s), he can investigate what relevant
knowledge concepts exist across domains (i.e., Science, Math, Art, etc.,)
contributing to the development of those necessary skills. Each concept can link

to the corresponding learning activities or learning contents.

Desired State of Student | Profession Layer
Business
Analyst
. Architect Doctor
* . Skill Layer
.o Business
° I Chemistry
Customer and
Judgment and Social
Decision Perceptiveness P;nolnzl
Making i
Service
Orientation Critical
® Art Domain °©s © ° Thinking
o0 00, oo Oral
Math Domain ee een o9 Comprehension
Reading
e Science Domain Comprehension
) Current State of Student

Figure 58: Conceptual Design of PSC Network - Step 2 (Concepts)

With this conceptual design, a student can gain greater exposure to the
associations between learning activities and a selected profession. To create

relatively accurate associations, the following questions must be answered:
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= What skills should be listed in the skill layer?

Skills in the skill layer should be the transferable skills because the
transferable skills are the skills and abilities that are applicable to what a learner
could use in his next job or profession®’. Using a set of transferable skills gives
greater flexibility for a learner who might consider changing his desired state

over time.

= What knowledge concepts should be listed in the concept layer?

As this thesis focuses on high school students, the concepts listed in the
concept layer should comprise concepts being taught in the high schools’
curriculum. Unfortunately, the prototype will concentrate only on mathematical

concepts taught at the high school level due to the limited thesis timeline.

= How to construct the associations between skills and knowledge

concepts and the associations between professions and skills?

Although the associations between professions and skills can be retrieved
from talent management systems®, most associations between skills and
knowledge concepts are tacit knowledge rather than explicit knowledge. For this
reason, two online questionnaires are designed and developed to help respondent
professionals externalize tacit knowledge regarding such associations. The online

questionnaires used for data collection process are shown in the appendix A.

87 Retrieved May 16, 2011 from http://www.leadingorgsolutions.com/forms/transferable_skills.pdf
88 Because accessing corporate management systems could impose risks to corporations, online
questionnaires are used as a tool to collect the data regarding associations for the prototype instead.
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Based on the updated object process diagram presented earlier, the full object process diagram (OPD) for the intrinsically
motivated learning system prototype is shown below. The PSC network is a specific form of possible computer-based network

visualization tools, which satisfies the process of “making meaningful associations”.

Students A\ Characterized by

4
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High School
Students 4
é | Low-Motivated
Di : Traini Students
oo
I professional skills
|
—*| Good Jobs goa®
| Understanding Freedom to choose Recelving Tracking
prerequisite relevant learning Positive Personal
—>| New Knowledge/Concept concepts activities feedback || Learning
| for effort Progress
] Learning Enjoyment essocitions beween

learning activities
and professional goals

Making meaningful
associations between
learning activities within ZPD
and interested professional
goals

1
Computer-Based Network
Visualization Tool

Interpreting & Flexibility
incorporating simplicity
Affordability
Profession-Skill-Concept (PSC)
Flexibility in changing professions Network Visualization Tool
Simplicity to understand associations
Affordability for learners in developing countries 4&
Interactive visualization to reflect
Profession changes over time
Simplified salient associations
Links to Open Educational Resources
Need Intent Process Form

Figure 59: Object Process Diagram for PSC Visualization Tool
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7.4. Prototyping

According to the conceptual design, Flash™ technology is chosen to implement
the prototype because the technology makes rapid prototyping simple but extremely
powerful in term of multimedia and responsive interaction®’. The technology not only
supports the development of highly interactive applications but also introduces an easy
way to integrate various formats of VDO contents into the designed prototype. This
appealing feature provides seamlessly integrated experience for the self-exploring
interaction and the self-assessment interaction, which are the most important parts to

ensure the practicality of the proposed system architecture in chapter 6.

7.4.1. Self-Exploring Interaction

Figure 60: Prototype Graphic User Interface

The snapshot on the left in figure 60 shows a holistic PCS network in which
learners can see in the first place. The displaying components consist of professions,
skills, and concepts. Professions are represented with human-like objects for quick

recognition. Skills are represented with cubes to impose a sense of “skills as building

89 Fierlinger, P. (2009). Fake It Till You Make It: Rapid Prototyping Using Flash.
Retrieved May 16, 2011 from http://www.web2expo.com/webexsf2009 /public/schedule/detail /8860
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blocks” while concepts are represented with spheres to give a sense of “self-contained”
concepts. The associations of an object will appear only if a learner clicks on the object
of interest, which turns the selected object color to yellow as shown in the right
snapshot in figure 60. Based on the concept of the Pyramid Graph, the learner can start
expanding from the top (profession layer) down to bottom (concept layer) or can start
stemming from the bottom to the top. This holistic view allows the learner to explore
any components that might be of interest without order. In other words, learners can
explore professions that are of interest first if they know what professions they want to
pursue or they can explore concepts that they already mastered to identify high-

potential successful professions.
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Figure 61: Object Color as an Indicator of the Object's Importance - Step 1

As shown in the figure 61, a learner might be interested in becoming a scientist, a

financial analyst or an architect, so he or she clicked on the icons representing those
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professions, turning those objects to yellow. The prototype engine then painted skills
with the spectrum of different colors from cool tone to hot tone. Different colors of
objects indicate the importance of their own. The red-color cube represents the most
critical skills needed for the three selected professions (i.e., skill in developing
evolutional strategies appear important for financial analysts or scientists) while the
dark-blue-color cube represents “recommended-to-have” skills for the three selected
professions. This exploration process will allow a leaner to explore further the critical
skills. By selecting those critical skills, the relevant concepts contributing to the skill

development will be painted with different colors to show their importance, as well.
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Figure 62: Object Color as an Indicator of the Object's Importance - Step 2

As shown in the figure 62, the concepts of “probability” and “function”
(presenting with red spheres) in high school Mathematics more significantly develop a
skill in “developing evaluation strategies”, a skill in “forecasting” and a skill in “testing”

(presenting with yellow cubes) than other relevant concepts.
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7.4.2. Self-Assessment Interaction

Although the scope of the current prototype engine does not provide the links to
any standard tests or adaptive tests, which are typically used in the assessment process,
the learner can track his progress on skill development by clicking at the concepts he

deems he fully understands in a considering time period.
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Figure 63: Tracking Skill Development

As shown in the figure 63, the learner is interested in becoming a financial
analyst and he believes he has good understanding of probability. As soon as he selects
the sphere representing the concept of probability, the prototype engine will calculate

and paint skills with two colors. The green cubes represents skills that are considered
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“good enough” for the selected profession(s) while the red cubes represents the skills

that require some improvements.

7.4.3. Prototype Additional Features

Sorting by importance in 2D: Learners can sort desired professions by approximate
success rates or sort skills and/or concepts by importance to recognize what
professions, skills or concepts they should focus on. For example, if a learner wants to
be either an educator or a financial analyst, he or she notices that problem
identification, auditing, forecasting and developing evaluation strategies are more
important skills than others. By selecting these skills, the learner subsequently realizes
that statistics, functions, probability and linear programming are critical preparation for

developing the skills of forecasting and evaluation strategies.

“ problem identification

audit
Orocasting

vel ng evaluation strategies

Financial Analyst
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Figure 64: Sorting by Importance in 2D
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Profession Overview Information
and Role Model Videos: Learners
can read detailed information about
the selected profession. They can
also watch videos of interesting role
models in that particular profession
to understand how the role models

became successful in society.

Learning plan and timeline:
Learners can command the

prototype to automatically generate

X
Architect

An architect is a person trained in the planning, design and oversight of the
construction of buildings, and is licensed to practice architecture.

Key Skills « « Average Salary

$40,000-5120,000/Year

- » Work Value

Figure 65: Professional Overview Information and

Role Model Videos

a learning plan and learning timeline based on the skills selected to develop and

number of hours planned to spend for learning activities each day. The learning

activities that can contribute the most to developing skills will be listed earlier than the

lower-contributing learning activities.

Learning Plan and Timeline

Figure 66: Learning Plan and Timeline
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8. Questionnaire Design and Data Analysis

Four sets of online questionnaires were created as an instrument to collect
necessary data for this thesis. The purpose of the first two sets was to gather up-to-date
professional opinions across selected professions for creating dynamic associations
required by the prototype while the last two sets are specifically designed for validating

the defined hypotheses.

8.1. Questionnaires for Creating Dynamic Associations

The first two sets of the online questionnaires consist of a questionnaire
identifying the associations between professions and skills, and a questionnaire

identifying the associations between skills and concepts.

Questionnaire Objective Target Respondent

To reveal associations between

L. Professions and professions and corresponding | Ordinary workers, knowledge

skills associations

skills needed for professional workers in organizations
activities.
2. Skills and . . . Students in undergraduate
To identify associations
concepts . degrees and graduate degrees,
S between skills and concepts .
associations professors and selected subject

contributing to those skills

matter experts

Table 31: Two Types of Online Questionnaires Used for Creating Dynamic Associations

While the online questionnaire identifying the associations between professions
and skills was distributed to random professionals, another online questionnaire
identifying the associations between concepts and skills was distributed to selective
groups of professionals and to students in leading universities to heighten the data
reliability because inaccurate data associations between skills and concepts can give
distorted impressions to participating students. The templates of the first two

questionnaires are included in appendix A.
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8.1.1. Design Rationale of Questionnaire (Professions and Skills)

Without an authorized access to the corporate talent management systems, data
regarding the associations between professions and skills from deliberate judgments of
real professionals is used as an alternative for the prototype. There are two reasons
why opinions from real professionals are acceptably valid. First, every professional
should know best what skills he should currently possess for his profession. Second,
every professional tends to know what concepts they really use at work. For these
reasons, using deliberate judgments of real professionals not only provides the
acceptably practical data (not theoretical data) regarding skills needed for each
profession but also introduces the up-to-date data of ever-changing associations over a
considering time period. The questionnaire comprises 11 demographic questions such
as age, personal values, job title, job functions, etc. and about 80 questions identifying
associations between professions and skills. Participating professionals are expected to
rate the importance of each skill on a four-point Likert scale. A sample question

identifying associations is shown in the figure below.

17. How necessary are these ANALYTICAL skills for your job? / mwmmmmamﬁmn:ﬁmﬂfﬁmmhn“mmnﬁnmﬁm‘lndmwmqm? *

Always Need / @ | Substantially Need / \fh@n | Somewhat Need / 19 | No Need / lisniiudias
muanaaillild snInddtysiany mEnIaiiths Admnaansail

Need Analysis / MsilansviandiaIng o
*

Designing Surveys / M38ankuy o
wuussunieldifuiaya * ~

O

0O 0O

O

Inquiring / MIRBUNNMETBYR * 0 0 0

Interviewing / MIdkMBRIMTBYANN
yana *

O
O

Observing / MIdunggayasauie * (@) (@) O

Compiling Information / NITIUTINGBYA
*

Comparing / Mafpuifisudaya *

o O O
[
o O O
o O O O

Categorizing / MaSATMNGN Manany
TRITAYR *

Classifying / NMT§nTyuasuEnLBrEaya
%Y upnEBBNINGM *

(
0]
(
(

Table 32: Sample Questions Regarding Associations Between SKkills and Professions90

90 The online questionnaire is presented in Thai and English language to support the mixed groups of respondents.
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8.1.2.Data Analysis of Questionnaire (Professions and Skills)

Computer Programmer

Consulting (N=5) (N=15) Architect (N=15) Management (N=8) Sale (N=8)
Assessing 80% 63% 63% 83% 56%
Budgeting 40% 46% 48% 92% 50%
Categorizing 73% 64% 70% 81% 83%
Classifying 67% 60% 70% 76% 71%
Comparing 93% 69% 81% 81% 50%
De"el"sptir;%eEg‘i’:;“aﬁon 53% 47% 78% 95% 50%
Extracting 93% 64% 89% 67% 33%
Forecasting 60% 63% 81% 92% 54%
Generating Ideas 87% 79% 93% 92% 94%
Goal Setting 93% 79% 81% 96% 83%

B Assessing

B Budgeting

B Categorizing

B Classifying

B Comparing

B Developing Evaluation
Strategies

[ Extracting

@ Forecasting

7 Generating Ideas

@ Goal Setting

Figure 67: Questionnaire Result in Matrix Between Selected Skills and Selected Professions

Based on the questionnaire result (N=124, across all professions), participating professionals could be categorized into the

following groups: consultant, management, researcher, salesperson, educators, administrator, scientist, financial analyst and architect.
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In the table above, the matrix associating selected skills and selected professions is
presented. The average normalized skill importance of the selected professions is
converted into percentages for simplification in comparison. For example, management
deemed the skill of developing evaluation strategies (95%) is more important than the
skill of extracting data (67%). Hence, the higher percentage the skill importance is, the
more critical the skill to the corresponding profession. Also, the matrix allows us to
compare skill importance among professions. For instance, most skills in the list are
more critical to professional managements and management consultants (as successful
management or consultants needs multiple skills) than salespersons or computer

programmers.

8.1.3.Design Rationale of Questionnaire (Skills and Concepts)

Another set of online questionnaires used for creating dynamic associations is
the questionnaire identifying the associations between concepts and skills. Because it is
quite difficult for most professionals to identify the associations between skills and
concepts, this online questionnaire was selectively distributed to a group of students of
top-performing universities (i.e., Thai students at MIT and Stanford) and experienced
professionals (i.e., a student group of MIT SDM program) to ensure the relatively
acceptable accuracy of the associations. Participating respondents were expected to
indicate the subtle associations between particular Math concepts and skills. A sample

question of this questionnaire is shown in the figure below.
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33. Can these knowledge concepts help you do the following activities better (i.e., faster, more easily, more accurately)?

- Check the box if yes
- Leave it unchecked if no (including not applicable)

You can interpret the first checkbox as "the concepts in Algebra and Number Theory help me do Problem Identification more easily or accurately™.

Algebra and Number Theory o 0 0 o o o o o ) o 0 0 o
e o o o o o o o o o o o o o
Probability * o o o o o o o o o o o o o
Statistics * o o o o o o o o o o o o o
Functions * o o o o o o o o o o o o o
Linear Programming * o o o o o o o o o o o o o
Trigonometry * o o o o o o o o o o o o o
Geometry * o o o o o o o o o o o o o
Matrix * o =) 0 o (=) o o =) =) =} o 0 (=]
Vector * o o o o o o o o o o 0 0 0
Set Theory * 8) 8] =) o =) o 0O o o o O =) o
Boolean Algebra (Logic) * o o o o o o o o o 0 o o 0
Graph Theory * 0 o o 0 0 o o o o o o o o
Caleulus * o 2 o o o o o o o o o o o

Table 33: Sample Questions Regarding Associations Between Skills and Concepts
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8.1.4.Data Analysis of Questionnaire (Skills and Concepts)

According to the questionnaire result (N=27), the associations between skills and concepts are shown in the radar chart below.
Apparently, statistics (purple) is the most outstanding contributor to development of various skills while probability (light green), set

theory (aqua) and linear programming (orange) are among important concepts contributing to the transferable skill development.

Assessing
Testing 0.0% Auditing

& Algebra and Number Theory
Setting Priorities ¥ Categorizing Data K Permutation and Combination
“ Probability

i Statistics

Designing Surveys & Functions

“ Linear Programming

Reasoning Developing Evaluation Strategies “ Trigonometry
& Geometry
Problem Identification Extracting Data Matrix
& Vector
Planning Financial Planning m Set Theory
Observing Forecasting Boolean Algebra (Logic)
Graph Theory
Need Analysis Generating Ideas
Calculus
Investing Handling Details
Inventory Control Imagining Alternatives

Figure 68: Radar Chart Showing Associations Between SKkills and Concepts
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The ‘Heat map’ matrix below presents another representation of the associations
between skills and concepts. Whilst the red-tone cells show the greater contribution of
concepts to corresponding skills, the blue tone cells present the weaker linkages of the
concepts to those respective skills. For example, trigonometry does not contribute to
the selected set of skills when comparing to algebra and number theory based on the
judgment of the participating respondents. Interestingly, statistics and probabilities are

salient concepts contributing to a wide range of skills.

and Linear Graph
and Probability | Statistics | Functions Trigonometry| Geometry | Matrix Vector |[Set Theory| Algebra Calculus
Number P Programming - Theory
Combination (Logic)
Theory
Assessing 15% 22% 26% 11% 7% 7% 7% 7%
Auditing 7% 11% 19% 7% 7%
Budgeting 11% 11% 15% 7% 11%
E E 30% 7% 19% 15% 19%
Data
g e 19% 11% 15% 15% 22% 19% 7%
3 11% 26% 7% 7% 7% 11%
Developing
E i 26% 22% 26% 26% 26% 15% 7% 11%
D E 26% 7% 22% 11% 7% 11% 26% 19% 7%
o %
26% 7% 30% 7% 15% 7% 7%
Planning
Forecasting 19% 19% 15% 15% 7% 7%
1d E 26% 15% 7% 22% 30% 15% 19% 26% 19%
i € 26% 26% 22% 30% 22% 30% 19% 30% 30% 26%
Alt e 15% 15% 22% 15% 15% 7% 7% 11%
C I. 11% 15% 19% 19% 15% 19% 7% 7% 11%
Investing 15% 15% 15% 26% 7% 7% 7% 7%
Need
22% 15% 19% 19% 19% 11% 11% 22% 15% 22%
Observing 19% 15% 15% 7% 7% 7% 11% 19%
11% 26% 15% 11% 15% 7% 19% 26% 15% 11%
Problem
y 30% 15% 26% 19% 22% 26% 26% 19%
Reasoning 30% 15% 26% 11% 11% 11% 15% 26%
€ 22% 11% 19% 15% 11% 7% 11%
Data
Setting Goal 19% 11% 15% 11% 7% 7% 22% 19% 15%
Pri “E 22% 26% 11% 7% 19% 15% 7%
Synthesizing | 22% 19% 19% 7% 7% 19%
Testing 26% 15% 26% 30% 19% 7% 7% 15% 15%

Figure 69: Heat Map Matrix Showing Associations Between Skills and Concepts
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8.2. Questionnaire for Validating Defined Hypothesis

To investigate whether student motivation in learning is enhanced when the
student can recognize subtle connections among concepts, skills and professions,
another two sets of questionnaires was constructed to measure changes in students’
intrinsic motivation level. The first set of the questionnaires is given to students to fill in
before the students interact with the prototype and the second set is given to students
after they have completed their interaction. Although all questions in these two
questionnaires are alike in meaning, the wording of each question is not exactly the
same. The readers can note the differences when comparing the two questionnaires

included in appendix B.

Questions in these two questionnaires were designed based on two similar
research papers on intrinsic motivation measurement and a report of a case study on
motivation measurement. Like the first two sets of online questionnaires for creating
the dynamic associations, participating students were expected to rate the their

personal agreement with the given question statements on a four-point Likert scale.

8.2.1.Design of Questionnaire items

The questionnaire includes 6 demographic questions like age, gender, grade, etc.
and about 66 questions designed to measure student’s intrinsic motivation. Based on a
case study?! conducted by University of Berkeley Bear Center®?, three different

variables were used in measuring motivation for college effectively:

m  Behaviors towards school,

®  Actions towards college, and

91 Final report of case 2 is used for the development of motivation measures. Retrieved May 19, 2011 from
http://bearcenter.berkeley.edu/GradeMap/download.php
92 Retrieve May 19, 2011 from http://bearcenter.berkeley.edu/index.php
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®  Attitudes towards college

While the first two variables can suggest the positive behaviors of a student,
which reflects the current level of the student’s intrinsic motivation, the last variable
“attitude toward college” measures the current beliefs and ideas of a post-secondary
education. In the same vein, three variables in the Berkeley case study were used as a
basis for designing the questionnaire items for validating defined hypothesis in this
thesis. The questionnaire template is included in appendix C1. Because behaviors and
actions toward schools and college shared some similarities, these two variables are
combined as “student’s current learning behaviors”. For that reasons, the following

three variables are used as motivation measures:

®  Student’s current learning behaviors

®  Student’s expected behaviors in the future (attitude toward behavioral
changes) before using the prototype, and

®  Student’s expected future behaviors (attitude toward behavioral change)

after using the prototype

To ensure whether the items are suitable for measuring motivation, a
questionnaire template proposed by a research paper?3 on a new measurement scale of
motivation is reviewed and adopt as a supplementary guideline of questionnaire item
design. The new measurement scale of motivation was conceptualized and created
using ordered subgroups of three main aspects of Motivation (i.e., Striving for
excellence, Desire to Learn and Personal Incentives). The questionnaire template

proposed by the research paper is included in appendix C2. In addition, the future

93 Waugh, R. (2002). Creating a scale to measure motivation to achieve academically: Linking attitudes and behaviors
using Rasch measurement. British Journal of Educational Psychology 72, 65-86.

160



orientation scale used in a Thai research paper regarding motivation measurement was
studied to identify similar questionnaire items as well as suggesting the appropriate
sentences for each questionnaire item. The questionnaire template used by the Thai
research paper is included in appendix C3. The table below summarized all the key

questions in the questionnaire.

Questionnaire Template

Berkeley Paper on Future
: Case New Scale to  Orientat
Question Statement Study Measure ion Scale
No.2 Motivation (Thai)
1 | Ifocus on the lessons in classes 2 15/16
2 | I finish my homework 3 1/2 1
3 | Iraise up my hand to answer questions in the 5
classroom
4 | I'try different learning strategies when I have 5/6

learning difficulties

5 | I consult friends when I have learning difficulties 31/32
6 | I consult teachers when I have learning difficulties 12 35/36 26
7 | Irecheck my homework to ensure accuracy 15 19/20
8 | I'tend to study harder when I get a bad test score 11/12 9
9 | I prepare for exams 6 3/4 2
10 | I review the learning materials outside the classroom 33/34
11 | I set time for reviewing learning materials 37/38 33
12 | I surf the Internet to expand my academic knowledge 33/34
base
13 | I read supplementary books to enrich my 33/34
understanding of class materials
14 | I seek for activities inside and outside schools to help 9/10
me learn
15 | I plan my study myself 39/40 18
16 | Ilike to do assignments in group 11 41/42
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17 | Ilike the social relationships in academic work 47/48

18 | I have interest in a number of academic topics 23/24

19 | Ithink about my values when I have conflicts about 21/22
time to be spent on achieving

20 | I enjoy intellectual challenges 45/46

21 | I am interested in solving a problem set with which 27/28
others have difficulties

22 | I set myself realistic but challenging goals 7/8

prototype, and expected future behaviors after using the prototype are the three
variables used as motivation measures, all the questions listed in the table 34 were
rephrased to provide a sense of all three variables. For example, “I focus on the lesson in
class” is a question item for online questionnaire identifying current-learning behaviors
but the same question item will be rephrased to “I will focus on the lesson in class” for
the questionnaire identifying expected behaviors before using the prototype and to

“From now on, [ will focus on the lesson in class” for the questionnaire identifying

Table 34: Summary of Questions Measuring Intrinsic Motivation

Because current-learning behaviors, expected behaviors before using the

expected behaviors after using the prototype.

8.2.2.0utcome Space

The outcome spaces can be categorized into four answer choices where the

summary of outcome space is in the table below:

Answer Choice Score

Strongly Disagree 0
Somewhat Agree 1
Agree 2
Strongly Agree 3

Table 35: Possible Outcome Space

162




8.2.3. Data Analysis of Questionnaires

8.2.3.1. Descriptive Statistics of Questionnaire Respondents

15YearOld &
8%

18 Year Old
31%

Grade 12
61%

17 Year Old
44%

Figure 70: Descriptive Statistics of Questionaire Respondents (Age and Grade)

The last two sets of online questionnaires were randomly distributed to students
in several high schools—the there were 160 students participating in the survey. Most
respondent students were in grade 12 (62% of total participating students), which is

the last grade of the high schools before transitioning to the university level.

GPA

GPA of 3 and Lower GPA of 3and Uppe
25 ! | ! | J } ! ! ! ]

Bl

Figure 71: Descriptive Statistics of Questionaire Respondents (Student GPA)

As shown in the figure 71, the x-axis represents the participating students while
the y-axis represents the GPA of each corresponding student. Interestingly, more than

half of the participating students received a GPA of 3 and upper. Specifically, about 60
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participating students got GPA of 3 and lower while the rest (about 100) got GPA higher

than 3.

Both descriptive statistics (e.g., grade and GPA) suggest that a group of students
who are graduating from high schools or have a high GPA are more eager to try the
prototype than other groups of students. One reason might be that they think the
prototype will assist them to make an informed decision about what majors they want
to pursue further. Also, it makes sense that grade-12 students with high GPA would

choose their their next move more carefully than any other student groups.

8.2.3.2. Questionnaire Result Before Students Use Prototype

Before using the prototype, participating students were invited to fill in the first
self-report online questionnaire. The objective of the first questionnaire is to
quantitatively measure the differences between current behaviors and expected
behaviors before the students play with the prototype. There were 160 students
responding to this first round, resulting in the questionnaire result summarized in
figure 72. The x-axis indicates the difference between current behaviors and expected
behaviors in term of percentage. For example, the result of a questionnaire item of “I set
myself realistic but challenging goals” is equal to +45.96%, which means participating
students expect to set realistic but challenging goals 46% more than they currently do.
Although students’ attitude towards behavioral changes appears positive in almost
aspects, there are two negative items, which are an item of “I like the social relationship

in academic work” (-3.11%) and “I like doing assignment in group” (-7.45%).
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| set myself realistic but challenging goals

| am interested in solving a problem set with which others have difficulties

| enjoy intellectual challenges

| think about my values when | have conflicts about time to be spent on achieving

| have interest in a number of academic topics

| like the social relationships in academic
| like to do assignment:

I

| plan my study myself

| seek for activities inside and outside schools to help me learn

| read supplementary books to enrich my understanding of class materials

I surf the Internet to expand my academic knowledge base

| set time for reviewing learning materials
| review the learning materials outside the classroom

| prepare for exams

| tend to study harder when | get a bad test score

| recheck my homework to ensure accuracy

| consult teachers when | have learning difficulties

| consult friends when | have learning difficulties

| try different learning strategies when | have learning difficulties
| raise up my hand to answer questions in the classroom

| finish my homework

1focus on the lessons in classes —

-10.00% 0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 60.00% 70.00%

Figure 72: Differences Between Student's Actual Behaviors and Student's Attitude Toward Behavioral
Changes Before Using Prototype

To investigate the reason of these two negative numbers, a couple of phone
interviews with randomly chosen students were conducted further. It turned out that
many active students deemed that working on an individual assignment was more
effective than group work. In one case, an active learner found it challenging to work in
a team whose members are passive learners. This result corresponds to the fact that
most participating students were relatively active students (60% of participating
students received a GPA of 3 or higher as shown in figure 71), who tend to prefer

working alone over working in a team with passive learners.



8.2.3.1. Questionnaire Result After Students Use Prototype

Participating students in the first questionnaire were then invited to fill in the
second self-report online questionnaire after using the prototype the prototype. The

purpose of this follow-up questionnaire was to quantitatively measure:

®  The differences between current behaviors and expected behaviors after
students interact with the prototype, and
®m  The difference between expected behaviors before using the prototype

and after using the prototype.

There were only 16 participating students who replied to both the first (before
using the prototype) and second self-report online questionnaire (after using the
prototype), which accounts for 10% of total participating students who replied to the
first online questionnaire. The questionnaire result can be summarized in figure 73.
Similar to prior questionnaire, the x-axis indicates the difference between current
behaviors and expected behaviors in term of percentage. In figure 73, the result shows a
combination of positive and negative students’ attitude towards behavioral changes.
Although 19 questionnaire items indicate the positive change in intrinsic motivation
after using the prototype, there were still three negative items after using the

prototype:

® [ think about my values when I have conflicts about time to spent on
achieving (-1.96%)
® [ consult friends when I have learning difficulties (-5.88%), and

® | finish my homework (-1.96%)
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| set myself realistic but challenging goals

| am interested in solving a problem set with which others have difficulties

I

I enjoy intellectual challenges

| think about my values when | have conflicts about time to be spent on xhiwq

I have interest in a number of academic topics

1 like the social refationships in academic work

| like to do assignments in group

| plan my study myself

| seek for activities inside and outside schools to help me learn

| read supplementary books to enrich my understanding of class materials

| surf the Internet to expand my academic knowledge base

| set time for reviewing learning materials

| review the learning materials outside the dassroom

| prepare for exams

I tend to study harder when | get a bad test score

| recheck my homework to ensure accuracy

| consult teachers when | have learning difficulties

| consult friends when | have Iurnin-

I try different learning strategies when | have learning difficulties

I

| raise up my hand to answer questions in the dassroom

| finish my homtwq

| focus on the lessons in classes

I

|

-10.00% 0.

g
é
¥
g

30.00% 40.00%

Figure 73: Differences Between Student's Actual Behaviors and Student's Attitude Toward Behavioral

Changes After Using Prototype

The result of the first questionnaire is compared to that of the second

questionnaire to identify the differences of students’ attitude toward behavioral

changes before and after using the prototype. Based on the input of 16 participating

students, the comparison is presented in the figure 74 where there were four negative

items:

= “[ finish my homework” (-9.80%)

® [ think about my values when I have conflicts about time to spent on

achieving (-7.84%)

® [ have interest in a number of academic topics (-5.88%), and

1

o))
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[ seek for the activities to help me learn (-1.96%)

| set myself realistic but challenging goals

| am interested in solving a problem set with which others have difficulties

| enjoy intellectual challenges

I think about my values when | have cafflicts SBOUE time to be Spent on achieving
| have interestiina number of academic topics

| like the social relationships in academic work
| like to do assignments in group

| plan my study myself

| seek for activities inside and outside schools to help—

| read supplementary books to enrich my understanding of class materials
I surf the Internet to expand my academic knowledge base

| set time for reviewing learning materials

| review the learning materials outside the classroom

| prepare for exams

| tend to study harder when | get a bad test score

| recheck my homework to ensure accuracy

| consult teachers when | have learning difficulties

| consult friends when | have learning difficulties

I try different learning strategies when | have learning difficulties

| raise up my hand to answer guestions in the classroom

| focus on the lessons in classes

-10.00% -5.00%

[

§

|

5.00% 10.00%

Figure 74: Differences Between Student's Attitude Toward Behavioral Changes Before Using Prototype and
After Using Prototype

Due to the small number of respondents in the second online questionnaire, a

couple of phone interviews with randomly chosen students were conducted to gain

additional insights about the prototype. It appears that the prototype can help cultivate

a “systematic thinking” in students. One student admitted that he always thinks about

what kind of professions he would like to be involved in but he looked over the

development of necessary skills as a middle step before reaching his dream professions.

He also mentioned that the prototype helps him to know what concepts might be useful

for his desired professions.

Interestingly, while high-GPA students could understand and derive meaning

from the complex PSC (Profession-Skill-Concept) network, several medium-GPA
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students could not. The complex association between professional goals and concepts is
one important barrier for students to recognize the associations, resulting in students’
disinterest in continually interacting with the prototype and replying the to the second
questionnaire. Also, most students reported that the prototype has a limited number of
professions and concepts. The application would serve them better if more professions
and concepts were available for selection. Also, when some students were interested in
developing a particular skill, the students need to click on the “learning plan” button to
identify recommended learning activities, which is not obviously presented in the first
place. Hence, the students didn’t have a clear picture what the “next step” in this

application should be.
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9. Conclusion

To cultivate an active and self-directed learning mindset in learners, learning
systems need to encourage the student to take more ownership of his or her learning
choices. Because the overall quality of learning systems cannot be significantly
improved without qualified mentors, despite advances in technologies and richness of
learning environments, the learner must be empowered when the mentor is under -
qualified. Based on a wide range of literature and reports, this study carefully
synthesizes system design principles that empower the learner to tackle temporary
shortage of qualified mentor entity in learning systems at a certain time span. The result
of the system design principles is system architecture of intrinsically motivated learning
systems, which promote the transformation process of the learners’ mindset from a

passive mode to a more active and self-directed mode.

A dynamic interaction between a learner and learning environments is the key to
intrinsically motivated learning systems. Immediate feedback from learning
environments can speed up the process of self-exploration, resulting in self-
understanding and stimulating the learner’s intrinsic needs of self-actualization, which
is at the top of Maslow’s hierarchy of needs. For example, a learner begins their learning
journey by exploring surroundings until he or she finds a focusing set** of “objects-to-
think-with”, leading to the initial set of self-defined learning objectives. With feedback
from learning environments (e.g., advice from mentors, conversations with peers, self-

constructed understandings, etc.), the learner gains more understanding about the

94 It is important to note that the interesting set of “objects-to-think-with” can change over time (i.e., increase and
decrease), resulting in the change in self-defined learning objectives.
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focusing set? of “objects-to-think-with”, resulting in a greater clarity of self-defined
learning objectives. This learning cycle helps the learner to understand the
consequences of his own actions, resulting in deeper self-understanding. To achieve the
desired results, he would adjust his own actions until he reaches a state of self-

actualization.

The perceived ability to both understand the focusing set of “objects-to-think-
with” and accomplish the self-defined learning objectives comes into play in
maintaining the learning effort. If the learner believes in his ability to accomplish the
self-defined learning objectives, he would consistently put learning effort to a series of
learning activities until he accomplishes the learning objectives. If the learner is not
confident in his ability, personalized “bite-sized” learning activities must be provided to
encourage him to consistently expend effort until the learning objectives are

accomplished.

As a result, the system architecture is designed to help learners define their
personal learning objectives, which align with his or her intrinsic needs. Since some of
the common human intrinsic needs are personal growth and development, the system
architecture focuses on the development of skills needed for achieving desired
professional goals. By recommending “bite-size” learning activities of relevant
knowledge concepts based on self-selected skills, the learners are theoretically
motivated to learn. Although the prototype developed based on the proposed system
architecture cannot demonstrate a provable conclusion due to insufficient data points, it
might be still difficult, even with many more data points, to measure the effect of

prototype on learner’s mindset. Seymour Papert once said in his renowned book:

95 It is importantly note that the interesting set of “objects-to-think-with” can change over time (i.e., increase and
decrease), resulting in the change in self-defined learning objectives.
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“I remember that my first encounter with the differential gears was second year.
If any scientific educational psychologist had tried to measure the effect of this
encounter, he would probably have failed. It had profound consequences but, |
conjecture, only very many years later. A pre- and post- test at age two would have

missed them.”
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10. Limitations and Future Work

A limitation of the work in this thesis research is the quantity of active
participating students and variety of heterogeneous student groups. Since the targeted
groups of this study were high school students in Thailand, where most students don’t
have immediate access to the Internet at home, students were not excited enough to
spend extra money and time at Internet cafes to interact with the prototype, resulting in
the limited number of participating students. To cope with this limitation, one possible
future activity is to coordinate with school counselors to setup a session in which

students can interact with the prototype at school.

Based on the online questionnaire, participating students also suggest that the
prototype should include more professions and concepts, which will allow the
prototype to satisfy a wider variety of students’ needs. For that reason, possible future
work would be to extend the number of available professions and concepts in high
school. In addition, the associations constructed in the prototype should be periodically
validated by a larger number of experienced professionals to ensure the most up-to-
date information. Last but not least, a self-assessment module could be integrated into
the prototype to immediately reflect student’s learning effort. Thus, students could
quickly adjust their learning strategies to successfully achieve their defined learning

goals.
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Appendix A1: Online Questionnaire Questions for Creating Dynamic
Associations between professions and skills

Section 1: About yourself

1.) Your age? / 818UDIAMU?

2.) Your nationality? / §ay31@ve3fa?

3.) What is your highest degree? / ﬂmf‘f’n?ﬁ]msﬁnmeﬁuqqqﬂizﬁﬂﬂ?
() Doctoral Degree / 1/3gyayuen

() Master Degree / ﬂ?iyﬂgﬂ‘ﬂ

=

() Bachelor Degree / ﬂ?iy'ﬂlmi

]

() High School / iisaufinyinoulaie
% = v
() Middle School / UTSUANHINDOUAU
() Primary School / szaufnm
4.) What are your five most important values? / N 11800 5 Atsuidfyiganuainu?
[ 1 Achievement (Sense of accomplishment) / A3
v v

[ ] Advancement (Moving forward in your career through promotion) / 314NV U

e/ d‘ esll g = Id
[ 1 Adventure (Involving with risk taking) / mﬁmtyﬂmmzmmmmmmummﬂm
[ ] Aesthetics (Appreciating the beauty of ideas, things, etc.,) / ANNEIgINNeAaly
[ 1 Autonomy (Working independently) / AnuasalumMInamauea
[ ] Caring (Love, Affection) / ANUTALATANNTI Y

v d‘ v

[ ] Challenge (Stimulating full use of your potential) / ANUMMBINe INATIUANNAINITOVDIAULIDA

[ ] Change and Variety (Frequent work responsibilities) / 1314 a1NYiae

[ 1 Competition (Pitting your abilities against others where there is clear win and lose outcomes) /

v v v
mﬂwﬁwuzmﬁa@,m
[ 1 Cooperation (Working as a team) / AU
A Y P v
[ ] Creativity (Being imaginative) / anuAagsassaudanlvu

[ 1 Economic Security (Having enough money) / ANMUNUAININTEU
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¥ v 1 v
[ ] Excitement (Experiencing frequent excitement in your work) / anuawaunuauinlanlvu
[ ] Family Happiness (Being able to spend time with family) / mmqmmmmam%ﬁ
A da o "
[ ] Friendship (Developing a close personal relationship) / UATNIWNANUAUTBUUIY
[ ] Health (Physical well being) / gUn1NWiLAi41159
v A A
[ 1 Help Others (Involving with in helping people) / MilaremanaAuUY
Y
[ 1 Help Society (Doing something to contribute to the betterment of the world) / M3 lasemaodanu
[ ] Inner Harmony (Being a peace with oneself) / mmmuqmﬂlu%%mmm
v a
[ ] Integrity (Sincerity and honesty) / mmgﬂmmagmmmﬂﬂ
v v
[ ] Intellectual Status (Being regarded as as an expert in the field) / mslasunmsengealunnuainise
Sld SI‘Q' v
[ 1 Knowledge (Understanding gained through study and experience) / mslais Uz v q
v o

[ 1 Leadership (Influence over others) / mmgﬂugm
[ ] Leisure (Having time for hobbies, sports, activities and interests) / msinauiienanssunaule
[ ] Loyalty (Steadfastness and allegiance) / ANUFDTALLAZ AN NANA
[ ] Pleasure (Enjoyment) / ANMUAUNTUIY
[ 1 Power (Authority) / 91U19
[ ] Precision (Working with situations where there is little tolerance for error) / ANUUNUEN
[ 1 Responsibility (Being Accountable for the result) / ANUSUHAYOY

ilw o v
[ ] Recognition (Getting acknowledge for your contribution) / M3 IATUANNEONTUIINAUTOUU
[ ] Stability (Not like to change over a long time period of time) / AN WAL oluTIn

a

[ ] Spirituality / A21MAY ANUFINNIAIYY I

[ ] Time Freedom (Working on your own schedule) / mmﬁﬂmj‘uiunmmsﬁ BNRNE

[ ] Wealth (Profit, Making a lot of money) / mms"’ﬁmﬁaﬁ"q

[ ] Wisdom (Understanding based on accumulation of knowledge) / N9 ﬁﬂﬂgﬂﬁ‘ﬁ!mﬁfﬂ%
Section 2: About your organization

L4 )
5.) What industry is your organization? / 94AN3 Y8308 1UIN15 10?2

() Accounting / ﬁﬂ!ﬁ

180



() Advertising / T

() Aerospace and Aviation / 91IMATIULASNTUY

() Automotive / muﬂu@r

() Agriculture/Forestry/Fishing / (NHATNTTY ﬂﬂaj SIEEATN
() Biotechnology / tna 11 1ag 30w

() Hotels and Lodging Places / H?ﬂﬁﬁ'ﬁﬂ

() Computers (Hardware, Desktop Software) / ﬂm\lﬁﬁmﬁ)i’
() Communications / éﬂﬁﬁ

() Construction/Home Improvement / neas fiannioge s
() Consulting / TnanlEnmn

() Education / M3fANHN

() Engineering/Architecture / 303354 d011faoni sy

() Entertainment/Recreation / 1114 194

() Finance/Banking/Insurance / MU 51115 Usenu

() Food Service / ®1¥113

() Government/Military / 319013 N113

() Healthcare/Medical / u?msqmmw SPYINEILIA

() Internet / SUADIIUN

() Legal / nviung

() Manufacturing / Nan

() Marketing/Market Research/Public Relations / 1150810 2980010 Uszndunius
() Media/Printing/Publishing / Fomsitum

() Mining / wiloaus

() Non-Profit / 04an3 laavinanls

() Pharmaceutical/Chemical / (&0 333 19TlFain

() Research/Science / 298 INFANT

181



() Real Estate / WannedamIunine

() Retail / 3av181)an

() Telecommunications / mﬁéamﬂmﬂumﬂn

() Transportation and Distribution / muﬁmazﬂizmaﬁuﬂy1
() Utilities / ens13ay1Ing

() Wholesale / 5@1"1118?3"&

() Professional Services / UTNFIRWIZNI

() Other/ ﬁuq

() Don't work / T

6.) Your organization size worldwide (in person)? / ENﬂ(ﬂ‘iﬂlﬂﬂﬂmﬁiﬁﬁu?uﬂuﬁﬂﬁumﬁ 152
01

()2-4

()59

() 10-19

()20-99

() 100-499

() 500-9,999

() 10,000+

() Don't work Mlarhan

Section 3: About your CURRENT (or recent) job
7.) Your specific job function? / ﬁ'ﬂymmmmmﬂm?

() Accounting / ﬂuﬁt‘g%

() Administration / ATUAIVANALA

() Advertisement/PR / 911 T

() Architecture / Muaa1lnenssu

() Arts/Leisure / 1UAae

182



() Banking / MMUTUIAT
() Beauty/Fashion / 1ML UAINEY
o &

() Buying/Purchasing / 914340

IS) Y [
() Clerical/Reception / MULANYU TUADUTY

v o ~ o
() Computer Hardware / 114211 Q1n3 iR a3

o

v
() Computer Software / AuallsunsunounInes
o v v
() Construction / 1UIANITNITNOATN
¥ o =
() Consulting / (1 lna1dTnun
A v
() Customer Service / 91UUINTYNA
() Design/ 1U29nUUY
A v
() Distribution / MUNTLIYAUAN
g =
() Education / QM1UATUNTANH
() Entertainment / 91U U4
Y a
() Finance / MM1UATUNITINU
() Health Care (Physical and Mental) / 7113 MIgUNW
() Human resources management / 91433 NINGINTYAAA
3 ! a Y
() Logistics / MMUINUHNUIATIAUA
() Management (Senior/Corporate) / QUIANT
() News/Information / 9114917
() Operations / 1u11AM3
() Planning (Meeting, Events, etc.) / 1UINUNY
() Production / 1UK@AA
3 e/ 3 a o i
() Real Estate / MMUNWAIUUALIANTOAIHITUNTWY
() Research / NUIE
v

() Restaurant/Food service / 1UATUDINT

() Sales/Marketing / :1UV18 IIUNTANA
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() Science/Technology / auanAnemansiazmalulad
() Social service / ATULIMIFIAY

() Student / 1ni3 81 1iAANE

() Other / améuq

() N/A-Unemployed/Retired/Homemaker / 319914 inHeal

8.) Your job level? / izﬁuﬁ1sgﬁuemaeqm?

() Top Level Executive / Ejﬂ?“ﬁﬁ 6lulaf“Lt!fm{ 3

() Senior Vice President / 3091525114017 1df

() Vice President / 5041)52 511

() Director / rzj%ﬂmivjw

() Manager / pjﬁﬂmmwun

() Supervisor / FAvuuEun

() Team Lead / v

() Senior Professional / Wiina11e17la

() Professional / WHNIY

() Administrative/Support personnel / wﬁmmvlwﬁﬁnmgu Aua

() N/A- Unemployed/Retired/Homemaker / 219971 1081

9.) Your specific job title? / ﬁnmﬁwmmmﬂm?

10.) Job description? / nqmm%maé’?u 9 gﬁmﬁuummmmmmﬂm?
11.) Your monthly salary in US dollars (before tax)? / selanoidouneuinm L‘ﬂuﬂﬂaéﬁdﬁﬂiﬁ?
() No Income /ulijﬁﬁﬂmlﬂy

(15250 or lower / 316199111 8,750 111

() $251-%$500/8,751 - 17,500 U

() $501 -$750/17,501 - 26,250 YN

() $751-$1,000/26,251 - 35,000 LN

() $1,001 - $1,500 /35,001 - 52,500 LN
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() $1,501 - $2,000/ 52,501 - 70,000 LN

() $2,001- $2,500 /70,001 - 87,500 VN

() $2,501- $3,500 /87,501 - 122,500 YN

() $3,501- $5,000 / 122,501 - 175,000 VN

() $5,001- $6,500 / 175,001 - 227,500 VN

() $6501 - $8,000 /227,501 - 280,000 VN

() $8,001 - $10,000 / 280,001 - 350,000 LN

() $10,001 or higher / 350,001 VIN¥3OUINNIN

12.) How satisfied are you with your current (or recent) job? / uaﬂmﬁsﬁummwa%iuﬁwmmmﬂm?

() Very Satisfied / woluduesainn

() Satisfied / wola
() Neutral / 1n8

() Dissatisfied / lunaguinely

() Very Dissatisfied meladuesaun

Section 4: You critical skills needed for your job

13.) How necessary are these skill groups for your job? / mmmmmmmﬁﬁﬁtyu

Ed

Vv v
nueiiaslanuvenm?

Always Need / Substantially Need / Somewhat Need No Need /
vaaNuaIsa pluanuansodidel, » / s uiluapalynnme
w oy . “Nyanuamnse y
1yl ADY e sl
U
Analytical and Calculating Skills / ) ) ) )
aruannsalumsinseiasn
13U
Management and Leadership Skills ) 0) ) )
/anuansalumsiams
Human Relation Skills / O ) O O
awasalumamfunu iy
ad 1ReAY
Financial Skills / @) O) O 0)
mmmmmﬂymﬁty%uazmiﬁu
Artistic Skills / 0 O O O
awasaluadal
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Communication Skills / O O O O
anwasalumsdens
14.) Please sort the most critical skills to your job / A3 B4mAUAMANUT A8 LV IA?
Analytical and Calculating Skills / aruannsalumsIns i MU
Financial Skills / mmmmim;mﬁqﬁuasmﬁﬁu
Human Relation Skills / ATuennsalumsnniuauailad misenu
Management and Leadership Skills / ANUET0luMsIANTg
Artistic Skills / A luaudal
Communication Skills / Anwauisalunsdoas
15.) How necessary are these COMMUNICATION skllls for your job? /
mmmmiﬂwNmsaamimmummnmﬂmnmuaﬂmﬂﬂﬂmmmmmﬂm?
Always Need / Substantially Need / [Somewhat Need / No Need /
VAN NUAINTDT Wuanuamnsadidny Tynnuains | Tusuiluaeddynnum
Yula ADIT fing wsail
Writing Concise Reports / 0 0O @) O
MIAVIUTIBNY NTENATA
Jalanny
Writing Techmcal Work / O O O O
ms@eunuiiimdnnmmzn
N
Perceiving Non-Verbal O 0O @) @)
Messages /
mimmmmmiﬁamimmwa
U
Expressing Idea / 0) ) ) )
msvsnimInNAalaTAnY
neaensnly
Listening Attentively / 0 O @) O
ms%”uﬁwymgmmzmﬂﬂméw
4579157
Speakmg Effectlvely / 0 O O O
miW@mﬁamiwmmu
Translating / 0) @) @) O)
ANNAWNTDIUMTAN NN TN
Proofreading / ﬂiiﬁqfﬂu(élﬂ‘kli 0 0 @) O
maﬁ]ﬁaummgﬂgmmnmﬁ
Editing / O 0 0) 0)
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ﬂwigl,f:"lm!,aﬂmﬂwygﬂmyaq
Instructing / miﬁﬂuﬂuﬁjﬂﬂ @) O O Q)
Acting as Liaison / 0 O O 0
mimﬂﬂugmzﬁmmmjﬁu
Presenting / MIUUFAUDIIU O 0 0) O
Directing / 0 O @) O
miuﬂmgﬁamuwmmm
Facilitating Group / O 0O @) O
maauiumsyanelungudiu
un
Prov1dmg Feedback/ O O O O
mslnanuiuoonaas1aasin,
Reporting Information / O O O O
MITIUYBANUATNVOITDD
34
16.) How necessary are these GENERAL skills for your job? /
mmmmmm”lﬂmmuummmﬂmmﬂuamwaﬂ%mmmmﬂmf’
Substantial Need
Always Need / Substantially Need / No Need /
NANNAINIDT [T sad e, > ! ;”hjﬁnﬁuc;aﬂ@;mmﬁm
Y *yanueusoil v
lula 991U v 1501
N
Cooperating with Others / 0 O @) @)
ﬂwﬂﬁlﬂmm'mﬁaﬁmjéu
Being Punctual / 0 O 0 @)
M3A3IABNA
neuaRtINLA
Managing Time / 0 O @) @)
MITAMTNNN
Attention to Details / O O O O
anwaulalusivazidoalan
800
Meeting Goals / 0 O 0 @)
myslndiaanmhmne
Setting and Meeting Deadlines 0 0 0 @)
/
mslmasalunafinue
Enlisting Help / O @) @) @)
msas uddeniterslna
w5
Accepting Responsibility / 0 O @) @)
MItEUI UMV
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17.) How necessary are these ANALYTICAL skills for your job? /

PR v '
ﬂJWNfﬂlﬂiﬂVINfﬂiJlﬂ'ﬁg1’iWiﬁ?ﬁﬁﬂ’ﬂllﬁ'lﬂﬂ]uMWﬂuﬂfJLﬁfJﬂﬂﬂﬂﬂu"Uﬂﬂﬂm?

Always Need / Substantially Need / Somewhat Need No Need /
T PRTTRTTRRISs 7 NYNARHTSOPRare N oy ! s uiuapalayanen
"y : “Nyanuanse y
Tula EGRRL 'y 11301
ISTRN]
Need Analysis / O 0 0 @)
MIAATIEHAIADIN
Designing Surveys / O 0 0 @)
MIPONILUI DA
ﬁmf@ya
Inquiring / miﬁaumumﬂ;lay,a O 0) () 0O
Interviewing / O 0 0 @)
miﬁnmym(mmyauuamﬂuﬂﬂa
Observing / O 0 0 @)
miﬁqm@;mymgaiﬂmyw
Compiling Information / O O 0 0
miiamamyﬂya
Comparing / O 0 0 @)
ﬂmﬂ?sjmﬁﬂmjay‘a
Categorizing / ms%mﬂuntjn O O O O
wmﬂmg: mmﬂfay,a
Classifying / O @) @) @)
ﬂ15gyﬁnisuuamﬂnuﬂmaga
91 1LINY1IBONIINAT
Screening / O O O 0
msnsesveyaitiusudueeniy
Extracting / O O 0 0
ﬂmﬁanmymgaﬁgﬂuﬂiﬂwuiﬁw
vuanly
Developing Evaluation Strategies ) 0 0 @)
/ M3oeNUULITMIUsziiu
Imagining Alternatives / 0) 0 0 @)
miﬁ‘;NWiﬂlﬁﬁ)ﬂiu%%uf;’ﬂi‘gﬁi
Investigating / O 0 0 @)
mima%ﬁaummgnﬁyawawa
ya
Testing / O 0 0 @)

Y

NINATOUAUNINVDIVBYA
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Synthesizing O O O 0
msﬁmswzw’ﬂjaﬁﬂmnmyaga
Diagnosing / O O 0 0
MIATIMVORANAIA
Reasoning / O O 0 0
mslnmgraiihlgueas
Statistics / O 0 0 0
mimﬁﬁﬁgﬁa?mﬁw’mﬂkﬁ;
il
Forecasting / O O 0 0
mﬁmﬂmeymgaw%mqmim(
Calculating / N3ATUID 0) @) @) O
Statistical Modeling / O O O O
M3 uTaanada
18.) How necessary are these MANAGEMENT skllls for your job? /
mmmmiﬂmNmimmimmumammﬂmmnuaﬂmﬂﬂﬂmmmmmﬂm?
Always Need / Substantially Need / Somewhat Need No Need /
Ao unuamnsadidy |, - / s uiluaalynnum
"y . “Nyanuanso y
Tula A0 'y REIOT
ISTRN]
Problem Identification / O O O O
msmnﬁam:umﬂtym
Handling Details / O O O @]
M3SAMIfUT 60213 6A1099
ya
Generating Ideas / 0O @) O @]
ﬂﬁﬁinﬂ’ﬂiJﬁﬂslﬁijs]
Coordinating Tasks / O O O @]
miﬂizmmmﬁmjﬁiu
Managing Group / O O O @]
ms%ﬂmi@uaﬂému
Managing Conflict / 0) ) 0 O
m3samsfuANITanss
Decision Making with Others / 0) ) O 0O
maﬁ@ﬁu%%mﬁmﬁ%u
Goal Setting / 0) ) 0 O
msfvuani e
Setting Priorities / @) @] @] @)
MIMUUANAUANNTIAYVDI
N
Planning / A3 9UHUUY O O @) O
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Scheduling / 0) ) 0 O
MIIAATNIANIU
Budgeting / A 0 0 0 0
Initiate Change / 0O @) O @]
ms3iEumsaeunlag
Promote Change / O O O @]
msndndunsilasuutag
Policy Development / 0O O O @]
m3arseuloe
Policy Implementation / 0O O O @]
mstasulaulone
Monitoring / 0O @) O @]
MIaTaouNMTUTY
Reporting / 0O @) O @]
mﬁmmumya:gamiﬁnﬁmm
Controlling / 0) ) O O
mi@,ua“lqumuiﬁqmmﬂymm
o
Assessing / M3Uszilumaa 0O O O 0
Forecasting / 0) O 0 0O
MIMAAINANTANTUIIY
Supervising / 0O @) O @]
Ml lumsshann
@.ﬂuym
Delegating Responsibility 0) ) O O
/M3nounIeANNSURaYou]
W
Teaching or Training / O O 0 O
maaauﬁnmiﬁ;ﬁu
Coaching / 0O @) O @]
miﬁingéuclwyﬁwm“ls;ﬁ“lu%
finiia
Recruiting / 0) ) 0 O
miﬁmﬁaﬂmﬂam’lﬂuﬁmm
19.) How necessary are these HUMAN RELATIONS skllls for your job? /
mmmmiﬂ“lumiﬁﬁmewuﬁmmunmmmﬂmmﬂuamwaﬂﬂﬁmmmmﬂm‘?
Always Need / | Substantially Need / Somerwhat No Need /
naanuansaiuanuansadd | » Need/ Nysuilumpalynaua
P : lynnuams 2
e YA e wW50il
ISTRN]
Listening / mnﬂuﬁﬂa‘ﬁﬁ O O O O
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Counseling / m3tilufitsnmn 0 O O 0
Developmg Rapport/ O O 0 O
msars unnETLs luna S Ui
Cooperating / 0 0 @] @]
miﬁlmﬁnmvlﬂ;mﬁ’uﬁmjﬁu
Perceiving Feelings / O O O O
mi%”ugymmgﬁnmméﬁu
Providing Support for Others / O O O 0
miﬁﬂ'uﬁquﬁjﬁiu
Representing Others / 0 0 O @]
ﬂmﬂuﬁmmumm;gu
Sharing Credlt/ 0 0 @] @)
miﬂanmwmmmmwnmmﬂuau
Asserting / 0 0 @] @]
msmlosdninionnufavesdieg
DNUHINE Y
Conveying Feelings / O O O O
mif)ﬁ‘mﬂﬂﬁmgﬁﬂiﬁyﬁjﬂu
Serving / mﬁ‘lﬁyu?msﬁ;éu 0 0 0 Q)
Motivating / O O 0 O
mimmagﬂﬂﬁ;ﬁuﬁnmﬁﬁmuﬂ
Persuading / mawﬁmﬂwﬂuﬂgaﬂmn O @) @) O
Influencing / O O 0 O
miwﬁ%’miﬁ'ﬁﬂw}«%uﬁmmﬁﬁyﬁm
15
Negotiating / mmaméasmﬁmjﬁ"u 0 0) @) 0)
Leading / ﬂmﬂuﬁjﬁw 0 0 @) 0
Demonstrating / O O 0 O
mslmddugioona
20.) How necessary are these FINANCIAL skills for your job? /
mmmmmmqmmummum'.Jmmﬂmmﬂuamwaﬂmmmmmﬂm?
Always Need / Substantially Need / Somewhat Need / No Need /
VAN NEITAT Lﬂummmmmﬁﬁﬁﬂgﬁla Tynnmansnd | s ufunoalsnuann
wla A 114 sl
Record Keeping / O 0 @) @)
mstiufinveya
Calculating / @) 0 @) @)
REGRITE LTI
Auditing / O @) O @)
M3A3IVADUANNYN
A4
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Financial Planning / @) ) O O
MIINUHUMNTEU
Investing / 0O 0 @) @)
MIAMUIYNTAINY
Inventory Control / O O O O
mﬁmuﬂnﬁuﬂyw
Cost Analysis / 0O 0 @) @)
mﬁmiww(ﬁyumu
21.) How necessary are these ARTISTIC skills for your job? /
ﬂammmmmNﬁaﬂvmmunmmmﬂmmmamwﬂﬂﬂmmmmamm?
Always Need / Substantially Need / Somewhat Need / No Need /
NANIAINIDT] Lﬂummmmmﬁﬁm’éa Tynmansad | s uuasalyanyain
Wla U V14 soil
Decorating / MIANLAT 0) 0 0 O
Displaying / 0 @) @] @)
MIUNAUD
Drawing / M1321031) O @) O O
Designing / 0 O 0O O
IO
[lustrating / 0 O 0O O
miaiynclmﬁuﬂyaﬂgﬂ
NN
Painting / M3Ma 0 @) @) O
Sculpting / msﬁlu O 0O 0 @)
Graphic Arts / 0 O 0O O
MIooNULUUNTINA
Crafts / O O 0O @)
msarseaudAalzais
io
Acting / MIUAA O @) O @)
Singing / mi;mmm 0) 0 0 @)
Dancing / ﬂﬁmyu ) 0) @) O
Photography / 0 O 0O O
m3aegy
Calligraphy / 0 O 0O O
MIVDAULUAIONYT
Playing an Instrument / 0 O @] 0
mslmasoanuas
Visualizing / O O O O
msasnlmmiuam
Coloring / msidonlyd 0 0 ) @)
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Appendix A2: Online Questionnaire Questions for Creating Dynamic
Associations between sKkills and concepts

Section 1: About yourself
1.) Your age?
2.) Your nationality?
3.) What is your highest degree?
() Doctoral Degree
() Master Degree
() Bachelor Degree
() High School
() Middle School
() Primary School
4.) Have you had any working experience outside the academia (excluding internships and part time jobs)?
() Yes
() No
5.) What are your five most important values?
[ 1 Achievement (Sense of accomplishment)
] Advancement (Moving forward in your career through promotion)
1 Adventure (Involving with risk taking)
] Aesthetics (Appreciating the beauty of ides, things, etc.,)
] Autonomy (Working independently)
] Caring (Love, Affection)
] Challenge (Stimulating full use of your potential)
] Change and Variety (Frequent work responsibilities)
] Competition (Pitting your abilities against others where there is clear win and lose outcomes)
] Cooperation (Working as a team)
] Creativity (Being imaginative)

] Economic Security (Having enough money)

[

[

[

[

[

[

[

[

[

[

[

[ ] Excitement (Experiencing frequent excitement in your work)

[ ] Family Happiness (Being able to spend time with family)
[ ] Friendship (Developing a close personal relationship)

[ ] Health (Physical well being)

[ 1 Help Others (Involving with in helping people)

[ 1 Help Society (Doing something to contribute to the betterment of the world)
[ ] Inner Harmony (Being a peace with oneself)

[ ] Integrity (Sincerity and honesty)

[ ] Intellectual Status (Being regarded as as an expert in the field)
[ 1 Knowledge (Understanding though study and experience)
[ ] Leadership (Influence over others)

[

] Leisure (Having time for hobbies, sports, activities and interests)

193



] Loyalty (Steadfastness and allegiance)

] Pleasure (Enjoyment)

] Power (Authority)

] Precision (Working with situations where there is little tolerance for error)

] Responsibility (Being Accountable for the result)

[
[
[
[
[
[ ] Recognition (Getting acknowledge for your contribution)
[ ] Stability (Not like to change over a long time period of time)
[ ] Spirituality

[ ] Time Freedom (Working on your own schedule)

[ ] Wealth (Profit, Making a lot of money)

[

] Wisdom (Understanding based on accumulation of knowledge)
Section 2: About your organization
6.) What industry is your organization?

() Accounting

() Advertising

() Aerospace / Aviation

() Automotive

() Agriculture / Forestry / Fishing

() Biotechnology

() Hotels and Lodging Places

() Computers (Hardware, Desktop Software)
() Communications

() Construction / Home Improvement
() Consulting

() Education

() Engineering / Architecture

() Entertainment / Recreation

() Finance / Banking / Insurance

() Food Service

() Government / Military

() Healthcare / Medical

() Internet

() Legal

() Manufacturing

() Marketing / Market Research / Public Relations
() Media / Printing / Publishing

() Mining

() Non-Profit

() Pharmaceutical / Chemical

() Research / Science

() Real Estate

() Retail
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() Telecommunications

() Transportation and Distribution
() Utilities

() Wholesale

() Professional Services

() Other

() Don't work

7.) Your organization size worldwide (in person)?
01

()24

()59

() 10-19

()20-99

() 100-499

() 500-9,999

() 10,000+

Section 3: About your current (or most recent) job

8.) Your specific job function?

() Accounting

() Administration

() Advertisement/PR

() Architecture

() Arts/Leisure

() Banking

() Beauty/Fashion

() Buying/Purchasing

() Clerical/Reception

() Computer Hardware

() Computer Software / Programming
() Construction

() Consulting

() Customer Service

() Design

() Distribution

() Education

() Entertainment

() Finance

() Health Care (Physical and Mental)
() Human resources management
() Logistics

() Management (Senior/Corporate)

() News/Information
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() Operations

() Planning (Meeting, Events, etc.)
() Production

() Real Estate

() Research

() Restaurant/Food service

() Sales/Marketing

() Science/Technology

() Social service

() Student

() Other

() N/A-Unemployed/Retired/Homemaker
9.) Your job level?

() Top Level Executive

() Senior Vice President

() Vice President

() Director

() Manager

() Supervisor

() Team Lead

() Senior Professional

() Professional

() Administrative/Support personnel
() N/A- Unemployed/Retired/Homemaker
10.) Your specific job title?

11.) A brief of your job description?
12.) Your monthly salary in US dollars (before tax)?
() $0-$250

() $251 - $500

() $501 - $750

() $751 - $1,000

()$1,001 - $1,500

() $1,501 - $2,000

() $2,001- $2,500

()$2,501- $3,500

() $3,501- $5,000

() $5,001- $6,500

() $6,500 - $8,000

() $8,001 - $10,000

() $10,001 or higher

13.) How satisfied are you with your current (or most recent) job?

() Very Satisfied
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() Satisfied

() Neutral

() Dissatisfied

() Very Dissatisfied

Section 3: About your academia

14.) What major are you currently studying?
() ---- Area, Ethnic, Cultural, & Gender Studies ----
() African Studies

() African-American Studies

() American Studies

() Asian American Studies

() East Asian Studies

() German Studies

() Hispanic-American Studies

() Native American Studies

() Near/Middle Eastern Studies

() Women's Studies

() ---- Arts, Visual & Performing ----

() Art History/Criticism/Conservation

() Arts - General

() Drama/Theater Arts

() Fine/Studio Arts

() Music - General

() ---- Biological & Biomedical Sciences ----
() Biochemistry

() Biology

() Evolutionary Biology

() Neurobiology/Physiology

() ---- Communications & Journalism ----
() Communications/Rhetoric

() ---- Computer & Information Sciences ----
() Computer Science

() Computer/Information Sciences - General
() ---- Engineering ----

() Chemical Engineering

() Civil Engineering

() Electrical/Communications Engineering
() Engineering - General

() Environmental Engineering

() Materials Engineering

() Materials Science

() Mechanical Engineering
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() Petroleum

() ---- Engineering Technologies ----

() Engineering/Industrial Management

() ---- English Language & Literature ----
() English Composition

() English Language & Literature - General
() English Literature (British)

() ---- Foreign Language & Literature ----
() Chinese

() Classics

() Comparative Literature

() French

() German

() Greek, Ancient

() Italian

() Japan

() Latin

() Linguistics

() Romance Languages

() Sanskrit/Classical Indian

() Slavic

() Spanish

() ---- History ----

() History - General

() History of Science/Technology

() ---- Liberal Arts & Sciences ----

() Humanities

() Liberal Arts & Sciences

() ---- Mathematics ----

() Applied Mathematics

() Mathematics - General

() Statistics

() -- Multi/Interdisciplinary Studies --

() Classical/Ancient Mediterranean/Near Eastern Studies
() Global Studies

() Intercultural/Multicultural/Diversity Studies
() Science, Technology & Society

() Systems Science/Theory

() ---- Natural Resources & Conservation ----
() Environmental Studies

() ---- Philosophy & Religion ----

() Philosophy
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() Religion/Religious Studies

() ---- Physical Sciences ----

() Atomic/Molecular Physics

() Chemistry

() Geology

() Physics

() ---- Psychology ----

() Psychology - General

() ---- Public Administration & Services ----
() Public Policy Analysis

() ---- Social Sciences ----

() Anthropology

() Archaeology

() Economics

() International Relations

() Political Science/Government
() Social Sciences - General

() Sociology

() Urban Studies

15.) How satisfied are you with your student life?

() Very Satisfied

() Satisfied

() Neutral

() Dissatisfied

() Very Dissatisfied

16.) How difficult do you find the class lectures in your study program?

() Very Easy to follow

() Easy to follow

() Neutral

() Difficult to follow

() Very Difficult to follow

Section 4: Critical skills needed for your job or study

17.) How critical are these skill groups to your job?

Guideline for determining the skill criticality to a job

If the skill DIRECTLY enhances the overall job performance, rate criticality as "Indispensable"

If the skill INDIRECTLY influences the job performance, rate criticality as "Necessary"

If the skill has LITTLE influence on the job performance, rate criticality as "Somewhat necessary"

If the skill has NO influence on the job performance, rate criticality as "Not necessary at all"

Indispensable]Necessary[Somewhat necessary[Not necessary at all
Analytical and Calculating Skills 0 0 0 0
Management and Leadership Skills 0 0 0 0
Human Relation Skills O O ) 0
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Financial Skills 0) Q) 0 0
Artistic Skills 0) ) 0) 0
Communication Skills ) O) ) O

18.) Please rearrange the list starting from the most critical skill to your job

Analytical and Calculating Skills

Management and Leadership Skills

Human Relation Skills

Financial Skills

Artistic Skills

Communication Skills

Concept 1: Algebra and Number Theory

19.) How critical is the concept of Algebra and Number Theory to your job?

Guideline for determining the frequency of the concept use in a job

Always: Use the knowledge concept in your job every day

Often: Use the knowledge concept in your job periodically (i.e., weekly, monthly)

Sometimes: Rarely use the knowledge concept in your job (i.e., once in a big while)

Never: Never use the knowledge concept in your job

Guideline for determining the concept criticality to a job

If the understanding of the knowledge concept SERIOUSLY impacts the overall job performance, rate the criticality as

"Indispensable"; Without this knowledge concept, there is no other way to complete the job

If the understanding of the knowledge concept IMPROVES the overall job performance, rate the criticality as

"Necessary"; Without this knowledge concept, there is another way to get around to complete the job

If the understanding of the knowledge concept is RELEVANT to the job, rate the criticality as "Somewhat necessary";

Without this knowledge concept, there are plenty alternatives to finish the job

If the understanding of the knowledge concept is IRRELEVANT to the job, rate the criticality as "Not necessary at all"

The frequency of the concept use in

The concept criticality to your job

your job
Somewhat |Not necessary
Always | Often | Sometimes | Never [[ndispensable[Necessary|

necessary at all

The concept of Algebra 0) ) ) ) O O O @)

and Number Theory

— : 1=

9-8-76-5-4-3-2-101234526 7 89

http://upload.wikimedia.org/wikipedia/commons/0/09/Number-line.gif
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Some sub concepts in the Algebra and Number Theory in this context are:

B The structure of the natural, integer, rational, real, and complex number systems and its basic operations ( +, -,

x and +)

Ratio, proportion, percent, and average (including arithmetic mean and weighted average)

The properties of counting numbers (e.g., prime, composite, prime factorization, even, odd, factors, multiples)

Concept 2: Permutation and Combination

20.) How critical is the concept of Permutation and Combination to your job?

The frequency of the concept use in

The concept criticality to your job

your job
Somewhat [Not necessary
Always | Often | Sometimes |Never [ndispensable[Necessary|
necessary at all
The concept of Permutation| () ) ) ) O 0O 0O 0
and Combination

v 4 ¢+ &
/N /I AN A

T IR XIAXILELAL

http://edubuzz.org/blogs/advhigherthings/files/2008/09/combinationalcards.jpg

A k-combination of a finite set S is a subset of k distinct elements of S. Specifying a subset does not arrange them in a

particular order; by contrast, producing the k distinct elements in a specific order defines a sequence without repetition,

also called k-permutation (but which is not a permutation of S in the usual sense of that term).

Concept 3: Probability

21.) How critical is the concept of Probability to your job?

The frequency of the concept use in

The concept criticality to your job

your job
Somewhat  |[Not necessary at
Always | Often | Sometimes | Never [IndispensableNecessary|
necessary all
The concept of 0 0 O @) 0 @) @) O
Probability
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Some sub-concepts in the Probability in this context are:

B Sample space and probability distribution

B Conditional probability and independent events

B Compute and interpret the expected value of random variables

Concept 4: Statistics

22.) How critical is the concept of Statistics to your job?

The frequency of the concept use in your

The concept criticality to your job

Statistics

job
Somewhat  |Not necessary at
Always | Often | Sometimes | Never [[ndispensable[Necessary|
necessary all
The concept of O O O O 0 O 0O 0

20

2




The
Normal
Distribution

Probability

Values

Probability of Cases

in portions of the curve

Standard Deviations
From The Mean

-20

Cumulative

Z Scores -40 -20
L :

+ + + + + +
T Scores 2 30 0 %

http://upload.wikimedia.org/wikipedia/commons/2/25/The Normal Distribution.svg

Some sub-concepts in the Statistics in this context are:
B Normal distributions and their characteristics (e.g., mean, standard deviation)
B Sampling distributions

B The role of randomization in surveys and experiments

Concept 5: Functions

23.) How critical is the concept of Functions to your job?

+4.0
)

The frequency of the concept use in your| o )
The concept criticality to your job
job
) ) Somewhat  [Not necessary at
Always | Often | Sometimes | Never [[ndispensableNecessary|
necessary all
The concept of O @) 0 O 0 O O O
Functions
INPUTXx =3
FUNCTION f:
X2
lOUTPUT
fix)=9
Lweur
FUNCTION g:
x+1
1

QUTPUT g(f(x)) =10

http://upload.wikimedia.org/wikipedia/en/3/32/Function_machine5.png

Some sub-concepts in the Functions in this context are:
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Domain

Range

Exponential

Logarithm

Composite Function
Inverse Function
Constant Function f(x) = a

Linear Function f(x) =ax + b

Quadratic Function f(x) = ax2 + bx + ¢

Concept 6: Linear Programming

24.) How critical is the concept of Linear Programming to your job?

The frequency of the concept use in

The concept criticality to your job

your job
Somewhat |Not necessary
Always |Often | Sometimes | Never |[[ndispensable[Necessary
necessary at all
The concept of Linear O 0) 0 Q) O O 0 @)
Programming

feasible
region

X,

http://upload.wikimedia.org/wikipedia/commons/0/0Oc/Linear Programming_Feasible Region.svg

Linear programming (LP) is a mathematical method for determining a way to achieve the best outcome (such as

maximum profit or lowest cost) in a given mathematical model for some list of requirements represented as linear

equations -- Wikipedia

Concept 7: Trigonometry

25.) How critical is the concept of Trigonometry to your job?

The frequency of the concept use in

The concept criticality to your job

your job
Somewhat | Not necessary
Always | Often | Sometimes | Never [[ndispensable[Necessary|
necessary at all
The concept of O O O 0 0 O O @)
Trigonometry
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Y...

http://upload.wikimedia.org/wikipedia/commons/9/9d/Circle-trig6.svg

Some sub-concepts in the Trigonometry in this context are:
B The law of sines and the law of cosines

B Converting between rectangular and polar coordinate systems

Concept 8: Geometry

26.) How critical is the concept of Geometry to your job?

The frequency of the concept use in your L )
] The concept criticality to your job
job

Somewhat  |Not necessary at
Always | Often | Sometimes | Never [[ndispensable[Necessary|
necessary all

The concept of @) O 0 0 0 O 0 @)
Geometry

s

http://upload.wikimedia.org/wikipedia/commons/d/d2/Pythagorean.svg

Some sub-concepts in the Geometry in this context are:
B Ppythagorean Theorem and its Converse
B Point

B TLocus

B Line

B Parallel

B Angle

Full list can be retrieved from

http://en.wikipedia.org/wiki/List of geometry topics#Euclidean geometry.2C foundations
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Concept 9: Matrix

27.) How critical is the concept of Matrix to your job?

The frequency of the concept use in your

The concept criticality to your job

job
Somewhat Not necessary at
Always | Often | Sometimes | Never [Indispensable[Necessary|
necessary all
The concept of 0 O 0 0 0 O O 0

Matrix

Some sub-concepts in the Matrix in this context are:

B Basic Operations (e.g., Addition, Scalar Multiplication, Transpose)

B Matrix Multiplication, Linear Equations and Linear Transformations

Concept 10: Vector

28.) How critical is the concept of Vector to your job?

http://upload.wikimedia.org/wikipedia/en/e/eb/Matrix_multiplication_diagram 2.svg

The frequency of the concept use in your

The concept criticality to your job

job
Somewhat Not necessary at
Always | Often | Sometimes | Never [Indispensable[Necessary|
necessary all
The concept of 0 O 0 0 0 O O 0

Vector

W

vV+Ww

http://upload.wikimedia.org/wikipedia/commons/e/e6/Vector _addition3.svg
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Some sub-concepts in the Vector in this context are:

Linear Span

Scalar Multiplication

Linear Combination

Linear Independence

Coordinates Vector

Concept 11: Set Theory

29.) How critical is the concept of Set Theory to your job?

The frequency of the concept use in

The concept criticality to your job

your job
Somewhat  |Not necessary at
Always | Often | Sometimes | Never [[ndispensable[Necessary|
necessary all
The concept of Set | () @) O 0 0 O 0 O
Theory

http://java.sun.com/developer/onlineTraining/collections/images/venn.gif

Some sub-concepts in the Set Theory in this context are:

Union

Power Set

Subset

Intersection

Complement

Symmetric Difference
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Concept 12: Boolean Algebra (Logic)

30.) How critical is the concept of Boolean Algebra (Logic) to your job?

The frequency of the concept use in o )
The concept criticality to your job
your job
Somewhat |Not necessary
Always |Often | Sometimes | Never |[[ndispensable[Necessary
necessary at all
The concept of Boolean O) ) ) ) O) ) ) ()
Algebra (Logic)
A B AORB AAND B NOT A
True True True True False
True Unknown|True Unknown | False
True False True False False
Unknown|True True Unknown|Unknown

Unknown Unknown Unknown Unknown Unknown

Unknown False

Unknown | False

False True True False
False Unknown Unknown False
False False False False

Unknown
True
True

True

http://en.wikipedia.org/wiki/Ternary_logic

Concept 13: Graph Theory

31.) How critical is the concept of Graph Theory to your job?

The frequency of the concept use in

The concept criticality to your job

your job
Somewhat Not necessary
Always | Often | Sometimes | Never [IndispensableNecessary|
necessary at all
The concept of Graph| () O 0 O 0 O O O
Theory

http://upload.wikimedia.org/wikipedia/commons/5/5b/6n-graf.svg
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Graph theory is the study of graphs: mathematical structures used to model pairwise relations between objects from a

certain collection. A "graph" in this context refers to a collection of vertices or 'nodes' and a collection of edges that

connect pairs of vertices. -- Wikipedia

Concept 14: Calculus

32.) How critical is the concept of Calculus to your job?

The frequency of the concept use in your L )
The concept criticality to your job
job
Somewhat  |Not necessary at
Always | Often | Sometimes | Never [[ndispensable[Necessary|

necessary all

The concept of 0 0 O O 0 O 0 @)

Calculus
Slope = f(x)

/

Arbitrary point

paoge™

X

http://upload.wikimedia.org/wikipedia/commons/d/d4/Tangent_derivative calculusdia.svg

Some sub-concepts in the Calculus in this context are:

Series

Limit of Functions

Continuity and Differentiability
Derivatives and Integrals

The Mean Value Theorem

The Fundamental Theorem of Calculus

LAST PAGE: Relationship between Math concepts and skills

33.) Can these knowledge concepts help you do the following activities better (i.e., faster, more easily, more accurately)?

- Check the box if yes

- Leave it unchecked if no (including not applicable)

You can interpret the first checkbox as "the concepts in Algebra and Number Theory help me do Problem

Identification more easily or accurately".

Problem

Identification

Handling

Details

Generating

Ideas

Setting
Goal

Setting

Priorities

Planning|

Budgetin g}Auditin g|

Financial

Planning

[nvesting|

Inventory

Control

IAssessing]|

Forecasting
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Algebra and [ [ [] [] [] [] [] [] [] [] [1 [ []
Number Theory|
Permutation [] [ [] [] [] [] [] [] [] [] [1 [ []
and
Combination
Probability [] [] [] [] [] [] [] [] [] [] [] [l []
Statistics [ [l [] [] [] [] [] [] [] [] [l [l [l
Functions [1 [l [] [] [] [] [] [] [] [] [] [l []
Linear [ [ [] [] [] [] [] [] [] [] [1 [ []
Programming
Trigonometry [] [] [] [] [] [] [] [] [] [] [] [l []
Geometry [] [l ] [] [] [] [] [] [] [] [] [l []
Matrix [ [l [] [] [] [] [] [] [] [] [l [l [l
Vector [] [l [] [] [] [] [] [] [] [] [] [l []
Set Theory [] [] [] [] [] [] [] [] [] [] [] [l []
Boolean [] [ [] [] [] [] [] [] [] [] [1 [ []
Algebra (Logic)
Graph Theory [ [l [] [] [] [] [] [] [] [] [l [l [l
Calculus [] [l [] [] [] [] [] [] [] [] [] [l []

34.) Can these knowledge concepts help you do the following activities better (this continues from previous question)?

- Check the box if yes

- Leave it unchecked if no (including not applicable)

You can interpret the first checkbox as "the concepts in Algebra and Number Theory help me do Need Analysis more

easily or accurately".

Need [Designing ComparingCategorizingScreem’ngExtractingDeveloping Imagining
lAnalysis| Surveys (Observing] Data Data Data Data Evaluation AltemativesTestingSynthesizingReasoning
Strategies
Algebraand | [] [1 (1 [1 [1 [ (1 [l (1 [ [1 (1
Number
Theory
Permutation | [] [1 (1 [1 [1 [ (1 [l (1 [ [1 (1
and
Combination
Probability | [] [ [ [ [ [ [ [] [l [l [ [
Statistics [1 [1 [l [l [ [l [l [l [l [l [ [l
Functions [] [] [] [] [] [] [] [] [] [] [] []
Linear [ [1 (1 [1 [1 [ (1 [l (1 [ [1 (1
Programming|
Trigonometry| [ ] [] [] [] [] [ [] [l [] [ [] []
Geometry | [1] [] [l [l [ [l [l [l [l [l [ [l
Matrix [1 [l [l [l [ [l [l [l [l [l [ [l
Vector [] [l [l [l [ [l [l [l [l [l [ [l
Set Theory | [] [] [] [] [] [] [] [] [] [ [] []
Boolean [ [1 (1 [1 [1 [ (1 [l (1 [ [1 (1
Algebra
(Logic)
Graph [ [1 (1 [1 [1 [ (1 [l (1 [ [1 (1
Theory
Calculus [] [] [] [] [] [] [] [] [] [] [] []
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Appendix B1: Online Questionnaire Questions for Validating
Defined Hypothesis (Before Students Use Prototype)

1.) Your school name ? / F¥olsaseu
() @9101NIAI¥ BTS
() NUNNATAREUINGIFY
O lsgRunwaineay
() ABULBINHITOINALIGY
() MITIAAA 2
~ a 4 ¢ S v 2 i
O) MfansmeianimITaun) lunsegouna
~ a U ¢ 7 ¥ v ¢
O) nfansamemianiGausslu)lunsesgilduna
O) WITUNIFYNA 1UYINTIHIAY
() WINUNIFYA TA3INGT WNTUUNA
() WIAUTARINGIAN THUIAAALLA
O) vatlenenineiny
O s
O Uszmuuas 2
O wanln
a (Q
() NNe1RINTUNNIAY
A 4
O) Wyailszanassn
() WNBINTINE
() UHTTHUWITIN
O) Useuiaualsg
O Tosuysue
() 51%913
() 919708

() Iu75u908
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9] 5ﬂﬂ§x@:1umqﬁim
y

O) 3athnineray

() 19519102

() 39T UND

O) Jas¥losa

O Jalawia

O) Anyuns

() AU INGIAY

() @153neN

() A55AUTS

() oynae U

() dardusnysuLs

O srnedal

) gu 9] / Other

Y v
2.) Your student ID (Use National ID number if inapplicable)? / ¥ alsziidiiniseuunalsasou (o1lull
Yy v
Inlasaviszardarlszanasu)?

3.) How old are you? / mqﬂﬁ)fgﬁu

4.) Gender? / WA

() Male / %18

() Female / ‘Hf‘l:N

5.) What grade are you in? / guiouegszdudulny
() Less than grade 9 / snnifsendnuilii 3

() Grade 9 / {isoudnunild 3

() Grade 10/ isoudnunidi 4

() Grade 11 / isoudnunidi s

() Grade 12 / isoudnunidi 6

() More than grade 12 / ganniseudny1da 6
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6.) Your current GPA? / Lﬂiﬂﬁzﬁuﬂﬁ]ﬁ;ﬁu?

For example, 3.13 / #NA108115U 3.13

7.) What is your favorite subject? / 3%1ﬁ6§u%auﬁqﬂ?

() Mathematics / AR

() Physic / ﬂﬁﬂ’d{

() Chemistry / 1913

() Biology / ¥

() Social / AU

() Business / ﬁiﬁ%

() Language (i.e., Thai, English, French) / D181
() Art/ Al

() Life Skill / M5 IUNUFIUDITN

v v v Y
8.) How frequent do you do the following actions? / AUMAIA N Ha1l vootiiosla

Jd
saeeumutlszaunsaaTavesnes)

) Most of the
Never / Sometimes / Always /
. . , Y 2 times / o o
lIlll!,?‘lﬂ‘ﬂ']!,'(;'1fJ W1ﬂ1ﬂlﬂuﬂ1\1ﬂi\1 o ' MDY WNAUUTUD
NvYUDY
I focus on the lessons in classes / O ) O O
v v Y o
suaddaseulunessounnnduasgluuauls
I finish my homework / O 0O O @)
v v
fummstuadiasunIu
I raise up my hand to answer questions in the O O O O
classroom / AUENHOADUAIDINNIAINDINITD Y
I try different learning strategies when I have O O 0 O
learning difficulties /
o Y G o v o 4
ﬂuﬂuﬂ')'lﬂQﬂﬁjlﬂﬂﬂuﬂ’l'lﬂu{ﬂzl"ln%
o v A Aa
nawulunlludsnisou
I consult friends when I have learning difficulties / O O @) O
1 v 4 v 4
sufinyuieounansugdnnunEeuiuen
I consult teachers when I have learning difficulties O O @) O
/
o (= ¢ Ao Ys " ~ o
ﬂuﬂiﬂ‘kﬂ'ﬁnﬂ'ﬁle')a’WlﬂuEﬁﬂ'ﬂ‘Uﬂ!iﬂuuuﬂ’lﬂ
I recheck my homework to ensure accuracy / O ) O O
v Y 1 Y

"13!uﬂi’J%ﬁﬁ)ﬂﬂﬁﬂ?u!ﬁﬂﬂﬂﬂJgﬂ@’lﬂ\i
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I tend to study harder when [ get a bad test score /
ﬂuﬂlﬂuﬁWﬂ’J'ﬂJ5!‘Wll!,@]llNWﬂﬂluL')a'WlﬂuVl'lﬂ‘“Llu
ulahid

0

0

O

O

I prepare for exams /

ﬂumileI@]’Jﬂ’E]uﬁ’ﬂ‘]JﬂfJNﬁiﬂ!ﬁllﬂ

0

0

O

O

I review the learning materials outside the
classroom / RUNUNIU "UNFoU"
v v
memuanwmﬁﬂu

0

0

O

O

I set time for reviewing learning materials /

v o ! o A yﬂ A
ﬂuﬂ1ﬂuﬂl'ﬂﬂ1@1uﬁuﬁﬁ@1'ﬂl GLANG

0

0

O

O

I surf the Internet to expand my academic
knowledge base /
v P ' v v

AUHIVOYAN D UADTIUMINDINNFIUAIUFVD
Y

0

0

O

O

I read supplementary books to enrich my
understanding of class materials / AU
"wilsdousna”

A4 A Y v A Ao oA Y
LWE]LWiJﬂJWML"IJﬂ%ﬂ‘UﬁQVmHLifJuGlUW?N

0

O

O

O

I seek for activities inside and outside schools to
help me learn /
ﬂu‘ﬁ?ﬂﬁ]ﬂﬁi119’]']\1G]‘I/]‘D“"’]fﬂ]ﬂﬁiNLﬁﬂJ‘]Ji“’ﬁiJﬂWﬁ
msuamu

0

0

O

O

I plan my study myself/
v
DUNWNUMNMITSIUAIYAINUIDY

0

0

O

O

I like to do assignments in group /

suroushaiungu

0

0

O

O

I like the social relationships in academic work /

o A Ay ¥ o oA ~
ﬂuGlfﬂﬂllﬁﬁﬂ'lw‘ﬂulﬂ%1ﬂﬂ1§ﬂ1ﬂ1uﬂqﬂﬂii\1!§ﬂu

0

0

O

O

I have interest in a number of academic topics /

suaulaGeuluununniedn

0

0

O

O

I think about my values when I have conflicts
about time to be spent on achieving /
ﬂulaﬂﬂ‘ﬂﬂuﬁiWﬁ'lﬂﬂl@]@@l’.]ﬂu‘ﬂﬁﬂ
Hﬂ?’ﬂﬂuﬂﬂ@ﬂ'lﬂﬂ'l“ﬁﬁ?ﬂ"]fJfJNWi?JlIﬂ‘L!

0

0

O

O

I enjoy intellectual challenges /

v

v P '
Q“L!GIffJ'ULLﬂI%‘VIfJ‘].Ti‘gW'lﬁﬂ?ﬂllﬁxﬂWﬂWﬂﬂ’J'liJﬁHJ']
0

0

0

O

O

[ am interested in solving a problem set with which

others have difficulties /

' v 2 o i w9y
suaulanszunlanetfyminmouaaudumlyla

0

0

O

O

I set myself realistic but challenging goals /

v Ed v
suauthminelumsssuvessuhguazanns

0

0

O

O
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o E4
amla

k4 4

Ed 7

o d 1y !
9.) How much do you agree with the following statements? / RUHAUAWWALVDANMHATHNINUD IR
v

(sanpuaunnuganasswesdies)

Disagree / | Somewhat Agree/ Agree / Strongly Agree /
Nlijlﬁuﬂyﬂﬂ ﬂﬂu"l}]\uwuﬂyﬂﬂ quﬂ')ﬂ Lﬁuﬂ’lﬂ'ﬂfn\iﬂﬂ
I feel that I study hard / O O O 0
SugdnmiuFeuniiedoniin
[ want to skip some boring classes although I know O O @) O
it helps me develop skills /
ﬂuﬂfJ'lﬂIﬂﬂ!ﬁﬂu')GIHVIﬂu']']u'llﬂﬂllll'ﬂﬁ\ﬁ/lﬁﬂu
Gl,u’?l“]ﬂuu%z%')ﬂwmuqﬂﬁ'lﬂﬁ']ﬂ']iﬂmﬂﬂﬂu
Learning do not hold my attention at all / O O O O
msGeuniadolunenlnsudanuadaa
I feel that I love learning / O ) O 0
fugdnnnisdeuniade
I see the value of the knowledge concepts / O O O O
ﬂulﬂuﬂﬂ!ﬂ'ﬂlﬂﬂﬂﬂﬂﬂ?qﬂiﬁnﬁﬂ
I understand how the knowledge concepts develop O O O O
my skills /
ﬂuﬁl'ﬂﬂ’ﬂﬂﬂﬂﬂ’ﬂlﬁﬁ'liJ'liﬂW@lu'lGlWﬁuiJﬁﬂﬂg
maq“lﬂama“li
I understand why I need to learn / O ) O 0
ﬁ'um;lﬂ%ﬁﬂwm@flﬂiiuﬁi’nﬂu@ymﬁﬂug
Learning is fun to do / @) O @) O
m3Seuniadedudsiiaun
I see the value of education / 0 O O 0
FuiugumueansAny
I believe that I can do everythmg If I intend to do / O O @) O
"13!u!clfﬂ'ﬂﬂuﬂ']llﬂ‘ﬂﬂ@fﬂ\?ﬂ']ﬂu@]\ﬂ%
I would describe learning as very interesting / O O @) O
ﬁumﬂ"lﬂyﬁmiSﬂmﬂu?ﬁﬁ'ﬁmu%
If I get a scholarship, I will to pursue a Phd degree O O @) O
although it will takes 6 years to complete /
ey
ﬁuafnfmzGﬂuéaiwyﬁqﬂ?ﬂujaumaﬂuajﬁmemﬂﬁn
na19 6 1
I enjoyed learning very much / O O @) O
AuAYNAUMIFoUNINaeNINg
[ will change my learning behavior for better future] O O O O

/
o a a =~ o A
ﬂu%zlﬂaﬂuWﬂﬂﬂiiMﬂﬁLiﬂuﬂlﬂﬂﬂul"ﬂ’ﬁ)ﬂu1ﬂﬂ
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4

Ao
navu

While I am learning, I am thinking about how ) ) O) O)
much [ enJoy it/ !’]a?ﬂﬂuliﬂuwuﬂﬁﬂaﬂ
‘]J'l\ﬂ/lﬂuﬂqilﬁﬂ'ﬂﬂuﬁuﬂﬂﬂﬂ'ﬁﬁﬂuﬂ?ﬂﬁ/‘lﬂﬂiﬂ
I am interested in a number of academic topics / ) ) ) O)

audianvaulyluvainvaredmn

10.) If you are interested in receiving free access to the next version of REACH, please leave your email here. We will

notify you as soon as the new version is available!

E4

o 2 v o v v v
11.) How much do you agree with the following statements? / AU UAIBAVYDANMHA LN UDBN A

yﬁ a o
(Jspnpumunuanas1vedaIed)

Disagree /
v = Y
liviuae

Somewhat Agree/
v v < v

AD UV NIV UAY

Agree/
muma

Strongly Agree /
Wiuﬂ’)ﬂ’ﬁ]ﬂNfN

I will focus on the lessons in classes /

% Q’J’ ~ ¥ ~ Y ‘é’
pudzneneuaa s sulureas sulnuniu

O

0

O

O

I will try to finish my homework /
AU WfJ'lfJ']iW]'lﬂTﬁJWuiﬁLﬁiTl'ﬂf]!fﬁllﬂ

O

O

O

O

I will raise up my hand to answer questions in the

classroom more often /
Y

' P v
ﬂu%gﬂﬂﬁﬂ@]ﬂﬂﬂ1ﬂ1h!’]ﬁ1ﬁ’éﬂ%1§ﬂﬂHﬂﬁﬂﬂﬂﬁu

O

0

O

O

When I have learning difficulty, I will keep trying
different learning strategies until I overcome it/
namu”lmmﬂﬁflummsau

v

ﬂuTl‘“anfﬂilﬂuﬂ’ﬂ%uﬂ’ﬂﬂu%“’ﬁ]ﬂ%ﬂ’JfJGI’J!,’EN

O

O

O

O

I will consult friends whenever I have learning

difficulties /

E ] Y
v A o

o =< A = ' =
au%zwmﬂmﬂinmmaunﬂmmaug NIUNLTY
4

WU

O

0

O

O

I will consult teachers whenever I have learning

difficulties /

N v
v A o

L4 v
Buvzneewilsnmiennsennasiinugdnnunis
E4

JUNUYN

O

O

O

O

I will carefully recheck my homework to ensure
accuracy /

ﬂ‘Lﬁ]‘”‘Wfﬂfﬂll@li’.]%ﬁﬂ“ﬂﬂﬁ‘ﬂﬂlﬂfﬂ\m“’mﬂﬂLWﬂﬂﬂ
HJQﬂ@]fN

O

0

O

O

I will try to study harder when I get a bad test score /
Y v Y
fuszneeiuImANL RNy laazy
'd
uulud

O

0

O

O

I will try to prepare myself for all exams /

ﬂuTl‘“’WfﬂfﬂllmileIﬂ)nJWi?]iJﬂ‘Uﬂ'liﬁﬂ‘]ﬂ'lﬂﬂiﬁ

O

0

O

O

I will consistently review the learning materials

O

O

O

O
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outside the classroom / RUITNLIIUNUNIU
v v v Y
"um‘%’au" L'Wlllﬂﬂﬂﬂ?ﬁﬁﬁilﬁﬂﬂuﬂﬂﬁﬂﬂﬁﬂu

I will systematically set time for reviewing learning
materials /
Surzwnousmuanmenmiade ootz
ST5T]

O

0

O

O

I will regularly surf the Internet to expand my
academic knowledge base /

BUILNIGWAUNIVOYAN D UIADTIUNHOLNNG
4
uanugvesiutulszi

O

0

O

O

I will try reading supplementary books to enrich my
understanding of class materials / AUILNONINDIY
v
"M UBNYDATIU"
Y 4 4 4 79 o A do a ¢
Twozvuriamuanunlanudanauissulures

O

O

O

O

I will seek for more activities inside and outside
schools to help me learn /
Y

ﬂ‘L!%”WEJ']fnlllflﬂﬁ’.]llﬂi]ﬂﬁﬁll@]'l\?“]ﬂ%‘”%’.]ﬂﬁiﬁlﬁi
wise ﬁ‘]Jﬂﬁﬁ!ﬂﬁLifJui”U’E]\iﬂu

O

O

O

O

I will systematically plan my study myself /
Y v
FuazneuaEumsEeulnduszuuaiedn
IIGN

O

O

O

O

I will ask more assignments in group /

P ' 4
ﬂ‘L!‘DZWEJ'lfnlI‘IJfJfJW158ﬁ%$ﬂ1ﬂ11&!ﬂﬂﬂﬁjﬂlﬂﬂﬁu

O

0

O

O

I will cultivate the social relationships in academic
work / ndsvniihl
iuﬂzwmﬂmaiynﬁmmw“lumsﬁmuﬂéuﬁiﬂﬁ
U

O

O

O

O

I will pay more interest in a number of academic

topics / BuaznengmaulaseuluununnieIn

O

0

O

O

I will think about my values when I have conflicts
about time to be spent on achieving /
ﬂu%“’Wﬂ']fﬂllLﬁﬂﬂﬂﬂuﬁ\iﬂﬁ'lﬂﬂl@]f)ﬁﬂﬂuﬂﬁﬂ
L’Jﬁﬂ/]ﬂuﬂﬂﬂfﬂﬂ?ﬂﬂﬁWfJG]?JEJ'NWS?JlIﬂu

O

0

O

O

I wil enjoy intellectual challenges /

P :
ﬂu%xwmmmmufﬂwﬂﬂﬂgmﬁmﬂuazmmﬂm

Y

wansalvuesuu

O

0

O

O

I will pay more interest in solving a problem set with
which others have difficulties /

o K v a A A oy’
ﬂu%zwmmmmhmﬂm)mmwauqﬂuaum‘lu%

O

0

O

O

I will set myself realistic but challenging goals /

@

Y v Y
suszaawhmnelumsGeuvessubguazamns
v
amla

O

0

O

O

217




Appendix B2: Online Questionnaire Questions for Validating
Defined Hypothesis (After Students Use Prototype)
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Appendix C1: Questionnaire Items used in a case study no.2

conducted by University of Berkeley Bear Center

High School:

City of high school

Year in school (grade):

Cum High School GPA:

Directions: Pick the best answer that

describes you. (Academic Behavior)

1. [ am on time for school
(A) Never.
(B) Sometimes.

(9] Most of the time.

(D) Always.

2. [ turn in my homework
(A) Never.
(B) Sometimes.

(9] Most of the time.

(D) Always.

3. [ finish my homework
(A) Never.
(B) Sometimes.

(9] Most of the time.
(D) Always.
4. When [ have an examination, I study

(A) Never.

(B)
@
(D)

Sometimes.
Most of the time.

Always.

[ participate in class discussion

(A)
(B)
@
(D)

Never.
Sometimes.
Most of the time.

Always.

[ study for an examination

(A)
(B)
@
(D)

Never.
The night before.
A couple of days before.

A week or more before.

[ finish class assignments

(A)
(B)
@
(D)

[ turn in my class assignments on time

(A)
(B)
@
(D)

Never.
Sometimes.
Most of the time.

Always.

Never.
Sometimes.
Most of the time.

Always.

[ turn in homework on time

(A)
(B)

Never.

Sometimes.



10.

11.

12.

13.

14.

15.

(9] Most of the time.
(D) Always.

[ pay attention during class
(A) Never.

(B) Sometimes.

(9] Most of the time.
(D) Always.

When given a group assignment, I
participate with my group

(A) Never.

(B) Most of the time.
(9] Sometimes.

(D) Always.

When I do not understand something,
[ ask the instructor

(A) Never.

(B) Most of the time.
(9] Sometimes.

(D) Always.

[ take notes in class

(A) Never.

(B) Most of the time.
(9] Sometimes.

(D) Always.

[ complete my reading assignments
(A) Never.

(B) Most of the time.
(9] Sometimes.

(D) Always.

[ check my homework

(A) Never.

(B) Most of the time.
(9] Sometimes.

(D) Always.

(Behaviors/Actions Towards College)

16.

17.

18.

19.

20.

21.

[ have taken the SAT

(A) No.

(B) Yes.

[ am planning to take the SAT

(A) Never and do not plan on taking it.
(B) Never, but I am thinking of taking it.
(C) Never, but I am signed-up to take it.
(D) I have taken the SAT.

[ have taken the SAT

(A) Never.

(B) One time.

(9] Two times.

(D) Three or more times.

[ plan to take the SAT a total of

(A) 0 times.
(B) 1 time.
(9] 2 times.

(D) 3 or more times.
[ have taken the ACT
(A) No.
(B) Yes.
[ am planning to take the ACT
(A) Never and do not plan on taking it.
(B) Never, but I am thinking of taking it.
(C) Never, but I am signed-up to take it.
(D) I have taken the ACT.
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22.

23.

24.
school

25.

26.

[ have taken the ACT

(A) Never.

(B) One time.

(9] Two times.

(D) Three or more times.

[ plan to take the ACT a total of

(A) 0 times.

(B) 1 time.

(9] 2 times.

(D) 3 or more times.

[ have taken a honors class(es) in

(A) No.
(B) Yes.

[ have taken a total number of honors
classes

(A) 0 times.
(B) 1 time.
(9] 2 times.

(D) 3 or more times.

If given the opportunity, in the future
[ would

(A) Never take an honors course.
(B) Might take an honors course.

(9] Probably take an honors
course.

(D) Most certainly take an honors
course.

27.

28.

29.

30.

31.

[ would take an honors class after
school if it were not offered during the
day.

(A) No.
(B) Yes.

[ would take an honors class at another
school (after school) if it were not
offered at my school.

(A) No.
(B) Yes.

I have taken an Advance Placement
course(s) in school

(A)  No.

(B) Yes.

What is the total number of AP classes
that you have taken?

(A) 0 times.
(B) 1 time.
(9] 2 times.

(D) 3 or more times.

If given the opportunity, in the future I
would

(A) Never take an Advance Placement
course.

(B) Might take an Advance Placement
course.

(C) Probably take an Advance
Placement course.

(D) Most certainly take an Advance
Placement course.
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32.

33.

34.

35.

36.

37.

38.

[ would take an advance placement
course after school if it were not

offered during the day
(A) No.
(B) Yes.

[ would take an advance placement
course at another school (after
school) if it were not offered at my
school

(A) No.
(B) Yes.
[ have taken a city college course
(A) No.
(B) Yes.

If given the opportunity, I would take
a city college course after school

(A) No.
(B) Yes.

If given the opportunity, I would take
one city college course two days a
week after school from 3:30 pm -
5:50 pm

(A) No.
(B) Yes.

If given the opportunity, I would take
one city college course four days a
week after school from 3:30 pm -
5:50 pm

(A) No.
(B) Yes.

If given the opportunity, I would take
one city college course on Saturday
from 9:00 am - 12:00 noon

(A)  No.

39.

40.

(B) Yes.

If given the opportunity, I would take
one city college course on Saturday
from 9:00 am - 3:00 pm

(A)  No.

(B) Yes.

If given the opportunity, I would take
one city college course on Saturday
from 9:00 am - 6:00 pm

(A)  No.

(B) Yes.

(Attitudes Towards College)

41.

42.

43.

44,

If you were given a full four-year
scholarship would you go to college?

(A) No.
(B) Yes.

If you were given a two-year
scholarship, and you had to pay (with
loans) for the last two years would you
go to college?

(A) No.
(B) Yes.

If you were given a one-year
scholarship, and you had to pay (with
loans) for the last three years would
you go to college?

(A) No.
(B) Yes.

If you were not given a scholarship and
you had to pay (with loans) for four
years of college would you go to
college?

(A) No.
(B) Yes.
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45.

46.

47.

48.

49.

50.

51.

If you were given the opportunity to
attend college and did not have to
work, would you go?

(A) No.
(B) Yes.

If you were given the opportunity to
attend college but had to work part-
time, would you go?

(A) No.
(B) Yes.

If you were given the opportunity to
attend college but had to work full-
time, would you go?

(A) No.
(B) Yes.

If you were given admission to the
college of your choice, would you go?

(A) No.
(B) Yes.

If you were denied from the college of
your choice, but admitted into your
second college of your choice, would
you go?

(A) No.
(B) Yes.

If you only were accepted into your
last choice of college, would you go?

(A) No.
(B) Yes.

If you were not accepted into any
college would you attend a junior
college and transfer after two years?

(A) No.
(B) Yes.

52. Do you think college is important?

(A) No.
(B) Yes.

53. Do you think a college degree is

important?

(A) No.
(B) Yes.

54. Would you go to college if it provided
you with an extremely pleasant lifestyle
when you graduated, and you had the
job of your choice?

(A) No.
(B) Yes.

55. Would you go to college if it provided
you a comfortable lifestyle when you
graduated, and you had the job of your
choice?

(A) No.
(B) Yes.
56. Would you go to college if it provided

you an uncomfortable lifestyle when
you graduate, but you had the job of
your choice?

(A) No.
(B) Yes.
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Appendix C2: Questionnaire Items of a New Scale to Measure

Motivation to Achieve Academically

Please rate the 48 items according to the following response format and place a number
corresponding to What I aim for and What I actually do on the appropriate line
opposite each statement:

In all or nearly all my subjects put 3
In most, though not all, my subjects put 2
In some, though not most, of my subjects put 1
In none or only one of my subjects put 0

Example: If you aim to set high standards in academic work for all your subjects, put
3, and if this only happens in some subjects, put 1.

Item 1. I set myself high standards in academic work. 3 1
Item no. Item wording What | What |
aim for actually do
Subscale: Striving for Excellence (|| stem-items fit the model)
Standards
112 Do my best to reach the academic standards that —0.97 —0.55
| set for myself
3/4 Evaluate my performance against the academic
standards that | set myself +0.14 +0.45
Set myself the highest standards in academic work
which | believe | can achieve. Did not fit the model
Goals
5/6 Try different strategies to achieve my academic goals
when | have difficulties. -0.07 +0.69
7/8 Set myself realistic but challenging academic goals. ~0.28 —0.11

Set the highest academic goals which | can achieve.  Did not fit the model
When | have difficulties in reaching my goals, | make

a renewed effort to ensure | achieve my goals. Did not fit the model
Tasks
9/10 Seek some average academic tasks in which |

think | can succeed. +0.38 +0.,52
11712 Seek some difficult academic tasks in which

| believe | can succeed. +0.45 +1.26
13/14 Seek some difficult academic tasks which |

might be able to do. +0.67 +1.35

Seek some easy academic tasks in which | am

strongly likely to succeed. Did not fit the model

Seek some easy academic tasks which | might

be able to do. Did not fit the model
Effort
15716 Make strong demands on myself to achieve in

academic work. —1.14 +0.30
17118 When | am given an academic task or assignment,

| make a strong effort to find the right answers. —1.05 —0.66
19/20 Write and re-write my academic assignments

in order to achieve. -0.09 +0.75

Prepare myself to achieve as high as | can

in my academic assignments. Did not fit the model

Make a strong effort to achieve as high as | can

in academic work. Did not fit the model
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Item no. Item wording What | What |
aim for actually do
Values
2122 When | have conflicts about time to be spent on
achieving, | re-think my values (social, parental, -0.10 +0.71
dates versus achievement).
Value achievement in academic work. Did not fit the model
Ability
Have confidence in my academic ability to achieve the
best that is possible with my ability. Did not fit the model
Have positive feedback from my teachers on my ability
in academic work. Did not fit the model
Have positive feedback from at least one peer
friend on my ability in academic work. Did not fit the model
Have positive feedback from at least one parent (or
guardian) on my ability in academic work. Did not fit the model
Subscale: Desire to Learn (9 stem-items fit the model)
Interest
2324 Show interest in a number of academic topics. —0.94 —0.38
25/26 Read widely on a number of academic topics. +0.08 +1.08
27/28 Think about solving problems, with which others have
difficulty, because I'm interested. +0.12 +0.85

Display curiosity about the world and ‘how it works'.

Behave conscientiously in my academic work.

Learning from others

29/30
31/32

33/34
35/36

Participate in class discussions to improve
my understanding in academic matters.
Ask questions of others to improve my
understanding in academic matters.

Learn from others with more knowledge than | have.

Aim to learn from an expert in at least one
academic area.

Try to pay attention to my teachers in order to
learn as much as | can.

Responsibility for learning

37/38

39/40

Subscale: Personal Incentives (4 stem-items fit the model)

Take personal responsibility for my academic
learning.

Plan to seek out information when necessary and

take steps to master it.

Extrinsic Rewards

Try to achieve academically because | like the
rewards it brings to me.

Try to achieve academically because | like the

status it brings to me.

Try to achieve academically because | like the

competition with others that it brings.

Intrinsic Rewards

41/42
43/44

45/46

Like the interaction with peers in solving
problems in academic work.

Try to achieve academically because | like the
challenges it brings.

Like the intellectual challenge of academic work.
Like the curiosity of academic work.

Did not fit the model
Did not fit the model

-0.71 +0.61
—0.69 +0.36
~0.49 +0.00
~0.21 +0.36

Did not fit the model

—1.68 —0.35

~ 1.47 ~0.33

Did not fit the model
Did not fit the model

Did not fit the model

—0.18 +0.35
—0.11 +0.63
+0.08 +0.64

Did not fit the model
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Item no. Item wording What | What |

aim for actually do

Social Rewards
47/48 Like the social relationships involved in academic

work. —0.34 +0.08

Have fun with others while involved in academic Did not fit the model

work.

Bring honor to my family by succeeding in academic  Did not fit the model

work.
Notes

I. ltem ‘difficulties’ are in logits (log odds of answering positively)

2. The lower the item ‘difficulty’, the ‘easier’ the item

3. The higher the item ‘difficulty’, the ‘harder’ the item

4. ltems at the ‘easiest’ end of the scale are answered positively by almost all the students. Students
need a high motivation to answer the ‘hardest’ items positively.

5. The What | aim for items are ‘easier’ than the What [ actually do items.

6. The standard errors vary from about 0.09 to 0.20 (see Appendix 2)
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