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ABSTRACT 
 This  study  aimed  to  construct  and  apply  a  multimedia  computer  assisted  
instruction set  on  “ Ecotourism ”  for  youth.  The  authoring  system  program  was  
used  to  construct  the  content  and  instructions,  afterward  the  constructed  
instructions  were  checked  by  experts.  There  were  three  trials  for  the  modified  
instructions  with  a  number  of  high  school  students  of  the  Bangmodwittaya  
School.  The  revision  and  modification  procedure  was  made  again  after each trial    
of  the constructed  instructions.  The  modified  instructions  were  used  by  120  high  
school  students  of  the  Dhaweewattana  School.  A  pre-test  control  group of  60  
students  who  did  not  use  the  constructed  instructions was  designed  to  help 
compare and investigate  and  evaluate  knowledge  gained  by  the  experimental  
group  of  60  students  who  did use  the  constructed  instructions. 
 The  results  showed  that  the  post-test  scores  of  the  60  students  who  used  
the  multimedia  computer  assisted  instructions  were  statistically significantly  
higher  than  their  pre-test  scores  at  a 0.05  level,  and  higher  than  post-test  scores  
of  the  control  group  students  who  did  not  use  the  computer  assisted  
instructions  at  a 0.05  level.  The  results  from  this  study  might  conclude  that  
these  students  could  gain  knowledge  on  “ Ecotourism ” by  using  the  constructed  
computer  assisted  instructions. 
   Recommendations from the study are that, research about learning with CAI 
lessons for other topics in order to develop the teaching-learning process to be more 
efficiency should be conducted. Also CAI lessons on ecotourism for other groups 
should be delveloped. 
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บทคัดยอ 

 การวิจัยครั้งนี้มีวัตถุประสงคเพื่อสรางและทดลองใชบทเรียนคอมพิวเตอรชวยสอนแบบ

มัลติมีเดีย  เรื่อง  “ การทองเที่ยวเชิงนิเวศ ”  สําหรับ  เยาวชน   การสรางบทเรียนไดใชโปรแกรม

คอมพิวเตอรประเภทโปรแกรมสรางบทเรียน ( Authoring  System )   และนําบทเรียนที่ผานการ

ปรับปรุงแกไขตามการประเมินของผูเชี่ยวชาญแลว  ไปทดลองใชกับนักเรียนชั้นมัธยมศึกษาตอน

ปลาย  โรงเรียนบางมดวิทยา  จํานวน  3  ครั้ง  หลังจากไดแกไขปรับปรุงแลว  จึงนําไปใชกับนัก

เรียนชั้นมัธยมศึกษาตอนปลาย  โรงเรียนทวีวัฒนา  จํานวน  120  คน  แบงเปน  2  กลุม  คือ  กลุม

ควบคุมและกลุมทดลอง  กลุมละ  60  คน  โดยใชรูปแบบการทดลองแบบสองกลุมวัดกอนและหลัง

การทดลอง  แลวนํามาวิเคราะหโดยใชคา  t-test 

 ผลการวิจัยพบวา   นักเรียนกลุมที่ไดเรียนบทเรียนคอมพิวเตอรชวยสอน  มีผลสัมฤทธิ์ทาง

การเรียนเพิ่มขึ้นอยางมีนัยสําคัญทางสถิติที่ระดับ 0.05 และสูงกวากลุมที่ไมไดเรียนอยางมีนัยสําคัญ
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ความเขาใจ   เรื่อง  การทองเที่ยวเชิงนิเวศ  ใหแกเยาวชนกลุมนี้ไดเปนอยางดี 
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CHAPTER I

INTRODUCTION

1. Rationale and Justification

The tourism of Thailand has expanded increasingly, therefore the income

from this industry in 1999 was about 253,018 million Baht (Tourism Authority of

Thailand, 1999), as a whole it resulted of good economy of the country. On the other

hand of the rapid growth of tourism industry caused the environmental degradation in

the tourism sites. Management of tourism was facing the problem of natural

environmental conservation and development incessantly. Hence the idea of searching

for the new mean of tourism to reduced the negative impact of the tourism sites and

local community in order to create the balance between development and

conservation. It crated the three aspects of important current in tourism development

(Tourism Authority of Thailand, 1997: 9), were as follows:

1) The  demand of  environmental and natural resources conversation.

2) The demand of learning and had experimental on environment and natural

resources.

3) The demand of human resource development with people participation.

Form the influence of three currents, the concept of sustainable development

was established so it affected to the tourism management system and the pattern of

tourism. Moreover, the alternative tourism was introduced by presenting in the

different forms. The most popular mentioned form was ecotourism or the ecological

approach tourism. It was the tourism that highlighted on natural areas and culture

connected to ecosystem. At present, the ecotourism was pushed and promoted to be an

essential compartment of the sustainable development (World Commission on

Environment and Development, 1987) and it was used as a tool or a measurement to
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promote for the biological resource conservation (Boo, 1990 cited in Tourism

Authority of Thailand, 1997).

Therefore, in few years there had been extensively numerous accepting and

referring in Thailand about this kind of tourism by different sectors both government

and private. The ecotourism was high demand, subsequent business in this facet was

occurred a great amount so that it influenced to the change of the pattern of tourism

market tremendously. From the survey of Thailand Institute of Scientific and

Technological Research, it found that Thai ecotourism tourists were distributed in the

age group of 15-24 years to the age group of 35-44 years by having the closed

proportion of these two group-the age group 14-25 years were 31.1 percents, the age

group of 25-34 years were 27.9 percents, and the age group of 35-44 years were 28.7

percents. It aimed for emphasizing on the awareness raising and responsibility

growing in environment and natural resource conservation to retain its status and to

provide the advantage sustainably, it should not over look these group of tourists as

aforementioned above, particularly, the age group 15-25 years or youth (Office of the

National Youth Commission, 1999: 2).

In Thailand there were total 21 million youth (Tourism Authority of Thailand,

1998: 3) since they were the essential and valuable resources of country because it

was the age with full physical and mental powers, including in the period of the

readiness for learning, receiving, and transferring the experiences for long time thus it

was the hope of country development. It was relevant to the Eight National Economic

and Social Development Plan in the aspect of promotion of national human resource

development to be good tourists who love, concern, and conserve tourism and

environment heritage. For that reason, to educate on ecotourism, it should make the

youth to gain knowledge and awareness on the problem occurred from tourist’s

activities at the moment, and to develop the youth to have proper experience for

ecotourism. Thoroughly, they would be able to transfer their knowledge to other

tourists and the involved people who live in the same habitat.
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To develop the ecotourism (Tourism Authority of Thailand, 1999: 5-20), there

were aims to develop the tourism as the whole in order to have role and appropriate

change direction in promoting of conservation and rehabilitation of natural resources,

and environment maintenance was included as well. By making the process of tourism

development to be educational media, it made the tourist to learn about ecosystem,

and to raise the awareness of conservation to stakeholders as government, private

sectors, and general people.

Ecotourism emphasized on the importance to natural resource and

environmental education, in additionally, the culture of local community in the

tourism site that is the main target of this tourism. If there was no educational process

to get knowledge and understanding on environment and ecosystem of tourism

resources, to raise the awareness of conservation, it could not be called as ecotourism

approach. To define the strategy of educating by emphasizing on the duration of

tourism taking place as main was not enough so it should give the information before

ecotourism activity took place and education as added after activity had done too.

Tourism Authority of Thailand stated that the education was the important

basic compartment in the process of management of ecotourism development,

especially, by stressing on consciousness creating, and responsibility taking for natural

resource and environment conservation to be stable and to provide the sustainable

benefit further by under the participatory management of tourist, stakeholders of

government, private and local people. The educational implementation in the process

of ecotourism was highlighted on the pattern, method, and use of educational media in

order to learn through their experiences by themselves directly, and to participate in

that learning. The most importance were  interpreting, training, on the job training,

case study, role play, game dynamic, brain storming, discussion, and educational

media.

Creating and building the consciousness and knowledge, it can be done in

different mean as mentioned earlier, and the use of media was a mean that was an

important component (Institute of development of educational technique, 1999: Kor)
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in the teaching-learning process besides the teacher, learner, and various techniques.

The role of teaching-learning media was medium or carrier or instrument or channel to

introduce the stories, knowledge, or information of sender or teacher to receiver or

learner in order to make learning or teaching to achieve the set objectives or aims

successfully. teaching-learning media have been continuously developed and it is

relevant to the technological development since the past that the media were talked

language or written language until at present the media are in different types and

forms so the teacher can consider to properly select according to the its special

characteristics or properties. The most modern media in the moment are the media as

computer software style that have been developed rapidly and relevantly to the

technology in the computer aspect that was called “Computer Assisted Instruction:

CAI or “Multimedia”.

Multimedia Computer Assisted Instruction is one form of teaching-learning

medium, which has the attribute of giving knowledge content in term of CAI by being

presented in all forms of text, graphics, images or animation, sounds, and video.

Besides it is able to be interactive with the learner. Currently, it plays numerous roles

in the teaching-learning process. The advantage point of CAI as multimedia is able to

show the picture that looks like reality so it can attract the learner’s interest since it is

the mixed and integrated of different forms of media and used various techniques such

as picture, sound, movement, interaction between learner and CAI lesson, furthermore

the learner is able to learn by themselves and they are able to record the learning

evaluation. It has been obviously seen that the Ministry of Education had arranged the

huge budget for providing the CAI program since the budgetary year of 1997 (Burana

Somchai, 1999: 19).

Due to the importance of ecotourism issue, to educate the youth, it would

increase the youth’s knowledge, awareness, and perception of the importance of

ecotourism in order to assist to maintain the ecosystem of tourism sites to be capable

of sustainably keeping. Because of the importance of multimedia CAI that plays a role

in teaching-learning process as mentioned above, it should be introduce to use for

educating for youth further. As reason aforementioned, the researcher was interested
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and realized to the importance and necessity of multimedia CAI construction on the

topic of “Ecotourism for Youth” therefore, the research was done in this topic.

2. Research Objectives

2.1 To construct and experiment the multimedia CAI on  “Ecotourism” for

Youth.

2.2. To Study the youth’s learning achievement after they studied the

multimedia CAI on “Ecotourism”.

3. Research Questions

3.1 Did the constructed multimedia CAI on “Ecotourism” is effective for

teaching or not ?

3.2 Did the learning achievement of The youth who studied the constructed

multimedia CAI on  “Ecotourism” increase ?

4. Research Hypothesis

4.1 The experimental group who had studied multimedia CAI on “Ecotourism”

had the mean scores higher than those of the control group statistically significant at

level of 0.05.

4.2 The experimental group had mean score of the posttest (after studied the

multimedia CAI on “Ecotourism”) higher than pretest scores (before studied the

multimedia CAI) statistically significant at level of  0.05.
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5 Research Scope

5.1 The content areas of the multimedia CAI on  “Ecotourism” were:

1. The meaning of ecotourism.

2. The main components of ecotourism.

3 The main activities of ecotourism

4 The impact might be occurred from ecotourism.

5.2 Youth   in   this   research   were   the   person   who  had   age  between

15 – 25 years old and studying in the higher secondary level of Dhaweewattana school

6 Research Definitions

6.1 Ecotourism meant the tourism that all stakeholders had the responsibility

not to destroy or to degrade the natural resource and environment in the natural

tourism sites by emphasis on knowledge receiving on the environment and ecosystem

on the tourism site by tourism process in order to increase knowledge, experience,

appreciation, awareness and consciousness for tourists, local people, and involved

entrepreneurs. It was regarding to the local participation and local benefit by

distributing the income, raising the quality of life, benefit return for maintenance and

management of the tourism sites.

6.2 The multimedia CAI meant the instruction that constructed from the

defined contents and it was able to present in forms of text, graphics, images,

animation, sound and video, furthermore it was able to be interactive with learner by

using the computer to present contents and patterns  of  presentation.

6.3 Learning Achievement meant the scores of pretest and posttest after

studied the multimedia CAI by the learning achievement test.

6.4 Youth meant  the   person   who  had   age  between  15 – 25 years old and

studying in the higher secondary level school,  Ministry  of  Education.
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7 Research Advantage

The results of this study, besides obtained the multimedia CAI on

“Ecotourism”, but the youth who had studied the instruction  would have knowledge

and understanding their roles on tourism site and the environment conservation,

moreover it should create them to have consciousness, to be proud for being Thai, to

love the nature, and it would be the guideline for media production in the field of

environmental education in both formal and non-formal education and to stimulate the

stakeholders to take responsibility for natural environment and ecosystem.
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.#+-+"/)3<' %#-)1)-&'2+";=' .<>$%3)d.' +*' #+%3-%;' %/.%4' K.%#$F' %*=' 3.%'2%-./'<%)*;&J'

D+/' -$.' Q/+">' +9' 2.-;%*=' .#+3&3-.<F' -$.' %#-)1)-&' +9' .#+-+"/)3<' -$%-' 2%3' -$.' <+3-'

>+>";%/'2%3'K)/='2%-#$)*QF'>%/-)#";%/;&F'-$.'<)Q/%-.='K)/=3'-$%-'2./.'/%/.'9+/'3..)*QJ'

7+' #+*3)=./' -$%-'2%3'2$)#$' %#-)1)-&' 3$+";=' K.' >/+<+-.=' %*=' =.1.;+>.=' -+' +##"/' )*'

-$%-'*%-"/%;'%/.%'"*=./'-$.'#+*#.>-'+9'.#+-+"/)3<')-'3$+";='#+*3)=./'+*'-$.'-2+'<%)*'

9%#-+/3'%3'9+;;+23H'''

IO' D%#-+/'%K+"-'%/.%'%*='/.#/.%-)+*'/.3+"/#.3')*'-$.'%/.%'-$%-'2+";='K.''

.#+-+"/)3<' 3)-.J' 7$.' +/)Q)*%;' 3)-"%-)+*' %*=' 1%;".' )*' *%-"/.' 2./.' -$.' $.%/-' +9'

.#+-+"/)3<' %#-)1)-&' 3"#$' %3' 9+/.3-' -/.aa)*Q' =.>.*=.=' +*' 3-%-.' +9' >;%*-3F' 2);=;)9.F'

;%*=3#%>.F' %*=' -$.' )*-./.3-' )*' *%-"/.' %3' K%3.' +9' %--/%#-)+*' -+' )<>/.33' -$.' -+"/)3-'

)<>/.33)+*' %*=' 3%-)39%#-)+*' K"-' )-' <"3-' *+-' K.' -$.' -$)*Q' -$%-' 2%3' K");-' +/'<+=)9).='

%9-./2%/='-$./.9+/.'-$.'*%-"/%;'-+"/)3<'3)-.3'.1.*'-$+"Q$')-'2%3'K.%"-)9";'K"-')-')3'1%3-'

=.1.;+>.='9/+<'-$.'+/)Q)*%;'3)-"%-)+*'"*-);')-';+3-'-$.'>/)+/'9.%-"/.F'-$.3.'-+"/)3<'3)-.3'

2+";='*+-'K.')*'-$.'#/)-./)%'+9'.#+-+"/)3<'3"#$'%3'(%--%&%'X.%#$F'8$+*K"/)'(/+1)*#.F'

(%[-+*Q' X.%#$F' ("a.-' (/+1)*#.' 9+/' )*3-%*#.J' :+/.+1./' -$.' %#-)1)-&' +9' .#+-+"/)3<'

3$+";=' *+-' =.Q/%=.' %/.%' %*=' *%-"/%;' /.3+"/#.3' "*-);' )-' #+";=' *+-' /.#+1./' %Q%)*J' 7$.'

*%-"/%;' %/.%' -$%-' $%=' -.*=.*#&' -+' K.' )<>%#-.=' 2$.*' -$.' .#+-+"/)3<' %#-)1)-).3' %/.'

.3-%K;)3$.='%/.'.*=%*Q./.='>;%*-'42);=;)9.'3>.#).3'3+"/#.3'.-#F'3+')-'3$+";='K.'+<)--.='

-+'>/+<+-.'9+/'.#+-+"/)3<'%#-)1)-&'%//%*Q.<.*-')*'-$%-'%/.%J'

'



D%#J'+9'Y/%=J'!-"=).3F':%$)=+;'Z*)1J'''' '' :JB=J'NB*1)/+*<.*-%;'B="#%-)+*O'4'IR'

LO' D%#-+/'%K+"-'-$.'.#+-+"/)3<'%#-)1)-&'-$%-'3$+";='K.'>/+<+-.=F'K.3)=.3'-$.''

%)<'+9'-+"/)3-'%<"3.<.*-'%*='3%-)39%#-)+*'%*='#;+3.='-+'*%-"/.F')-'3$+";='K.'%*'%#-)1)-&'

-$%-'>/+<+-.='-$.'-+"/)3-3'-+'%'#$%*Q.'<+/.'+/';.33'-+';.%/*'-$.'*%-"/.''K&'#$%**.;'+9'

*%-"/%;')*-./>/.-%-)+*')*'=)99./.*-'9+/<3J'

'

' P.1./-$.;.33F' -+' %//%*Q.' -$.' .#+-+"/)3<'%#-)1)-&' )*' -$.'*%-"/%;' %/.%F' )-'

<)Q$-'*..='-+'#+*3)=./'+*'-$.'+-$./'-+"/)3<'%#-)1)-&'-$%-'=)='*+-'.<>$%3)d.'+*'*%-"/.'

%*='.*1)/+*<.*-' ;.%/*)*Q' -+Q.-$./' )*'+/=./' -+' %--/%#-' -$.' -+"/)3-3' -+'K.'<+/.' %<"3.J'

7$)3' -&>.'+9'%#-)1)-&'2%3'#%;;.='%3' -+"/)3<'%#-)1)-&' 9+/'.#+-+"/)3<'>/+<+-)+*F'%*=' )-'

2%3' %#-)1)-&'2%3' %//%*Q.=' )*' -$.' *%-"/%;' %/.%' %*=' )-'<"3-' K.' ;)<)-.=' -$.' *"<K./' +9'

-+"/)3-3' 9+/' Q/+">' %#-)1)-&' )*' +/=./' -+' =+' *+-' K");=' -$.' )<>%#-' -+' *%-"/%;' 3)-"%-)+*J'

7$.3.' 3">>;.<.*-%/&' %#-)1)-).3' #+";='*+-'K.' Q/+">.='K"-' )-'2%3' -$.' -+"/)3<'%#-)1)-&'

-$%-' 3-/.33.='+*' -$.' %>>/.#)%-)1.' /.#/.%-)+*%;' %#-)1)-).3F' %*='%=1.*-"/+"3' /.#/.%-)+*%;'

%#-)1)-).3'9+/'-$/..'-+"/)3<'%#-)1)-).3'-$%-'2./.'.#+-+"/)3<'%#-)1)-).3'N<%)*'%#-)1)-).3OF'

-$.' %>>/.#)%-)1.' /.#/.%-)+*%;' %#-)1)-).3' N3">>;.<.*-%/&' %#-)1)-).3O' %*=' %=1.*-"/+"3'

/.#/.%-)+*%;' %#-)1)-).3' N3">>;.<.*-%/&' %#-)1)-).3O' -$%-' #%*' K.' #+*#;"=.=' %3' 9+;;+23'

N7+"/)3<'?"-$+/)-&'+9'7$%);%*=F'ITT5H'GRO'H'

'

'=767:?4@A! D=64M4641@! NAD45! D=64M4641@O! N7+"/)3<' ?"-$+/)-&' +9' 7$%);%*=F'

ITT5H'GROJ'

!

/B! #4P45JQ&?1PP45J!$=64M4641@!

7$.'9.%-"/.3'+9'%#-)1)-&'2%3'-+'2%;a')*'-$.'9+/.3-'9+/';+*Q'=)3-%*#.''N<+/.'-$%*''

L'a);+<.-./3O'%*=')-'2%3'-$.'%#-)1)-&'-$%-';.-'-$.'-+"/)3-3'#+*-%#-'2)-$'-$.'*%-"/.'#;+3.;&'

K&' -%a)*Q' -$.<3.;1.3' -+'*%-"/.'%;+*Q'2%;a)*Q' -/%);' -$/+"Q$' -$.' 9+/.3-'K&'>%33)*Q' -$.'

K.%"-)9";' %--/%#-)1.' >+)*-3J' X.3)=.3' -$.' -+"/)3-3' #;+3.=' -+' -$.' *%-"/.' K"-' -$.&' $%=' %'

#$%*#.'-+';.%/*'-$.'1%/)+"3'-$)*Q3')*'*%-"/.'9/+<'-+"/)3-'Q")=.'2$+'$%='a*+2;.=Q.'+9'

.#+;+Q)#%;'%3>.#-'%*='$%='$)Q$'3a);;')*'-$.'%/.%J'7/.aa)*Q'%#-)1)-&'2%3'=)1)=.=')*-+'L'

9.%-"/.3' -$%-'2./.' 3-/"QQ;.' -/.aa)*Q' K&' $%1)*Q' -$.' %)<' -+' #/.%-.' -$.' .]#)-.<.*-' 9+/'

-+"/)3-3J' 7$./.' 2%3' 2%;a)*Q' )*' -$.' -/%);' -$%-' 2%3' /%-$./' =)99)#";-' -+' 2%;aF' %*=' )-'

#$%;;.*Q.='-$.'-+"/)3-3e'%K);)-).3'3"#$'%3'#;)<K)*Q'+/'2%;a)*Q'%-'-$.'3-..>.='<+"*-%)*'

.-#J' ?*+-$./' -&>.' +9' -/.aa)*Q' %#-)1)-&' $%=' -$.' %)<' -+' ;.-' -$.' -+"/)3-3' ;.%/*' %*=' K.'
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%>>/.#)%-.' 2)-$' -$.' K.%"-&F' 3-/.*Q-$' %*=' #$%/<)*Q' +9' *%-"/.J' 7$.' -/.aa)*Q' %#-)1)-&'

3$+";='*+-'$%1.'-+"/)3-3'<+/.'-$%*'IR'>./3+*3'%*=')-'*..=.='-+'$%1.';+#%;'Q")=.'2$+'

2%3'9%<);)%/'2)-$'-$.'%/.%F'-$+/+"Q$;&'$.'3$+";='$%1.'-$.'Q++='.#+;+Q)#%;'a*+2;.=Q.'

-+'.="#%-.'-+'-+"/)3-3'%;+*Q'-$.'-/%);J'7/.aa)*Q'%#-)1)-&'<)Q$-'K.'#%<>)*Q')*'-$.'9+/.3-'

$.*#.' -$.' %;;' #+*3"<>-)+*' -$)*Q3' 3$+";='K.'K/+"Q$-'K%#a' 9/+<' 9+/.3-g' )*#;"=)*Q' -$.'

2%3-.3'>%/-)#";%/;&'-$.'+*.'#+";='*+-'K.'=.#+<>+3.=J'@-'2%3'*.#.33)-&'-+'$%1.'-$.'K%Q3'

+/'#+*-%)*./3'-+'a..>'-$.3.'2%3-.3'K%#a'9/+<'-$.'9+/.3-'.1./&'-)<.J'

'

' 7+'%//%*Q.'-$.'2%;a'2%&')*'-$.'9+/.3-F')-'3$+";='K.'2)=.'9+/'+*.'+/'-2+'>./3+*3'

-+'2%;aF'%*='-+'a..>')-')*'-$.'>/)+/'3-%-.'<+3-;&'%*=')-'3$+";='*+-'#"-'-$.'K/%*#$.3'+9'

-/..'2)-$+"-'*.#.33)-&J' @-'3$+";='*+-'Q+'-$/+"Q$'-$.'%/.%'+9'9/%Q);.'.#+;+Q)#%;'%/.%'+/'

3+"/#.3' +9' .*=%*Q./.=' >;%*-34' 2);=;)9.' 3>.#).3F' >%/-)#";%/;&F' -$.' %/.%' -$%-' 2%3'

*.#.33%/&' 9+/'2);=;)9.' -+' ;)1.' %*=' -+' /.>/+="#.' )9' -$.' $"<%*'2.*-' -$/+"Q$' )-'2+";='

K+-$./' -$.)/' *%-"/%;' %#-)1)-).3J' @-' 3$+";=' K.' =.9)*.' -$.' >%33.=' -/%);' -$%-' $%=' -$.' 1).2'

>+)*-'-+'3..'-$.')*-./.3-)*Q'*%-"/.F'%*='%/#$.+;+Q)#%;'1).2F'%*='2%-./'3+"/#.3')*'+/=./'

-+' ;.-' -$.' -+"/)3-3' K.' 9"*F' %*=' *+-' K.' K+/.=J' ' 7$.' -/.aa)*Q' -/%);' 3$+";=' *+-' >%33' -$.'

=%*Q./+"3' >+)*-' -+' -+"/)3-3J' 7$.' 3-%/-)*Q' >+)*-' %*=' -./<)*%;' >+)*-' +9' -/%);' 3$+";='

>/+1)=.'-$.'K%3)#'9%#);)-).3'%*=';%K.;3'9+/'*%-"/%;')*-./>/.-%-)+*J'7$.'2+/a'"*)-'-$%-'2%3'

-$.'%/.%'+2*./'3$+";='=.9)*.'-$.'>/+>./'-/.aa)*Q'%*='-%a.'#%/.'+9'-$.'-/%);'-+'K.'"3%K;.J''

7$.' >./3+*' 2$+' 3$+";=' >;%-' /+;.' 9+/' -/%);' <%)*-.*%*#.' 2%3' Q")=.' +9' -/.aa)*Q' %*='

-+"/)3-3'-$%-'3$+";='a..>'-$.'#;.%**.33'%*='3$+";='*+-'=.3-/+&'-$.'*%-"/%;'3)-"%-)+*'%*='

"*=./3-%*='-+'>/%#-)#.'-$.<3.;1.3'2$.*'-$.&'-/%1.;.=')*'-$.3.'*%-"/%;'%/.%J'

'

<B!RD6:?1!'2:=D6475!!

D.%-"/.'+9'?#-)1)-&H'2%3'-$.'-+"/)3<'%#-)1)-&'=)='*+-'+*;&'3">>+/-'-$.'-+"/)3-3''

-+'K.'%<"3.'9/+<'-$.'-/%1.;')*'-$.'*%-"/%;'%/.%'K"-'%;3+'/.#.)1.='-$.'a*+2;.=Q.'%K+"-'

-$.'*%-"/.'+*'=)99./.*-')33".3'-$/+"Q$'-$.'>/+Q/%<'+9'*%-"/.')*-./>/.-%-)+*')*'=)99./.*-'

9+/<3'-$%-'2%3'$.;=')*'-$.'%/.%J'

'

7$.'9%#);)-&'-$%-'>/+<+-.='-$)3'-&>.'+9'-+"/)3<'%#-)1)-&'2%3'1)3)-+/'#.*-./F''

;%K.;' 9+/' *%-"/.' )*-./>/.-%-)+*F'2%&3)=.' .]$)K)-)+*F' +"-=++/' .]$)K)-)+*F' )*#;"=)*Q' -$.'

*%-"/.' )*-./>/.-)1.' -/)%;' %//%*Q.=' 9+/' -+"/)3-' -+' -+"#$' %*=' -+' ;.%/*' -$.' 3-+/).3' +9' -$.'



D%#J'+9'Y/%=J'!-"=).3F':%$)=+;'Z*)1J'''' '' :JB=J'NB*1)/+*<.*-%;'B="#%-)+*O'4'IW'

*%-"/.')*'-$.'%/.%J'7$.'9.%-"/.'+9'-$.'*%-"/.'-/%);'3$+";='*+-'K.'-++'=)99)#";-'-+'2%;a'%*='

)-'3$+";='K.'#"-'>%33'-$/+"Q$'-$.')*-./.3-)*Q'>+)*-'%*='-+'K.'%K;.'-+'>/+1)=.'a*+2;.=Q.'

+9'*%-"/.'-+'-+"/)3-3'K&'%//%*Q)*Q'-$.'3)Q*'9+/'*%-"/.')*-./>/.-%-)+*'-+'.]>;%)*'%*='4'+/'

-+' Q)1.' ' a*+2;.=Q.' %K+"-' *%-"/.' -$%-'2%3' *+-' -++' =)99)#";-' -+' "*=./3-%*=' 9+/' -+"/)3-'

%;+*Q' -$.' -/%);' +/' -+' >/+1)=.' -$.' ;.%9;.-' %3' 3.;9[Q")=.=' -/%);' 9+/' -+"/)3-' -+' 3-"=&' +/' -+'

$%1.'%'Q")=.'-+'.]>;%)*'-$.'*%-"/.'2%;a'-/%);'%*=')-'3$+";='*+-'-++';+*Q'=)3-%*#.'N%K+"-'

I[L'a);+<.-./3O'%*=')-'3$+";='K.'%';++>'-/%);'3-&;.J''

'

' 7+'<%)*-%)*' -$.' 1)3)-+/' #.*-./' %*=' +"-=++/' .]$)K)-)+*'2./.' -$.' ="-&' +9' -$.'

+99)#./'+9'2+/a'"*)-')*'-$.'%/.%F'%*='-$.'>/+Q/%<'+9'=)99./.*-'*%-"/.')*-./>/.-%-)+*3')*'

-$.'#.*-./'<)Q$-'K.'3">>+/-.='K&'7?7'%*='>/)1%-.'3.#-+/3J'7+'<%)*-%)*'-$.'*%-"/.'-/%);'

3$+";='K.'-$.'+K;)Q%-)+*3'+9' -$.'+99)#./'+9'2+/a'"*)-' )*' -$.'%/.%'K&'#++>./%-)+*'2)-$'

-+"/)3-3'%*='Q")=.3J'7$.'2+/a'"*)-')*'-$.'%/.%'3$+";='$%1.'="-&'-+'-%a.'/.3>+*3)K);)-&'

-+'K.' )*' -$.'Q++='3-%-.' 9+/'"3.'K&'*+-'=.Q/%=%-)+*F'a..>'#;.%*'3"#$'%3'>/.>%/)*Q' -$.'

Q%/K%Q.'K)*'%-'-$.'>/+>./'>+)*-')*'-$.'-/%);'9+/'=)3>+3)*Q'-$.'2%3-.'/.Q";%/;&J'

'

' 7$.'-+"/)3-3'$%='="-&'-+'9+;;+2'-$.'%/.%'/.Q";%-)+*'-+'a..>'#;.%*F'%*='=)='*+-'

=.3-/+&'-$.'+KV.#-3'3"#$'%3'=/%2*'-$.';%K.;3F'=/%QQ.='%*='2/+-.'+*'-$.'3)Q*'+/';%K.;'+/'

3-+*.'+/'-$/..'%*='=)='*+-'<%a.'%';+"='*+)3.'+/'K/)*Q'/%=)+'%*='-$.'<"3)#%;')*3-/"<.*-'

-+' >;%&' -+' %**+&' -$.' %*)<%;J'Y")=.' 3$+";=' $%1.' ="-&' -+' Q)1.' a*+2;.=Q.' -+' -+"/)3-3'

K.9+/.'.*-./)*Q'-+'-$.'9+/.3-'-+'=+'%*&'%#-)1)-&'K&'.]>;%)*)*Q'%K+"-'$+2'-+'>/%#-)#.'-+'

#+*3./1.'-$.'*%-"/%;'3-%-.'%*='*+-'-+'#%"3.')<>%#-'-+'-$.'%/.%J'7+'#+*-/+;'-$.'-+"/)3-'-+'

9+;;+2'/.Q";%-)+*3F')-'2%3'-$.'="-&'+9'-$.'+99)#./'+9'2+/a'"*)-')*'-$.'%/.%'2$+'-++a'-$.'

/.3>+*3)K);)-&J'

 '
! FB! RD6:?1! %0767J?D>09H! ,4217! &D>45J! D52! .7:52! 73! RD6:?1! $:247!

&D>45J''

' D.%-"/.' +9' ?#-)1)-&H' 2%3' -%a)*Q' -$.' >$+-+Q/%>$F' %*=' -%>)*Q' -$.' 1)=.+' 9+/'
*%-"/%;'1).2'%*=')*-./.3-)*Q'-$)*Q3F'2$)#$'2%3'-$.'=.-%);')*'-$.'*%-"/.'3"#$'%3'9;+2./3F'

/%/.'>;%*-3F'%*='%*)<%;' 9++-[>/)*-' 9+/' )*3-%*#.F' )*#;"=)*Q' /.#+/=)*Q' -$.'*%-"/%;'3+"*='

;)a.='%3'3+"*='+9'2%-./'9%;;)*QF'2%-./'9;+2)*QF'K)/='3)*Q)*QF' )*3.#-'3+"*=3F'%*='+-$./'

%*)<%;'3+"*=3J'
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' 7$.' 9%#);)-&' -$%-' >/.>%/.=' 9+/' -$)3' -&>.' +9' -+"/)3<' %#-)1)-&'2%3' *%-"/.' -/%);'

-$%-' >/+1)=.=' 9+/' -+"/)3-' -+' 2%;a' )*' +/=./' -+' -%a.' -$.' >$+-+Q/%>$F' -+' -%>.' 1)=.+F' -+'

/.#+/='-$.'3+"*='%-'-$.'K.%"-)9";'%*=')*-./.3-)*Q'1).2'>+)*-F'-$+/+"Q$;&'-$.'=.-%);3'+/'

$)3-+/)#%;'+KV.#-3J'Y")=.;)*.'-+'<%)*-%)*'-$.'*%-"/.'-/%);'9+/'-$)3'-&>.'+9'%#-)1)-&F')-'#%*'

K.'=+*.')*'-$.'3%<.'2%&';)a.'%3'-$.'-/.aa)*Q'*%-"/.'-/%);J'

'

' LB!C4?2!-D6=045J!!

' D.%-"/.' +9' ?#-)1)-&H' 2%3' -$.' 3>.#)%;' %#-)1)-&' 9+/' -$.' >./3+*' 2$+' 2%3'
)*-./.3-.=')*'2%-#$)*Q'K)/=3J'7$.'1%/)+"3'a)*='+9'K)/='2./.'-$.'%--/%#-)+*'+9'-$)3'-&>.'

%#-)1)-&F'-$.&'2./.'-$.';+#%;'K)/=F'-$.'<)Q/%-.='K)/=F'%*='/%/.'3>.#).3J'7$.'-/%);'9+/'-$)3'

-&>.'+9'%#-)1)-&'3$+";='K.'2)=.'.*+"Q$'9+/'-2+'>./3+*3'-+'2%;a'-+Q.-$./F'%*=')-'3$+";='

*+-'$%1.'%*&'=.1.;+><.*-F'.]#.>-'-$.'/.3-'3-%-)+*'9+/'-$.'-+"/)3-3'-+'/.#+/='-$.'3-+/&'+9'

K)/=3'-$%-'$%='K..*'2%-#$.=J'7$.'Q/+">'+9'K)/='2%-#$)*Q'3$+";='*+-'K.'-++';%/Q.'3+')-'

3$+";=' *+-' K.' <+/.' -$%*' R' >./3+*3' >./' Q/+">F' %*=' )-' 3$+";=' $%1.' Q")=.' 2$+' $%='

a*+2;.=Q.'%K+"-'K)/=3'%*='*%-"/.')*'-$.'%/.%'9+/'-$.'-+"/)3-'2$+';%#a.='+9'3a);;'+9'K)/='

2%-#$)*Q' %#-)1)-&' K.9+/.F' )*' %==)-)+*' -$.' Q")=.3' 3$+";=' >/.>%/.' -$.' #%<./%' 9+/' K)/='

2%-#$)*QF'K)/='Q")=.'K++a3'9+/'-$.'-+"/)3-3'%*='-$.&'#%*'Q.-'-$.'9..'9+/'K+//+2)*Q'9+/'

-$.'%#-)1)-&')*'-$.'%3>.#-'+9'K)/='%*='K)/='$%K)-%-'#+*3./1%-)+*J''

'

' 7$.')<>+/-%*#.'+9'-/%);'%//%*Q.<.*-F')-'3$+";='*+-'>%33'-$/+"Q$'-$.'%/.%'-$%-'

-$.'K)/='*.--)*QF'+/'.QQ';%&)*QF'%*=')-'3$+";='K.'$%1.'3-/)#-'#+*-/+;'K&'*+-'%;;+2)*Q'-+'

$%1.'-+"/)3<'="/)*Q'-$.'>./)+='+9'.QQ';%&)*Q'+/'/.>/+="#-)+*'9+/')*3-%*#.J''

'

' SB!"DM1!'T>K7?45JQ!,4@4645J!

! D.%-"/.' +9'?#-)1)-&H'2%3' -$.' %#-)1)-&' -$%-' -$.' -+"/)3-' $%=' %' #$%*#.' -+' ;.%/*'

%K+"-' -$.' #%1.' 3"#$' %3' >/+#.33' +9' #%1.' 9+/<%-)+*F' 9.%-"/.' +9' /+#a4<)*./%;3' %*=' -$.'

Q.+Q/%>$)#%;' 9+/<F' -&>.'+9'#%1.F' ;)1)*Q' -$)*Q' )*' -$.'#%1.F'%*='#%1.'<%)*-.*%*#.'.-#J'

:+/.+1./F'-$.'-+"/)3-'2+";='%<"3.'9/+<'-$.'"*)`".'3-/%*Q.'K.%"-)9";'#%1.J'7+'1)3)-'-$.'

#%1.F'>%/-)#";%/;&'-$.'+*.'-$%-'$%='*+-'.*+"Q$';)Q$-'%*='-$.'#%1.'2%3'=..>'%*='$%='%'

<%d.' >%--./*F' )-' *..=.=' -$.' Q")=.' 9+/' >/+1)=)*Q' -$.' 3%9.-&' 9+/' -+"/)3-3J' 7$.'

<%*%Q.<.*-'+9'-+"/)3<'3./1)#.F')-'3$+";='>/+1)=.'-$.'9%#);)-&'9+/'-+"/)3-3'%*='9+/'#%1.'

<%)*-.*%*#.'3"#$'%3'/)3)*Q'-$.'2%;a'2%&')*'-$.'#%3.'+9'9;++=)*QF'$%1)*Q'-$.'>/+Q/%<'



D%#J'+9'Y/%=J'!-"=).3F':%$)=+;'Z*)1J'''' '' :JB=J'NB*1)/+*<.*-%;'B="#%-)+*O'4'IT'

+9' *%-"/.' )*-./>/.-%-)+*F' Q)1)*Q' -$.' 3"QQ.3-)+*' %K+"-' #%1.' .]>;+/)*QF' %*=' +-$./'

9%#);)-).3F'9+/')*3-%*#.J' @-'2%3'-$.'="-&'+9'2+/a'"*)-'-$.'%/.%'-$%-'<)Q$-'K.'%3a)*Q'-$.'

#++>./%-)+*'9/+<'%#%=.<)#'>./3+*3'9/+<'+-$./'"*)-3'+/'>/)1%-.'3.#-+/3F'3"K3.`".*-;&F'

-$.'2+/a' "*)-' $%=' ="-&' -+' #+*-/+;' -$.' -+"/)3-3' -+' >/%#-)#.' 9+;;+2' -$.' /.Q";%-)+*F' %*='

>/+1)=.='-$.'3.#"/)-&'9+/'-+"/)3-3'%3'2.;;J'

'

 UB!.P9!)561?>?16D6475!!

! D.%-"/.' +9'?#-)1)-&H'2%3' -$.' %#-)1)-&' -$%-' -$.' -+"/)3-3' $%=' #$%*#.3' -+' ;.%/*'

%K+"-' -$.' 3a&' %*=' %3-/+*+<&F' -&>.' +9' 3-%/' %*=' Q/+">' +9' 3-%/3F' 9.%-"/.F' >+3)-)+*F' %*='

+/K)-' #+*3.`".*-;&F' -$.' $)3-+/&' %*=' -$.' /.;.1%*-' *%-)1.' 3-+/&J' 7$.' *%-"/%;' %/.%' -$%-'

%>>/+>/)%-.'9+/'-$)3'-&>.'+9'%#-)1)-&'2%3'-$.'+>.*'%/.%'+/'-$.'$)Q$'>;%)*'3"#$'%3')3;%*=3F'

-$.' +>.*' #+%3-%;' %/.%F' +>.*' 9).;=' 2)-$+"-' -$.' K)Q' -/..3' -+' K;+#a' -$.' 3)Q$-3..)*Q' 9+/'

)*3-%*#.J'7$.'>/+>./'3.%3+*'9+/'-$)3'-&>.'+9'%#-)1)-&'2%3'2)*-./'3.%3+*'K.#%"3.'-$./.'

2%3'*+'#;+"='-+'K;+#a'-$.'3a&J'7$)3'%#-)1)-&'*..=.='-$.'.]>./-3'-+'Q)1.'a*+2;.=Q.'9+/'

-+"/)3-3g' )-' *..=.=' -$.' .`")><.*-3' -+' %##+<>;)3$' -$.' %#-)1)-&' 3"#$' %3' -.;.3#+>.F' %*='

%3-/+;+Q)#%;'<%>J''

' '
' VB!C7D6!.4J06@1145J''
' D.%-"/.' +9' ?#-)1)-&H' 2%3' -$.' %#-)1)-&' -$%-' ;.-' -$.' -+"/)3-3' -+"#$' %*=' ;.%/*'

*%-"/.F' )-' *..=.=' -$.' Q")=.' -+' Q)1.' a*+2;.=Q.F' %*=' -+' <%a.' %<"3.<.*-J' X+%-'

3)Q$-3..)*Q' #%*' K.' =+*.' )*' K+-$' 2%-./2%&F' *%-"/%;' 2%-./' 3+"/#.3F' 3.%' +/' 2%-./'

/.3./1+)/' -$%-' $%=' -$.'*%-"/%;' .*1)/+*<.*-' 3"//+"*=)*QJ'7$.' #%"-)+*' 9+/' -$)3' -&>.'+9'

%#-)1)-&'2./.'+);' 3>);;' -+' -$.'2%-./' /.3+"/#.3F'2%3-.F'*+)3.'>+;;"-)+*' 9/+<' -$.'.*Q)*.'

=)3-"/K%*#.F' %*=' *+-' -+' =)3-"/K' >/+#.33' +9' .QQ' ;%&)*Q' %*=' /.>/+="#-)+*' +9' %`"%-)#'

%*)<%;J' @-'2%3'-$.'/.3>+*3)K);)-&'+9' -+"/)3-'.*-/.>/.*."/3F' -+"/)3-3F'%*='-$.'+99)#./3'+9'

2+/a' "*)-' )*' -$.' %/.%' -+' #+*-/+;' -$.' -+"/)3<' %#-)1)-&' *+-' -+' #%"3.' -$.' .*1)/+*<.*-%;'

)<>%#-' %*=' *%-"/%;' .*1)/+*<.*-%;' =.Q/%=%-)+*J' D"/-$./<+/.F' -$.' *.#.33%/&' %/.%'

=.1.;+><.*-'2%3'-$.'>+)*-'+9'9.//&'9+/'K+%-F'2$)#$'2%3'-+'=.3)Q*'-+'$%/<+*)d.'2)-$'

-$.'*%-"/.J'

'

'

'



!"#$%&%'()*&+' ' '''',)-./%-"/.'0.1).23'4'L\'

' WB!"D57145JQ!XD9DP!Q!C?7YZ1D645J!Q.D4K45J!C7D6!!!

' D.%-"/.' +9' ?#-)1)-&H' 2%3' -$.' %#-)1)-&' -$%-' ;.-' -$.' -+"/)3-' -+"#$F' ;.%/*' -$.'

*%-"/.F' %*=' "3.' -$.)/' %K);)-&' -+' #+*-/+;' -$.' K+%-F' %*=' .]./#)3.J' @-' #%*' K.' =+*.' )*' -$.'

2%-./2%&F' *%-"/%;' 2%-./' 3+"/#.3F' 3.%' +/' 2%-./' /.3./1+)/' -$%-' $%=' -$.' *%-"/%;'

.*1)/+*<.*-'3"//+"*=)*QJ'7$.'#%"-)+*'9+/'-$)3'-&>.'+9'%#-)1)-&'2./.'*"<K./'+9'K+%-3F'

+);'3>);;'-+'-$.'2%-./'/.3+"/#.3F'2%3-.F'*+)3.'>+;;"-)+*'9/+<'-$.'.*Q)*.'=)3-"/K%*#.F'%*='

*+-' -+' =)3-"/K' >/+#.33' +9' .QQ' ;%&)*Q' %*=' /.>/+="#-)+*' +9' %`"%-)#' %*)<%;J' @-'2%3' -$.'

/.3>+*3)K);)-&' +9' -+"/)3-' .*-/.>/.*."/3F' -+"/)3-3F' %*=' -$.' +99)#./3' +9' 2+/a' "*)-' )*' -$.'

%/.%'-+'#+*-/+;'-$.'-+"/)3<'%#-)1)-&'*+-'-+'#%"3.'-$.'.*1)/+*<.*-%;')<>%#-'%*='*%-"/%;'

.*1)/+*<.*-%;' =.Q/%=%-)+*J' D"/-$./<+/.F' -$.' *.#.33%/&' %/.%' =.1.;+><.*-' 2%3' -$.'

>+)*-'+9'9.//&'9+/'K+%-F'2$)#$'2%3'-+'=.3)Q*'-+'$%/<+*)d.'2)-$'-$.'*%-"/.J'

'

' D+/' -$.' %#-)1)-&' +9' K+%-' /+2)*QF' )-' 3$+";=' K.' %*' %>>/+>/)%-.' >/+>+/-)+*' )*'

+/=./'-+'#+*-/+;'-$.'#/+2=.=*.33'3+')-'3$+";='$%1.'-$.'>/+>+/-)+*'%3'9+;;+23H''

' [8%*+.' K+%-F' a%&%a' K+%-F' K/+2K.%-)*Q' K+%-F' )-' 3$+";=' K.' I' K+%-' >./' LJG'

a);+<.-./3';.*Q-$'+9'2%-./2%&'''

' [!%);)*Q'K+%-J' )-'3$+";='K.'I'K+%-'>./'\J\\'G'3`"%/.'a);+<.-./3'+9'2%-./2%&''

%/.%J'

' '

' [B!.57?P1K!.P45!E4M45J!

' D.%-"/.'+9'?#-)1)-&H'2%3'-$.'%#-)1)-&'-$%-';.-'-$.'-+"/)3-'-+"#$F';.%/*'-$.'*%-"/.'

+9'"*=./'-$.'3.%'-$%-'2%3'#+;+/9";'%*='K.%"-)9";'3+'-$.&'2%3'%K;.'-+';.%/*'%K+"-'%`"%-)#'

>;%*-3' %*=' %*)<%;3'2)-$+"-' -$.' "3)*Q' +9' 3#"K%' 9+/' =)1)*Q' K"-' "3.' +*;&' 3*+/a.;J' 7$.'

>/+>./'%/.%'9+/'-$)3'-&>.'+9'%#-)1)-&'3$+";='*+-'K.'=..>'<+/.'-$%*'\JT'<.-./3'%*=')-'2%3'

-$.' 3+"/#.' +9' #+<>;.-.' =)1./3.' #+/%;' /..9' %*=' -$.' K.%"-)9";' >;%*-3' %*=' %*)<%;3F' %*='

#+<>;.<.*-' 2)-$' -$.' *+-' 1)Q+/+"3' 3-/.%<' %*=' #;.%/' 2%-./' 3+' )-' 3$+";=' %//%*Q.' -$.'

"*=./3.%' 3.;9[Q")=.=' -/%);' %*=' $%*=K++a' 9+/' 3-"=&' %K+"-' "*=./3.%' /.3+"/#.3' 9+/'

-+"/)3-3J'

'

' 7$.')<>+/-%*#.'3$+";='K.'/.Q%/=.='%K+"-'-$.'%#-)1)-&'-$%-'$%='-$.'%--/)K"-.3'

%3'-$.'3%<.'%3'3*+/a.;'3a)*'=)1)*QF'*.1./-$.;.33')-'3$+";='>%&'-$.'%--.*-)+*'%K+"-'-$.'

3%9.-&J'



D%#J'+9'Y/%=J'!-"=).3F':%$)=+;'Z*)1J'''' '' :JB=J'NB*1)/+*<.*-%;'B="#%-)+*O'4'LI'

! $>>?1=4D64M1! (1=?1D6475DK! $=64M4641@H! $2M156:?7:@! (1=?1D6475DK!

$=64M4641@!

!

/B! (1KDT45J!

D.%-"/.'+9'?#-)1)-&H'2%3'-$.'%#-)1)-&'-$%-'>/+1)=.='-$.'#$%*#.'9+/'-+"/)3-3'-+''

%=<)/.'%*='#;+3.' -+' -$.'*%-"/.F' %*=' )-'2%3' 3">>;.<.*-%/&'%#-)1)-&' -$%-' 3">>+/-.=' -$.'

+-$./' %#-)1)-&' +9' .#+-+"/)3<' %3' %9+/.<.*-)+*.=J' 7$.' 3)Q$-3..)*Q' #%*' K.' =+*.' )*' -$.'

<%**./'+9'2%;a'-/%);' -$%-'%//%*Q.='9+/' /.;%]%-)+*'%;+*Q'-$.'K.%#$.3'+/'%*&'>+)*-' -$%-'

-$.' -+"/)3-' #%*' -%a.' %' /.3-' 9+/' 3)Q$-3..)*Q' %*=' -$.' >.%#.9";' 3-%-)+*' 9+/' /.#/.%-)+*'

/.3+"/#.3F'2$)#$'2%3' -$.' )<>+/-%*#.'9+/' -$)3' -&>.'+9'%#-)1)-&J' @-'#%*'K.' 3%)=' -$%-' -$.'

-+"/)3-3'$%='%'#$%*#.'-+'%=<)/.'-$.'*%-"/.'#;+3.;&F'%*='-+'/.%;)d.'-$.')<>+/-%*#.'%K+"-'

-$.'*%-"/.'%/+"*='-$.'-+"/)3-3'3+')-'2+";='>/+<+-.'-$.'-+"/)3<'3)-.'K.'<+/.'1%;"%K;.J'

'

' X.3)=.3'-$.'3)Q$-'3..)*Q'-$.'*%-"/.'2%3'=+*.')*'-$.'<%**./'+9'3)--)*Q')*'-$.'

#%/' %;+*Q' -$.' -/%);' K&' >%33)*Q' -$.' K.%"-)9";' >;%#.3' %*=' -$./.'2%3' %>>/+>/)%-.' 3-%-)+*'

>+)*-3'%;+*Q'-$.'2%&J' '@-'3$+";='K.'%//%*Q.='2%&3)=.'.]$)K)-)+*'%-'/.3-'3-%-)+*'%3'-$.'

)<>+/-%*-'/.#/.%-)+*'/.3+"/#.3'9+/'-$)3'%#-)1)-&F'2$)#$'2%3'-$.'3#.*)#'K.%"-&F')*#;"=)*Q'

-$.'1%/)+"3'3.`".*#.'+9';%*=3#%>.'%;+*Q'-2+'3)=.3'+9'-$.'-/%);J'7$)3'%#-)1)-&'3$+";='K.'

$)Q$;)Q$-.='+*'`"%;)-&'+9'-+"/)3<'-$%-'>%)='/.3>.#-'-+'*%-"/.'3"#$'%3'*+-'=+)*Q'-$.';+"='

*+)3.F'a..>'#;.%*'.-#J'

'

<B! &1??D45!Q!G7:56D45!C4P45J!

'D.%-"/.'+9'?#-)1)-&H'2%3'-$.'%#-)1)-&'-$%-'/.`")/.='-$.'<+"*-%)*'K)a.'%*='-$.''
-/%);' 3$+";=' *+-' K.' -$.' 3%<.' %3' 2%;a' -/%);' 9+/' -/.aa)*Q' +/' *%-"/.' .="#%-)+*' +/' K)/='

2%-#$)*QJ' 7$./.' 2%3' =)99./.*-' ;.1.;' +9' 3-..>' K&' K.Q)**)*Q'2)-$' \[L\' >./#.*-3J' 7$.'

#/)-./)%'-+'3.;.#-'-$.'-/%);'2%3'-$.'3%<.'%3'-$.'=.1.;+><.*-'+9'2%;a'-/%);'-$%-')-'3$+";='

*+-' >%33' -$.' %/.%' 9+/' *.#.33)-&' +9' 2);=;)9.' ;)1)*QF' %*=' /.>/+="#-)+*J' 7$.' ;%*=3#%>.'

3$+";=' $%1.' -$.' =)99./.*-' 9.%-"/.3' )*' +/=./' -+' #$%;;.*Q.' -$.' -+"/)3-3' *+-' -+' K+/.F'

-$+/+"Q$;&F'-$./.'2%3'%*')*-./.3-)*Q'>+)*-F'*%-"/%;'K.%"-&F'%*='*+-'#"--)*Q'-$.'K)Q'-/..3F'

%*='*+'*..=' -+'K");=' -$.' -/%);'2)-$' -$.'#+*3-/"#-)+*'<%-./)%;3F'K"-' )-'<%&'$%1.'2%-./'

=/%)*%Q.'+/'3)<>;.'2++='K/)=Q.'+/'2%-./'#$%**.;J'



!"#$%&%'()*&+' ' '''',)-./%-"/.'0.1).23'4'LL'

' 7$.'2+/a'"*)-' )*'-$.'%/.%'$%='-$.'+K;)Q%-)+*'-+'<%)*-%)*'-$.'<+"*-%)*'K)a.'

-/%);' -+'K.' -$.'Q++='#+*=)-)+*' -+'K.'"3%K;.'%*='a..>'#;.%*F' 9"/-$./<+/.F' -$.&'3$+";='

/.Q";%-.' -$.' -+"/)3-' -+' 9+;;+2' -$.' /.Q";%-)+*'3"#$'%3'K)a)*Q' )*' -$.'>/.>%/.=' -/%);F' %*='

>/+1)=.'-$.'%33)3-%*#.'%3'*.#.33)-&'%##+/=)*Q'-+'-$.'-+"/)3-'/.`")/.<.*-J'

'

' 7$.'-+"/)3-'3$+";='+K.&'-$.'%/.%'/.Q";%-)+*'%*='a..>'#;.%*'K&'*+-'-$/+2)*Q'

-$.'Q%/K%Q.'%;+*Q'-$.'-/%);F'%*='-$.&'3$+";='*+-'<%a.'*+)3.'="/)*Q'K)a)*QJ'

'

 FB!(7=P!QG7:56D45!"K4AZ45J!!

 D.%-"/.'+9'?#-)1)-&H'2%3'-$.'%#-)1)-&'-$%-'3./1.='-$.'-+"/)3-3e'=.<%*=')*'-./<'

+9'#$%;;.*Q)*Q'2)-$'-$.'=)99)#";-&'-$%-'+##"//.='%##+/=)*Q'-+'-$.'*%-"/.'#/.%-)+*J'7$.'

%/.%'-$%-'2%3'%;;+2.='-+'#;)<K'3$+";='K.'3%9.'%-'+*.';.1.;'%*=')-'#%"3.='-$.'=%<%Q.'-+'

*%-"/.'K+-$')*3)=.'%*='+"-3)=.'-$.'K+"*=%/&'-$%-'%//%*Q.='9+/'#;)<K)*QJ'

'

' LB!&156!"DA>45J!!

' D.%-"/.'+9'?#-)1)-&H'2%3'=)99./.*-'>%--./*'+9'-.*-'#%<>)*Q'K&'K.Q)**)*Q'2)-$'

-$.' =.1.;+><.*-%;' >%--./*' )*' -$.' 3./1)#.' %/.%3' -+' -$.' 3)<>;.' +1./*)Q$-' %-' -$.' 9+/.3-F'

2$)#$'$%='*+'%*&'9%#);)-&J'b+2.1./F'-$.'-.*-'#%<>)*Q'%#-)1)-&'%)<.='-+';.-'-+"/)3-3';)1.'

%*='-+"#$'#;+3.;&'2)-$'-$.'*%-"/.'K&'*+-'=.>.*=)*Q'+*'-$.'9%#);)-&'<+/.'-$%*'*.#.33)-&J'

@-'2%3'%*'%#-)1)-&'-$%-'2%3'=+*.'-+Q.-$./'2)-$'+-$./'%#-)1)-).3'3"#$'%3'-/.aa)*QF'*%-"/.'

.="#%-)+*F'%*='K)/='2%-#$)*Q'.-#J'

'

' 7$.'2+/a'"*)-'3$+";='$%1.'="-&'-+';++a'%9-./'-$.'#%<>)*Q'%/.%'-+'K.'#;.%*J'@*'

-$.'#%3.'+9'#%<>)*Q')*'-$.'3./1)#.'%/.%F')-'3$+";='$%1.'-$.'*.#.33%/&'9%#);)-).3'3"#$'%3'

%/.%'9+/'#%<>)*QF'Q%/K%Q.'K)*F'K%-$/++<F'-+);.-F'%*='#++a)*Q'%/.%F'%*='#%<>'9)/.'%/.%F'

)*#;"=)*Q' %//%*Q)*Q' -$.' #%<>' 9)/.' %#-)1)-&' -+' ;.%/*' %K+"-' -$.' *%-"/.' +/' $%1)*Q' -$.'

>/+>./'K.$%1)+/'-+'-/%1.;')*'-$.'*%-"/%;'%/.%J''

'

' 7$.'-.*-'#%<>)*Q'%#-)1)-&'3$+";='3-/.33'+*';.-'-$.'-+"/)3-'#;+3.'-+'-$.'*%-"/.'

<+/.' -$%*' $%1.' 9"*' K&' 3)*Q)*Q' -+Q.-$./F' %*=' =/)*a)*Q' "*-);' )-' =.3-/+&.=' -$.'

>.%#.9";*.33' +9' %/.%' %-' -$.' #%<>)*Q' 3)-.'7$.' #%<>)*Q' 3)-.' +9' .%#$' Q/+">' 3$+";=' K.'

3.>%/%-.='%*='$%1.'-$.'>/)1%-.'%>>/+>/)%-.;&J'



D%#J'+9'Y/%=J'!-"=).3F':%$)=+;'Z*)1J'''' '' :JB=J'NB*1)/+*<.*-%;'B="#%-)+*O'4'LM'

' 7$.'-.*-'#%<>)*Q'%#-)1)-&'2%3'-$.'%#-)1)-&'-$%-'K/+"Q$-'-+"/)3-3'-$.<3.;1.3'-+'

#;+3.'-+'*%-"/.'%*='3.%/#$.='9+/'>.%#.9";*.33'-$%-')-'#+";='*+-'K.'9+"*=')*'-$.'#)-&J'@-'

2%3' *+-' %#-)1)-&' -$%-' $.;=' 9+/' 9"*' +*;&J' 7$./.9+/.' -$.' -+"/)3-3' 3$+";=' $.;>' )*'

<%)*-.*%*#.'-$.'%/.%'-$%-'2%3'#%<>)*Q'K&'-$/+2)*Q'-$.'Q%/K%Q.'-+'-$.'>/+>./'>;%#.3'

%*='*+-'"3)*Q' -$.'=)99)#";-' -+'=.#+<>+3.'<%-./)%;3F' %*=' )9' )-' *..=.=' -+'K.'"3.=' -$.&'

<"3-'K/+"Q$-'+"-3)=.'-$.'%/.%'%3'2.;;J'

'

' SB!#D5J!\K421?!

! D.%-"/.'+9'?#-)1)-&H'2%3'-$.'%#-)1)-&'=.>.*=.='+*'$%*Q'Q;)=./'2)-$+"-'.*Q)*.!

K&'"3)*Q!%./+=&*%<)#'>/)*#)>;.' -+'#+*-/+;' -$.'$%*Q'Q;)=./'K&'$%*Q)*Q' 9/+<'-$.'$)Q$'

#;)99'2)-$'3.;9[#+*-/+;;.='K"-'-$)3'-&>.'+9'%#-)1)-&'#%*'#%"3.'-$.'3)Q$-'>+;;"-)+*')*'#%3.'

+9'-++'<%*&'%#-)1)-).3J'

'

' UB!-0461!-D61?!(D3645J!!

' D.%-"/.'+9'?#-)1)-&H'2%3' -$.'%#-)1)-&' -$%-'%)<.=' -+'.<>$%3)d.' -$.' -+"/)3-' -+'

-+"#$'-$.'*%-"/.F'%*='Q%)*'%*'%<"3.<.*-'9/+<'-$.'1.;+#)-&'+9'3-/.%<F'=)99./.*-';.1.;'+9'

2%-./2%&F'-$.'3-%-.'+9'-$.'-2+'3)=.3'+9';%*=3#%>.F'/"KK./'K+%-4'/"KK./'/%9-'3+')-'3$+";='

$%1.' -$.' #%>%#)-&' 9+/' /%9-)*Q' %*='a*+2;.=Q.' )*' -$.' %3>.#-'+9'*%-"/.J'7$.'*"<K./'+9'

-+"/)3-3'>./'/%9-'3$+";='K.'%K+"-'G[f'>./3+*3'%*=')-'=.>.*=.='+*'-$.'3)d.'+9'/%9-4'K+%-J'

7$.'#/)-./)%' 9+/'>/+>+/-)+*'+9' /%9-' -+'2%-./2%&'%/.%'2./.' -$.' 3%<.'%3' -$.'%#-)1)-&'+9'

#%*+.)*QJ' X.9+/.' -$.' %#-)1)-&' 2%3' 3-%/-.=F' -$./.' 2%3' %*' )*-/+="#-)+*' %K+"-' -$.'

#$%/%#-./)3-)#3' +9' %#-)1)-&F' 3.;9[>./9+/<%*#.F' %*=' -$.' )<>+/-%*#.' /";.3' 9+/' 3%9.-&' %*='

/.#.)1)*Q'-$.'Q++='.]>./).*#.'9/+<'%#-)1)-&'>./9+/<%*#.J'@-'<%&'%//%*Q.'-$.'+1./*)Q$-'

%-'-$.'K%*a'%3'#+<>;.<.*-%/&'%#-)1)-&'K.3)=.3'-$.'%#-)1)-&'+9'/%9-4'K+%-'/%9-)*Q'%*='-$)3'

%#-)1)-&'*..=.='-+'>/+1)=.'-$.'">'%*='=+2*'>+)*-'+9'9.//&'9+/'/%9-)*QJ'

'

' VB!%4=54=P45J!!

! D.%-"/.'+9'?#-)1)-&H'2%3'-$.'%#-)1)-&'-$%-'%'/.#/.%-)+*'K&'>)#*)#a)*Q'+/'K"&)*Q'

9++=' 9/+<' -$.' 3$+>' *.%/K&J' @-'2%3' %#-)1)-&' -$%-' %//%*Q.' -+' V+)*'2)-$' +-$./' %#-)1)-).3'

3"#$' %3' 1)3)-)*Q' 2%-./9%;;3F' -/.aa)*QF' K)a)*QF' %*=' *%-"/.' -/%);' 2%;a)*Q' .-#J' @-' 3$+";='

%//%*Q.'-$.'>;%#.'9+/'/.3-)*Q'%*='>)#*)#a)*Q')*'-$.'.#+-+"/)3<'%/.%'-$%-'$%='>.%#.9";'

#)/#"<3-%*#.' 3+' -$.' -+"/)3-3' 2+";=' %=<)/.' 2)-$' -$.' *%-"/.' K.--./' -$%*' )*' -$.'



!"#$%&%'()*&+' ' '''',)-./%-"/.'0.1).23'4'LG'

%-<+3>$./.'+9'*+)3&'2)-$' -$.'<"3)#%;' )*3-/"<.*-3J'7$./.9+/.' -$.'2+/a'"*)-' -$%-'2%3'

-$.' +2*./' +9' %/.%' 3$+";=' >/+1)=.' -$.' %/.%' 9+/' -$)3' -&>.' +9' %#-)1)-&' %*=' #+<>;.<.*-'

2)-$'3")-'+9'9%#);)-&'3"#$'%3'-%K;.F'K.*#$F'/"KK)3$'K)*'F'%*='-$.'Q/);;.='3-+1.F'%*='-$)3'

%/.%'3$+";='K.'3$%=&'%*='Q++='>+)*-'9+/'3)Q$-'3..)*Q'9+/'3#.*)#'K.%"-&'K"-' )-'3$+";='

*+-'K.'-$.'.#+;+Q)#%;'9/%Q);.'%/.%F'%*='*+-'9%/'9/+<'-$.'>%/a)*Q'3>%#.J''

'

' 7$.'-+"/)3-'*..=.='-+'a..>'#;.%*F'%*='2./.'#%/.9";'9+/'9)/.F'%*='=)='*+-'9..='

-$.'2);=;)9.'+/';.9-'-$.'9++='%9-./'-$.&'9)*)3$.='.%-)*QJ'7$.'#+*-%)*./3'2%3'-$/+2*'%2%&'

3$+";='K.'-$.'=)3>+3.='<%-./)%;3F'%*=')9'-$./.'2%3'*+'>;%#.'9+/'2%3-.'=)3>+3%;'3+'-$.&'

3$+";='K/)*Q'-$.'/"KK)3$'K%#aJ'

'

' WB!-D61?3DKK!,4@46@!Q!'T>K7?45J!

! D.%-"/.' +9'?#-)1)-&H'2%3' -$.' >+>";%/' %#-)1)-&' 9+/' 9+/.3-' -+"/)3<['<+"*-%)*F'

2%-./9%;;3'2./.')<>+/-%*-'#+<>+*.*-3'+9'-+"/)3<'3)-.3J'7+'1)3)-'2%-./9%;;F'-$./.'2./.'

<%*&' #+<>;.<.*-%/&' %#-)1)-).3' 3"#$' %3' 32)<<)*QF' 3"/1.&)*QF' >)#*)#a)*QF' +/' 3)Q$-'

3..)*Q'3+')-'3$+";='%//%*Q.'-$.'>/+Q/%<'+9'*%-"/.')*-./>/.-%-)+*'9+/'-+"/)3-3'-+'/.#.)1.'

a*+2;.=Q.'%K+"-'2%-./9%;;'%*='+-$./')*-./.3-)*Q'.*1)/+*<.*-3'-+Q.-$./'K&'$)Q$;)Q$-.='

+*' -$.' %#-)1)-&' -$%-' =)=' *+-' =%<%Q.=' -$.' *%-"/%;' >.%#.9";*.33F' -$.' 2%-./9%;;3' %/.%'

3$+";='9/..'9/+<'9++=3'%*='=/)*a3')*'+/=./'-+'a..>'-$.'.*1)/+*<.*-'+9'2%-./9%;;J'

'

' 7$.' -+"/)3-3' 3$+";=' K.' `").-' %*=' =)=' *+-' =)3-"/K' +-$./' >./3+*3F' %*=' >/)#.'

-$.<3.;1.3'9+/'-$.)/'3%9.-&J'-$.'2+/a'"*)-'-$%-'2%3'-$.'+2*./'+9'%/.%'3$+";='a..>'#;.%*'

%*=';++a.='%9-./'-$.'-+"/)3-3'-+'9+;;+2'-$.'/.Q";%-)+*'%*='>/+1)=.'-$.'3.#"/)-&'9+/'-$.<J'

  
 [B!-452!@:?345J!

! D.%-"/.'+9'?#-)1)-&H'2%3'-$.'2%-./'%#-)1)-&'-$%-'<%=.'9"*'%*='.]#)-)*QF'%*=')-'

2%3'3.;9[3%-)39%#-)+*'+9'%K);)-&'%K+"-'-+'#+*-/+;'-$.'2)*Q'3"/9)*QJ'7$.'%>>/+>/)%-.'%/.%'

9+/'-$)3'-&>.'+9'%#-)1)-&'3$+";='K.'+>.*'2%-./'3+"/#.'%*=')-'$%='2)*='#"//.*-F'K"-')-'2%3'

*+-!-"/K";.*-'%*='3"//+"*=.='2)-$'K.%"-&'3#.*.J''

'

'



D%#J'+9'Y/%=J'!-"=).3F':%$)=+;'Z*)1J'''' '' :JB=J'NB*1)/+*<.*-%;'B="#%-)+*O'4'LR'

' 7$.3.' .#+-+"/)3<' %#-)1)-).3' #%*' K.' #+*3)=./.=' +*' >/+<+-)*Q' )*' -$.' *%-"/%;'

-+"/)3<'%/.%3' -$%-' $%='$)Q$'>+-.*-)%;F' *.1./-$.;.33F' -+'>/+<+-.' %#-)1)-&F' )-' *..=.=' -+''

#%/.9";;&' #+*3)=./' +*' -$.' >+33)K);)-&' %*=' #%>%#)-&' +9' %/.%F' %*=' ;)<)-%-)+*' +9'

<%*%Q.<.*-'-+'%1+)='-$.')<>%#-'-+'.*1)/+*<.*-'=".'-+'-$.3.'%#-)1)-).3J'@*'+/=./'-+';.-'

-$.'.#+-+"/)3<'<%*%Q.<.*-')*'-$.'*%-"/%;'%/.%'%##+<>;)3$.='-$.'%)<3'+9'.#+-+"/)3<'

%*='2%3'%>>/+>/)%-.'9+/'7$%);%*=J'

'

<BS!&01!.46:D6475!73!'=767:?4@A!45!&0D4KD52!N7?7F'ITTTH'G[IO'

'

7$%);%*='$%='$)Q$'>+-.*-)%;'-+"/)3<'%3'%'2$+;.'K.#%"3.'-$./.'2./.'=)99./.*-''

-+"/)3<'/.3+"/#.3'-$%-'2./.'2.;;'a*+2*F'K.%"-)9";F'"*)`".'#";-"/.F'%*='>.%#.9";';%*=J'

7$.'-+"/)3<3'%/.')<>;.<.*-.=')*'-$.'>/.3.*-'%/.'-$.'#";-"/%;'%>>/+%#$F'.="#%-)+*'-+"/F'

%*=' /.#/.%-)+*F' -$./.9+/.' -$.' -+"/)3<' )3' )*' -$.' >%--./*' +9' K.)*Q' #%"3%;' +/' /.#/.%-)+*F'

3$+>>)*QF' %*=' -/%1.;' )*' -$.' =)99./.*-' 3)-.3J' 7$.' *.2' -+"/)3<' -$%-' )3' -$.' %;-./*%-)1.'

-+"/)3<'3"#$'%3'.="#%-)+*'-+"/)3<F'.#+-+"/)3<F'%*='%/.'*+-'>+>";%/'%=1.*-"/.'-+"/)3<'

%*=' -$./.'%/.'*+-' /.%=)*.33' -+'3./1.' -$.' -+"/)3-3'3)*#.' )-' ;%#a3'+9' -$.'#;.%/*.33' )*' -$.'

>/+<+-)+*F'%*=')*#;"=)*Q';%#a'+9'-$.'%>>/+>/)%-.'<%*%Q.<.*-J'

'   

 ^$.*' #+*3)=./)*Q' +*' -$.' -+"/)3<' 3)-"%-)+*' )*' -$.' <+<.*-' %##+/=)*Q' -+'

1%/)+"3'#+<>+*.*-F')-'#%*'K.'#+*#;"=.='%3'9+;;+23'N7?7F'ITTTH'G[IIOH'

'

' &7:?4@A!.461!(1@7:?=1@!

! D/+<' -$.' >/)<%/&' >+-.*-)%;' +9' .#+-+"/)3<' 3)-.' .1%;"%-)+*' )*' 7$%);%*=' K&'

#;%33)9&)*Q' -$.' ;.1.;' +9' >+-.*-)%;' %##+/=)*Q' -+' -$.' 9.%-"/.' +9' /.3+"/#.F' )-' 2%3'

.<>$%3)d.='+*'-$.'.33.*#.'+9'.#+3&3-.<')*'-$.'%/.%F')=.*-)-&F'>"/.'-/%=)-)+*F'%--/%#-)+*'

9+/' -+"/)3<F' %*=' .#+-+"/)3<'<%*%Q.<.*-' -$./.9+/.' .#+-+"/)3<'2%3' %//%*Q.=' )*-+' R'

>+-.*-)%;' ;.1.;3' %*=' -$.' ,.1.;' ?' %*=' ;.1.;' X' 2./.' $)Q$' >+-.*-)%;' %*=' >/+>./' -+' K.'

=.1.;+>.='-+'K.'%'.#+-+"/)3<'3)-.J'7$./.'2./.'-$.'-+"/)3<'3)-.3'%3'-&>.3'+9'2%-./9%;;F'

9+/.3-F'%*=')3;%*=3'N#+/%;'/..9O'-$%-'<+3-'+9'-$.<'2./.')*'-$.'*%-)+*%;'>%/aF'K"-'9+/'-$.'

#";-"/%;' -+"/)3<' 3)-.3' $%=' 9.2' 3)-.3' %*=' )-' 2%3' #+<<"*)-&' -&>.F' $)3-+/)#%;' 3)-.F'

%/#$.+;+Q)#%;'3)-.F'%*='-.<>;.'-$%-'2./.'3-);;'a..>'-$.'.#+3&3-.<J'



!"#$%&%'()*&+' ' '''',)-./%-"/.'0.1).23'4'Lf'

' 7$.'>/+1)*#.'-$%-'$%='>+-.*-)%;'-+'K.'.#+-+"/)3<'3)-.3'2./.'%3'9+;;+23H'

[' !+"-$' 0.Q)+*H' 7$.' >/+1)*#.3' -$%-' $%=' $)Q$.3-' >+-.*-)%;' 2./.' !%-";'

(/+1)*#.F' !"/%#$-$%*..' (/+1)*#.F' (%*Q[PQ%' (/+1)*#.F' 7/%*Q' (/+1)*#.F' 8$"<>+/*'

(/+1)*#.F'c/%K)'(/+1)*#.F'%*='0%*+*Q'(/+1)*#.J'7$.3.'>/+1)*#.3'$%='-$.')3;%*=3'%*='

)-'2%3'-$.'3+"/#.3'+9'#+/%;'/..9'%3'<%)*'/.3+"/#.3J'@-'#%*'K.'#;%33)9).='%3'-+"/)3<'Q/+">'

-$%-'2./.'">>./'?*=%<%*'Q/+">N'("a.-'(/+1)*#.F'(%*[PQ%'(/+1)*#.F'c/%K)'(/+1)*#.F'

%*=' 0%*+*Q' (/+1)*#.O' %*=' ;+2./' ?*=%<%*' Q/+">' N!%-";' (/+1)*#.' %*=' 7/%*Q'

(/+1)*#.OJ'

[' P+/-$'0.Q)+*H'7$./.'2./.'8$)%*Q<%)'(/+1)*#.F'P%*'(/+1)*#.F'7%a''

(/+1)*#.F'%*=':%.[b+*Q[!+/*'(/+1)*#.'-$%-'$%='-$.'9+/.3-F'2%-./9%;;F'#+<<"*)-&F'%*='

#%1.3' %3' <%)*' /.3+"/#.3J' @-' #%*' K.' #;%33)9).=' %3' P+/-$[^.3-' Q/+">F' %*=' P+/-[B%3-'

Q/+">'K&')*#;"=)*Q'-$.'*.%/K&'>/+1)*#.3'%3'*.-2+/aJ'

[' :)==;.'0.Q)+*H'7$./.'2./.'c%*#$%*K"/)'(/+1)*#.F'7/%='(/+1)*#.F''

(.-#$%K"/)' (/+1)*#.F' %*='!%/%K"/)' (/+1)*#.' -$%-' $%=' -$.' *%-"/%;' /.3+"/#.3' %3' 9+/.3-F'

2%-./9%;;F'#%1.3F'%*='#+/%;'/..9J'@-'2%3'#;%33)9).=')*-+'M'Q/+">3'K&')*#;"=)*Q'-$.'*.%/K&'

>/+1)*#.'%3'*.-2+/aJ'

[' P+/-$[B%3-'0.Q)+*H'7$./.'2%3'+*;&',+.)'(/+1)*#.'-$%-'$%='-$.'$)Q$.3-''

>+-.*-)%;F'3"K3.`".*-;&'Z=+/*-$%*)'(/+1)*#.F'%*=':"a=%$%/*'(/+1)*#.J'

'

' b+2.1./F')*'-$.'=.1.;+><.*-F')-'3$+";='/.Q%/='-+'-$.'>/+1)*#.'-$%-'$%='$)Q$'

>+-.*-)%;'.1.*'-$+"Q$F' )-'$%='*+-'<"#$'3)-.3'K"-' )-'3$+";='=.1.;+>'%3'>%/-)#";%/'%/.%J'

B3>.#)%;;&F')*'-$.'*%-)+*%;'>%/aF'%*='9+/.3-'>%/aF'-$.&'#+";='K.'%*'.#+-+"/)3<'%-'%;;J'

'

' &7:?4@A!GD?P16!

! 7+"/)3<' <%/a.-' <.%*-' -$.' =.<%*=' +9' -+"/)3<3' -+2%/=3' -$.' -+"/)3<'

/.3+"/#.3F' %*=' -$.' =.<%*=' 2%3' /.9;.#-.=' )*' 9.%-"/.3' +9' >%--./*3F' %#-)1)-).3F' %*='

K.$%1)+/'+9'-+"/)3-3'-$%-'2./.'=)99./.*-'%##+/=)*Q'-+'Q/+">'+9'-+"/)3-3'%3'/%#.'%*='%Q.J'

' 7+"/)3<'<%/a.-' %3' 2$+;.' +9' 7$%);%*=' #%*' K.' #;%33)9).=' )*-+' L' Q/+">3' -$.'

9+/.)Q*' -+"/)3-3' 2$+' .*-./.=' -+' -/%1.;' )*' 7$%);%*=F' %*=' 7$%)' -+"/)3-3' 2$+' -/%1.;' )*'

7$%);%*=J'

' 7$.' 9+/.)Q*' -+"/)3-3' 2./.' .3-)<%-.=' -+' $%1.' -$.' .#+-+"/)3<' %#-)1)-&' 2./.'

LF\GMFWMM' >./3+*3' +/' LTJG\' >./#.*-3' N7$.' .3-)<%-)+*' +9' -$.' 0.3.%/#$' @*3-)-"-.' +9'



D%#J'+9'Y/%=J'!-"=).3F':%$)=+;'Z*)1J'''' '' :JB=J'NB*1)/+*<.*-%;'B="#%-)+*O'4'LW'

!#).*#.'%*='7.#$*+;+Q&'+9'7$%);%*=F'9/+<'-$.'=%-%'+9'-+"/)3-')*'ITTRO'+9'-+-%;'9+/.)Q*'

-+"/)3-F' %*=' -$.' -+"/)3-3'2$+' $%=' #+*#.*-/%-.=' .#+-+"/)3<' %#-)1)-).3' 2./.' IF55MFLGL'

>./3+*3'+/'LWJ\T'>./#.*-3'+9''-+-%;'9+/.)Q*'-+"/)3-3'2$+'.*-./.=')*-+'7$%);%*=J'@-'2%3'

#;%33)9).=' %3' B"/+>.%*' -+"/)3-3' 2./.' RW5FILW' >./3+*3' NMGJM\' >./#.*-3' +9' B"/+>.%*'

-+"/)3-3O' ?3)%*' -+"/)3-3N.]#.>-.=' ?3.%*O' ' 2./.' IF\5\FRIG' >./3+*3' NMfJI\' +9' ?3)%*'

-+"/)3-3OF'%*='?"3-/%;)%*'Q/+">'fGF\\T'>./3+*3'NLfJf'+9'?"3-/%;)%*'-+"/)3-3'%*='*.%/K&'

#+"*-/&OF'%*='9/+<'?3.%*'Q/+">'LLMF\MR'>./3+*3'NIMJW\'>./#.*-3'+9'?3.%*' -+"/)3-3OJ'

7$.' %#-)1)-).3' -$%-' -+"/)3-3' >%/-)#)>%-.=' )*' 2./.' 9+/.3-' -+"/F' K)/=' 2%-#$)*QF' %*)<%;'

3..)*QF' 3*+/a.;' 3a)*' =)1)*QF' -/.aa)*QF' %*=' *%-"/.' 3-"=&F' %*=' *%-"/.' .="#%-)+*F' 2./.'

ffIFWRL' >./3+*3F' GfGFMI5' >./3+*3F' GR5FMIf' >./3+*3F' GM\FMTT' >./3+*3' %*=' MILF\5G'

/.3>.#-)1.;&J''

' 7$%)' -+"/)3-'2./.' .3-)<%-.=' -+' K.' .#+-+"/)3<' ILFIM\FGMR' >./3+*3' +/' fWJMT'

>./#.*-3' N-$.' .3-)<%-)+*' +9' -$.' 0.3.%/#$' @*3-)-"-.' +9' !#).*#.' %*=' 7.#$*+;+Q&' +9'

7$%);%*=F'9/+<'-$.'=%-%'+9'-+"/)3-')*'ITTGOJ'

' D+/'7$%)'-+"/)3-3F'-$./.'2%3'%K+"-'' ILFIM\FGMR' >./3+*3' +/' fWJMT' >./#.*-3'

2./.' .#+-+"/)3<' -+"/)3-3' N-$.' .3-)<%-)+*' +9' -$.' 0.3.%/#$' @*3-)-"-.' +9' !#).*#.' %*='

7.#$*+;+Q&'+9'7$%);%*=F'9/+<'-$.'=%-%'+9'-+"/)3-')*'ITTGO'+9'-+-%;'-+"/)3-3'2$+'-/%1.;.='

)*'7$%);%*=J'

' 7$.' #+*#.*-/%-.=' .#+-+"/)3<' -+"/)3-3' 2./.' IIFWWGFW\G' +/' fRJGI' +9' 7$%)'

-+"/)3-3J'7$.' %#-)1)-).3'2./.' >%/-)#)>%-.=' K&' -$.'7$%)' -+"/)3-3'2./.' *%-"/.' .="#%-)+*F'

K)/='2%-#$)*Q4' %*)<%;' 3..)*QF' #%1.' .]>;+/)*QF' 3*+/a.;' 3a)*'=)1)*QF' #%<>)*QF' /%9-)*QF'

-/.aa)*QF' %*=' *%-"/.' 2%;aF' 2./.' fF5fRFfIM' >./3+*3F' GFWffFWT5' >./3+*3F' LF5GRF5R\'

>./3+*3F'LFfMLFGII'>./3+*3F'LFRfIFLfR'>./3+*3F'LFGI5FTWL'>./3+*3F'LFLWfFf5\'>./3+*3F'

%*= LF\T5F5IG'>./3+*3'/.3>.#-)1.;&J'

' '

' &7:?4@A!.1?M4=1!!
' 7$.')<>+/-%*-'3./1)#.'9+/'.#+-+"/)3<'2%3'#+<>+3.='+9'3$.;-./49++='3./1)#.F'

-/%1.;)*Q4Q")=.'3./1)#.F'%*='+-$./'-+"/)3<'%#-)1)-&'3./1)#.3J'

' /O!.01K61?! @1?M4=1H' -$./.'2./.'=)99./.*-' -&>.3'+9' 3$.;-./F' %*='Q.*./%;;&F' -$.'

-+"/)3-'3$.;-./'2%3'=)1)=.=')*-+'%3'9+;;+23H'



!"#$%&%'()*&+' ' '''',)-./%-"/.'0.1).23'4'L5'

' ' NIOJ' b+-.;' %*=' K"*Q%;+2' $%=' *"<./+"3' -&>.3' K"-' -$./.' 2%3' *+'

%//%*Q.<.*-'%*='<%*%Q.<.*-'%3'%'.#+[;+=Q.'-/";&F'K"-'-$./.'2%3'+*;&'3+<.'/.3+/-'-$%-'

$%='3")-%K;.'9.%-"/.'9+/'.#+[;+=Q.'=.1.;+><.*-J'

' ' NLO' 7$.' ;+=Q.' )*' *%-)+*%;' >%/a' +9' _.>%/-<.*-' +9' D+/.3-/&' $%=' .1./&'

>%/a3'+9'I\R'>%/a3J'!+<.'>%/a'"3.='-$.'+99)#./'$+"3.3'9+/'-+"/)3-';+=Q.F'K.3)=.3'-$./.'

2%3'-.*-'%*='#%<>')*'%;;'*%-)+*%;'>%/a3J'?-'>/.3.*-'-$./.'%/.'L5'>%/a3'IfM'$+"3.3F'-+-%;'

MMf'/++<3F'%*='%;;'-$.3.'-&>.'+9'3$.;-./3'%/.'3")-%K;.'9+/'.#+-+"/)3<'3$.;-./'K"-'<+3-'

+9'-$.<';%#a'+9'>%--./*'%*='-$.'#+<>;.-.'<%*%Q.<.*-'%##+/=)*Q'-+'.#+-+"/)3<J''

' ' NMO'Y+1./*<.*-%;' 3$.;-./' 3"#$' %3' 3$.;-./' )*' -$.' =%<F'2%-./' /.3./1+)/F'

X+&' !#+"-' #%<>F' +>./%-)+*' #.*-./' )*' -$.' %/.%' +9' =)99./.*-'2+/a' "*)-F' -$./.'2%3' *+-'

%//%*Q)*Q'9+/'K"3)*.33'3./1)#.F'3+'<+3-'+9'-$.<'2./.'3-);;'%//%*Q.=')*'-$.'%--/)K"-.'+9'

.#+-+"/)3<'3$.;-./J''
' ' NGO'b+<.' 3-%&'2%3' %' >%--./*' -$%-' %)<.=' -+' ;.-' -$.' $+"3.' +2*./' $%1.'

)*#+<.'%*='.]#$%*Q.'-$.'#";-"/.3J'@-'2%3'*.2'3-&;.3'+9'3$.;-./'-$%-'2%3')*'-$.'-/).='+"-'

>./)+=' +9' 3-%a.$+;=./3' 3"#$' %3' X%*' (/%3%/-' N!">>+/-.=' K&' 7?7OF' X%*' c)/)2+*QF'

P%a+/*' !/)' 7$%<<%/%#$' (/+1)*#.F' E%+' @3;%*=F' (%*Q[PQ%' (/+1)*#.F' %*=' X%*'

!)/%/%.*QF' P%*' (/+1)*#.' N!">>+/-.=' K&' h+;"*-../' 9+/' !+#)%;' 9"*=OF' X%*' ,)*-$)*'

NP%-"/%;' 8+*3./1%-)+*' 7+"/)3<' !./1)#.' 8++>./%-)+*F' c%*#$%*%K"/)' (/+1)*#.OF' %*='

$);;'-/)K.'1);;%Q.'%##+/=)*Q'-+'-$.'-/.aa)*Q'-/%);')*'-$.'P+/-$'0.Q)+*'9+/')*3-%*#.J'7$.3.'

-&>.3'+9'3$.;-./'#+";='K.'%K;.'-+'=.1.;+>'-+'K.'.#+[;+=Q.J''

'

' <O!&?DM1K45JQ!\:421!.1?M4=1!

! 7$.'<+3-'%#-)1)-).3'2./.'3./1.='2./.' -$.' -/.aa)*Q' N+1./*)Q$-O'$%=' -$.'RTJR'

>./#.*-3'+9'3./1)#.'+9'.*-/.>/.*."/F'3"K3.`".*-;&'1);;%Q.4'#+<<"*)-&'-/%1.;)*QF'/%9-)*Q'
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%>>/+%#$'2)-$'-$.'<%)*'+KV.#-)1.3'-+'<%=.'-$.';.%/*./'-+'.]>/.33'-$.)/'#+<>/.$.*3)+*'

)*' -$.' -$)*Q' -$%-' -$.&' 2./.' ;.%/*)*Q' 3"#$' %3' =.3)Q*' -$.' `".3-)+*.=' >/.33' +/' +-$./'
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;.33J''

LJW'7+'Q)1.'-$.'9..=K%#a'/.3";-3'+/'-+'Q)1.'-$.')*9+/<%-)+*'K%#a'
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<+-)1%-)+*' 3+' -$.' =.3)Q*./' 3$+";=' %//%*Q.' -$.' a)*=' +9' 9..=K%#a' -+' #/.%-.' %*=' -+' K.'

%>>/+>/)%-.'-+'#$%/%#-./)3-)#3'%*=';.%/*)*Q'%K);)-).3'+9';.%/*./3J'

LJ5' 7+' -.3-' a*+2;.=Q.F' )-' 2%3' %*' .1%;"%-)+*' %K+"-' -$.' ;.%/*./3'

-$%-' -$.&' $%=' ;.%/*-' %##+/=)*Q' -+' -$.' 3.-' +KV.#-)1.3' +/' *+-F' %*=' $+2j' 7$.' ;.33+*'

=.3)Q*./'3$+";='"3.'<+/.'-)<.'9+/'=.3)Q*)*Q'-$.'a*+2;.=Q.'-.3-')*'+/=./'-$%-'-$.'-.3-'
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LJT' 7+' /.<.<K./' %*=' -+' "3.F' -$.' =.3)Q*./' 3$+";=' >/.3.*-' -$.'

#+*#;"3)+*' +9' )<>+/-%*-' #+*#.>-' -$%-' #+1./.=' %K+"-' -$.' ;)*a%Q.' -$.' *.2'a*+2;.=Q.'
2)-$' -$.' >/.[.])3-)*Q' a*+2;.=Q.' +9' ;.%/*./' K&' /)3)*Q' -$.' .]%<>;.' +9' 3)-"%-)+*3' -$%-'

=)99./.=' 9/+<' -$.' .]%<>;.' -$%-' 2%3' "3.=' )*' -$.' ;.33+*F' %*=' )-' 3$+";=' %//%*Q.' -$.'

3"QQ.3-)+*'%K+"-'-$.'3+"/#.'+9'a*+2;.=Q.'%==)-)+*%;;&J''

' ' '?;;'T'3-.>3'2./.'*+-'-$.'/)Q)='3-.>3'F')-'2%3'9;.])K;.')*')-3.;9'3+'
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NITT5H'LT[MTO'3-%-.='%K+"-'-+'=.3)Q*'-$.'8?@'%3'W'3-.>3'%3'9+;;+23H'
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-$%-'-$.';.%/*./'2+";='K.'%K;.'-+'"3.'-$.';.33+*'9+/'2$%-'3-+/&'%*='2$%-'9.%-"/.3'3"#$'

%3' <%)*' ;.33+*F' 3">>;.<.*-%/&' ;.33+*F' %==)-)+*%;' .]./#)3.' +/' -.3-' 9+/' )*3-%*#.F'

)*#;"=)*Q'=.9)*)*Q'-$%-'%9-./'9)*)3$';.%/*)*Q'-$.';.%/*'3$+";='K.'%K;.'-+'=+'2$%-J'X.9+/.'
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'
'
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CHAPTER III 

RESEARCH METHODOLOGY 

 

 
 The construction  of  multimedia  computer  assisted  instruction   on   

“Ecotourism”   for   youth was the experimental research  using the Pretest-Posttest 

Control Group Design. The population was the youth who were studying in the higher 

secondary level school that located in Bangkok Metropolis and had computer for 

experiment, and the students had never studied subject content about ecotourism 

before. 

 

 The sample group, the limitation of this study was about the experimental 

instrument, therefore, to select the sample group was employed the  purposive 

sampling technique. The sample groups were youth who were studying in 

Muthayomsuksa 4,5,and 6 of Dhaweewattana School, Dhaweewattana District. Each 

level composed of 2 classes that were similar in science-math program so one class 

would be control group and the another was experimental group and randomized 20 

students from each class for study. Finaly the total of 60 students were in the 

experimental group and 60 students were in the control group. The researcher had 

implemented the study according to the following step : 

 

1 Primary Information Study 

 
 1.1 To studied and reviewed the related ecotourism information from the 

textbook, journal, documents, and research works. 

 1.2 To studied and searched the information about multimedia computer  

assisted  instruction (CAI) from the textbook, journal, documents, and research works. 

(Thanomporn Laohacharussaeng, 1998:29) 
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2 Construction the Multimedia CAI  on “Ecotourism”    

  
 From the study of ecotourism content, the researcher had worked out the 

following steps of media constructions by Alessi and Tollip Concepts.  

  

 2.1 Preparation 

 
 2.1.1 Stated the General Objectives 
 
  1 To give knowledge and understanding about 

    - The meaning of ecotourism 

    - The components of ecotourism 

    - The main activities of ecotourism 

  2 To give knowledge and understanding about impact might be 

occurred from ecotourism. 

  

 2.1.2 Stated the Behavioral Objectives 

  1 The youth were able to tell the meaning of ecotourism. 

  2 The youth were able to tell the main components of ecotourism. 

  3 The  youth  were  able  to explain the main  components  of 

ecotourism in each component. 

  4 The youth were able to tell the main activities of ecotourism. 

  5 The youth were able to explain the main activities of ecotourism 

in each activity. 

  6 The youth were able to tell the impacts that might be caused  by 

ecotourism. 

  7 The youth were able to tell the guideline for the natural resources 

and environment conservation.. 

   

 2.1.3 Stated the Content 

  The scope of content about ecotourism knowledge given to the youth were 

as follows: 
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  1 The definition of ecotourism. 

  2 The main components of ecotourism 

  3 The main activities of ecotourism 

  4 The environmental impact from the ecotourism 

  

 2.2 Design the Instruction 

  1 The instruction was established as a branching program, 

according to the theory that students had freedom to choose any chapters to study first 

or later according to the interests of each youth.  The design of the content was done 

by adhering to the cognitive Domain, which states that students will learn content 

differently, depending on their own abilities and interests.  This would help stimulate 

learning in students through the Schema Theory.  In addition, according to the 

psychology of human learning, the content of learning should be easy to understand 

but also interesting, through the integrated use of picture stills, graphics, movies, 

videos, colors, fonts, formats, and the interaction with the student, all of which would 

stimulate curiosity and desire to learn. 

  2 The content compilation, script writing, and place the 

presentation form. 

  3 To search the pictures, animation, music and sound effect that can 

communicate and attract the learner attention. 

  4 To record the description 

 

 2.3 Flowchart Writing 

   The flow charts established the working processes of the multimedia 

computer assisted instruction on ecotourism in the presentation of the content and the 

media used.  The learning material consisted of 4 chapters that students can choose 

according to their interest.  Once they finished studying each chapter, there would be a 

test that appears at the end.  If they answered correctly, the youth would be able to 

continue to other chapters, however, if they answered incorrectly there should study 

the supplementary lesson for that chapters.  Afterwards there would be another test, 

different from the first one.  If the students answered it correctly, they could go other 
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lesson but if they did not, there would be a solution to the test and the program will 

return to the main menu. 

 

 2.4 Instruction Production 

 The Authorware version 4.0 was used for production, after the CAI was 

produced, then it was examined by the thesis advisory committee, experts in the aspect 

of content, and educational technology for the quality of production. It was improved 

according to their recommendation. 

 

 2.5 Evaluate and Revise 

 The evaluation of the multimedia computer assisted instruction on 

ecotourism was done by qualified experts and the youth. In finding the effectiveness 

of the learning material, comparisons were done whether the average scores of the 

post- test was significantly higher than the pre-test. 

 

3 Construction of Tools for determination of CAI Effectiveness   

 
 3.1 Evaluation Form for the multimedia CAI Quality, for the expert in the 

aspect of content, it was the opened questionnaire about the content in different 

aspects by establishing the criteria for quality evaluation as 4 levels were very good, 

good, adequate, and must be improved. To improve the quality of lesson in each item, 

the criteria were employed were good level, very good level , and more than 50 

percents was approved, if lesser than 50 percent, it must be improved and it was 

examined again by the thesis advisory committee. 

 3.2 Evaluation Form for the multimedia CAI Quality, for the expert in the 

aspect of educational technology, it was the opened questionnaire about the content in 

different aspects by establishing the criteria for quality evaluation as 4 levels were 

very good, good, adequate, and must be improved. To improve the quality of the 

lesson in each item, the criteria were employed were good level, very good level , and 

more than 50 percents was approved, if lesser than 50 percent, it must be improved 

and it was examined again by the thesis advisory committee. 
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 3.3 Evaluation Form for multimedia CAI satisfaction of the youth by asking 

about the youth satisfaction by establishing the criteria for satisfaction evaluation as 5 

levels were the most, more, adequate, less and the least. To improve the quality of 

lesson was employed mode as criteria, therefore if any item was in the level of less 

and least, it must be approved, subsequently, it was examined again by the thesis 

advisory committee. 

 3.4 Test for learning achievement evaluation of pretest and posttest, it was 

multiple choices with 4 choices and it composed of 24 items. If the youth gave the 

right answer he would received 1 score, and if he gave the wrong answer or did not 

gave any answer he would get no score for that item. The test was examined and 

improved by the thesis advisory committee, then it was improved according to their 

recommendations. 

 

4 Development of Multimedia CAI   

 
 The multimedia CAI was tried out by the youth of  Bangmodwittaya School 

who were not the sample group for three times of primary trial, There were the steps 

as follows:  

 4.1 The first trial, it was single trial by using one youth who had the study 

result at moderate level to test by studying the constructed multimedia CAI, then let 

him to evaluate the satisfaction, and having the conversation about the multimedia 

CAI effectiveness. The improvement was done according to the data of evaluation. 

 4.2 The second trial, it was the group test by using 9 youth who were studying 

in Muthayomsuksa 4, 5, and 6 level, and 3 youth from each level that composed of 

one good grade student, one was moderate grade student, and one was poor grade 

student, and not included the youth in the first trial. The improvement was done 

according to the data of evaluation. 

 4.3 The third trial, it was field test or big group test by using 30 youth who 

were studying in Muthayomsuksa 4, 5, and 6 level, and 10 youth from each level that 

composed of combination of good grade student, moderate grade student, and poor 

grade student, and not included the youth in the first and second trial. In this trial let 
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them do the test in order to determine the effectiveness of the test and evaluated the 

satisfaction as well. The improvement was done according to the data of evaluation. 

 The results of three trials were analyzed for the level of difficult/ease value, 

discriminant value for selecting the qualified items for the experiment, including the 

reliability of the test was determined as follows: 

1) Difficulty Power 

The test was determined the level of difficulty and ease value by 

dividing the score into two groups as high score group and low score group, the 27% 

technique was used, the formula being  as follows:                                                                                   

Difficulty level (P)  = 
n

PP LH

2
+  

 

Where   P = Difficulty level 

  PH = Number of respondents in the 25% high group 

  PL = Number of respondents in the low group 

  n = Total number of respondents in both groups 

 
              

For the criteria in choosing questions, the researcher chose questions with a 

difficulty level between 0.2 – 0.8 and a discrimination power value of at least 0.2 for 

the real test. 

 

2) Discrimination Power 

After to determine the difficult/ease value, then the discriminant power  

was determined by the following formula.  

      Discrimination power (r)  = 
n

PP LH −  

 
Where  r = Discrimination power 

  PH = Number of respondents in the 25% high group 

  PL = Number of respondents in the low group 

  n = Total number of respondents in both groups 

 



Fac. of Grad. Studies, Mahidol Univ.      M.Ed. (Environmental Education) / 75  

 

For the criteria in choosing questions, the researcher chose questions with a 

discriminant power value of at least 0.2 for the real test. 

  
  3) To determine the reliability by the Kuder-Richardson 20 (KR-20), 

with the formula as follows (Boontam Kijpreedeeborisut, 1994:172): 

 

  
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡ −

−
= ∑

x

x

tt s
pqs

k
kr 2

2

1
  

Where   rtt = Reliability value 

   n = Number of questions 

   s2
x = Deviation of the total score 

   p = Proportion of respondents who answered the question 

                                                correctly 

q = Proportion of respondents who answered the question  

            incorrectly (1-p) 

   

 The formula for variance was as follows:  

 

  S2 = 
)1n(n

)X(Xn 22

−

−∑ ∑  

Where   S2 = Variance of total scores  

  n = Number of sample 

   = Sum of test scores ∑X

   = Sum of tests score square ∑ 2X
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5 Trial of the Experimental Group 

  
       Method of Experimental Implementation 

 This research was an experimental research by using the Pretest-

Posttest Control Group Design, and the form was as follows: 

 

O1 X O2 Experimental Group R O3 ( X ) O4 Control Group 
 
 Where    R          =    Random Sampling 

                X          =    The experiment was done by studying the CAI 

               (X)         =   There was no experiment was done by studying the CAI 

  O1 , O3  =   Result measured before experiment  (Pretest) 

  O2 , O4  =  Result measured before experiment (Posttest) 

 

 The Experimental implementation were as follows: 

 1) The sample group was tested for 30 minutes by the two groups of 

experimental group and control group (Pre-test) in order to measure their knowledge 

in the content before studying the multimedia CAI.     

 2) One week after the pretest was done, the experimental group studied the 

multimedia CAI on “Ecotourism” about 45 minutes and they examined posttest about 

30 minutes and the control group who didn’t study the multimedia CAI examined 

posttest about 30 minutes.   

 

6 Data Analysis  

 

 6.1  To compare the mean scores ( X ) of pretest between the experimental 

group and control group by using t-test, it was done in order to study the prior 

knowledge before studying of both groups whether they were different or not. 

 6.2 To compare the mean scores ( X ) of pretest and posttest of experimental 

group by using t-test, it was done in order to study the difference of mean scores 

before studying and after studying of experimental group. 
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 6.3 To compare the mean scores ( X ) of pretest and posttest of experimental 

group by using t-test, it was done in order to study the chance of mean scores of the 

control group. 

 6.4 To compare the mean scores ( X ) of posttest (After studying with the 

multimedia CAI) between the experimental group and control group by using t-test. 

 6.5 The evaluation of the multimedia CAI effectiveness by experts were 

calculate in term of percentage. 

 6.6 The evaluation for the multimedia CAI satisfaction by students were 

determined the mode. 

  

 The formula for statistics analysis were as follows : (Puangrat Thaweerat, 

1997:162) 

 1) To compare the mean scores of pretest and posttest between experimental 

group and control group were determined by t-test as the following formula (cited in 

Puangrat Thaweerat, 1997: 162) 

 

  
)

n
1

n
1(

2nn
S)1n(S)1n(

XXt

2121

2
22

2
11

21

+
−+
−+−

−
=  

                                   
       
Where   1X        =   Mean scores of Experimental group 

   2X       =   Mean scores of Control group  

   S1
2       =   Variance of scores of Experimental group 

   S2
2       =   Variance of scores of Control group   

        n1           =   Number of student in the Experimental group 

        n2         =   Number of student in the Control group 

        df         =   n1+ n2 – 2 , it was red from the table 

 

 2) To compare the mean scores of pretest and posttest of the same group of 

both experimental group and control group were determined by t-test as the following 

formula (cited in Puangrat Thaweerat, 1997: 165). 
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( )
1n − 

DDn

D
t

22 −
=

∑ ∑
∑  

      

           =  Total sum of the difference between average scores of  ∑D

                                         pre-test and posttest 

          =  Total sum of the difference between average scores of  ∑ 2D

      pretest and posttest, squared 

                    =  The difference between scores of pretest and posttest of  D

                                         each sample 

             n =  Total number of students  
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CHAPTER IV 

RESULTS 

 

 
 To research on the construction of multimedia computer assisted instructions 

on “Ecotourism” for youth, the researcher had constructed and developed the CAI and 

it was tried out with the sample group, and the data were analyzed and it could be 

concluded the resulted as follows: 

 

1 Quality Evaluation of Multimedia CAI by Content Experts 

 
 After the researcher had studied the content on ecotourism then the scope of 

instruction content, concept, behavioral objectives were defined under the 

endorsement of the thesis advisory committee. The subsequent step was constructed, 

then the three content experts would evaluate the quality of CAI, and the results were 

as follows: 

 
Table 2 Quality Evaluation of Multimedia CAI  by Content Experts 
 
                Evaluated Items              Very Good          Good          Moderate     Should improve 

                                                                           Number (%)   Number (%)  Number (%)    Number (%)        
 
Content Evaluation 

1.Content was relevant to the Objectives                3 (100) 

2.The appropriateness of the introduction               1 (33.33)      2 (66.67) 
     to content   

3.The appropriateness of content sequences               1 (33.33)      2 (66.67) 

4.The clearness of content explanation                   2 (66.67)      1 (33.33) 

5.The congruence of content in each step             3 (100) 

6.The exercise was relevant to content         2 (66.67)      1 (33.33) 

7.The appropriateness of content to learner level      3 (100) 
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Table 2 The Quality Evaluation of Mutimedia CAI by Content Experts 
              (Continued) 
          

             Evaluated Items         Very Good           Good           Moderate       Should improve 

                                                                     Number (%)    Number (%)    Number (%)        Number (%)        

 

  The characteristics of Pictures 

   1. The ability to interpretation                                         3 (100) 

   2. The continuity of pictures                                               2 (66.67)       1(33.33) 

   3. The pictures related to content                                      2 (66.67)       1(33.33)         

   4. The appropriateness to learner level      1(33.33)        2 (66.67) 

  Language use  

   1. Correctness                                        1(33.33)         2 (66.67) 

   2. Good interpretation, clearness              1(33.33)         2 (66.6) 

   3. To be appropriate to age and class level                             3 (100) 

 
 
 From Table 2, it was obviously seen, the result of the quality evaluation of 

the multimedia CAI on “Ecotourism” in the content aspects by the three experts, it 

was found that the CAI quality was in the good level, and the experts required for 

added supplementary pictures in order to be more appropriate to content  therefore the 

researcher improved according to their recommendations. 

 

 
2 Quality Evaluation of Multimedia CAI by Educational Technology  

Experts 

 
 They were 5 educational technology experts, and the results of the evaluation of 

 multimedia CAI quality were as follows: 
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Table 3 Quality Evaluation of Multimedia CAI by the Educational Technology    

           Experts 

 

              Evaluated Items          Very Good           Good          Moderate      Should improve 

                                                                Number (%)    Number (%)  Number (%)      Number (%)        

      

Content 

1. The appropriateness of introduction          1 (20.00)       4 (80.00) 
to content   

2. The continuity of story flow                     1 (20.00)       4 (80.00) 

3. The appropriateness of form and              2 (40.00)       3 (60.00) 
presentation 

The characteristics of Pictures   

1. Picture size                                     2 (40.00)       2 (40.00)    1(20.00) 

2. Beautiful color                                        5 (100.00)           

3. The sharpness of picture                          4 (80.00)       1 (20.00) 

4. The continuity of pictures              3 (60.00)       2 (40.00) 

5. The pictures related to content                  3 (60.00)      2 (40.00) 

6. The ability to interpretation                      2 (40.00)      3 (60.00) 

7. Picture arrangement                                1 (20.00)       4 (80.00) 

8. The presentation styles                            1 (20.00)       4 (80.00) 

Letter complementary  

1. The appropriate size                                3 (60.00)       2 (40.00) 

2.  The Beauty                                            2 (40.00)       2 (40.00)    1(20.00) 

3. Clearness, easier to read                                                4 (80.00)      1(20.00) 

4. Position arrangement                                                    4 (80.00)      1(20.00) 

5. The presentation styles                            2 (40.00)       2 (40.00)      1(20.00) 

Language use for Explanation  

1. Correctness                                             2 (40.00)       3 (60.00) 

2. Good interpretation, comprehension         3 (60.00)       1 (20.00)      1(20.00) 

3. To be appropriate to age and class level    2 (40.00)       3 (60.00) 

Sound use 

1.  The clearness and appropriateness           3 (60.00)       2 (40.00) 
of supplementary sound        

2. The correctness and clearness                  3 (60.00)       2 (40.00) 
of explained sound 
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 From Table 3, it was obviously seen, the result of the quality evaluation of  

multimedia CAI on “Ecotourism” in the educational technology aspects by the five 

experts, it was found that CAI quality was in the good level, and the experts required 

for increased of size of letter in order to be more appropriate therefore the researcher 

improved according to their recommendations. 

 

3 Trial for Multimedia CAI Development 

 
 3.1 The first trial,  

The first trial, it was single trial by using one youth of Bangmodwittaya 

School, and had the studying result at moderate level to test by studying the 

constructed multimedia CAI, then let him to evaluate the satisfaction, and discussion 

about the multimedia CAI effectiveness. Youth had the satisfaction in the moderate 

level to highest level. It was found that he wanted to add more animation and 

supplementary sound. The improvement was done according to the data of evaluation, 

and it was implemented further in the second step. 

 3.2 The second trial, it was the group test 

After the multimedia CAI was improved after the first trial had done. The 

second trial was implemented by using 9 youth of Bangmodwittaya School, who were 

studying in Muthayomsuksa 4, 5, and 6 level, and 3 youth from each level that 

composed of one was good grade student, one was moderate grade student, and one 

was poor grade student, and not included youth in the first trial. After they had 

studied, they evaluated the satisfaction of the instruction. The results were as follows:  

 
Table 4 Satisfaction Evaluation of Multimedia CAI on “Ecotourism” by youth 
 
     Evaluated Items                      Most    More   Moderate   Less   Least   Mode
  
1.Students like to study multimedia CAI         2             6                1                -            -        More                
2.Students gain more knowledge                    2             5                2                -            -        More 
on ecotourism     
3.This lesson help the students                  2             5                2                -            -        More       
to have  more content comprehension   
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Table 4 Satisfaction Evaluation of Multimedia CAI on “Ecotourism” by youth 
              (Continued) 
      
Evaluated Items                 Most     More   Moderate    Less     Least   Mode  

                                                             
4.This lesson help the student      -              6                3                  -             -            More           

to realize about the importance of ecotourism 

5.Students wanted to learn          4              3                1                  1             -            Most   

with multimedia CAI in other subjects 

6.The students’ opinion about the appropriateness of the following issues were in which levels  

    - Content arrangement to         1              5               3                  -              -            More 

       give knowledge                

    -The interpretation of picture   4              5               -                  -              -            More 

      use, sharpness, and picture position arrangement  

    - The continuity of picture       1              5               3                 -               -            More 

      sequence 

    - The beauty, sharpness,   -              2               5                2               -      Moderate 

      and the letter position arrange 

- The musical sound                 1               5               3                -               -             More 

   harmonized to pictures, and sound presentation 

- The clearness of explanation  1              6               2                -               -             More 

  
  
 From Table 4, the result of the satisfaction evaluation of the multimedia CAI  

 on “Ecotourism”, most of them were in the mode of more levels. After the researcher 

had conversion with the students then the researcher adjusted the form, size, color of 

letter, and time of picture sequence to be faster according to their recommendations. It 

was implemented further in the third trial further. 

 3.3 The third trial, it was field test or big group test. 

      The multimedia CAI was improved after the second trial had done. The 

researcher brought multimedia CAI tried out by the 30 youth of Bangmodwittaya 

School, who were studying in Muthayomsuksa 4, 5, and 6 level, and 10 youth from 

each level. After they had learnt, they evaluated the satisfaction of learning. The 

results were as follows:  
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Table 5 Satisfaction Evaluation of multimedia CAI on “Ecotourism” by youth  
 
Evaluated Items                   Most   More   Moderate    Less Least     Mode  

                                                               
1.Students like to learn the              1          16              11               11           -             More 

multimedia CAI                

2.Students gain more knowledge    5          14               9                 2            -              More 

on ecotourism     

3.This Instruction help the students     4          15              10                1            -              More       

to have  more content comprehension   

4.This lesson help the student         8          12              10                -            -              More          

to realize about the importance of ecotourism 

5.Students wanted to learn              4          15               9                 2            -              More   

with the multimedia CAI in other subjects 

6.The students’ opinion about the appropriateness of the following issues were in which levels  

     - Content arrangement to            -          17              12                1            -              More 

        give knowledge                

    - The interpretation of picture     9          15               5                 1            -              More 

       use, sharpness, and picture position arrangement  

    - The continuity of picture          4          16               8                 2             -             More 

       sequence  

    - The beauty, sharpness,     -           18              10                2             -      More 

      and the letter position arrangement 

- The music and sound effect      10         14               5                 1             -            More 

   harmonized to pictures, and sound presentation 

- The clearness of explanation      1           6               2                  -             -            More 

   
  
  
 From Table 5, the result of the satisfaction evaluation of the multimedia CAI 

on “Ecotourism”, most of them were in the mode of more levels in the third trial. 

After the researcher adjusted the sound of description in some parts that was not clear 

to be clearer then the music and sound effect were decreased during having the 

description. 
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4 The Effectiveness of Achievement Test  

 
 The researcher brought the learning achievement test composed of 24 items 

were tried out by youth of Bangmodwittaya School who were studying in 

Muthayomsuksa 4, 5, and 6 level, and 10 youth from each level, and then checking the 

scores and analysis for the level of difficulty and ease value, and discriminant value by 

considering with the following criteria with a difficulty level between 0.2 – 0.8 and a 

discrimination power value of at least 0.2 (Boontam Kijpreedeeborisut, 1988:141). 

       
   From analysis of 24 items of test, it were in the criteria established, 

subsequently the test was determined for the reliability by the Kuder-Richardson 20 

(KR-20). It equaled to 0.62 so the test had the moderate reliability according to Chusri 

Wongwatana (1982, 229) recommendation that the test with high reliability would be 

in the range of 0.70-1.00, and test with moderate reliability would be in the range of    

( The detail presented in table 11-13 in the Appendix).  
 

5 Experiment of The Sample Group with Multimedia CAI on 

   “Ecotourism”  
 

 After the quality of the multimedia CAI had been improved, and test form of  

learning achievement were quailed that it was effective, subsequently, it was 

experimented by the sample group were youth at levels of Muthayomsuksa 4,5,and 6 

of Thaweewatana, Thaweewatana District by using the Pretest-Posttest Control Group 

Design, and the experimental results were as follows: 
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Table 6 The Achievement Scores of Pretest and Posttest of Experiment and 

              Control Group   

     Sample Group             Experimental  Group                                   Control  Group 
                                   Pre-test ( X )    Post-test ( X )             Pre-test ( X )   Post-test ( X ) 
                                                             
            M.4                     14.45               19.85                          14.30               14.20 

            M.5                     14.45               19.75                          14.35               14.30 

            M.6                     14.75               20.05                          14.60               14.35 

          Youth                    14.55               19.88                          14.42               14.28 

    

 The results of experimental data were compared the difference of mean  
scores between experimental group and control group by following the step illustrated, 
and the resulted presented as follows: (The detail were illustrated in table 14-29 in the 
Appendix)    
 
 5.1 Analysis of learning achievement before studying with the multimedia CAI 
between experimental group and control group were done. 

 
Table 7 Comparison of Mean Scores before studied the multimedia with CAI 

              between  Experimental Group and Control Group   

 

      Sample Group               N                               X                              SD                   t 

                                             Exp.        Con.            Exp.        Con.            Exp.        Con.             
              
            M.4              20            20             14.45       14.30         6.58         6.64        0.18 

            M.5              20            20             14.45       14.35         2.47         6.45        0.15 

            M.6              20            20             14.75       14.60         3.04         3.09        0.27 

     Total Youth        60            60             14.55       14.42         3.91         5.25        0.33 

 
 
t = ( df = 118, 0.05 ) = 1.980  
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 From table 7, it was obviously seen that the mean scores of the study  

achievement of experimental group and control group were close each other before the 

experiment, when it was analyzed the difference of mean scores of two groups  by     

t-test, it was found that there was no difference statistically significant at level of 0.05. 

It showed that the experimental group and control group had knowledge on 

ecotourism equally. 

  

 5.2 Analysis of learning achievement before and after studying with CAI of 

experimental group was done. 

 

Table 8 The Comparison of Mean Scores before and after studying with 

multimedia CAI  of  Experimental  Group  

 

       Experimental                 N                             X                              SD                   t 

            Group                 Before    After      Before       After             Before      After             
              
            M.4                20         20          14.45        19.85           6.58         1.92       9.57 

            M.5                20         20          14.45        19.75           2.47         0.83       14.58 

            M.6                20         20          14.75        20.05           3.04         1.31       17.67 

     Total Youth          60         60          14.55        19.88           3.91         1.33       22.14 

 
 
t = ( df = 59, 0.05 ) = 2.001  

 
 From the table 8, it was obviously seen that the mean scores of learning 

achievement of before (pretest) and after studying (posttest) of experimental group 

were difference by the posttest mean scores were higher than pretest mean scores 

when testing with t-test, it was found that the t value from the calculation were higher 

than t-value from table. Therefore mean scores were the means scores of pretest and 

posttest were statistically significant at level of 0.05. It meant that to study with the 

multimedia CAI of youth was able to increase the knowledge about ecotourism. 
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 5.3 Analysis of achievement before and after studied with multimedia CAI of 

the control group was done. 

 

Table 9 Comparison of Mean Scores before and after studied with multimedia CAI 

              of Control Group  

 

    Control  Group                 N                             X                              SD                    t 

                                            Before    After        Before       After          Before      After             
              
            M.4               20         20           14.30         14.20           6.64        5.33       -0.56 

            M.5               20         20           14.35         14.30           6.45        6.54       -0.18 

            M.6               20         20           14.60         14.35           3.09        4.34       -0.87 

     Total Youth         60         60           14.42         14.28           5.52        5.37       -0.93 

 
 
t = ( df = 59, 0.05 ) = 2.001  

 

 From the table 9, it was obviously seen that the mean scores of learning 

achievement of before (pretest) and after studying (posttest) of control group were 

close each other, when it was analyzed the difference of mean scores of both values by 

t-test, it was found that the t-value from calculation was lesser that the t-value from 

table, therefore the mean scores of pretest and posttest of control group had no 

difference statistically significant at level of 0.05. It showed that the pretest mean 

scores and posttest mean scores control group had knowledge on ecotourism equally. 

  

 5.4 Analysis of learning achievement after studied with multimedia CAI 

between experimental group and control group were done. 
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  Table 10 The Comparison between the Mean Scores after studying with the 

                    multimedia CAI between the Experimental Group and  

                    the Control Group  

 

      Sample Group               N                               X                              SD                   t 

                                             Exp.        Con.            Exp.        Con.            Exp.        Con.             
              
            M.4              20            20             19.85       14.20         1.92         5.33        9.24 

            M.5              20            20             19.75       14.30         0.83         6.54        8.93 

            M.6              20            20             20.05       14.35         1.31         4.43       10.75 

    Total Youth         60            60             19.88       14.28         1.33         5.37       16.97 

 
 
t = ( df = 118, 0.05 ) = 1.980  

 

 From table 10, it was obviously seen that the mean scores of learning 

achievement of experimental group and control group were different after studying, 

when it was analyzed the difference of mean scores of two groups by t-test, it was 

found that the t-value from the calculation were higher than t-value from table. 

Therefore mean scores of posttest of experimental group and control group were 

statistically significant at level of 0.05. It meant that youth who study with multimedia 

CAI on “Ecotourism” had knowledge increasingly. 
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CHAPTER V 

DISCUSSIONS 

 

 
 During the passed period, the tourism of Thailand has extremely expanded that 

affected directly to the whole national economy, but the growth of tourism industry 

caused the environmental degradation as well. Therefore the concept of ecotourism 

was introduced because it was an alternative mean to tourism form that aimed to 

maintain the natural resources and environment of tourism sites. Hence, to give 

knowledge about ecotourism to youth with the aims to make the youth to have 

knowledge, understanding, and consciousness and responsibility creating for the 

conservation of natural resources and environment of tourism sites to be sustainable 

use by maintaining the state of tourism. The knowledge and understanding given can 

be done in different manners, so this research had selected to give knowledge and 

understanding by constructing the multimedia CAI as a medium to give knowledge 

because it was accounted as a kind of media that can stimulate the youth to gain 

knowledge effectively. The construction of multimedia  computer assisted  instruction   

on  “Ecotourism ”   for   youth  had the objectives to construct and try out the 

multimedia CAI on “Ecotourism” for youth, and to study the learning achievement of 

the youth after studying with multimedia CAI. The results were discussed as follows: 

 

1 Experiment of Sample Group with The Multimedia CAI on 

“Ecotourism” 

 
 1.1 The multimedia CAI on “Ecotourism” was evaluated by the experts in the 

aspects of content and educational technology.  

         The evaluation of the multimedia CAI on “Ecotourism”, was found that it was 

relevant to criteria of media evaluation of Kidanan Malithong. (1988) by having the 

content was congruent to behavioral objectives, and The appropriateness of 
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introduction to content, correctness of content, appropriateness of story sequences, and 

the clearness of content explanation, and for the evaluation of technical quality of 

media was pertinent to the principle of evaluation of media of Siripong Payomyaem. 

(1990) that the constructed media should be clear and corrective, be able to 

communicate, and to be appropriate to age and class level.                            

 
 1.2 The Experiment for development of multimedia CAI quality on 

“Ecotourism” was done   

 The evaluation of youth satisfaction toward the multimedia CAI in first trial 

and second trial were at mode of more level. Moreover there were asking about 

content comprehension and attraction of the multimedia CAI , and it was found that 

they would like to have more animation, and more complementary musical sound so it 

was improved on pattern, size, letter color and added more attractive complementary 

musical sound for fun, and proper to age of learner  according to their 

recommendation. Hence the third trial, it was found that most of youth were satisfied 

the lesson. 

 Therefore, it can be said that the constructed the multimedia CAI had good 

quality and it can be used for teaching-learning process because it was systemically 

developed by following  pattern and step according to the standard criteria, 

consequently, it was qualified by the experts of both content aspect and educational 

technological aspect and it was supplemented with three trials with youth and it had 

improved by diminishing all defects according to their recommendations in order to 

obtain the most appropriate lesson for experimenting with youth. 

  
2 Experiment of Multimedia CAI on “Ecotourism” 
 

 The two group design was employed for research implementation was  

known as “The  Pre – test  and  Post – test  Control  Group  Design”. The results of  

measurement of learning achievement by comparing between mean scores of  

experimental group and control group with t-test value. It demonstrated that the means 

scores of both group before studying (pretest) were not different that meant both 

groups had equal scores, and after studying (posttest) they were different statistically 
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significant at level of 0.05 by the experimental group had mean scores higher than 

control group that showed that the experimental group gain more knowledge from 

studying with the multimedia CAI on “Ecotourism”. 

  

 Therefore, It can be summarized from the research results that it followed the 

set hypothesis that the experimental group who studied the multimedia CAI on the 

“Ecotourism” would have mean scores higher than before studying, and higher than 

mean scores of control group after experimenting at statistically significant at 0.05 

level. It was congruent to the studies of Saipin Noppaket (1995: 73), Jiraporn 

Sriamonruttanakul (1997: 81), Sichol Kuanmetta (2000: 71), Nongnuch 

Khumnungdhum.(2001), and Natchaya Yimwilai (2001: 93) who had researched on 

the achievement by using CAI and had revealed that the mean scores of learner after 

studying were higher than before studying with statistically significant at level of 0.05. 

 
 From trior discussion can say that the multimedia CAI on “Ecotourism” had 

good quality and appropriateness to introduce to use for teaching-learning, because it 

was created systematically through a plan that was improved from suggestions made 

by the thesis committee and from evaluations made by qualified experts regarding 

content and learning technology. The multimedia CAI was developed through 

repeated testing (3 times) with youth and through the sample group youth in order to 

find whether the learning achievement of the multimedia computer assisted instruction 

on “Ecotourism” actually increased.  

  
  
 



Fac. of Grad. Studies, Mahidol Univ.    M.Ed. (Environmental Education) / 93

CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS

This research was the experimental research had the objectives to construct

and  try out the multimedia CAI on “Ecotourism” for Youth, and to study the

achievement of the youth after studied with multimedia CAI. Research Hypothesis

were the experimental youth group who had studied the multimedia CAI on

“Ecotourism” had the mean scores higher than the means scores of control group, and

the experimental group had mean score of posttest after studied with multimedia CAI

on “Ecotourism” higher than mean scores of pretest statistically significant at level of

0.05.

The constructed multimedia CAI had the step of construction was to study the

essential primary data such as content related to ecotourism, program assisted for CAI

construction, academics documents and related researches, designed instruction and

flowchart, and constructed CAI following from flowchart. The constructed lesson was

developed the quality by the examining of thesis advisory committee, and experts of

content and educational technology and the instruction was tried out by the youth were

not the sample group 3 times with the one youth, 9 youth, and 30 youth respectively.

They were youth of Bangmodwittaya (Sisukwadjuan-Uppartum),  Bangkok

Metropolis.

The experiment was done with the sample group that was sampling by the

purposive sampling technique. The sample groups were youth at levels of

Muthayomsuksa 4,5,and 6 of Dhaweewattana School, Dhaweewattana District. Each

level composed of 2 classes that were similar in science-math program so one class

would be control group and the another was experimental group and randomized 20

persons from each class for study. The research design used the Pretest  and  Posttest

Control  Group  Design and compare the learning achievement of mean scores ( X ) of

before and after studying with multimedia CAI by using t-test.
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Analysis of results of construction and tried out by using of multimedia

computer  assisted  instruction   on   “Ecotourism”. It can be concluded as follows:

1 Research Conclusions

1.1 The construction of the Multimedia CAI on  “Ecotourism”. for youth.

The program was created to give knowledge regarding ecotourism for youth

in the form of tutorial instructions through multimedia computer by creating the

learning material through the use of Authorware.  The creation process was done in a

step-by-step fashion, through studying the necessary preliminary information such as

the learning content itself and the creation methods in order to prepare, design

instructions, create flow charts, produce instruction, and evaluate and revise the

process through the suggestions of the thesis committee and through evaluations of the

learning material’s effectiveness.

 The quality evaluation of multimedia CAI by experts of content, it was

found that multimedia CAI had quality in level of good mostly, and for the experts of

educational technology, it was found that the quality of lesson was in the good level as

well such as the characteristics of pictures, content, language used for description, and

presentation feature. Before the experiment would be done, it was tried out with the

youth who were not sample group three times. The results of experiment and

recommendations were as follows:

1) The multimedia CAI was tried out first time with one on one testing with

one youth, and second trial  was small group  testing with 9 youth, and the third trial

was field testing with 30 youth in order to observe the reaction of learner with

constructed multimedia CAI. It was found that youth were good interested in the

instruction.

2) The satisfaction evaluation form of youth towards the multimedia CAI , it

was found that most of youth had satisfaction in the more level in both content and

other characteristics of instruction.
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Therefore the constructed the multimedia CAI had quality because it was

evaluated by the experts and was tried out to determine the defects.

1.2 The youth’s learning achievement after they studied the multimedia CAI

on  “Ecotourism”  with the sample group.

   The evaluated multimedia CAI was used with two sample groups were the

experimental group with 60 youth of Muthayomsuksa 4, 5, and 6 level of

Thaweewatana School, by dividing into Muthayomsuksa 4, 20 students,

Muthayomsuksa 5, 20 students , and Muthayomsuksa 6, 20 student and control group

were 60 youth and was divided into 20 students for each level as well. Tests were held

by letting the experimental and controlled groups try the learning achievement tests

before letting them use the program.  It was found that the average score of the

experimental group equaled 14.55 and the average score of the controlled group

equaled 14.42, which was not statistically different.  These were the scores of the pre-

test, which meant that the experimental and controlled groups had similar knowledge

regarding ecotourism.  After 1 week, the created multimedia computer assisted

instruction on ecotourism was given to the experimental group.  Tests were given to

both groups.  It was found that the experimental group had a post-test score of 19.88,

which was higher than their pre-test score in a statistically significant way.  The

controlled group scored an average of 14.28 for the post-test, which did not differ in

any statistically significant way from their pre-test score.

The experimental results followed with the set hypothesis that the

experimental group who had studied multimedia CAI on “Ecotourism” had the mean

scores higher than the means scores of control group, and the experimental group had

mean score of posttest after studied with multimedia CAI on “Ecotourism” higher than

mean scores of pretest statistically significant at level of 0.05.
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2 Research Recommendations

This research was to construct the multimedia CAI on  “Ecotourism” for

Youth, the researcher had the recommendation were as follows:

2.1 To construct multimedia CAI, it should use the computer with high

capacity because to construct media must be kept pictures and sounds in order to use

for lesson construction so it required high RAM capacity because if the CP could not

support there was problem of slow working and to object when it was run or used.

2.2 It should be organized the data and store the multimedia CAI

systemically in order to prevent data loss.

2.3 To construct of multimedia CAI, it should study different  package

programs that existed in order to understand the good point and limitation of each

program in order to be able to use for lesson construct properly.

2.4. It should examine the readiness of computer of the experimental Place

such as checking the sound system, color of pictures appearance is strange from the

usual or not. The features of picture appearance is slower than usual or not in order to

adjust before use.

2.5 To use the supplementary pictures for lesson construction, it should use

the pictures that have rather high pixels. This is to prevent fragment, unbeautiful, and

unclear picture.

3 Recommendation for Further Research

In order to be useful and guideline for research on multimedia CAI on the

other topics further, the researcher would like to suggest as follows:

3.1 It should research about studying with multimedia CAI for other topics in

order to develop teaching-learning process to be more efficiency and to be a perfect

multimedia such as increase video directory, animation, sound, and method of

interactions by using more techniques or equipments for instance.
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3.2 It should research about the development of multimedia CAI on

“Ecotourism” for other group of people in order to promote the learning according to

age and ability level.

3.3 It should research about the development of multimedia CAI on

“Ecotourism” by adding the other related contents.

3.4  It should research about the development of multimedia CAI by making

the data base through the internet network system.



Suchaya Pinyo  Bibliography / 98 

 

     
BIBLIOGRAPHY 

 
 
การทองเที่ยวแหงประเทศไทย.(2540).   โครงการอบรมผูนาํเยาวชนเพื่อการอนุรักษพิทักษทองเที่ยว         

ไทย  คร้ังที่ 7. กรุงเทพมหานคร : เพิ่มทรัพย  การพิมพ. 
                .(2540).สรุปนโยบายการทองเที่ยวเชิงนิเวศ.   กรุงเทพมหานคร   : กองวางแผนโครงการ

ทองเที่ยว. 
                .(2541).การอนุรักษทรัพยากรชายฝงทะเลหัวหิน .  จุลสารการทองเที่ยวฉบับปที่   17      

เลมที่  14.  
                .(2541). โครงการอบรมผูนําเยาวชนเพื่อการอนุรักษทองเที่ยวไทย คร้ังที่ 8.  กองทองเที่ยว

เยาวชน.   
                .(2542). รายงานขั้นสุดทาย        การดําเนินการเพื่อกําหนดนโยบายการทองเที่ยวเชิงนิเวศ

.กรุงเทพมหานคร : สถาบันวิจัยวิทยาศาสตรและเทคโนโลยีแหงประเทศไทย. 
                .(2542). เอกสารประกอบการสัมมนา  ทิศทางทองเที่ยวเยาวชน. กองทองเที่ยวเยาวชน. 
กิดานันท  มลิทอง.(2531).เทคโนโลยีการศึกษารวมสมัย.กรุงเทพมหานคร    :   โรงพิมพจุฬาลงกรณ

มหาวิทยาลัย. 
ขวัญชัย  รัตนมณี .(2539). โปรแกรมคอมพิวเตอรชวยสอนเร่ืองภาวะไขมันในเลือดสูง และ         

การรักษา. วิทยานิพนธป ริญญาวิทยาศาสตรมหาบัณฑิต  ,     สาขาเภสัชศาสตร        
บัณฑิตวิทยาลัย  มหาวิทยาลัยมหิดล. 

จิราภรณ  ศรีอมรรัตนกุล.(2540).การสรางบทเรียนคอมพิวเตอรชวยสอนในวิชาการพยาบาลอนามัย
อนามัยชุมชนเร่ืองหลักการระบาดวิทยาและการเฝาระวัง สําหรับนักศึกษาพยาบาลศาสตร
ชั้นปที่ 2  วิทยาลัยบรมราชชนนี  กรุงเทพ.   วิทยานิพนธปริญญาวิทยาศาสตรมหาบัณฑิต 
(สาธารณสุขศาสตร),  สาขาวิชาเอกพยาบาลสาธารณสุข    บัณฑิตวิทยาลัย   มหาวิทยาลัย
มหิดล.  

ฉลอง  นุยฉิม.(2542).การพัฒนาคูมือสื่อความหมายธรรมชาติและประวัติศาสตร    เพื่อการทองเที่ยว
เชิงนิเวศในอุทยานแหงชาติภูหินรองกลา.    วิทยานิพนธปริญญาศึกษาศาสตรมหาบัณฑิต
สาขาสิ่งแวดลอมศึกษา  มหาวิทยาลัยมหิดล. 

ชูศรี  วงศวัฒนะ(2530).เทคนิคการใชสถิติเพื่อการวิจัย.  กรุงเทพฯ   :     มหาวิทยาลัยศรีนครินวิโรฒ
ประสานมิตร. 



Fac. of Grad. Studies, Mahidol Univ.      M.Ed. (Environmental Education) / 99 

ไชยยศ  เรืองสุวรรณ.(2533).เทคโนโลยีการศึกษา. กรุงเทพฯ : โอเดียนสโตร. 
ณัฐชยา  ยิ้มวิไล.(2544).    การพัฒนาและทดลองใชการตูนสงเสริมจริยธรรมสิ่งแวดลอม       เร่ือง

ทรัพยากรปาไมและสัตวปา       ดวยบทเรียนคอมพิวเตอรชวยสอน      สําหรับเด็กปฐมวัย.  
วิทยานิพนธปริญญาศึกษาศาสตรมหาบัณฑิต  สาขาสิ่งแวดลอมศึกษา      บัณฑิตวิทยาลัย
มหาวิทยาลัยมหิดล. 

ดวงใจ  ศรีธวัชชัย.(2535).บทเรียนคอมพิวเตอรชวยสอน เร่ืองทรัพยากรธรรมชาติและอุตสาหกรรม
ในระดับมัธยมศึกษาตอนปลาย.    วิทยานิพนธปริญญาวิทยาศาสตรมหาบัณฑิต,   สาขา
เทคโนโลยีการบริหารสิ่งแวดลอม.  บัณฑิตวิทยาลัย  มหาวิทยาลัยมหิดล. 

เต็มสิริ  บุญยสิงห.(2532). การจัดกิจกรรมและประสบการณเยาวชน.       เอกสารการสอนชุดวิชา     
กิจกรรมและประสบการณ เยาวชน   หนวยที่   1   มหาวิทยาลัยสุโขทัยธรรมาธิราช . 
กรุงเทพมหานคร : อรุณการพิมพ. 

ถนอมพร  เลาหจรัสแสง.(2541).แนวโนมและบทบาทของเทคโนโลยี  การศึกษาในอนาคต.วารสาร
โอเดียนสโตร.  ศึกษาศาสตร  มหาวิทยาลัยนเรศวร.  (มกราคม - เมษายน  2541). 

นงนุช  คํานึงธรรม.(2544).การสรางและทดลองใชบทเรียนคอมพิวเตอรชวยสอน  เร่ือง   น้ํากับชีวิต
สําหรับนักเรียนชั้นประถมศึกษาปที่ 4. วิทยานิพนธปริญญาศึกษาศาสตรมหาบัณฑิต สาขา
สิ่งแวดลอมศึกษา  บัณฑิตวิทยาลัย  มหาวิทยาลัยมหิดล. 

บุญธรรม  กิจปรีดาบริสุทธิ์.(2537).เทคนิคการสรางเครื่องมือรวบรวมขอมูลสําหรับการวิจัย.  ( พิมพ
คร้ังที่ 4). กรุงเทพฯ : โรงพิมพเจริญผล. 

บุญสืบ  พันธดี.(2537). การพัฒนาบทเรียนคอมพิวเตอรชวยสอนวิชาชีววิทยาระดับมัธยมศึกษา  
ตอนปลาย. วิทยานิพนธปริญญาการศึกษาดุษฎีบัณฑิต, สาขาเทคโนโลยีการศึกษา บัณฑิต
วิทยาลัย  มหาวิทยาลัยศรีนครินทรวิโรฒ. 

บุปผชาติ  ทัฬหิกรณ.(2535).คอมพิวเตอรชวยสอน.คูมือการสอน. กรุงเทพมหานคร : คณะกรรมการ
ฝายสงเสริมการผลิตตําราและสื่อการสอน  มหาวิทยาลัยเกษตรศาสตร. 

บูรณะ  สมชัย.(2542).การสราง CAI Multimedia ดวย Authoware 4.0.กรุงเทพมหานคร :บริษัท 
เอช.เอ็น.กรุป  จํากัด. 

ผานิต  คุมเศรณี.(2540).การสรางสื่อมัลติมีเดียดวยโปรแกรมคอมพิวเตอร เร่ือง   การแยกและการใช
ประโยชนจากขยะ สําหรับนักเรียนชั้นมัธยมศึกษาตอนปลาย.    วิทยานิพนธปริญญา 
ศึกษาศาสตรมหาบัณฑิต,  สาขาวิชาสิ่งแวดลอมศึกษา   บัณฑิตวิทยาลัย  มหาวิทยาลัย
มหิดล. 

 



Suchaya Pinyo  Bibliography / 100 

พวงรัตน  ทวีรัตน.(2540).วิธีวิจัยทางพฤติกรรมศาสตรและสังคมศาสตร. (พิมพคร้ังที่ 5).กรุงเทพฯ :
โรงพิมพเจริญผล. 

เพียรพันธ  กิตติวงศโสภา.(2531).การเปรียบเทียบผลสัมฤทธิ์ทางการเรียน     ความคิดเห็นและความ
คงทนในการเรียนวิชาสุขศึกษาของนักศึกษาเจาพนักงานสาธารณสุข          โดยใชบทเรียน
โปรแกรมประกอบสื่อประสมกับการสอนปกติ.   วิทยานิพนธปริญญาวิทยาศาสตรมหา
บัณฑิต(สาธารณสุขศาสตร), สาขาสุขศึกษา  บัณฑิตวิทยาลัย  มหาวิทยาลัยมหิดล. 

มยุรี  จารุปาน และเจือจันทร  จงสถิตยอยู.(2528).ความสําคัญของเด็กและเยาวชน. เอกสารการสอน
ชุดวิชาปญหาเด็กและเยาวชนกับการสงเสริมอาชีพ  หนวยที่  1 . กรุงเทพมหานคร : 
มหาวิทยาลัยสุโขทัยธรรมาธิราช. 

เยาวลักษณ  พูลทอง.(2535).การสํารวจสถานภาพปจจุบัน    อุปสรรค     และขอเสนอแนะในการนํา
คอมพิวเตอรมาใชชวยการเรียนการสอนภาษาอังกฤษในมหาวิทยาลัยของรัฐ. วิทยานิพนธ
ปริญญาศิลปศาสตรมหาบัณฑิต, สาขาภาษาศาสตร บัณฑิตวิทยาลัย  มหาวิทยาลัยมหิดล. 

ศศิอาภา  ประสพทรัพย.(2539). การมีสวนรวมของเยาวชน  ในการสงเสริมการทองเที่ยวเชิงอนุรักษ
ศึกษาเฉพาะกรณีผูผานการอบรมโครงการอบรมผูนําเยาวชน เพื่อการอนุรักษษพิทักษ  
ทองเที่ยวไทย. วิทยานิพนธคณะพัฒนาสังคม  สถาบันบัณฑิตพัฒนบริหารศาสตร. 

ศิริพงศ  พยอมแยม.(2533).การเลือกและการใชสื่อการเรียนการสอน .กรุงเทพฯ : สํานักพิมพ          
โอเดียนสโตร. 

ศูนยเทคโนโลยีทางการศึกษา.(2542).วิจัยความตองการบทเรียนคอมพิวเตอรชวยสอนในระบบ     
โรงเรียน. เอกสารวิชาการ  กรมการศึกษานอกโรงเรียน  กระทรวงศึกษาธิการ. 

ส านิ ต ย   ก ายาม าต .(2536).  ก ารใช ค อมพิ ว เตอรสํ าห รับ ผู เ ร่ิ ม ต น ด วยภ าษ าป าสค าล . 
กรุงเทพมหานคร.บริษัท  เอช.เอ็น.กรุป  จํากัด. 

สายพิณ  นพเกตุ.(2538).การสรางบทเรียนคอมพิวเตอรชวยสอนเรื่องทรัพยากรน้ําสําหรับระดับชั้น
มัธยมศึกษาตอนปลาย.วิทยานิพนธปริญญาศึกษาศาสตรมหาบัณฑิต,สาขาวิชาสิ่งแวดลอม
ศึกษา  บัณฑิตวิทยาลัย  มหาวิทยาลัยมหิดล. 

สิชล  ควรเมตตา.(2543).การประยุกตใชคอมพิวเตอรชวยสอน   เร่ือง   ปาชายเลน    สําหรับนักเรียน
ระดับชั้นมัธยมศึกษาตอนตน.  วิทยานิพนธปริญญาศึกษาศาสตรมหาบัณฑิต,    สาขาวิชา
สิ่งแวดลอมศึกษา  บัณฑิตวิทยาลัย  มหาวิทยาลัยมหิดล. 

 
 
 



Fac. of Grad. Studies, Mahidol Univ.      M.Ed. (Environmental Education) / 101 

สุชาดา  วรรธะมานี.(2542).การศึกษาความสัมพันธระหวางการเปดรับขาวสารเกี่ยวกับการทองเที่ยว
เชิงนิเวศ  (ECOTOURISM )  กับความรู  ทัศนคติ  และพฤติกรรม  การทองเที่ยวของนัก
ศึกษามหาวิทยาลัยในเขตกรุงเทพมหานคร.วิทยานิพนธปริญญาวารสารศาสตรมหาบัณฑิต
(สื่อสารมวลชน)  มหาวิทยาลัยธรรมศาสตร. 

สุธาทิพย  แยมฟก.(2542).การพัฒนาสื่อประสมดวยโปรแกรมคอมพิวเตอร  เร่ือง การจัดการมูลฝอย
ติดเชื้อสําหรับนักศึกษาพยาบาล.  วิทยานิพนธปริญญาศึกษาศาสตรมหาบัณฑิต, สาขาวิชา
สิ่งแวดลอมศึกษา  บัณฑิตวิทยาลัย  มหาวิทยาลัยมหิดล. 

สุ ธี ร   กิ จฉ วี   แล ะอ รนุ ช   อุ ท าน นท .(2541). คู มื อ ก ารใช  macromedia 4    ด ว ยตน เอ ง .  
กรุงเทพมหานคร.  ซีเอ็ดยูเคชั่น. 

สุรสีห  ฉิ่งถิน.(2540).  เอกสารคําสอน.  คณะสังคมศาสตรและมนุษยศาสตร     มหาวิทยาลัยมหิดล. 
สุรีพร  ภัทราพรนันท.(2541).ทัศนคติของนักทองเที่ยวที่มีตอการทองเที่ยวเชิงอนุรักษ     กรณีศึกษา

อุทยานแหงชาติในจังหวัดกาญจนบุรี. วิทยานิพนธปริญญาศึกษาศาสตรมหาบัณฑิต  สาขา
สิ่งแวดลอมศึกษา  บัณฑิตวิทยาลัย  มหาวิทยาลัยมหิดล. 

เสาวลักษณ  นวเจริญกุล.(2541).พฤติกรรมการทองเที่ยวเชิงนิเวศของนักทองเที่ยวชาวไทยในเขต
อุทยานแหงชาติไทรโยค   จ. กาญจนบุรี.     วิทยานิพนธปริญญาสังคมศาสตรมหาบัณฑิต, 
สาขาสิ่งแวดลอมศึกษา  บัณฑิตวิทยาลัย  มหาวิทยาลัยมหิดล. 

สํานักงานคณะกรรมการการศึกษาแหงชาติ . (2524).  นโยบายและแผนพัฒนาเด็กระยะยาว  2522. 
กรุงเทพมหานคร : มงคลการพิมพ. 

สํานักพัฒนาเทคนิคศึกษา.(2542).คูมือประกอบการสัมมนาเชิงวิชาการ   เร่ือง   เปดโลกสื่อการเรียน
การสอน. เอกสารวิชาการ  สถาบันเทคโนโลยีพระจอมเกลาพระนครเหนือ. 

Guzdial, M.J.(1993).EMILE : Software - Realized  Scaffolding  for  Science Learners 

Programming In  Mixed  Media. Degree  PHD.  The  University  of  Michigan. 

Merritt,R.L.(1993).Achievement with  and  without Computer Assisted Instruction  in the 

Middle School. Dissertation  Abstract  International. 

 
 
  
 
 
 



Suchaya  Pinyo  Appendix A / 102 

 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX A 

DATA ANALYSIS 

 

 

 

 

 

 

 

 

 



Fac. of Grad. Studies, Mahidol Univ.      M.Ed. (Environmental Education) / 103 

To Determine the Difficult/Ease Level and Difficult/Ease value and the 

Discriminant Power of Learning Achievement Test 

 

Table 11 Analysis of Difficult/Ease Level and Difficult/Ease value and the  

Discriminant Power of Learning Achievement Test with 24 Items 

Item No. PH PL PH + PL PL -PL p r 
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2 

3 

4 

5 

6 

7 

8 
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10 

11 

12 

13 

14 

15 
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17 

18 
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22 

23 

24 

7 
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7 

6 
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7 

7 

8 

7 

7 
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7 

8 

7 

5 

3 

1 

2 

3 

4 

3 

4 

5 

5 

4 

5 

5 

4 

4 

5 

5 

5 

4 

4 

4 

5 

4 

5 

12 
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7 

10 

10 

10 

12 

12 

12 

12 

12 

12 

10 

12 

12 

12 

12 
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12 

10 
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12 

12 
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2 
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0.75 

0.56 

0.31 

0.44 

0.63 

0.63 

0.63 

0.75 

0.75 

0.75 

0.75 

0.75 

0.75 

0.63 

0.75 

0.75 

0.75 

0.75 

0.69 

0.75 

0.63 

0.75 

0.75 

0.75 

0.25 

0.38 

0.38 

0.38 

0.50 

0.25 

0.50 

0.50 

0.25 

0.25 

0.50 

0.25 

0.25 

0.25 

0.50 

0.25 

0.25 

0.25 

0.38 

0.50 

0.25 

0.25 

0.50 

0.25 
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To Determine the Reliability of Learning Achievement Test 

Table 12 Analysis of Reliability of Learning Achievement Test 

Item No. p q pq 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

0.83 

0.67 

0.43 

0.47 

0.73 

0.57 

0.50 

0.83 

0.77 

0.80 

0.53 

0.87 

0.63 

0.50 

0.73 

0.87 

0.73 

0.83 

0.57 

0.67 

0.63 

0.83 

0.87 

0.77 

0.17 

0.33 

0.57 

0.53 

0.27 

0.43 

0.50 

0.17 

0.23 

0.20 

0.47 

0.13 

0.37 

0.50 

0.27 

0.13 

0.27 

0.17 

0.43 

0.33 

0.37 

0.17 

0.13 

0.23 

0.14 

0.22 

0.24 

0.25 

0.20 

0.24 

0.25 

0.14 

0.18 

0.16 

0.25 

0.11 

0.23 

0.25 

0.20 

0.11 

0.20 

0.14 

0.24 

0.22 

0.23 

0.14 

0.11 

0.18 

k=24   pqΣ = 4.63 
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Determination of Variances of Scores of Learning Achievement Test 
Table 13 Determination of Variances of Scores 

Person Number Score (X) Scores (X2) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

23 
22 
21 
21 
21 
21 
21 
21 
20 
20 
19 
19 
19 
19 
18 
18 
17 
17 
17 
17 
16 
15 
14 
14 
14 
13 
13 
12 
12 
11 

529 
484 
441 
441 
441 
441 
441 
441 
400 
400 
361 
361 
361 
361 
324 
324 
289 
289 
289 
289 
256 
225 
196 
196 
196 
169 
169 
144 
144 
121 

n=30 xΣ =525 xΣ 2 =9,523 
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From statistic in table was brought to determine the variance of total scores as follows: 

 

    

   S2 = 
)1n(n

)X(Xn 22

−

−∑ ∑  

 

    = 
)130(30

)525()9523x30( 2

−
−  

    = 11.57 

 

 

Therefore, it can determine the reliability value from Kuder-Richardson 20 (KR-20) 

formula as follows: 

 

  
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡ −

−
= ∑

x

x

tt s
pqs

k
kr 2

2

1
  

 

     ⎥⎦
⎤

⎢⎣
⎡ −

=
57.11

63.457.11
24
25  

   

    = 0.62 

 

 

The reliability of learning achievement test equaled to 0.62 
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Analysis of Learning Achievement Test of the Experimental Group 

and Control Group before Studying CAI  
Table 14 Scores of  Experimental Group and Control Group at High School 

Level 4 before Studying CAI  

Experimental Group Control Group Person 
Number X1 X1

2 X2 X2
2

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

12 
16 
16 
18 
15 
18 
14 
10 
14 
16 
18 
15 
9 
15 
13 
13 
13 
13 
13 
18 

144 
256 
256 
324 
225 
324 
196 
100 
196 
256 
324 
225 
81 
225 
169 
169 
169 
169 
169 
324 

10 
15 
13 
15 
13 
15 
14 
12 
16 
14 
8 
14 
12 
15 
14 
18 
18 
14 
17 
15 

100 
225 
169 
225 
169 
225 
196 
144 
256 
196 
64 
324 
144 
225 
196 
324 
324 
196 
289 
225 

  n  =  20   xΣ 1 = 289 

    1x = 14.45 

xΣ 1
2 = 4301 

 
    xΣ 2 = 286 

     2x = 14.30 

xΣ 1
2  =  4216 
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The Variance of Total Scores were 

 

   S2 = 
)1n(n

)X(Xn 22

−

−∑ ∑  

 

   S1
2 = 

)120(20
)289()4301x20( 2

−
−  

    

= 6.58 

 

   S2
2 = 

)120(20
)286()4216x20( 2

−
−  

     

    = 6.64 

The Statistical Value and the calculated variance values were determined the t-test as 

follows: 

 

 
)

n
1

n
1(

2nn
S)1n(S)1n(

XXt

2121

2
22

2
11

21

+
−+
−+−

−
=  

 

 
)

20
1

20
1(

22020
)64.6)(19()58.6(19(

30.1445.14t
+

−+
+

−
=  

  

t = 0.1852 
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Table 15 Scores of  Experimental Group and Control Group at High School 

Level 5 before Studying CAI  

Experimental Group Control Group Person 

Number X1 X1
2 X2 X2

2

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

16 

15 

14 

18 

16 

13 

14 

11 

12 

16 

15 

14 

14 

16 

15 

14 

14 

13 

14 

15 

256 

225 

196 

324 

225 

169 

196 

121 

144 

256 

225 

196 

196 

256 

225 

196 

196 

169 

196 

225 

18 

16 

15 

12 

12 

15 

19 

17 

17 

17 

15 

11 

11 

13 

13 

12 

16 

15 

11 

12 

324 

256 

225 

144 

144 

225 

361 

289 

289 

289 

225 

121 

121 

169 

169 

144 

256 

225 

121 

144 

  n  =  20   xΣ 1 = 289 

   1x  = 14.45 

  xΣ 1
2  = 4223 

 

   xΣ 2  = 287 

    2x = 14.35 

xΣ 1
2 = 4241 
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The Variance of Total Scores were 

 

   S2 = 
)1n(n

)X(Xn 22

−

−∑ ∑  

 

   S1
2 = 

)120(20
)289()4223x20( 2

−
−  

    

= 2.47 

 

   S2
2 = 

)120(20
)287()4241x20( 2

−
−  

     

    = 6.45 

The Statistical Value and the calculated variance values were determined the t-test as 

follows: 

 

 
)

n
1

n
1(

2nn
S)1n(S)1n(

XXt

2121

2
22

2
11

21

+
−+
−+−

−
=  

 

 
)

20
1

20
1(

22020
)45.6)(19()47.2(19(

35.1445.14t
+

−+
+

−
=  

  

t = 0.1493 
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Table 16 Scores of  Experimental Group and Control Group at High School 

Level 6 before Studying CAI  

Experimental Group Control Group Person 

Number X1 X1
2 X2 X2

2

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

12 

14 

13 

13 

14 

17 

15 

15 

14 

19 

13 

15 

17 

17 

13 

15 

15 

14 

14 

16 

144 

196 

169 

169 

196 

289 

225 

225 

196 

361 

169 

225 

289 

289 

169 

225 

225 

196 

196 

256 

18 

16 

12 

15 

15 

17 

15 

13 

11 

16 

12 

16 

16 

14 

14 

15 

14 

15 

13 

15 

324 

256 

144 

225 

225 

289 

225 

169 

121 

256 

144 

256 

256 

196 

196 

225 

196 

225 

169 

225 

 

  n  =  20   xΣ 1  = 295 

    1x  = 14.75 

xΣ 1
2 = 4409 

 

   xΣ 2 = 292 

   2x = 14.60 

xΣ 1
2 = 4322 
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The Variance of Total Scores were 

 

   S2 = 
)1n(n

)X(Xn 22

−

−∑ ∑  

 

   S1
2 = 

)120(20
)295()4409x20( 2

−
−  

    

= 3.04 

 

   S2
2 = 

)120(20
)292()4332x20( 2

−
−  

     

    = 3.09 

The Statistical Value and the calculated variance values were determined the t-test as 

follows: 

 

 
)

n
1

n
1(

2nn
S)1n(S)1n(

XXt

2121

2
22

2
11

21

+
−+
−+−

−
=  

 

 
)

20
1

20
1(

22020
)09.3)(19()04.3(19(

60.1475.14t
+

−+
+

−
=  

  

t = 0.2727 
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Table 17 Scores of  Experimental Group and Control Group at Youth  before 

Studying CAI  

Experimental Group Control Group Person 

Number X1 X1
2 X2 X2

2

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

12 

16 

16 

18 

15 

18 

14 

10 

14 

16 

18 

15 

9 

15 

13 

13 

13 

13 

13 

18 

16 

15 

14 

18 

16 

13 

14 

144 

256 

256 

324 

225 

324 

196 

100 

196 

256 

324 

225 

81 

225 

225 

169 

169 

169 

169 

169 

256 

225 

196 

324 

256 

169 

196 

10 

15 

13 

15 

13 

15 

14 

12 

16 

14 

8 

18 

12 

15 

14 

18 

18 

14 

17 

15 

18 

16 

15 

12 

12 

15 

19 

100 

225 

169 

225 

169 

225 

196 

144 

256 

144 

64 

324 

144 

256 

196 

324 

324 

196 

289 

225 

324 

256 

225 

144 

144 

225 

361 
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Table 17 Scores of  Experimental Group and Control Group at Youth  before 

Studying CAI (Continued) 

Experimental Group Control Group Person 

Number X1 X1
2 X2 X2

2

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

11 

12 

16 

15 

14 

14 

16 

15 

14 

14 

13 

14 

15 

12 

14 

13 

13 

14 

17 

15 

15 

14 

19 

13 

15 

17 

17 

121 

144 

256 

225 

196 

196 

256 

225 

196 

196 

169 

196 

225 

144 

196 

169 

169 

196 

289 

225 

225 

196 

361 

169 

225 

289 

289 

17 

17 

17 

15 

11 

11 

13 

13 

12 

16 

15 

11 

12 

18 

16 

12 

15 

15 

17 

15 

13 

11 

16 

12 

16 

16 

14 

289 

289 

289 

225 

121 

121 

169 

169 

144 

256 

225 

121 

144 

324 

256 

144 

225 

225 

289 

225 

169 

132 

256 

144 

256 

256 

196 
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Table 17 Scores of  Experimental Group and Control Group at Youth  before 

Studying CAI (Continued) 

Experimental Group Control Group Person 

Number X1 X1
2 X2 X2

2

55 

56 

57 

58 

59 

60 

13 

15 

15 

14 

14 

16 

169 

225 

225 

196 

196 

256 

14 

15 

14 

15 

13 

15 

196 

196 

225 

132 

169 

225 

  n  =  60   xΣ 1 = 8735 

    1x = 14.55 

xΣ 1
2  = 12933 

 

   xΣ 2 = 865 

   2x = 14.42 

xΣ 1
2  = 12779 

 

The Variance of Total Scores were 

   S2 = 
)1n(n

)X(Xn 22

−

−∑ ∑  

   S1
2 = 

)160(60
)873()12933x60( 2

−
−  

   = 3.91 

   S2
2 = 

)160(60
)865()12779x60( 2

−
−      

    = 5.25 

The Statistical Value and the calculated variance values were determined the t-test as 

follows: 

 
)

n
1

n
1(

2nn
S)1n(S)1n(

XXt

2121

2
22

2
11

21

+
−+
−+−

−
=  

 
)

60
1

60
1(

26060
)25.5)(59()91.3(59(

42.1455.14t
+

−+
+

−
=  

  t = 0.33 
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Analysis of Learning Achievement Test of the Experimental Group 

before and after Studying CAI   
 

Table 18 Different Scores of  Experimental Group at High School Level 4 before 

and after Studying CAI  

 

Person 
Number 

X 
(Pre-test) 

Y 
(Post-test) 

D 
(Y-X) 

D2

(Y-X)2

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

12 
16 
16 
18 
15 
18 
14 
10 
14 
16 
18 
15 
9 
15 
13 
13 
13 
13 
13 
18 

18 
21 
18 
21 
21 
21 
19 
21 
19 
21 
21 
19 
20 
17 
18 
19 
20 
21 
20 
22 

6 
5 
2 
3 
6 
3 
5 
11 
5 
5 
3 
4 
11 
2 
5 
6 
7 
8 
7 
4 

36 
25 
4 
9 
36 
9 
25 
121 
25 
25 
9 
16 
121 
4 
25 
36 
49 
64 
49 
16 

n  =  20    = 289 XΣ

     X = 14.45 
 Sx

2 = 6.58 
 

     = 397 YΣ

       Y = 19.85 
     Sy

2  = 1.92 

    DΣ  = 108 
 

   2  DΣ =  704 
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The Variance of Total Scores after Experiment 

 

   S2 = 
)1n(n

)Y(Yn 22

−

−∑ ∑  

 

   S1
2 = 

)120(20
)397()7917x20( 2

−
−  

    

= 1.92 

The Statistical Value and the calculated variance values were determined the t-test as 

follows: 

 

( )
1n

DDn

D
t

22

−

−
=

∑ ∑
∑  

 

 

120
)108()704(20

108t
2

−
−

=  

 

 

 t = 9.57 
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Table 19 The Different Scores Scores of  Experimental Group at High School 

Level 5 before and after Studying CAI  

 

Person 
Number 

X 
(Pre-test) 

Y 
(Post-test) 

D 
(Y-X) 

D2

(Y-X)2

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

16 
15 
14 
18 
16 
13 
14 
11 
12 
16 
15 
14 
14 
16 
15 
14 
14 
13 
14 
15 

19 
19 
20 
22 
20 
20 
20 
20 
20 
19 
19 
18 
19 
20 
20 
21 
20 
19 
19 
21 

3 
4 
6 
4 
4 
7 
6 
9 
8 
3 
4 
4 
5 
4 
5 
7 
6 
6 
5 
6 

9 
16 
36 
16 
16 
49 
36 
81 
64 
9 
16 
16 
25 
16 
25 
49 
24 
24 
25 
36 

  n  =  20     = 289 XΣ

      X = 14.45 
  Sx

2 = 2.47 
 

    = 395 YΣ

      Y = 19.75 
    Sy

2  = 0.83 

    DΣ  = 106 
 

   2  DΣ =  612 
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The Variance of Total Scores after Experiment 

 

   S2 = 
)1n(n

)Y(Yn 22

−

−∑ ∑  

 

   S1
2 = 

)120(20
)395()7817x20( 2

−
−  

    

= 0.83 

The Statistical Value and the calculated variance values were determined the t-test as 

follows: 

 

( )
1n

DDn

D
t

22

−

−
=

∑ ∑
∑  

 

 

120
)106()612(20

106t
2

−
−

=  

 

 

 t = 14.58 
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Table 20 The Different Scores Scores of  Experimental Group at High School 

Level 6 before and after Studying CAI 

 

Person 
Number 

X 
(Pre-test) 

Y 
(Post-test) 

D 
(Y-X) 

D2

(Y-X)2

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

12 

14 

13 

13 

14 

17 

15 

15 

14 

19 

13 

15 

17 

17 

13 

15 

15 

14 

14 

16 

18 

19 

19 

20 

19 

21 

21 

19 

20 

22 

22 

21 

21 

21 

19 

20 

19 

19 

20 

21 

6 

5 

6 

7 

5 

4 

6 

4 

6 

3 

9 

6 

4 

4 

6 

5 

4 

5 

6 

5 

36 

25 

36 

49 

25 

16 

36 

16 

36 

9 

81 

36 

16 

16 

36 

25 

16 

25 

36 

25 

 n  =  20    = 295 XΣ

    X = 14.75 
Sx

2 = 3.04 
 

     = 401 YΣ

       Y = 20.05 
     Sy

2  = 1.31 

     DΣ  = 106 
 

   2  DΣ =  596 
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The Variance of Total Scores after Experiment 

 

   S2 = 
)1n(n

)Y(Yn 22

−

−∑ ∑  

 

   S1
2 = 

)120(20
)401()8065x20( 2

−
−  

    

= 1.31 

The Statistical Value and the calculated variance values were determined the t-test as 

follows: 

 

( )
1n

DDn

D
t

22

−

−
=

∑ ∑
∑  

 

 

120
)106()596(20

106t
2

−
−

=  

 

 

 t = 17.67 
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Table 21 The Different Scores of  Experimental Group at Youth  before and after 

Studying CAI 

Person 
Number 

X 
(Pre-test) 

Y 
(Post-test) 

D 
(Y-X) 

D2

(Y-X)2

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

12 
16 
16 
18 
15 
18 
14 
10 
14 
16 
18 
15 
9 
15 
13 
13 
13 
13 
13 
18 
16 
15 
14 
18 
16 
13 
14 
11 
12 

18 
21 
18 
21 
21 
21 
19 
21 
19 
21 
21 
19 
20 
17 
18 
19 
20 
21 
20 
22 
19 
19 
20 
22 
20 
20 
20 
20 
20 

6 
5 
2 
3 
6 
3 
5 
11 
5 
5 
3 
4 
11 
2 
5 
6 
7 
8 
7 
4 
3 
4 
6 
4 
4 
7 
6 
9 
8 

36 
25 
4 
9 
36 
9 
25 
121 
25 
25 
9 
16 
121 
4 
25 
36 
49 
64 
49 
16 
9 
16 
36 
16 
16 
49 
36 
81 
64 
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Table 21 The Different Scores of  Experimental Group at Youth  before and after 

Studying CAI (Continued)  

Person 
Number 

X 
(Pre-test) 

Y 
(Post-test) 

D 
(Y-X) 

D2

(Y-X)2

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

16 

15 

14 

14 

16 

15 

14 

14 

13 

14 

15 

12 

14 

13 

13 

14 

17 

15 

15 

14 

19 

13 

15 

17 

17 

13 

15 

19 

19 

18 

19 

20 

20 

21 

20 

19 

19 

21 

18 

19 

19 

20 

19 

21 

21 

19 

20 

22 

22 

21 

21 

21 

19 

20 

3 

4 

4 

5 

4 

5 

7 

6 

6 

5 

6 

6 

5 

6 

7 

5 

4 

6 

4 

6 

3 

9 

6 

4 

4 

6 

5 

9 

16 

16 

25 

16 

25 

49 

24 

24 

25 

36 

36 

25 

36 

49 

25 

16 

36 

16 

36 

9 

81 

36 

16 

16 

36 

25 
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Table 21 The Different Scores of  Experimental Group at Youth  before and after 

Studying CAI (Continued)  

Person 
Number 

X 
(Pre-test) 

Y 
(Post-test) 

D 
(Y-X) 

D2

(Y-X)2

57 

58 

59 

60 

15 

14 

14 

16 

19 

19 

20 

21 

4 

5 

6 

5 

16 

25 

36 

25 

  n  =  60    = 873 XΣ

    X = 14.55 
Sx

2 = 3.94 

    = 1193 YΣ

      Y = 19.88 
    Sy

2  = 1.33 

    DΣ  = 320 
 

DΣ 2  =  1912 

 

The Variance of Total Scores after Experiment 

 

   S2 = 
)1n(n

)Y(Yn 22

−

−∑ ∑  

   S1
2 = 

)160(60
)1193()23799x60( 2

−
−  

   = 1.33 

The Statistical Value and the calculated variance values were determined the t-test as 

follows: 

( )
1n

DDn

D
t

22

−

−
=

∑ ∑
∑  

 

120
)320()1912(60

320t
2

−
−

=  

 
  t = 22.14 
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Analysis of Learning Achievement Test of the Control Group before 

and after Studying CAI   
Table 22 Different Scores of Control Group at High School Level 4 before and 

after Studying CAI  

 

Person 
Number 

X 
(Pre-test) 

Y 
(Post-test) 

D 
(Y-X) 

D2

(Y-X)2

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

10 
15 
13 
15 
13 
15 
14 
12 
16 
14 
8 
14 
12 
15 
14 
18 
18 
14 
17 
15 

10 
14 
14 
14 
14 
15 
14 
12 
15 
15 
8 
17 
13 
16 
14 
18 
17 
14 
16 
14 

0 
-1 
1 
-1 
1 
0 
0 
0 
-1 
1 
0 
-1 
1 
1 
0 
0 
-1 
0 
-1 
-1 
 

0 
1 
1 
1 
1 
0 
0 
0 
1 
1 
0 
1 
1 
1 
0 
0 
1 
0 
1 
1 
 

  n  =  20    = 286 XΣ

    X = 14.30 
Sx

2 = 6.64 
 

     = 284 YΣ

       Y = 14.2 
      Sy

2 = 5.33 

     DΣ  =  -2 
 

DΣ 2  =  12 
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The Variance of Total Scores after Experiment 

 

   S2 = 
)1n(n

)Y(Yn 22

−

−∑ ∑  

 

   S1
2 = 

)120(20
)284()4134x20( 2

−
−  

    

= 5.33 

The Statistical Value and the calculated variance values were determined the t-test as 

follows: 

 

( )
1n

DDn

D
t

22

−

−
=

∑ ∑
∑  

 

 

120
)2()12(20

2t
2

−
−−

−
=  

 

 

 t = -0.56 

 

 

 

 

 

 

 

 

 



Fac. of Grad. Studies, Mahidol Univ.      M.Ed. (Environmental Education) / 127 

Table 23 Different Scores of Control Group at High School Level 5 before and 

after Studying CAI  

 

Person 
Number 

X 
(Pre-test) 

Y 
(Post-test) 

D 
(Y-X) 

D2

(Y-X)2

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

18 

16 

15 

12 

12 

15 

19 

17 

17 

17 

15 

11 

11 

13 

13 

12 

16 

15 

11 

12 

16 

16 

17 

12 

12 

15 

16 

17 

17 

17 

18 

10 

11 

13 

13 

13 

16 

15 

10 

12 

-2 

0 

2 

0 

0 

0 

-3 

0 

0 

0 

3 

-1 

0 

0 

0 

1 

0 

0 

-1 

0 

4 

0 

4 

0 

0 

0 

9 

0 

0 

0 

9 

1 

0 

0 

0 

1 

0 

0 

1 

0 

  n  =  20    = 287 XΣ

    X = 14.35 
Sx

2 = 6.45 
 

     = 286 YΣ

       Y = 14.30 
     Sy

2  = 6.54 

     DΣ  =  -1 
 

   2  DΣ =  29 
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The Variance of Total Scores after Experiment 

 

   S2 = 
)1n(n

)Y(Yn 22

−

−∑ ∑  

 

   S1
2 = 

)120(20
)286()4214x20( 2

−
−  

    

= 6.54 

The Statistical Value and the calculated variance values were determined the t-test as 

follows: 

 

( )
1n

DDn

D
t

22

−

−
=

∑ ∑
∑  

 

 

120
)1()29(20

1t
2

−
−−

−
=  

 

 

 t = -0.18 
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Table 24 Different Scores  of  Control Group at High School Level 6 before and 

after Studying CAI  

 

Person 
Number 

X 
(Pre-test) 

Y 
(Post-test) 

D 
(Y-X) 

D2

(Y-X)2

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

18 

16 

12 

15 

15 

17 

15 

13 

11 

16 

12 

16 

16 

14 

14 

15 

14 

15 

13 

15 

18 

17 

13 

17 

16 

17 

13 

13 

11 

16 

11 

12 

16 

14 

14 

13 

13 

15 

13 

15 

0 

1 

1 

2 

1 

0 

-2 

0 

0 

0 

-1 

-4 

0 

0 

0 

-2 

-1 

0 

0 

0 

0 

1 

1 

4 

1 

0 

4 

0 

0 

0 

1 

16 

0 

0 

0 

4 

1 

0 

0 

0 

 n  =  20    = 292 XΣ

    X = 14.60 
Sx

2 = 3.09 
 

    = 287 YΣ

      Y = 14.35 
    Sy

2  = 4.34 

     DΣ  =  -5 
 

DΣ 2  =  33 
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The Variance of Total Scores after Experiment 

 

   S2 = 
)1n(n

)Y(Yn 22

−

−∑ ∑  

 

   S1
2 = 

)120(20
)287()4201x20( 2

−
−  

    

= 4.34 

The Statistical Value and the calculated variance values were determined the t-test as 

follows: 

 

( )
1n

DDn

D
t

22

−

−
=

∑ ∑
∑  

 

 

120
)5()33(20

5t
2

−
−−

−
=  

 

 

 t = -0.87 
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Table 25 Different Scores of Control Group at Youth  before and after Studying 

CAI  

Person 
Number 

X 
(Pre-test) 

Y 
(Post-test) 

D 
(Y-X) 

D2

(Y-X)2

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

10 

15 

13 

15 

13 

15 

14 

12 

16 

14 

8 

18 

12 

15 

14 

18 

18 

14 

17 

15 

18 

16 

15 

12 

12 

15 

19 

10 

14 

14 

14 

14 

15 

14 

12 

15 

15 

15 

8 

17 

13 

16 

14 

18 

17 

14 

16 

14 

16 

16 

17 

12 

12 

15 

0 

-1 

1 

-1 

1 

0 

0 

0 

-1 

1 

0 

-1 

1 

1 

0 

0 

-1 

0 

-1 

-1 

-2 

0 

2 

0 

0 

0 

-3 

0 

1 

1 

1 

1 

0 

0 

0 

1 

1 

0 

1 

1 

1 

0 

0 

1 

0 

1 

1 

4 

0 

4 

0 

0 

0 

9 
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Table 25 Different Scores of  Control Group at Youth  before and after Studying 

CAI (Continued)  

Person 
Number 

X 
(Pre-test) 

Y 
(Post-test) 

D 
(Y-X) 

D2

(Y-X)2

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

17 

17 

17 

15 

11 

11 

13 

13 

12 

16 

15 

11 

12 

18 

16 

12 

15 

15 

17 

15 

13 

11 

16 

12 

16 

16 

14 

17 

17 

17 

18 

10 

11 

13 

13 

13 

16 

15 

10 

12 

18 

17 

13 

17 

16 

17 

13 

13 

11 

16 

11 

12 

16 

14 

0 

0 

0 

-3 

1 

0 

0 

0 

-1 

0 

0 

1 

0 

0 

-1 

-1 

-2 

-1 

0 

2 

0 

0 

0 

1 

-4 

0 

0 

0 

0 

0 

9 

1 

0 

0 

0 

1 

0 

0 

1 

0 

0 

1 

1 

4 

1 

0 

4 

0 

0 

0 

1 

16 

0 

0 
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Table 25 Different Scores of  Experimental Group at Youth  before and after 

Studying CAI (Continued)  

Person 
Number 

X 
(Pre-test) 

Y 
(Post-test) 

D 
(Y-X) 

D2

(Y-X)2

55 

56 

57 

58 

59 

60 

14 

15 

14 

15 

13 

15 

14 

13 

13 

15 

13 

15 

0 

2 

1 

0 

0 

0 

0 

4 

1 

0 

0 

0 

 n  =  60    = 865 XΣ

    X = 14.42 
Sx

2 = 5.25 

     = 857 YΣ

       Y = 14.28 
     Sy

2  = 5.37 

     DΣ  =  -8 
 

   2  DΣ =  74 

 

The Variance of Total Scores after Experiment 

 

   S2 = 
)1n(n

)Y(Yn 22

−

−∑ ∑  

   S1
2 = 

)160(60
)857()12558x60( 2

−
−  

   = 5.37 

The Statistical Value and the calculated variance values were determined the t-test as 

follows: 

( )
1n

DDn

D
t

22

−

−
=

∑ ∑
∑  

 

160
)8()74(60

8t
2

−
−−

−
=  

 t =  -0.93 
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Analysis of Learning Achievement Test of the Experimental Group 

and Control Group after Studying CAI  
 

Table 26 Scores of  Experimental Group and Control Group at High School 

Level 4 after Studying CAI  

Experimental Group Control Group Person 
Number X1 X1

2 X2 X2
2

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

18 
21 
18 
21 
21 
21 
19 
21 
19 
21 
21 
19 
20 
17 
18 
19 
20 
21 
20 
22 

324 
441 
324 
441 
441 
441 
361 
441 
361 
441 
441 
361 
400 
289 
324 
361 
400 
441 
400 
484 

10 
14 
14 
14 
14 
15 
14 
12 
15 
15 
8 
17 
13 
16 
14 
18 
17 
14 
16 
14 

100 
196 
196 
196 
196 
225 
196 
144 
225 
22 
64 
289 
169 
256 
196 
324 
289 
196 
256 
196 

 

  n  =  20    xΣ 1= 397 

     1x = 19.85 

xΣ 1
2 = 7917 

 S1
2  = 1.92 

 

    xΣ 2 = 284 

     2x = 14.20 

xΣ 1
2  =  4134 

 S2
2  = 5.33 
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The Statistical Value and the calculated variance values were determined the t-test as 

follows: 

 

 
)

n
1

n
1(

2nn
S)1n(S)1n(

XXt

2121

2
22

2
11

21

+
−+
−+−

−
=  

 

 
)

20
1

20
1(

22020
)33.5)(19()92.1(19(

20.1485.19t
+

−+
+

−
=  

  

 t = 9.42 
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Table 27 Scores of  Experimental Group and Control Group at High School 

Level 5 after Studying CAI  

Experimental Group Control Group Person 

Number X1 X1
2 X2 X2

2

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

19 

19 

20 

22 

20 

20 

20 

20 

20 

19 

19 

18 

19 

20 

20 

21 

20 

19 

19 

21 

361 

361 

400 

484 

400 

400 

400 

400 

400 

361 

361 

324 

361 

400 

400 

441 

400 

361 

361 

441 

 

16 

16 

17 

12 

12 

15 

16 

17 

17 

17 

18 

10 

11 

13 

13 

13 

16 

15 

10 

12 

256 

256 

289 

144 

144 

225 

256 

289 

289 

289 

324 

100 

121 

169 

169 

169 

256 

225 

100 

144 

  n  =  20   xΣ 1 = 395 

    1x = 19.75 

xΣ 1
2  = 7817 

  S1
2  = 0.83 

 

   xΣ 2 = 287 

   2x = 14.30 

xΣ 1
2  =  4241 

   S2
2  =  6.54 
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The Statistical Value and the calculated variance values were determined the t-test as 

follows: 

 

 
)

n
1

n
1(

2nn
S)1n(S)1n(

XXt

2121

2
22

2
11

21

+
−+
−+−

−
=  

 

 
)

20
1

20
1(

22020
)45.6)(19()83.0(19(

30.1475.19t
+

−+
+

−
=  

  

 t = 8.93 
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Table 28 Scores of  Experimental Group and Control Group at High School 

Level 6 before Studying CAI  

Experimental Group Control Group Person 

Number X1 X1
2 X2 X2

2

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

18 

19 

19 

20 

19 

21 

21 

19 

20 

22 

22 

21 

21 

21 

19 

20 

19 

19 

20 

21 

324 

361 

361 

400 

361 

441 

441 

361 

400 

484 

484 

441 

441 

441 

361 

400 

361 

361 

400 

440 

18 

17 

13 

17 

16 

17 

13 

13 

11 

16 

11 

12 

16 

14 

14 

13 

13 

15 

13 

15 

324 

289 

169 

289 

256 

289 

169 

169 

121 

256 

121 

144 

256 

196 

196 

169 

169 

225 

169 

225 

  n  =  20   xΣ 1 =  401 

    1x =  20.05 

xΣ 1
2  =  8065 

 S1
2  = 1.31 

 

    xΣ 2 = 287 

     2x = 14.35 

xΣ 1
2  =  4201 

  S2
2  =  4.34 
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The Statistical Value and the calculated variance values were determined the t-test as 

follows: 

 

 
)

n
1

n
1(

2nn
S)1n(S)1n(

XXt

2121

2
22

2
11

21

+
−+
−+−

−
=  

 

 
)

20
1

20
1(

22020
)34.4)(19()31.1(19(

60.1475.14t
+

−+
+

−
=  

  

t = 10.75 
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Table 29 Scores of  Experimental Group and Control Group at Youth  after 

Studying CAI  

Experimental Group Control Group Person 

Number X1 X1
2 X2 X2

2

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

18 

21 

18 

21 

21 

21 

19 

21 

19 

21 

21 

19 

20 

17 

18 

19 

20 

21 

20 

22 

19 

19 

20 

22 

20 

20 

20 

324 

441 

324 

441 

441 

441 

361 

441 

361 

441 

441 

361 

400 

289 

324 

361 

400 

441 

400 

484 

361 

361 

400 

484 

400 

400 

400 

10 

14 

14 

14 

14 

15 

14 

12 

15 

15 

8 

17 

13 

16 

14 

18 

17 

14 

16 

14 

16 

16 

17 

12 

12 

15 

16 

100 

196 

196 

196 

196 

225 

196 

144 

225 

225 

64 

289 

169 

256 

196 

324 

289 

196 

256 

196 

256 

256 

289 

144 

144 

225 

256 
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Table 29 Scores of  Experimental Group and Control Group at Youth after 

Studying CAI (Continued) 

Experimental Group Control Group Person 

Number X1 X1
2 X2 X2

2

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

20 

20 

19 

19 

18 

19 

20 

20 

21 

20 

19 

19 

21 

18 

19 

19 

20 

19 

21 

21 

19 

20 

22 

22 

21 

21 

21 

400 

400 

361 

361 

324 

361 

400 

400 

441 

400 

361 

361 

441 

324 

361 

361 

400 

361 

441 

441 

361 

400 

484 

484 

441 

441 

441 

17 

17 

17 

18 

10 

11 

13 

13 

13 

16 

15 

10 

12 

18 

17 

13 

17 

16 

17 

13 

13 

11 

16 

11 

12 

16 

14 

289 

289 

289 

324 

100 

121 

169 

169 

169 

256 

225 

100 

144 

324 

289 

169 

289 

256 

289 

169 

169 

121 

256 

121 

144 

256 

196 
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Table 29 Scores of  Experimental Group and Control Group at Youth  after 

Studying CAI (Continued) 

Experimental Group Control Group Person 

Number X1 X1
2 X2 X2

2

55 

56 

57 

58 

59 

60 

19 

20 

19 

19 

20 

21 

361 

400 

361 

361 

400 

441 

14 

13 

13 

15 

13 

15 

196 

169 

169 

225 

169 

225 

  n  =  60  xΣ 1 = 1193 

    2x = 19.88 

xΣ 1
2  = 23799 

 S1
2  = 1.33 

 

    xΣ 2 = 857 

     2x = 14.28 

xΣ 1
2  = 12779 

S2
2  = 5.37 

 

 

 

The Statistical Value and the calculated variance values were determined the t-test as 

follows: 

 
)

n
1

n
1(

2nn
S)1n(S)1n(

XXt

2121

2
22

2
11

21

+
−+
−+−

−
=  

 
)

60
1

60
1(

26060
)37.5)(59()331.1(59(

28.1488.19t
+

−+
+

−
=  

  t = 16.97 
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APPENDIX B 

 NAME LIST OF EXPERTS  

QUALITY EVALUATION OF CAI BY EXPERTS 
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Expert Name List for Quality Evaluation  

Multimedia Computer Assisted Instructions on “Ecotourism”  

 
1. Expert of Educational Measurement and Evaluation Aspect 
 
Mr. Wuthipong Thong Kon Head of Department Educational 

Curriculum and Standard 

 Office of Academic Development 

      Huashew University 

  

2. Expert of Content Aspect  
 
Miss Yuwadee Niruntakool Head of Development work,  

North Region 

      Tourism Authority of Thailand (TAT) 

Mr. Nithi Sipae    Head of training work 

      Tourism Authority of Thailand (TAT) 
Mr. Thaweedej Thong-On   Project Planning Work 

      Tourism Authority of Thailand (TAT) 

      

3.  Expert of Educational Technology 
      
Mr. Sathaporn Punthuprayoon  Head of Work Plan 

      Wilaikiat-Uppatham School 

      Department General Education  
Mr. Suwatchai Somnuek   Head of Educational Audio-visual  

      Wilaikiat-Uppatham School 

      Department General Education 

Ms. Nittaya Thiengthong   Educational Audio-visual   

      Piriyalai School   

      Department General Education 

Ms.Paveena Naewwong Information technology and teaching 

media production, Nareerat School 

      Department General Education 
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Mr. Punya Somjit Information technology and teaching 

media production, Soongmen 

Chanupathu, School 

      Department General Education 
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APPENDIX C  

TEST FOR LEARNING ACHIEVEMENT 

QUALITY EVALUATION FORM OF CAI BY EXPERTS 

SATISFACTION FORM WAS EVALUATED BY YOUTH 
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Test for Learning Achievement 
 

Directions:  Please place the mark X in the ‘Correct’ answer only one answer for each 

question in the answer sheet. 

 

1. Which statement that referred about “Ecotourism” incorrectly?  

a. To receive the knowledge and ecosystem of tourism sites. 

b. To promote the tourists to live in the area that had the enrich ecosystem. 

c. Regard to the community participation for tourism site maintenance. 

d. Tourism does not degrade the natural resources and environment. 

 

2.  Which one is the most important for ecotourism activity? 

a. Tourist guide 

b. Radio communication 

c. Bicycle 

d. Handbook for tourism site 

 

3.  Which one is not the components of ecotourism?. 

a. Development plan of ecotourism of Tourism Authority of Thailand  

b. The process of learning about  ecotourism 

c. Management of tourism site by community 

d. Natural tourism sites 

 

4. Which statement is incorrect ? 

a. Ecotourism is a part of conservation tourism. 

b. Ecotourism is not cultural tourism 

c. Ecotourism is not differ from sustainable tourism 

d. All natural tourism type is not ecotourism. 
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5. Ecotourism cause the following effects: 

a. Local people have income from selling the forest products to tourists. 

b. The tourists search for the endanger species of plants and animal 

species. 

c. The tourists had pioneered and touch to the hardness in the new trail 

d. Local people participated in the tourism site development in their own 

community. 

 

6. Which following impacts are not caused by ecotourism? 

a. Destroy the scenic beauty 

b. Step on the plants 

c. Soil degradation 

d. Loud noise  

 

7. Which one should be done for trekking? 

a. have garbage bag for keeping it during trekking 

b. Select the new trail in order to find the endanger species of plants and 

animal 

c. To inform the involved officers 

d. Wear the dress harmonized with natural color. 

 

8.   Which feature of shelters that the good ecotourism should not select?  

a. Have the garbage management did not degrade the environment 

b. Do not encroach to destroy the surrounding environment 

c. Harmonize with the environment and reflect to the local culture 

d. Locate far from community in order to avoid to disturb the local people 

 

9.  The feature of activity of boat sightseeing in which one is the ecotourism   

a. Tourists go to have a sightseeing the mangrove by having local people 

to give knowledge 

b. Tourists go to have a sightseeing at Dumnernsaduek Floating market, 

Ratchaburi Pprovince 
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c. Tourists go to have a sightseeing at Kao Kred Nonthaburi Province for 

natural touch. 

d. Tourists go to have a sightseeing at Mekhong River to watch the 

Bongfai Prayanak. 

 

10.   To have boat sightseeing to study nature, how does tourists decrease the     

impact to ecosystem? 

a. Not go into the danger areas. 

b. Not go into the dept area 

c. Not go into brackish water 

d. Avoid to disturb the season of egg laying of aquatic animal  

 

11.  Which activity that give knowledge about nature through the interpreted sign? 

a. Trekking for long distance activity 

b. Activity of natural study  

c. Activity of study/visit the cave 

d. Activity of photograph taking nature 

 

12.  Impacts may occur in the tourism sites, there is any causes as follows: 

a. Tourism activity 

b. To serve the shelter and food 

c. Answer a and b are right 

d. Answer a and b are wrong 

 

13.  What is the important reason of tourist limitation for ecotourism? 

a. The limited number of corporative officers 

b. Culture of tourist affected to the lifestyle of local community 

c. The tourism site is fragile and it is essential for living thing that has 

habitat over there. 

d. There is policy about limitation of tourist number from the central 

government. 
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14.  Which on e is the activity of study about sky interpretation and astronomy in               

the meaning of ecotourism? 

a. The ITV television station recorded the documentary about meteor at 

Mae Khong River bank 

b. Tuk participated in the activity of astronomic watching which was helh 

by the officers of the Scientific Park of Pra Com Klao at Wakao, 

Prajuabkirikhun Province. 

c. Student party entered to have study tour at planetarium 

d. Moth and friends climbed and star watching at Pukadueng  

 

15. Which behavior gives the least impact to nature and environment? 

a. Make a loud noise 

b. Take picture of animal 

c. Anchored at the shallow coral reef 

d. Watch the animal at the night time  

 

16. To dive for coral reef seeing, what should the tourist to as follows: 

a. Collect the coral reef 

b. Wear the snorkel  

c. Study the handbook of coral reef resources 

d. Give the food to aquatic animal  

 

17. Which following activity is classified as ecotourism ? 

a. Chatchai brought his family to visit limestone cave with suspended and 

grew of different figure of limestone at Pang-Nga Province 

b. Brother Willy and Sister Mam went to dive to see coral reef at Krabi 

Province. 

c. J Family went to rafting, and canoeing at Nakorn Nayok Province. 

d. Fluk and sister Bow went to watch bird by the leading of guide at Sam 

Roi Yod Moutain. 
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18. The interpreted  sign is a part of which main component of ecotourism 

a. Sustainable management 

b. Community participation 

c. Natural tourism sites 

d. Learning process 

 

19. Which one is not the impact that occurs from the trekking activity? 

a. Loud noise 

b. Disturb the ecological state 

c. Step on and cut tree/branch 

d. Disturb the morphological state 

 

20. According to you thought, the ecotourism in Thailand faces what problems 

a. The principle of ecotourism is still not implemented seriously 

b. The local people do not want to change their way of life 

c. The private sector is not interested in ecotourism business 

d. There is not enough tourism site to support the tourists 

 

21. How do the tourists take parts to cause impact due to the animal/bird watching? 

a. Waste 

b. Disturb the reproduction  

c. Destroy the scenic beauty 

d. Excretion 

 

22. Which kind of activity gives the least impacts to ecosystem of tourism? 

a. Visit cave and waterfall 

b. Diving for coral reef seeing 

c. Study the astronomy 

d. Trekking 
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23. What advantages that the tourist receives from ecotourism? 

a. Participate in planning for tourism 

b. Understand the problem of change in community 

c. Understand the relation of living thing and environment 

d. Have an adventure in the risk tourism site 

 

24.  Which one is not the benefit that the community receives from ecotourism? 

a. Distribute the income 

b. Raise the level of life quality 

c. Participate in tourism  site maintenance  

d. Change the local culture 

                    ……………………………………………………. 

Answered Question  

1. b is a right answer    13. c is a right answer 

2. a is a right answer    14. b is a right answer 

3. a is a right answer    15. b is a right answer 

4. c is a right answer    16. a is a right answer 

5. d is a right answer    17. d is a right answer 

6. c is a right answer    18. d is a right answer 

7. b is a right answer    19. d is a right answer 

8. d is a right answer    20. a is a right answer 

9. a is a right answer    21. b is a right answer 

10. d is a right answer    22  c is a right answer 

11. b is a right answer    23. c is a right answer 

12. c is a right answer    24. d is a right answer 
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Quality Evaluation Form of CAI by Experts in the content of  
Topic of “Ecotourism” 

Name and Surname of evaluator……………………………………………………. 
Position…………………………………….Work Place…………………………… 
 
Description Please mark  / on the table that is pertinent to your opinion 

Level of Evaluation  
Items 

Very 
Good 

 
Good 

 
moderate 

Should 
improve 

Story Flow 

1. Content was relevant to Objectives  
2. The appropriateness of introduction 
to content   
3. The appropriateness of story sequences  
4. The clearness of content explanation         
5. The congruence of content in each step      
6. The exercise was relevant to content    
7. The appropriateness of content to learner   
level    

The characteristics of Pictures 

1. The ability to interpretation                         
2. The continuity of pictures                            
3. The pictures related to content                    
4. The appropriateness to learner level      

Language use  

1. Correctness           
2. Good interpretation, clearness              
3. To be appropriate to age and class level      

    

 
Other Recommendations……………………………………………………………… 
…………………………………………………………………………………………. 

     
 Signature………………………….Evaluator 

       (   ) 
       Date……………………….
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Quality Evaluation Form of CAI by Experts in the educational Technology on 
“Ecotourism” 

Name and Surname of evaluator……………………………………………………. 
Position…………………………………….Work Place…………………………… 
 
Description Please mark  / on the table that is pertinent to your opinion 

Level of Evaluation  
Evaluated Items 

Very 
Good 

 
Good 

 
moderate 

Should 
improve 

Content 

1. The appropriateness of introduction to 

content   

2. The continuity of story flow 

3. The appropriateness of form and     

presentation 

The characteristics of Pictures 

1. Picture size                        

2. Beautiful color                                           

3. The sharpness of picture                  

4. The continuity of pictures  

5. The pictures related to content        

6. The ability to interpretation           

7. Picture arrangement                         

8. The presentation styles                  

Letter complementary  

1. The appropriate size                         

2.  The Beauty                                        

3. Clearness, easier to read                           

4. Position arrangement                                   

5. The presentation styles                    

Language use for Explanation  

1. Correctness                                    

2. Good interpretation, comprehension  

3. To be appropriate to age and class level  

    



Fac. of Grad. Studies, Mahidol Univ.      M.Ed. (Environmental Education) / 155 

 
Level of Evaluation  

Evaluated Items 
Very 
Good 

 
Good 

 
moderate 

Should 
improve 

Sound use 

1.  The clearness and appropriateness  

of supplementary sound        

2. The correctness and clearness       

of explained sound 
 

    

 
Other Recommendations……………………………………………………………… 
…………………………………………………………………………………………. 
………………………………………………………………………………………… 
………………………………………………………………………………………… 

     
 Signature………………………….Evaluator 

       (   ) 
       Date……………………….
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Satisfaction Form was evaluated by youth 
on  “Ecotourism” 

Description Please mark  / on the table that is pertinent to your opinion 
Level of Evaluation  

Evaluated Items 
Very 
Good 

 
Good 

 
moderate 

Should 
improve 

1. Students like to study with CAI                
2. Students gain more knowledge on 
ecotourism     
3. This lesson help the students    
to have  more content comprehension 
4. Instruction help the student to realize 

about the importance of ecotourism 

5. Students wanted to learn with CAI in 

other subjects 

6. The students’ opinion about the 

appropriateness of the following issues 

were in which levels  

- Content arrangement to give knowledge       

- The interpretation of picture use, 

sharpness, and picture position arrangement 

- The continuity of picture             sequence 

- The beauty, sharpness and the letter 

position arrange 

- The musical sound harmonized to 

pictures, and sound presentation 

- The clearness of explanation                  

    

 
Other Recommendations……………………………………………………………… 
…………………………………………………………………………………………. 

     
 Signature………………………….Evaluator 

       (   ) 
       Date……………………….
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