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Abstract

Reasoning skills, problem solving ability, and acaemic ability:
implications for programme and career choice in thecontext of higher

education in Thailand.

This thesis examines reasoning skills, problenvisgl ability, and academic
ability from a cohort of final year university stermts. The purpose of the study was to
investigate the influences of academic ability easoning skills, and problem solving
ability, and vice versa, and to examine whethedestis from different programmes
displayed significant different levels of reasonsiglls and problem solving skills. In
order to choose which academic programmes to usthéostudy Holland’s theory of
‘career personality’ was used.

This research used primarily quantitative datehveih additional qualitative to
provide an element of a mixed methods design. &ia das been collected from 333
final year students in one university in Thailandhwparticipants following seven
programmes related to Holland’s theory. The reamprskills test was adopted from
Jittachaun’s test, and the problem solving abitiégt was adopted from real life
problems and logical problems. The content valjdigonstruct validity, and
discriminant validity were reported, and relialyilitCronbach’s Alpha, was .633. The
academic ability was taken from the students’ gramlat average.

The most important finding is reasoning skillsglgmoblem solving ability have
some influences on each other approximately 30ep&rtiowever, academic ability did
not show much influence on the reasoning skillsj aroblem solving ability. This
shows that academic achievement in university stisden Thailand is not a good
predictor of high levels of reasoning and problestviag ability. The other findings
confirm the differences in those skills betweerdshis from different programmes and
strengthen the case for using admission tests @ldrd for university admission. The
thesis findings also reinforce the view that teaghiand assessment in the Thai
education system should be more involved with iasirgy/testing reasoning skills, and
problem solving ability. In addition, the new adsi® system which requires different
skills for different programmes is supported bysthiesearch result that different

categories of programme and career need diffekdlid.s
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Chapter 1

Introduction

This thesis examines reasoning skills, problenvisgl ability, and academic
ability from a cohort of final year university stemts following different academic
programmes. This was the focus for the empiricalkwBecent government initiatives
in Thailand have emphasised the importance of dpusl reasoning skills and problem
solving in the education system but as yet theke teeen few studies in Thailand that
have examined the levels of students’ skills imtieh to their academic achievement.
The students who were tested were drawn from eifteacademic programmes which
meant that the empirical research was also ablexmine whether there were
significant differences in the level of skills diaped by students in different
programmes. Recently the university admission systeThailand has introduced more
centralised tests to help the admissions procdss.résearch was therefore also able to
examine whether testing students in relation tar thetential for specific programmes

(and at a future date their careers) is a senditelopment.

There have been many changes to the universityisatm system in recent
years with increasing use of centralised testsiriguhe last ten years in my role as a
university lecturer in statistics | have noticedttthere are some attempts to allocate the
places in the universities to students effectivahyd fairly. The Thai government
particularly has set up a new department for martptie admissions criteria and has
introduced a test for this aim. The National Ing&tof Educational Testing Service
(NIETS) was established on September 3, 2005, sbéic organization. Its service
extends from primary and secondary levels. It gisepares the examinations for
university admissions in 2009 till now. Tests adigening have become more important
in recent years in the admissions system in Thailan

University admission is potentially a very broagit and the focus of this thesis
is more specifically on the use of tests of reasgm@ind problem solving and how these
relate to choice of subject. But the admissionsesyshas to be considered in the wider
cultural context. So although the empirical foctigarrower, the broad context needs to
be taken into account and this needs to be reflente¢ just in the literature review but
in the background details of the education systenThailand and the fact that the

society is rapidly changing.



2

Many researchers start their work keeping the Tinaito in mind.' ladluwneg me

iFhiin’. It is one motto that | would like to introducehd direct meaning is ‘thinking is

the boss, body is the servant’. The inferential mmeg would be thinking is of
considerable importance for human beings. Norntalijman beings think nearly all the
time, whether they intend to or not. Some thinlkaipositive way, showing creativity,
criticality and analytic skill, some think in a regtye way, showing bias or prejudice.
No matter who they are or what they do, human Isethink and make decisions on a
regular basis even in their day-to-day lives relate such questions as what they will
wear today, what they will eat, how they will gowork or what are they going to do.
Hence, thinking and decision making pervade eveiglife. However, the challenges
in the world are more complicated than just dealiiitp the basics, and humans have to
confront decisions that are much more difficult astthllenging than, for example,
selecting what to wear. There are many ways in lwhigman beings think and make
decisions but which way is the most appropriate ¥eayhuman to use in the different
aspects of their life and in particular context$sTapparently simple question is rather
more complex than it seems at first.

Humans have used reasoning to work out what theyld believe and how they
should act since the earliest stages of human teonluHowever, humans started to
reflect on the reasoning process itself particularlacademic contexts. Johnson-Laird
and Eldar Shafir (1993) indicated that reasoning) @ecision making are high level of
thinking skills which have been investigated foe tlast thirty years. Kirwin (1995)
concluded that reasoning is the cognitive procdslaking for reasons for beliefs,
conclusions, actions or feelings. Therefore, humhage the ability to engage in
reasoning about their own reasoning.

At the present time, in the modern technologicaflshocommunications are
sophisticated, and people have a variety of infoionato stimulate and inform their
thinking. However, it is not just right informatidhat is distributed in society. False and
misleading information is also spread out to pedple People have to be able to
analyze, discriminate and make good decisions emasis of sound reasons. Education
therefore has a crucial role to play in developimag ability.

In Thailand the word normally used for ‘analyti¢hinking’, ‘critical thinking’

and ‘reasoning skills’ isnsaaFsiinged, minaetniinsugna, andsinsemslfivana. Many

times these words are used with the same meanhmgwbrds have a similar meaning

but actually critical thinking is described as th@onal examination of ideas, inferences,
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principles, arguments, conclusions, issues, stattnéeliefs and actions (Taylor,

2006). Meanwhile analytical thinking means the eustseparation of a whole into its
constituent parts in order to study the parts dmair trelations (Thesaurus, 2010). On
the other hand, reasoning skills, as Kirwin (1988ys, are the cognitive process of
looking for reasons for beliefs, conclusions, awi@r feelings. Thus, critical thinking

and analytical thinking means carefully considerthg problem, claim, question, or

situation for the best solution. Reasoning skiflather than that, means carefully
finding the best solution with the reasons or logather than a purely emotional

response. Some researchers in Thailand have coatszhbn the reasoning skills such
as Jittachuen (1992) who studied the constructibm @seasoning aptitude test for
students in Thailand. He identified six kinds ofasening aptitude; analogy,

classification, inference, series, logical diagraamsl analytical reasoning. With the
identification of the six kinds of reasoning, thptiude test is intended to inform

students how much of each component they have laod@inform the teachers how

much the school needs to help students to develgsan which they may not have
scored highly.

The importance of what we can call in general grneasoning’ is widely
recognized. Meanwhile, the educational system iail&hd does not focus on reasoning
skills as much as it could. The reason for this teaglo with established traditions.
There tends to be an emphasis on content knowleagkstudents are not sufficiently
encouraged to develop analytical and critical timgkskills, which are clearly
demonstrated by their inability to complete a cltest, or to grasp a thorough context.
For example, they are often asked to respond ® drufalse questions in response to
some content from books. The teachers will avoittoducing dialogue into the
classroom or eliciting responses from the studéetsause students are reluctant to
respond as giving a wrong answer would be to lase fn the presence of one's peers.
The cultural and educational traditions presertalenge.

Cheosokul (2002) summed up the problem aboutdoeation in Thailand. He
suggested that Thai students have no courage ¢asdisany ideas with their teachers
which is different from the other students from goather countries. And Thai culture
expects Thai students to respect their teachersers gods. This feature seems the
obstacle to the implementation of modern educatiorethods and the development of
Thai students to focus more on reasoning in comeoatiion. Therefore, reasoning skills
for Thai students tend to occur by accident or matr not as a result of the specific

teaching and training in the education system.
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Further than that, in the last two years since920bai government has set up a
new regulation for the selection of high schooldshts into university. It is called
‘admission’ instead of the previous one, ‘entranddie new admission needs high
school students to take a test in skills whichregeessary for their career in the future;
for example, students who would like to apply fogmeering programme need to test
reasoning skills, and problem solving ability.

As indicated above it can be argued that reasoskilts have become more
important in the modern world because there isnoeh information, and too many
choices that come into human’s minds. Those whe ma&de the right decisions or act
in a more reasonable way are likely to have lesa pfoblem. Moreover, reasoning
skills become more important for more practicalsoees because many organizations
test the candidates’ reasoning skills before emptpythem in their particular
association. One example the Office of the Civil Service Commission (OCSQ)igh
serves as the secretariat of the Civil Service Cmsion and is the central agency in
charge of advising public sectors in managing humemource and protecting merit
system practices of the civil service. Their resploitities are to set up and develop
recruitment and testing measures and serve agutneent and selection coordination
centre for government agencies and state entespii$ey create reasoning tests to use
as the first part of the whole process. And anydaate must pass this test first before

going to the next step. Likewise, HSBC (2011, prbnounce that

‘Whichever job vacancy you apply for, strong vertsald numerical reasoning skills are
important. So, once your application passes ougesting process, we'll ask you to complete

verbal and numerical reasoning tests.’

Besides, to study in the USA, a Graduate Recordriihations (GRE) is neededhis is

a general test that measures verbal reasoningfitive reasoning, critical thinking,
and analytical writing skills that have been acediover a long period of time and that
are not related to any specific field of study (&f8bassy, 2011). In the light of this, it is
perhaps strange that educational institutions iail&dhd do not train students reasoning
skills even though many institutes test them befeceuiting them.

In Thailand, these skills have been much less studiompared to other
countries; however, the Programme for Internati@tadent Assessment (PISA, 2000)
studied how well students apply knowledge and skills to Wark in their future life
from nearly everywhere in the world (although ndtalfand) and studied problem

solving for tomorrow’s world. They found that studi® from a country that provides a
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less advantaged background are less advantageldanlsand are less advantaged in the
way of solving problem. The interesting finding fid?ISA provides some insight into

why some countries achieve better and more eqaitablning outcomes than others.

In the light of this finding, there are some stgdieat focus on the differences of
skills or ability between different countries. Fexample, Chalmers and Volet (1997)
studied the Common Misconceptions about Studeats Bouth-East Asia Studying in
Australia. They suggested that some South-East Asidents are different from
Australian students because they may come fromdanagional context that is highly
directed, structured and regulated by the teaahdintl themselves in an educational
context where self-direction, active participatimmd critical thinking are emphasised.
And many of the students from South-East Asia shereommon Chinese and
Confucian heritage background which has traditign@&mphasised the value of
knowledge and respect for teachers. This suggestasnsupported by Back and Barker
(2002, p.64) indicating that ‘students from Coné&cibackground cultures feature a
wealth of subtle and pervasive thinking, derivemhirsocialisation patterns...” Therefore,
the different values and belief systems will fotme tifferent characteristics and will be
reflected in the approaches to learning. Back amatkd underlined that ‘even if
students from Confucian-background cultures revrepltience with some traditional
concepts, certain key issues are not dismissedsib/e(p. 64). Tantichuwet (2010)
studied the patterns and characteristics of edutatiministration in General Education
Programs in the USA and Asian Countries. The sasnplere Harvard University,
Stanford University, National University of Singappo Lingnan University, Tokyo
University and University of Malaya. The data warealysed by using content analysis.
The result concluded that the objectives of unitiessin USA and Asia are the same;
however, the curricula are different even in thensacontinent such as Harvard
University and Stanford University. The patternedlication administration in the USA
and Asian Countries was different. Moreover theulaiipns in General Education of
each University are different. These are the difiees of administration in education.
On the one hand, the differences which come frardesits themselves can be noticed

when they are studying in other countries.

Even though, there are some studies that haveiedtsdme skills in Thailand
such as Tulananda and Roopnarine [2001] who obdeseme everyday activities of
mothers and fathers with children for 2 hours ia ttome in 53 families residing in

Chaing Mai Province in northern Thailand. They fduhat mothers were significantly
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more likely to engage in basic care, general caat@ms, and educational activities; to
praise; and to use commands and reasoning as fafriscipline with children than
fathers. This is evidence that reasoning skill¥ lvailand may be developed from the
family. However, there are a few studies that hstuelied the differences of skills or
ability between Thai and other countries. MeanwHikailand is a country located in
South-East Asia therefore Thailand can be assumeadsimilar situation as the studies
of Tantichuwet, PISA, Chalmers and Volet, and Baokl Barker above. From those
studies it can be summarised that skills or abiifyThai children might have less
opportunity in school and less opportunity in thaywof problem solving ability as
PISA’'s recommendation; a country that has less radged background is less
advantaged in school and also less advantagedeinvély of solving problemAlso,
Tantichuwet recommended that the pattern of edutatdministration in the USA and
Asian Countries was different. Also from the stuadyChalmers and Volet the finding
was presented that some South-East Asia studentiiflerent from Australia’s student
because many of the students from South-East Amsia traditionally emphasised the
value of knowledge and respect for the person ahgtt them. Therefore their critical
thinking skills may not be encouraged as much &erotountry student such as
Australia’s student. This difference was suppoivgdBack and Barker, the different
values and belief systems will form the differehtuacteristics and will be reflected in
the approaches to learning. This reading of tlegditire (with will be explored further
in chapter two) led to the focus of my thesis. kided to include gender as an
additional focus as some studies such as Yenikhet. (2005) investigated the effect
of gender and grade level on students’ logicalkiimig abilities and found that ‘results

revealed a statistically significant effect of ggddvel and gender on reasoning ability’.

In addition, there is a need to investigate hoasoaing skills influence other
skills which are important and how these will h@pople to get ready to achieve a
particular goal. Krulik and Rudnick (1993) belietat people who can solve problems
easily usually use reasoning skills and intendddlekir job very well. Moreover, they
are excited to solve problems too. Learning abdityl problem solving ability seem to
be important and closely involved with reasoninglskTherefore, this research will
not only analyze reasoning skills factors but agamine influences on learning ability
and problem solving ability too.

On the other hand, the need of reasoning skilisdftierent careers may be
different. It seems clear that artists and scientised different levels of reasoning skills
although some people might challenge that viewla#dl (1996) took the view that the
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choice of a vocation is an expression of personaitd he set up the ‘theory of

vocational choice’ which explains how personalitietate to the career choice. If

students know how much reasoning skills the camneeds, they could perhaps consider
their career plan more efficiently. As will be eapled in the methodology chapter,

Holland’s theory was used to support the choicgrogrammes for this study.

One assumption, based on his theory, is thatrdiffecareers need different
amount of reasoning skills, and problem solvinglighiAnd that informing people
about the amount of these variables they needffaréeint careers would be useful to
them. The information may also be useful for highaol students who are selecting
their major and faculty in university which willdd to their career in the future. And
also this result will help the educator to devetbp curriculum to support students’
reasoning skills to confront with the real situatia this world.

Overall, the factors which influence human abiatg a huge number. To focus
and narrow the research, this research will exareome necessary skills for the new
admission system especially reasoning skills armmblpm solving ability between
different programmes. This will be related to tHeam@acteristics of the career which
students will handle in the future. Furthermoreg thfluences of reasoning skills on
problem solving ability, and on academic abilitylvise the core factors that educators
should pay attention to because the students’ dapais the responsibility of the
university.

The diagram (Figure 1.1) shows the specific faziuthe thesis in relation to the
broad background related to the history of edubatod attitudes to reasoning in

Thailand and university admissions.
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(e.g. reasoning skills, problem solving ability)

Figure 1.1 The relation to the broad background related tahikory of education and

attitudes to reasoning in Thailand and/ersity admissions

The next table 1.1 summaries the areas of thear@dseReasoning skills and
problem solving ability were examined in relatianacademic ability. In addition these

variables were examined in cohorts of students fidfarent academic programmes.



Table 1.1 The areas of the research

Skills

Reasoning skills Problem solving ability Acadermizlity

Marketing

Accounting

Engineering

Chemistry

Visual art

Programmes

Education +

Psychology

This research has two main related objectivesnyestigate the influences of
academic ability on reasoning skills, and probletviag ability, and vice versa, and to
examine whether students from different programmlisplayed significant different
levels of reasoning skills and problem solvingIskiThese objectives can be expressed
in more detail as follows.

1. To compare students’ reasoning skills, and probsatving ability between
similar programmes (elementary educational programend psychological
programme; Holland’s personality type).

2. To compare students’ reasoning skills, and probsatving ability between
different programmes.

3. To compare students’ reasoning skills, and probsmiving ability between
different genders.

4. To examine the relationship between reasoningsskiltoblem solving ability,

and academic ability in a cohort of final year warsity students.

The research objectives lead to the following oj@nal research questions.
Research Questions
1. Are the students’ reasoning skills and problem isghability from the similar
programme (Holland’s personality type) the same?
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2. Do the students’ reasoning skills and problem sgvability from different

programmes differ?

3. Do the students’ reasoning skills and problem sgvability from different

genders differ?

4. Do the reasoning skills, students’ problem solhahgities and academic ability

influence each other?

5. What understanding do students themselves haveasbning skills, problem
solving ability, and academic ability? This reséais going to investigate the
influences of reasoning skills, and problem solviglity on the learning.

Therefore, students’ opinions will show some aspect

This is primarily a quantitative study but a snmaathount of qualitative data was

collected to address question 5.

Organization of the thesis

This thesis is divided into seven chapters. Th& fthapter is an introduction,
providing background information about the reasgrskills especially in Thailand, the
importance of reasoning skills, how they relatad¢ademic ability and problem solving
ability.

The second chapter reviews literature on reasoskilly, academic ability and
problem solving ability. There will be focus oneliiture in Thailand as well as
worldwide.

The third chapter discusses the methodologiespirecal research and research
design. It will explain the sample groups, the deahd the approach to analysis,
including validity and reliability of the tests. Will also contain a further element of
literature review in that the theory of career clsi used to support the choice of
programmes will be discussed. The fourth chaptewshthe results and explains the
meaning of the results of quantitative data.

The fifth chapter shows the results and explanes rheaning of the results of
gualitative data.

The sixth chapter discusses the finding of theassh.

The last chapter conducts an overview of the rebeaeviews the purposes,

research finding and limitations, and makes conchss
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Chapter 2

Literature review

This chapter will provide the basis and contextuinderstanding the research by
providing more information and reviewing literatwe five main issues. Firstly, a brief
overview of the history and development of educatin Thailand, secondly, the
concept of academic ability, thirdly, reasoningliskifourthly, the problem solving
ability, and finally, reason skills, problems solgi and academic ability in other
countries. Each of these topics has relevance dootierall focus of the thesis. This
chapter will examine issues related to the testhgeasoning skills, examining the
major approaches and theories of reasoning skiisblem solving ability, and
academic ability.

The context in Thailand is important to this resbhaespecially the education
system which is changing and evolving constantiyorider to understand the system as
it appears to be in the beginning part of the 20Q0s necessary to briefly review some
of the important philosophical, ideological andipohl aspects of education over the
last few centuries which have informed and infllezh¢he educational system at this
time. These include the culture and religious disi@ms which have influenced the
characteristics of students in important ways. Tecussion in this chapter will
illustrate how historical and cultural traditionave influenced the education approach
and how these have impacted upon students’ reagahifis. It will also consider the
relevance and importance of reasoning to issueacaflemic ability and problem
solving ability. One of the main implications fdmig study is the issue of choice of

programme at university and then subsequent career.

The Development of Education in Thailand:Historical Overview

The history of Thai education started when the gkinf Sukhothai,
Ramkhamhaeng, created the Thai alphabet in 128%aded it on Mon, Khmer and
Southern Indian scripts which had existed befonariigy the Sukhothai period (1238-
1378), education was provided by the Royal Insatubf Instruction (Rajabundit) to
members of the royal family and the nobility, whdemmon people were taught by
Buddhist monks.
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The next era was Ayutthaya kingdom from 1350 to7178he basic structure of
education for the princes, boys of noble birth, aathmoners was adopted by the court
and people of Ayutthaya and still prevailed in daly reigns of the Bangkok period. It
is worth mentioning that during the reign of Kinguidi the Great, a book for the study
of the Thai language entitled ‘Chindamani’ was tentand remained in use up to King
Chulalongkorn’'s reign (1868-1910). It is generalbcepted as the first textbook of the
Thai language. However, it should also be notetigheh education was of an academic
type as it did not provide for occupational tragias such knowledge was generally
passed on within the family or acquired througlapprenticeship.

The present period is the Bangkok period (1782 odsya After the fall of
Ayutthaya in 1767, and following a brief Thonbugrpd, the capital city of Bangkok
was founded in 1728 by King Rama | (1782-1809),fitst King of the present Chakri
Dynasty. Modern technology in the form of the grigtpress entered Thailand with the
coming of western missionaries and merchants inntiek 1800's. During the early
Bangkok period, a number of treaties were concludid foreign powers, mostly in

the form of a Treaty of Friendship and Commerce.

Since English became the lingua franca of the Fat,EKing Rama IV realized
that the kind of education provided by the mongsterd the court was not adequate for
future government officials. For this reason, henownded that measures be taken to
modernize the education of the country and a gomiviedge of English would form a
part of the new educational requirements, as itlbembme a necessary key to further

knowledge as well as a channel of communicatioh Wateigners.

The policy of educational modernization was furtparsued by King Rama V
(1868-1910). Recognizing the need for better-tchingersonnel in royal and
governmental services, he opened a school in tleee@#o educate young princes and
the sons of nobles in 1871. This was the first ethmoThailand. Soon afterwards, King
Rama V set up an English school in the palacedpare princes and children who were
relatives of the king for further studies abroadnel as a number of schools outside

the palace for the education of commoners’ children

Therefore, from the beginning of education in Tdrad, boys were educated by
the monks to prepare themselves for being monks,adso they educated boys who
would like to study but did not want to be monkfieTknowledge that they normally
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learned was about Pali and Sanskrit language digiore and girls learned how to
cook for the family. The school at that time, there, was set up near the temple and

normally they were the same name as the temple.

The educational system in Thailand was set up rMfanally in 1960 when
compulsory school was applied to all seven yearchlttiren. However, only four years
in school was compulsory at that time. After thatents could choose to study further
or quit the school. The compulsory education wgsaaged to six years in 1977 till
now, 2011, and it was applied to six years olddrkih. In addition, Thai government
announced the free education for fifteen yearsnftoe three years old kindergarten to
high school, age 18. The structure is 3-6-3-3 ggatem that is in use today. The first 3
years is kindergarten, the second 6 years is pyiserool; this is compulsory, the third
3 years is junior high school, and the last 3 yésusenior high school. As this result,
students tend to study more than the six years ith@bmpulsory at this moment.
However, the subjects that they learn are genemalvledge such as mathematics,
languages, and sciences.

What are the general implications for this study the way education has
traditionally been conceived in Thailand? Becaus¢he culture in Thailand, people
had considerable respect for the monks and alste#luhers, students were not allowed
to challenge or argue with their teachers othentheg would be punished by hitting at
the bottom, hands or legs. Fortunately, Thai gowemt does not allow students to be
hit by the teacher anymore. However, the influen€ehe traditional approach to
education can still be felt. Because of this cealfidr Adith Cheosokul, a professor from

Chulalongkorn University, Thailand, on Septembe2dQ2 said

‘Thai kids have no courage to question their teexhe. The Thais are usually silent in class. |

think it's the culture. Our students tend to uphilachers as demi-gods.’

This idea is confirmed by a perception that isficiced by the celebration of
‘wai khru’ day; this day is devoted to praising tleacher, in all schools and colleges
shortly after the beginning of the new school yashere during a festive general
assembly, the students kneel in front of the te@cbe their knees and offer them gifts,
usually of real or hand-crafted flowers. They than&m for imparting knowledge and

wisdom.

While it is dangerous to over generalise aboutedching and learning, Thai
culture and respect for Buddhism means that Thalesits tend to be passive. This is
confirmed by other writers. Wiriyachitra said Tis&udents should speak English better,
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however, the difficulties are, for example, beirap tshy to speak English with
classmates, and being passive learners (Wiriyach2010). Chairam et al. suggested
that instruction in chemical kinetics in Thailandswften teacher-dominated at both the
secondary school and undergraduate levels. Thaik vaported that to shift students
from passive learning to more active was an enjeyaxperience for the students
(Chairam et al, 2009). Arguing with others or shagvoff usually cannot be accepted in
Thai society. Thai students learn by receiving éimsugh rote learning guided by
teachers.

The author has studied in Thailand since primahosttill master degree and
had the chance to study in the UK for the doctdexdree. From direct experience of
studying, the point of view that Thai students teéade passive and less inspired to
argue with others especially with the teacher u®.trArguing with the teacher is not
considered polite and shows lack of respect whimhnot be accepted in Thailand,;
however, in the UK, passive students tend to bengdor friends and teachers. British
teachers prefer discussion in the classroom.

That style of learning has been influenced by tfeedtyle can be seen clearly
when Nisbett, Peng, Choi, and Norenzayan (2001¢ kawdied the influences of culture
which affected the cognitive process, particulathg difference between East Asians
(Chinese, Japanese, and Korean) and Westernerslyriairopean Americans). They
found that there are differences existing in theaarof cognitive control, focus of
attention, knowledge acquisition, attribution, po#idn and postdiction, reasoning,
cognitive styles, categorization, judgment, andbfgm solving. They concluded that
the social systems have an influence on many el@merognitive processes. The
others studies (Norenzayan, Smith, Kim, & Nish2®#02; Norenzayan & Nisbett, 2000;
Peng & Nisbett, 1999) have also produced similanchgsions. This finding has
confirmed the Wiriyachitra’s recommendation miglet fight. The difference in social
systems between Eastern and Western cultures ategin from the different
developmental stage of their societies (Nisbetil¢t2001). With globalisation there is
more influence from one culture to another anddaegers of stereotyping need to be
recognised but it is important to acknowledge th#uence of social context on
teaching and learning.

As we know now the world has become narrower berafstechnology.
Students in Thailand can see movies and news aod §@m TV or the Internet. The
other cultures especially Western and Europearureulbas influenced Thai culture.

This influence makes Thai people adjust to harmemiwore with the world; such as,
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communication, life style, and the way of thinkin&L least, thinking and expression
with reasoning need to be emphasised at this thodunately, the importance of this
concept drew a response from higher education mldid. They gave precedence to
some skills, for example, problem solving abilitydareasoning skills. They set up the
new admission system by testing those skills bedtiozating places to students. While
the learning procedure in Thailand traditionallyedamot place very much emphasis on
encouraging students to develop skills in argunaet reasoning, the new admissions
system wants to test students’ aptitude, reasoskis, and other skills which are
called aptitude tests, in order to provide themlaceg in the university. Standardised
aptitude testing is a major procedure for selecsioglents for university.

Selecting the right programme to study in the ursifg seems to be important
for all high school students. On the one hand, @babkorn University (2011) has a
guidance project for high school students to setbet suitable programme. They
suggest that students should consider the folloviactprs for selecting the appropriate

programme.

Academic ability

Aptitude or special ability

Liking or interesting in that programme
Habit and personality

Health and physical character

Status of family economy

N o ok~ 0 Dbd e

Aim and career in the future

However, on the other hand, Suan Dusit Poll (20083 surveyed 3,143
Mathayom-6 students, final year high school stuslefmhale = 1,652, female = 1,491)
and found that the reasons they select the progeaminile applying to the university

are:
reasonl Liking that programme 96.11%
reason2 Programme modernisation 79.2200
reason3 Easy to study 78.44%
reason4 Parent suggestion 72.00%
reason5 Teacher guide 68.00%
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reason6 Popular programme 67.56%
reason’ Senior suggestion 61.22%
reason8 Friend suggestion 56.78‘76

Most reasons the students quote for selecting thgrgmme seem inconsistent
with the university recommendations. This may cawssene wasted time and
investments of both university and students. FangXe, some undergraduate students
want to transfer and start to study another progranafter one or two years have
passed. Some graduate students work as they wdrgiena profession that is totally
different from their studying. For example, a stuideho has trained to be a general
doctor then works as an announcer on television.

A major issue in students’ life must be to seleg@ragramme to study in the
university which is fulfilling for them and meanifu) for their future career. How can
they choose the right programme for themselves?

The history of admission in Thailand

The Central University Admissions System, CUAS 1(P0 recognises that
primary and high school pupils, as recommend eadre basically studying knowledge
provided that is general; for example, mathemati@sguages, sciences. After Thai
students have graduated senior high school, theyaily apply to the university. The
admission process uses criteria which students toareeet before getting a place in the
university. The criteria must have efficiency arfiéeiveness. However, the admission

criteria have been changed often within this heiftary.

Before 1961, each university considered placesstodents by themselves, in
other words each university made its own decisiosisg its own criteria. In 1961,
Kasetsart University and the University of Medicineoperated to test candidates
together, a process which was managed by the @&tsalucation council. From 1962
all universities followed this example and managedest the candidates together by
creating the achievement test such as mathematiences, and languages. The test
was taken only once a year after the final ternechication. However, the problem is
some students had some accidents that prevented tddeng the test on that day,
therefore, they cannot be considered for a pladberuniversity. As a result, students

spent most of the time and more money for tutarialsd did not concentrate in
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classroom learning. However, the main reason toenthls change was to avoid a
situation in which some students abandoned theicgsl because they had received
offers of places from several universities. Thieeted some universities who had too
few students left and had to start the admissioogss again. From 1966 the cabinet, at
that time, agreed with Chulalongkorn university’sopposal to separate admission
processes depending on each university so that waigkrsity was again responsible
for its own admissions; however, that caused apoaplem, the universities had to
postpone the first academic term because the witiesr had to re-admit several times.
In 1967, a year later, the cabinet agreed witm#étenal education council to turn back
to use the Central University Admissions Systemiragath all universities using a
centralised system. The centralised system in ahdilmeans all universities use the
result from the same test which was organized l®y@ganization of the government;
National Education Council (NEC). After the NEC haseived the result from the test,
they will allocate the places for students. To soextent this differs from the
centralised system in the UK which collects theliggpon form from the students and
distributes those forms to each University but ésathe Universities to make an
independent decision. Then, from 1973 until nove Bhinistry of University Affairs
which later became a part of Ministry of educatibas managed the admission system;

however, the details have been changed time aifter t

The university admissions process started to temedard tests with specific
requirements for test scores in 2009. The newegtlagon which the Central

University Admissions System (CUAS) requires fastyear; 2011, are:

1. GPAX (mean of last 6 terms GPA) 20 %
2. O-NET (Ordinary National Educational Test) 30 %

3. GAT (General Aptitude Test) 10-50 %
4. PAT (Professional Aptitude Test) 0-40%

The percentage figures show the different elemtiattsmake up the final test (100%).

The percentages of GAT and PAT has an effect oh ether; for example, the

Japanese language programme needs 40% of GAT a&r&dolmAT(?Q),(\]apanese

languag¢ while English language programme needs 50% of @GAd does not need

any PAT. The total percentages of GAT and PAT togieaare 50% in any programme.

This will be discussed in more detail in chaptee¢h
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Aptitude tests are worrying the students becauaeynof them have not been
taught the relevant skills in school before. Therenonderstanding about the aptitude
test the less worrying students become. The CUA§est that aptitude tests for GAT
and PAT are mainly focused on the student’s skittsch may reflect their ability to
study in those programmes or to work in those cargethe future. Reasoning skills

and problem solving ability are some skills tha @UAS highlight for the test.

Overall, the approach to studying in Thailand laasong tradition that has
developed for a long time which tends to be padsaming, and this reason affects the
characteristics of learner. They seem not to bevsigpoff their reasoning skills and
other abilities; however, the new admission systeuld like to measure these abilities
to manipulate places for the students in the usityerWith this situation, the academic

ability, theory and their application for Thai edtion will be explained.

Academic Ability

“i@nmileudhnnn’ is a Thai metaphor which means that children mnedent, they

are empty, and so they can learn everything froery@ne around them. The formal
environment that children can learn most from isegally thought to be in the school.
Not only the academic skills but also general $ikdls also can be learned from school.
Everything the children learn when they are youmdj,affect them when they grow up.

Kail (1990) has suggested that effective compreabana adults has been attributed to
a fully matured working memory and for children cesr in comprehension can be
attributed to an immature working memory capacitya® a functional limit reflecting a

lack of automaticity in processing routines. Thistaphor and Kail's suggestion show
that anything related to learning especially whaopgie are young, will influence

people’s life when they grow up. This researchsttie find something that influences
the academic ability of students so that improvah@cademic ability can be done in a
more effective way. And because academic abilityuise important for the students, so
it is one of the variables that this research Mestigate. Therefore, academic ability

will be addressed in more detail in this section.

Learning is often seen as a process of changihgveur which occurs from
practice or experience. It is not a process of glmgnbehaviour as a result of illness or
maturation but it comes from the development diedént types of ability: motor skills,

such as riding a bicycle, intellectual skills, suah reading and writing, and from the
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development of attitudes and values. Of coursetnegattitudes such as bias may also
be developed. Learning continues during the lifeanimals and a huge amount of

learning happen in humans.

Bandura (1977) proposed that learning occurs tiirambservation of others, or
models. It has been suggested that this type ahileg occurs when children are
exposed to violence in the media. Holt (1983) daaining is a process of obtaining
new knowledge, behavior, skills, values, prefersrmreunderstanding, and may involve
combining different types of information. This isie aspect of the complexity of
learning; that lots of different aspects are irgkted. Humans, animal or even some
machines can learn. Human learning may occur d@sop&ducation or maturation and
can be influenced by a variety of factors. Sometime is very much assisted by
motivation and whether the learner is goal orienMdreover, learning may occur as a
result of training or classical conditioning, seéemany animal species, or as a result of
more complex activities such as play, seen onlyelatively intelligent animals and
humans. Learning may occur consciously or withautscious awareness. So learning

is a complex process.

Bloom’s taxonomy is a well-known learning proceBisere are six categories of
thinking skills which include (1) knowledge acqtisn, (2) comprehension (3)
application (4) analysis (5) synthesis and (6) ea@bn (Bloom, 1956). The categories
are listed in order of increasing difficulty withn@wledge achievement which is
considered to be the easiest up to evaluation whkiclermally thought of as the higher
order thinking skill (Bloom, 1956). This taxonomy widely referenced in Thailand.
Actually Bloom’s taxonomy is really helpful for tlreglucators to manage the curriculum
because the taxonomy guides the steps of behawioich are needed. It describes the
order of thinking from students to perform stepsrfrlower thinking skills to higher
thinking skills; as we can see from the six categgoabove. The purpose of education,
normally, wants to improve students skills espégitinking skills but it is difficult to
evaluate because the thought is seen as a forobgcsive behaviour; however, Bloom
indicated these six steps into objective behaviwbich can be examined related to
students’ behaviour such as ‘can student remem¥)@t (Ised for examining step one;
knowledge acquisition. And higher to the highestlitgb evaluation, step six, the
behaviour that students have to perform in thip st be the assessment ability. Many

evaluation processes in Thailand follow the stagjeBloom’s taxonomy. For example,
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Sukhothai Thammathirat Open University uses thx®rnamy as a pillar to build the
examination tests.

Bloom’s taxonomy can be seen as a descriptionhofking skills. Bloom
declared there were six categories of thinking IskilMarzano et al. (1988)
recommended there are eight skills that are impbttalearning process; (1) focusing
skills, (2) information gathering skills, (3) rembearing skills, (4) organizing skills, (5)
analysing skills, (6) generating ideas, (7) intégraskills, and (8) evaluating skills.
Both, Bloom’s and Marzano’s categories of thinkitigcuss the skills necessary for
students to show critical thinking skills which arery important for students to learn

with extensive understanding.

In psychology, a common definition of learningaiprocess of bringing together
cognitive, emotional, and environmental influencasd experiences for acquiring,
enhancing, or making changes in one's knowledgdls,skalues, and world views
(Skinner, 1984). Learning can also be seen as@gpsowhich focuses on what happens
when the learning occurs. So, explanations of lagrprocess in theory have been

given for a long time and take different forms.

The scientific investigation of the learning presavas begun at the end of the
19th century by Ivan Pavlov in Russia and Edwardritlike in the United States.
Later psychologists manipulated the theory inte¢hmodels. The first are widely used
to explain changes in learned behaviour. Secorflipig the establishment of relations
between stimuli and responses, and the third engegthe establishment of cognitive

structures.

The first model is classical conditioning. It wagially identified by Pavlov. He

did experiments on a dog with a buzzer ring. Atshme time when the dog had food,
the buzzer rang. After several times, the dog a#n when the buzzer rang without
food. Pavlov concluded that learning can be coo@d. The second type of learning,
known as operant conditioning, was developed ardbbedame time as Pavlov's theory
by Thorndike, and later expanded upon by B. F. i@&inSkinner did the experiment on
a rat by pressing the bar for food. He found taaitan learn how to get food after it get
food by accidentally pressing a bar. He explaimed &ventually the rat learned to press
the bar to get food. Besides reinforcement, punetirproduces avoidance behaviour,
too. The third approach to learning is known asndoge learning. Wolfgang said that

more than trial-and-error, learning may occur bgight an idea which has been



21

supported by Edward Tolman who found that unrewamdgs learned the outline of a
maze, and recognise it when it will get food. Taimeoncluded that this is latent
learning, and it has been suggested that the aatslevelop cognitive maps of the maze

that they were able to apply immediately when aarebwvas offered.

Hall et al. (2004, pp. 490 - 491) generalized neay approach from a wide
range of sources. They concluded that there aremam ways in which students

approach learning; the surface approach and the alg@oach.
‘A surface approach to learning is characterisedabyintention to acquire only sufficient
knowledge to complete the task or pass the subjecsuch, the student relies on memorisation
and reproduction of material and does not seekdurtonnections, meaning, or the implications

of what is learned.’

Meanwhile

‘A deep approach to learning is characterised lpeesonal commitment to learning and an
interest in the subject. The student approachesifepwith the intention to understand and seek
meaning and, consequently, searches for relatipashimong the material and interprets

knowledge in the light of previous knowledge sttes and experiences.’

However, at this time, the purpose of educatios ¢feanged. Many universities
have created the programmes to support the markee fand for competition.

Fieldhouse (1996, p. 3) supported that
‘this ideological shift from self-help individualis to social collectivism began to change the
nature of further education, adult education amghdii education. This need for a greater social
collectivism was enhanced by a growing fear of iffmecompetition and the increased
recognition of the need for a skilled work-forcehig led to the creation of the Technical
Education Committees at the end of the 1880s wipiglted training firmly on the adult

education agenda.’

The idea that there was the fear of foreign coitipet and the increased
recognition of the need for a skilled work-forcesnsgreed by Fagan. Fagan (2008) said
the curriculum in Scotland is paying attention tenterprise in education’ and
‘education for work’ in education policy and praeti He said it was the teacher’s
responsibility to put initiatives into place thrdudevising context and choose resources
to support learning. Therefore, the purpose ofdtlacation at this moment tends to
emphasize how to produce skilled students to suppermarket forces. Some skills are

expected such as reasoning skills. The developroéntritical thinking skills or
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reasoning skills has established itself in educaéind it has become an important goal
in education (Browne & Keeley-Vasudeva, 1992).

Overall, learning is an important process forrggae, especially for children. A
small country located in the south east of Asia eénThailand has a history of
education for a hundred years. The developmendwéagion in Thailand has received a
lot of influence from Thai culture which relies @uddhism. This factor brought Thai
students to be passive students; however, with gllobalization, the concept of
education in Thailand changes gradually. At thiseti some organization of education
in Thailand started to bring the modern concepth s ‘student centred’ and changed
the way to admit students to the universities Isying their skills; reasoning skills, for
example. This change needs students to be moke dotpropel the system. Therefore
this research will seek to find out some knowleddech will throw light on whether
the system is moving in a more effective directidlowever, the strategies to manage

learning for children and the education system deéms school or government policy.

Reasoning Skills

Continuing the above discussion, the teachingeatoning is another issue that
is interesting. In teaching students in schooltegleas been some attempt to change the
way students think from cognitive lower-order skilb cognitive higher-order thinking
skills. Ben-Chaim et al. (2000) suggested that éigirder thinking skill development is
essential to bring about the evolution of studemti€lligence and abilities into sensible
actions, no matter what their specific future ralesociety will be. And Barak et al.
(2007) agree with Ben-Chaim; they indicated furtthert the school or teaching should
include not only the creating of student’s knowleagpabilities but also the abilities of
thinking, making decisions, and problem solving.eTieason why teaching should

include these abilities in school was explainedenabearly by Angelo.

“Critical thinking does not simply develop as aule®f maturation, but involves skills that are

notoriously difficult to teach and learn, the prafol as to how to raise students possible low

critical thinking competency levels also desenigsngion” (Angelo, 1995, p. 6).

Because reasoning does not develop purely by atainr the same as academic
ability that has been discussed in the previous®edhis meant that there was more
investigation about reasoning. Reasoning skillsehéeen investigated from both
psychologists and educators for a long time. Indhdy stage of investigation, they

experimented on the animals instead of humanstrerdapplied to the theory. The past
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several years have seen an increase in reseandasoning skills. For example, years
ago Thorndike (1898, p.552) experimented on aaalpen a puzzle-box. He put a cat
into a puzzle-box again and again. He found thatwhole escaping behaviour of the
cat changed. At first the cat’s behaviour appe#odae random, or messy. Gradually, it
became more orderly, more purposeful, and moreieffi. However, he still cannot
conclude that his theory about the puzzle-box erpmrts shows involvement with

reasoning. As he said:

‘the final disproof of the theory that the actstioé animals involve reasoning, comparison, and

inference’

The developmental psychologists have been insest reasoning skills
because it is a productive area for studying comegpformation and change,
development of reasoning and problem solving. Arelrhethod that those skills work
IS necessary to manage a complex set of cognitoigties. Kohler (1925) took a
cognitive perspective when he explained the probdemming behaviour. He tried an
experiment out on apes. He put an ape in a boXednd stick nearby for the ape, and
hung a bunch of bananas high out of reach. Aftairaute the ape could get the banana
by using the stick. He concluded that the ape uaéidnality to solve the problem.
Recently, Schmitt and Fischer (2009) conductedxgem@ment on inferential reasoning
in Baboons by choosing a can of food. The reslitsved that the Baboons can use
inferential reasoning the same as Apes and otldewotld monkeys. From this point of
knowledge, it can be estimated that reasoningss&dh be taught and be developed not
just in animals but also in human beings. The tetaill be addressed in the next
section.

For humans, reasoning skills or the ability to esgnt and reason about objects
and relations between anything depends on manyadgthnd functions, including
common-sense, query answering, natural-languageegsong, planning, and diagnosis
problem solving. At the present time the numbeolgécts and relations that need to be
considered has increased dramatically, and theemunreal-world context requires
reasoning mechanisms that can scale to hundredsmamed objects and relations.
Reasoning is defined by Kirwin (1995) as the cageiprocess of looking for reasons
for beliefs, conclusions, actions or feelings. Re&sg skills are instruments for making
decisions using specific cognitive skills, assegskills and thinking systematically or
abstractly (Fischhoff, Crowell, & Kipke, 1999).
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All of these researches confirmed that reasonkilis $s important for life. So,
investigation confirms that reasoning skills fastarill improve reasoning skills in the
right direction and more efficiently. Educators aalicational psychologists can set a
goal to determine the use of reasoning skills feproving learning and instruction in
education. For this reason, developmental and ¢dueh researchers should give
precedence to reasoning skills because the rasdtilie® research may indicate the better

way to train the students to become more capable.

Can we teach reasoning?

To answer the question can we teach reasonintg,skiisbett et al. (1987,

p.238) report psychological studies recommendiag th

‘even brief formal training in inferential rules sn@nhance their use for reasoning about

everyday life events’.

They based their study on graduate programs stsld€he issue of reasoning skills
becomes increasingly important during adolescercaulrse teenagers are developing
greater autonomy and encountering more choicegpertient of adults. The choices
teenagers make may drastically affect not onlyrtben lives, but the lives of others
as well (Ganzel, 1999).

Nisbett et al. have an idea that people can useeintial rules, and that rules can
be taught, for example by abstract means. Howdhery recommend that the rules
which people use to solve everyday problem carebméd by training in statistics or
even by students solving example problems in stis Including training in

conditional logic, abstract logic, or even showirayv to solve problem would work.

Overall, it is generally agreed that reasonindgjsskan be taught. However, they
can also develop naturally or by accident or natutlout specific teaching. The result
of teaching may not always be controlled. Theral$® the issue of transferability of
reasoning skills whether these have to be learnecbntext or whether they can be
learned and applied more generally. For this isslarison and Schunn (2004, p.1)
experimented with the transfer of learning by asisig two groups of samplethe
experienced person and the beginner, and then rexplihe application of general

scientific reasoning skills. They concluded that:
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‘Results indicate that at the graduate level, mequerts are able to apply general scientific

reasoning skills across dissimilar domains, whdeices still have difficulty with the transfer.’

Normally, transfer of learning is the applicatioinskills, knowledge, or attitudes
that were learned in one situation to another lagrmsituation. Therefore the
experienced person may get advantages from théopgeexperience and use it for the
new situation. This can apply to studying in thévarsity where they can teach or train
their students reasoning skills; later students ajaply it easier. This shows that the
issue of transfer is not straightforward and vamngth the experience and prior

achievements of the learner.

The need for reasoning

One reason that humans especially at this timel neason is because of too
much information distributed in this world and irvariety of ways, such as TV, radio,
newspaper, or Internet. Not only is correct infotioragiven, incorrect information also
comes to the public. It is a human responsibilityptganize it, discriminate and make a
good decision. Making decisions, even big or snmlbften difficult (Shafir & Tversky,
1995) because of conflict and uncertainty relatedspecific situations and the
associated emotions that are sometimes involvetljdmg their experience. The idea is
that rational decision making is a main ability andl enable people to reach the
objective (Searle, 2004). Moreover, reasoning can used for resolution of
controversies. For examplacademic controversy, which is the instructionad o$
intellectual conflict to encourage higher achievamand raise the quality of problem
solving, decision making, critical thinking, reasay interpersonal relationships, and
psychological health and wellbeing (Johnson, & oimy 1995). Some of the choices
that human have to make include decisions that imayde the career, whether or not
to have sex or use contraceptives, whether or maisé alcohol, cigarettes, or other
drugs, or whether or not to engage in violent skyibehaviours (Fischhoff et al., 1999;
Ganzel, 1999). Concern about these risk behavieuogramme involved with the
development of reasoning skills is needed to hegmagers better protect themselves
with effective decision making skills. Last but reast, reasoning not only applies to

making decisions but also aims at stating trutblr{§on-Laird & Shafir, 1993).

Reasoning skills in relation to college studerastgehbeen a focus of interest for a
long time. Bill (1988) said that when teaching, dents’ reason becomes more

necessary and important; however, it is not an eg®l of higher education. He
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recommended that when teaching students infornagbréng there is a need to provide
students with a model of reasoning which clearkgcses the skills to be learnt such as
manage the skills into the rough order dependintherfunction and complexity; direct
instruction of reasoning very well; provide moreagdtice on reasoning; and give precise
feedback. The aim of this is to teach studentsrtalyae, evaluate, and construct
informal arguments. The research result of thiglystis intended to show evidence
related to whether different types of career neiférdnt amounts of reasoning skills
and different details. Therefore, the educatiortesysshould prepare students for the
appropriate programme. Spurrett (2006hfirmed that the classes containing variety of
talent, skill and motivation will need more credvand dedication in the teaching
process; however, it is a risk for some studends ifhthey are left behind, they may
think ineffectively. He suggested that it will bestter if the educators prepare the
curriculum from the early stages of undergraduatachv can gain the skill and
motivation at critical reasoning more effectivelhis good preparation could help the
students to be successful in other courses anduthee. Schmidt and Hunter (1998)
concluded that reasoning tests are the best poeslicf job performance. They also
reported that reasoning tests can predict the teféaess of staff training programmes,
with staff who have higher levels of reasoningipdble to be trained more effectively

than those who have lower levels of reasoningtsbili

To sum up, reasoning skills are necessary in lsotiool and work place.
Students and workers who have higher reasonints Sélem to have more efficiency
than the others. It would be better to preparectireculum to teach reasoning skills in

school because students can develop and use ittivegmgrow up.

Reasoning skills Test

A test is an instrument to examine something siscknowledge, skills, aptitude,
and so on from the test taker. This research us@® $ests, reasoning skills test, and
problem ability test, to examine the participasatsility.

Reasoning tests were first developed by Alfred BiaeFrench educationalist
who published the first test of mental ability i80b. He was interested in assessing the
intellectual development of children, and eventubl developed the concept of mental
age. The reasoning test was a part of an IQ testStanford-Binet intelligence scales
can be considered the first one of all modern ligesice assessments. The Stanford-

Binet scales have been evolved through many renssithe first one received analysis
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by Lewis Terman in 1916. Terman produced ‘The Meament of Intelligence: An
Explanation of and a Complete Guide for the Useth# Stanford Revision and
Extension of the Binet-Simon Intelligence ScalehisThandboolpresented translations
and adaptations of the French items, plus new itgrashe had developed and tested
between 1904 and 1915 (Terman, 1916). Later tlsiswas revised by many people
such as Maud Metrrill, in the 1950s, Thorndike, Hagad Sattler, in 1986.

The tests were criticised because some were thoodf# culturally biased —that
they favoured upper classes. Also they were thotmtest just one type of intelligence
- logic. Howard Gardner (Gardner & Hatch, 1989)waed intelligence as multiple
intelligences. He initially described seven typdsirdelligence: Spatial, Linguistic,
Logical-mathematical, Bodily-kinesthetic, Musicdhterpersonal, and Intrapersonal,
and these would allow seven ways to teach, rattaer one. He defined the intelligence
as 'the capacity to solve problems or to fashiaupcts that are valued in one or more
cultural setting'. This kind of thinking challengedme of the simple assumptions of the
early test developers.

Reasoning skills test is a kind of psychologicat t@hich places emphasis on
cognitive thinking and reasoning. Among many psyahical tests, reasoning skills
tests have been widely adopted. Newton and Brigfall10) conducted abstract
reasoning test with diagrams, symbols and shastsad of words and numbers. They
suggested that the diagrams, symbols, and shapest davolve ability in language and
number which most reasoning test usually requinesmaay affect the test outcome. For

example,

1) Which figure completes the series?

NS

A C D

ABCD

2) Which figure completes the series?

G EREE

A

ABCD
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This example only requires understanding of languiagfollow the initial instruction

but the test item itself is non-verbal.

The University of Kent Careers Advisory Service 8P has produced four
types of reasoning test. They use these tests thiedsdor helping people to consider a
suitable career which employers can use togethdr mwierviews, application forms,

references, academic results and other selectitimoche

1. Numerical reasoning; for example,

EXAMPLE. What is the missing number? -

?
| Previous Question | 1 4 9 7 25

2. Logical reasoning; for example,

MNext Question FINAL EXAMPLE. Whatis the missing letter in this series: 5
| Previous Question | h g ? e d ~

These two examples do not require language competelhey also do not

require specific knowledge of any subject matter.

3. Verbal reasoning; for example,
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EXAMPLE Cardiovascular disease is so prevalent that virtually all o
businesses are likely to have employees who suffer from, or may develop,
Next Question this condition. Research shows that between 50-80% of all people who

suffer a heart attack are able to return to work. However, this may not be
possible if they have previously been involved in heavy physical work. In
such cases, it may be possible to move the employee to lighter duties,
with appropriate retraining where necessary. Similarly, high-pressure,
stressful work, even where it does not invalve physical activity, should also
be avoided. Human Resources managers should be aware of the
implications of job roles for employees with a cardiac condition.

| Previous Question |

Time Left:

EXAMPLE A) Physical or stressful work may bring on a heart attack.

The statement is DEFINITELY TRUE, or would be a reasonable conclusion
to draw from the passage

The statement is DEFINITELY UNTRUE, or would not be a reasonable
conclusion to draw.

I have INSUFFICIENT INFORMATION to answer either of the above with
any certainty

This example does require language competence. iflsould be argued that
knowledge of the subject matter could be an adgaehen completing this item even

though it is intended to test just reasoning.

4. Non-verbal reasoning; for example,

FIRST EXAMFLE QUESTION

[] | [ [ ]
| ]
| [ | [ | |
| [ | [ | [ | | | [ | |
| | [ | |
| [ | | [ | | | [ | |
FIRST EXAMPLE QUESTION [ Previous Question |
A B C D E

This item avoids any risk that what is being téstemore subject knowledge or

verbal competence.

Procter and Gamble Company (2008) employed a reasdest to help select
the applicants to their company. They said reagpskills are difficult to assess from
resumes, application forms, or interviews alone.afplicant’s score on reasoning test

becomes one of the important qualifications considlen deciding whether or not to
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hire an applicant. And it can predict the succdsenaployees too. The test has three

sections.

(1) Numerical Reasoning

Example question A machine produces 100 units of product per nanlit24 units of
product are packed to the case, how many casedbedilled in one hour by the

machine?
A. 125
B. 250
C. 500
D. 2,500
E. 6,000

Another advantage of these kinds of test itentisasthe answers are objective —
no judgment is required in deciding whether an amss/right or wrong.

(2) Logic-based Reasoning

Example question There are three central organizational functitm&very product
development project: marketing, design, and manufexy. The marketing function
consists of the interactions between the orgamizaind the customers, which includes
setting target prices and overseeing the launchpaachotion of a new product. The
design function determines the physical form of f@duct. This includes the
engineering design, such as mechanical and elakctssues, as well as the industrial
design, which includes aesthetics and user intestathe manufacturing function is
responsible for designing and operating the sydi@mproducing the product. This

function includes purchasing, distribution, andafiation.
From the information given above, it can be validbycluded that:

A. An organizational function determines the phghkiorm of a product if and only if it

addresses mechanical and electrical issues.
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B. There are product development projects in whieh physical form of the product

need not be determined before target prices are set

C. Whenever an organization is determining the iglay$orm of a developing product,

it is performing a design function.

D. There are at least some product developmeneg@sjin which the marketing

function does not set target prices or launch andhpte the product.

This kind of item requires sophisticated readikijssbut it is an item that might
be more appropriate in vocational contexts.

(3) Figural Reasoning questions

EXAMPLE 1:

AAA A
AA A AA

Hughes and Courteney (2010) have built both veréasoning test series and

nonverbal reasoning test series for pupil’s agevben 7 years 3 months and 14 years 3
months. They explained that the tests help to asgepils’ future potential in that a
pupil may acquire new concepts in a wide rangeubfexts including math, science,

and design and technology.

The advantages and disadvantages of the verbalnanderbal test can be
discussed. First of all, the different characterssof verbal and nonverbal test can be
seen clearly in that verbal tests uses languagetasl to question and display the test,
while nonverbal uses others, such as line, figabgects, and drawing. The advantages
of verbal tests are: easy to build and use, thiama¢he test can be built in variety of
way and make it more complicated but in the positkay whenever the test taker can
read that language. And it is more accurate tatirebecause language can explain the

details clearly. The disadvantages of verbal testisoccur if the test taker cannot
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understand the language clearly. On the other haitd,regard to the advantages of

nonverbal test, Lohman explain that:

‘The goals for using figural reasoning tests wheleding students for special programs for the
gifted and talented are laudable: Measure abilitiea way that is fair to all students; increase
the diversity of students who are included in pamgs for the gifted and talented; actively assist

those who have not had the advantages of wealtmdmmersion from birth in the English
language.(Lohman, 2005, p.112)

Moreover, another advantage is to avoid the lagguaderstanding problem.
So, the test can be a standard test which can bd us any country. One of
disadvantages is the ambiguity of the test in thatfigure cannot be explained in more

details and this may make the test taker misuraieighe test target.

Meanwhile, Jittachaun (1992) in Thailand has camséd a reasoning test in
three formats, picture, language, and picture anguage, with each test composed of
the same questions and the same six factors; anattagsification, inference, series,
logical diagram, and analytical reasoning. The yses reliability was .5694 and its
validity was .4883. Meanwhile, the language’s ality was .7109 and its validity was
.6218. Mixed picture and language’s reliability w@225 and its validity was .5507. All
reliability and validity were significantly at tHevel of .01. Examples for the six factors

of reasoning test are given below. They have besstated from Thai.
Analogy test

Instruction: item 1 — 4 please select a choice whétate to the first pair.

1. car : wheel» human : ? 2. bird : worm» frog : ?
a. hand a. insect
b. arm b. watermelon
c. leg C. grass
d. wheel d. ant

e. eye e. millipede
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Classification test

Instruction : item 5 — 8 please select a choicelwiffers.

a. mango

b. pineapple

c. tomato

Q

watermelon

e. banana

b. kead (small green)frog
c. turtle
d. Tapapnshe(led turtlesoft )

e. eel

Inference Test

Instruction : item 9 — 12 please find the con@adrom assigned circumstance.

9. If ant has wings, he will plough.

Ant has no wings, therefore...

® 2 0 T W

He sell flowers

He plough

He throws a net

His rice field has no rice

Cannot conclude

10. If he rdambks, he can
be a soldier. He read book,

therefore.....

a. Heis ateacher.
b. He is a student.
c. He writes books.
d. Heis a soldier.

e. He holds a gun.
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Series test

Instruction: item 13 — 16 please select a choibelvcan be the series.

13. seed, young plant, plant, .... 14. young plant, water, tree, ....
a. leaf a. bloom
b. brunch b. fruit
c. fruit c. cutthe tree
d. flower d. fruit selling
e. seed e. growing tree

Logical diagrams Test

Instruction: item 17 — 20 please select a diagndmech shows relationship of assigned
words.

17. sprout, tree, fruit

.l-‘-.‘“\
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Analytical reasoning Test

Instruction of analytical reasoning Test

Use statement 1 — 4 answer questions 21 - 24

5 kg. turtle = chicken

bird lighter than fish which the same as pig
fish same as chicken or duck

two birds = a turtle

PwnNeE

Instruction: use statement 1 — 4 answer questidnrs?2.

21. Which one lighter than turtle? Bw many kgs for 2 pigs?
a. chicken a. 2 kgs
b. bird b. 4 kgs
c. fish c. 5 kgs
d. pig d. 10 kgs
e. duck e. 15 kgs

All of these tests are to test reasoning skillsoading to Jittachuan’s concept
which he has tested and confirmed as valid andbieli This form of reasoning skills
test which is widely used in Thailand will be usedtest reasoning skills from the

samples in this research.

In addition, investigating whether reasoning skilhfluences other attributes
which are important will help people get ready to domething or to develop
themselves. For example the ‘Eleven Plus’ exanonatvas once used throughout the
UK but is now only used in a number of counties aondoughs in England. This test

established a tripartite system of education, wathtechnical, an academic and a
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functional strand. The test was used to find ouwfbich strand a child was most suited.
The results of the test would be used to match ia’shsecondary school to their
abilities and future career needs. The test testsdent's ability to solve problems using
verbal reasoning, mathematics and nonverbal reagoand English. However, the
Eleven Plus was not used in some part of the Uke f@ason comes from the teachers

who disagreed with the test.

‘A large majority of primary school teachers arehappy with the 11-plus because many
children who do not pass the selection test fesy thave "failed" at an early age.” (BBC News,
2010)

And later, the Education Minister at that timejt@ana Ruane, pronounced the
ending of 11 plus tests. She believed that it waelthove unnecessary pressure on
children.

‘I have repeatedly said that academic selectidioth unnecessary and unjust. In many schools
preparation for the transfer tests starts in P5taisdputs two years of pressure on nine and 10
year old children.” (Ruane, 2008)

Overall, designing a teaching strategy which hasaim of improving students’
reasoning skills is not an easy job, even the &a&clvho have the most experience have
difficulty with this (Tobin, Kahle, & Fraser, 1990bombard (2008, p.1038) made a
good conclusion that:

“the nurturing of critical thinking skills can bepproached by multiple perspectives and if
education institutions are taking the nurturingstiident’s critical thinking abilities seriously,

collective intra-institutional interventions arecessary”
Problem Solving Ability

Another ability that this research gives preceddndae problem solving ability.
This ability seems to be the result of thinkingliggwith efficiency of thought shown
in the form of ability to solve the problem. It mbg said that problem solving ability is

the next step on from reasoning skills.

In Thailand, the importance of problem solving #pihas been increasingly
recognised. The Ministry of Education set up ancatlan plan more precisely in 1999
to manage Thai education to become more child egntand intended to increase
attention to thinking skills and problem solvingilap and other abilities of students.

This plan prompted some researchers to study sesoes that may relate to the plan.
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For example, Suthisanon (2004) studied the cred#tiviking process of the students in
Muthayomsuksa 4 (four grades, ten year old) andddhat their creative thinking can
increase with the imaginative practice. And Jangl(Z007) studied the effects of using
metacognitive strategies in organizing mathematat&vities on mathematical problem
solving ability and self-regulation in learning hamatics of eight grade students in
Nakhonsrithammarat province, and she found thatsteents who learn by using
metacognitive strategies had higher problem sohagity and self-regulation in
learning than the students who learn by the nostrategy. There are various studies
about the students’ ability. On the one hand, tistitute for the Promotion of Teaching
Science and Technology, 2011, suggested that élitbee should teach students to solve
the problem by setting up the problem to them ddimgnon their ability; easy problem
for students who have low problem solving abilitydaincrease the difficult level for
students who have higher ability. Fortunately, #dsicational plan has continued to this
year and the results of the plan have been applidte new admission system in which
now the problem solving ability is tested as a pafrtthe admission examination.
Problem solving ability is not only highlighted amportant for students but also for
those of working age too. Some companies train their eyges in problem solving
skills for their job efficiency. Polawanitch (201fgcommended that there are no best
ways to solve the problem but people should undedsthe problem, the environment
of the problem and people who get involved witht theblem, and eventually make
decisions. Eva (2010) explained more that thegitBarward way to solve a problem is

to remember how the problem was solved in the past.

Because problems are unavoidable, problem solvbilityais important for
human beings. Kamaruddin and Hazni (2010) recomegkrldat the problem solving
ability is very important especially for studen&udents can improve their learning
ability if the teachers teach them with the impletagon of problem solving. Green
(1966) said the investigation of problem solvingdrae more important in the middle
of the twentieth century due to the work of a fegiestists such as Hall, Skinner,
Newell, Simon and Shaw who were the first group whecifically sparked the idea of
humans having problem solving ability; however yteenphasized solving problems on
the computer because it is easier than working umams. Newell, Simon and Shaw
(1958) introduced a new theory of problem solvibgsed on concepts of information
processing and computer programming. The natureisfan problem solving methods
has been studied by psychologists over the pastiradnyears. There are several
methods of studying problem solving, including; raspection, behaviourism,
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simulation and computer modelling, and experiméhestalt psychologists such as
Kohler (1925) and Wertheimer (1945) have found grablem solving is integration of
learned responses and they place emphasis on ukeptoblem solving. Kohler
observed that his apes could fit two sticks togetheorder to reach a banana outside
the cage. He concluded that the apes had learmedetbvant responses before they

could put two sticks together into a complete peabkolution.

More recently, the problem solving strategy hasobee the more interesting
issue. There are many theorists who have definegtbcess of problem solving such
as Goldstein and Levin, (1987) who defined the nmepf problem solving as a
methodology of mental process to solve the proldeuh it is a higher order cognitive
process which requires the modulation and confrod@re routine or fundamental skills.
To make it become a more obvious process, Simaa. €1986) defined that fixing
agendas, setting goals, and designing actions swally called problem solving,
whereas evaluating and choosing, is usually cafledision making. They classify
problem solving and decision making separately.yTloeus on how humans respond
when they are confronted with unfamiliar tasks. Esample, his work on abstract
problems like proving theorems in propositionalitognd solving the Tower of Hanoi
puzzle. The goal of this puzzle is to move all dies from the left peg to the right peg.
Only one disc may be moved at a time. A disc caplaeed either on an empty peg or

on top of a larger disc. (The picture shows below)

Figure 2.1 Tower of Hanoi puzzle

Beside this, VanGundy (1988) summarized the probsetring process in 5
stages. The first is pre-problem solving which gracess of determining a gap; if a gap
remains between what is and what should be, deterengap and if the problem gap is
measurable, think about the available resourcesdatermine if the problem is in your
responsibility. The second is problem definitiord aanalysis which searches for and



39

analyses problem information. The third is genatpideas which search for readymade
problem solutions. The fourth is evaluating andestthg ideas which search for
information to evaluate the solutions. And the filsamplementing the solutions when

appropriate by using implementation techniques.

Other theorists generate the problem-solving m®cguch as, Bank (1992
suggests six steps to problem solving; 1) Idemtdythe problem, 2) Identify the cause,
3) Generate Solutions, 4) Choose Solution, 5) Impl& Solution, and 6) Evaluate
Outcome. Buchanan and Boddy (1992) suggest nirge steodel; 1)ldentifying the
problem, 2) Gather Data, 3) Analyse the data, 4)eGse Solutions, 5) Select Solutions,
6) Planning implementation, 7) Implement Soluti8,Evaluate implementation and
outcome, and 9) Continue to improve. However, Gosmand Pauen (2005) suggested
that the successful solution is up to mapping #tational structure of the base problem

to the target problem.

Additional information is provided by Piaget's tig who declared that
problem solving ability is related to maturationaget explains that young people can
only solve easy problems which are not complicated problem solving ability will
increase when they grow up (Jones & Davidson, 1998)ile Moss et al. (2007)
studied the influence of open goals on the acdgomsibf problem-relevant information
and they found that problem-relevant, or hint, pnéed implicitly in a second task in
between attempts to solve the problem can aid enolslolving. However, this finding
cannot apply to the strategic behaviour of paréinig after they can solve the problem

because most participants were not aware of tagaakhip.

On the other hand, Viskontas et al. (2004) showeadeeace that challenged
Piaget. They disputed the ability to integrate mplét relations and inhibit irrelevant
stimuli the younger perform better than older peoflheir experiment showed that
younger adults performed very well but older adpksform poorly. They suggested
that the observed decline may be explained byd#estion and inhibitory functions in
older adults. Likewise, Chrysikou (2006) arguedttbBaccess in solving problems
depends on the solver’s ability to construct gaaived categories. He explained that
the categories will be formed to serve the goalsnduthe instantiation of problem
frames. His experiment showed that the effectsamfing in categories construction can
be learnt without participants being explicitly anfned; this is relevant to the issue of
training and problem solving. On the one hands ihard not to believe that creativity

can help people solve many common problems (Buh®e&gMick, 2004). Wang et al.
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(2004) confirmed that creative thinking is a helg®source that can be directed to the
different strategy of problem solving process.Hait study, Creative Problem Solving
has its effects on the manager’s idea to think ni@eply to understand the problem

situation and more correlated problem solving é$for

Spiridonov (2006) conclude that most psychologreakarch views the solution
to solve the problem as a part of transformatioiiso€ontent. The problem solver tries
to find the way to solve the problem, such as dateuthe number of things people will
get, go to the point by using a particular setireéd, or determine when two trains will
meet, and so on. However, the problem that resees¢hy to create is the type or forms

of thinking that are already known.

In human life, many components relevant to probsatring are found such as,
perception, interest, aptitude, 1Q, creative thagkicritical thinking, academic ability,
and so on. When people want to know something rieey need learning ability.
Perception can attain awareness or understandisgrsory informationCompetence
is the ability to perform a specific task, action fanction successfully. Meanwhile
motivation can activate goal-oriented behavioureillaptitudes help them do a certain
kind of work at a certain level. An attitude cargent an individual's degree of like or
dislike for anything. And personality can organaeset of characteristics held by a
person that uniquely influences his or her cogngjomotivations, and behaviours in
various situations. A thing to make humans differfom animal clearly is mental
ability. In addition it can make humans differerdrh each other too. Such as somebody
can make decisions fast and correctly very easityitbmay be harder for someone else,
somebody can solve the problem easier than otidws. only mental ability but
environment, baby care, personalitpindfulness, skills and so on also can make
humans differ. There are many factors or skillg tiesearchers try to investigate and
manipulate for humans. 1Q seems to be an obviaisrfaGene comes together with 1Q.
Personality is another popular factor that mangasshers focus on. At the same time,
reasoning skills are still important to study. Téiese not all equally relevant for all
human beings. Something small for someone but neybig for others such as

reasoning skills we should not omit.
Problem solving ability test

The problem solving ability test was adapted fromaaety of styles such as

logical puzzle, real world problem, and mathemaiicezzle.
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Example 1: Please explain how you can across the river witi one animal at a time
while you have a dog, a duck, and a chicken with. yéou cannot let the dog

stay with any animal without you.

Example 2:Please enter the number 6, 7, 8, 9, 10, 11, 123rk814 into the table each

cell so that the summarization must be 30 in raMymmn and diagonal.

Overall, problem solving ability and reasoning lskdeems to be important and
relate to each other. People are recognizing thgdortance more. There are various
theories and criticisms of them. Some suggesteskthbilities grow naturally as people
grow up but some disagree; however, it is quitdulde train these abilities from a

young age, and they will show their efficiency whesople grow up.

Academic ability, reasoning skills, and problem seling ability in other countries

After examining the history of education in Thathas well as general and
specific information about reasoning skills, prablsolving ability and academic ability

in Thailand, now it would be helpful to view thesalls in other countries.

Academic learning and teaching in Thailand seenisetpassive and focuses on
the achievement of students. Meanwhile other casthave their own patterns or
characteristics. Thpatterns and characteristics usually differ inedight cultures. This
idea is supported by Tantichuwet (2010) who studledpatterns and characteristics of
education administration in General Education Raotwr in the USA and Asian
Countries. The samples were Harvard University,nfdta University, National
University of Singapore, Lingnan University, Tokydniversity and University of
Malaya. The data were analysed by using contenysiea The following is a summary

of her findings:
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1. The objectives of general education in USA Asdn universities have the
same characteristic focusing on students’ broadviedge than their major knowledge

and abilities to make use of the knowledge in theeryday life.

2. The General Education curricula of Harvard Ursitg and University of
Tokyo are core curricula. While, the General Edwocatcurriculum of Stanford
University, National University of Singapore, Lirgm University and University of

Malaya are Distribution Requirements.

3. Harvard University and Stanford University hdbhe same pattern and use
what she calls a ‘Great Book Approach’ course. &inues, ‘Meanwhile, National
University of Singapore, Lingnan University and uarsity of Tokyo use Single
Discipline and Compound course. University of Malayses Single Discipline,

Compound course and Extraordinary course’.

4. The regulations associated with General Educatioeach University are

different in terms of total credit, faculty and divon.

While the objective of universities in USA andidsre the same; however, the
curricula are different even in the same continemth as Harvard University and
Stanford University. The patterof education administration in the USA and Asian
Countries was different. Moreover the regulatians General Education of each
University are different. These are the differenaeadministration in education. On the
one hand, the differences which come from stud#r@mselves can be noticed when
they are studying in other countries. Chalmers ¥akbt (1997)studied the Common
Misconceptions about Students from South-East Aiadying in Australia. They
suggested that some foreign students are différamt Australia’s student because they
may come from an educational context that is highitgcted, structured and regulated
by the teacher to find themselves in an educatiooatext where self-direction, active
participation and critical thinking are emphasiséshd many of the students from
South-East Asia share a common Chinese and Confingdtage background which
has traditionally emphasised the value of knowledgd respect for teachers. This
suggestion was supported by Back and Barker (20@2) indicating that ‘students
from Confucian background cultures feature a wealtbubtle and pervasive thinking,
derived from socialisation patterns...". Therefdhe different values and belief systems
will form the different characteristics and will beflected in the approaches to learning.

Back and Barker underlined that ‘even if studentsnf Confucian-background cultures
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reveal impatience with some traditional conceptstain key issues are not dismissed as

easily’ (p. 64).

Eventually, the Programme for International Studéssessment (PISA, 2000)
was set up to evaluate how well 15 year-old stuglemtre prepared to meet the
challenges of today’s societies. Students in eacticgpating country were evaluated in
three forms of literacy: reading, mathematical a&etentific. The evaluations placed
emphasis on how well students apply knowledge &ilild $0 the work in the future life,
rather than on the achievement of learning. PISAllte suggest that school policy and
schools themselves have an important role in chtimgo the impact of social
disadvantage on student performance. Some scheminee factors, school policies and
classroom practices may make a significant diffeeetio student performance. Both use
of school resources from students and availabdityspecialist teachers can have an
impact on student performance. The factors whitdted to the perceptions of teacher
such as school climate, teacher morale and commitraed school autonomy, appear
to make a difference too. Lastly, there are sonpecs of classroom practice show a
positive relationship with student performance fsas teacher-student relations and the
disciplinary climate in the classroom. The intargstrecommendation from PISA is
why some countries achieve better and more eqaitablning outcomes than others.

Beyond illustration on the characteristics ofdgtt’s learning ability, problem
solving ability and reasoning skills can also Hastrated in term of the differences
between countries. Reasoning skills are considezegimportant for students to use in
learning and living in present society. In additio@asoning skills and problem solving
ability has also been considered as an importaaturfe between Western academic
models of study and non-Western or Confucian-béesmtiing systems (Cadman, 2000).
South-East Asian students in particular, are gdgethought to be non-critical in
academic issues and are considered to show a fagkildy to criticize and analyse
with reasoning (Kutieleh & Egege, 2004). In otheuwtries, McCannon et al. (2004)
evaluated the utilization of clinical reasoningdiydents in the USA and Scotland. The
results of this study indicated that the predominf@mm of clinical reasoning was
procedural in nature (61%) followed by conditiomahsoning (27%) and interactive
reasoning (12%). Students in Scotland tended toniseactive reasoning more than the
students in the USA. Later, Hanushek, and Woessr(2000) investigated whether a
causal interpretation of the robust associationveen cognitive skills and economic

growth is appropriate and whether cross-countrydewie supports a case for the
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economic benefits of effective school policy. Aty found the significant growth
effects of cognitive skills when the institutiorfatures of school systems have good
management. And countries that improved their dognskills over time experienced

relative increases in their growth paths.

Reasoning skills such as analytical reasoningntfaéive reasoning, analogical
reasoning and combinatorial reasoning skills carused to solve problems. Thus, a
student needs to combine many different cognitiroegsses to solve a problem and the
PISA (2003) studied Problem Solving for TomorroWMrld as well as the study of
three literacy forms: reading, mathematical ancergdic. They found that students
from a country that has less advantaged backgraheks advantaged in school and
also less advantaged in the way of solving probl€wmuntries should be aware that
social background has such a strong effect notgnsturricular outcomes but also on
acquisition of general skills. Many studies areigating the importance of employees

acquiring problem solving skills in the modern waoldce.

There have been some studies in different couwnttieat examine the
relationship between academic ability, reasoninlissiand problem solving ability. For
example, Yenilmez et al. (200p,219) investigated the effect of gender and gradel
on students’ logical thinking abilities. They foutitht ‘results revealed a statistically

significant effect of grade level and gender orsogeng ability’.

Bouhnik and Giat (2009) developed a high schoolrs® designed to provide
students with applied logical tools. After they dit experiment teaching, they found a

significant improvement in the students’ criticaading skills.

Weiping et al. (2011,p.551) concluded that ‘specific attention to the
development of children’s thinking, even of a venpdest intensity, can have far-

reaching and cost-effective positive effects onrtlearning’.

Croker and Buchanan (2011, p.409) stated tharisific thinking and reasoning
skills underpin achievement in science educatiahthe development of these skills is

fundamental to becoming a scientifically literatif'.

Anand et al. (2011, p.961) suggest that ‘top-detvategy-based gist reasoning
training significantly improved abstraction abilitg skill relevant to everyday life, as
well as generalized to untrained measures of ekecdtinction including concept

abstraction, cognitive switching, and verbal flugnc
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Mienaltowski (2011) examined the influence thatngghas on everyday
functioning in reasoning and problem solving. ‘Bxday problem solving involves
examining the solutions that individuals generateemvfaced with problems that take
place in their everyday experiences...Across thedgan, research has demonstrated
divergent patterns of change in performance baseth® type of everyday problems

used as well as based on the way that problemrgpleifficacy is operationally

defined{abstract

Shokoohi-Yekta et al. (2011, p.85) indicated thataching problem-solving
skills to parents had a positive influence on a bermof dimensions of parenting as
measured by the Parent Child Relationship Invehtory

There are many studies emphasis on academicyabiiasoning skills, and
problem solving ability; many of these studies shewelationship between academic
ability and the other skills. However, there hawt been any studies in Thailand that

look at this relationship.

Conclusion

Thailand has had an educational system for mone @ahlaundred years. Due to
Thai culture, the education system has primarignb®cused on passive learning. This
has traditionally causes Thai students to beconssiyea compared to western culture.
In recent years there has been more emphasis @8 skireasoning and problem
solving ability by the government but are thesdélskeflected in the academic results of
students in university? More recently, the new adon system for a place in the
university tests students in skills, such as reagpskills and problem solving ability,
as criteria to admit them. The reason is to sedeadents who have the aptitude in that
area to study in that programme. There are alsormef in Thailand that want to
emphasise reasoning and problem solving more. fBwvigw has considered issues of
academic ability, problem solving and reasoninger€hare differences of opinion but
there seems to be consensus that reason can anld bedaught and can be tested in a
meaningful way.

The literature reviewed showed that in a numberoointries academic ability is
a good predictor of reasoning skills and probleitvisg. However, there seems to be
no research conducted in Thailand that examinesdlaionship between academic
ability, reasoning and problem solving among higiduwcation students. This is where |
hope that my study will fill a gap. By examiningethrelationship between these

variables the research may be able to determing/hat degree the government



46

emphasis on these skills is having an effect ivensities. This study does not propose
to compare the levels of reasoning between Thailestis and those from other
countries. This would be a helpful comparison bus$ ibbeyond the scope of this study
and no similar comparisons were found in the lttee (it would be a useful area for
further study). However, comparing these skillsatademic achievement will yield

useful information even without the internationahdnsion.

The other aspect of this research is to compardetiels of reasoning skills and
problem solving ability from students following ifent programmes. Therefore, from
this point, this research would like to find outhdifferent they are, and present a rank
order which will show the amount of skills in eapfogramme, then sort them. The
results can be applied to career selection, fomgka, someone who would like to be an
engineer may consider how much reasoning skillsroblem solving ability s/he has.
This will also potentially support admission inteetuniversity.
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Chapter 3

Methodology

This chapter will describe the research questgegtsand hypotheses for this
study, and explain the research instruments emglayanswer the research questions
set, and the research methodology. Tests and ieteswvere used to collect the data. In
order to explain the choice of programmes for thgearch there will be an explanation
of Holland’s theory of career choice. There wilk@lbe details of how the research
guestions and hypotheses were established andpanakon of the thinking behind

each of the hypotheses and how these relate @vtikable literature.
3.1 Research questions

This research has two main related objectivesntestigate the influences of
academic ability on reasoning skills, and probleiviag ability, and vice versa, and to
examine whether students from different programmlisplayed significant different
levels of reasoning skills and problem solvinglIskiThe first objective was established
after reviewing the history of education in Thadaend some of more current literature
that has expressed concern about the passive apptoalearning and the lack of
sufficient attention to reasoning and problem s@jvamongst learners. As seen in the
last chapter in several countries, academic abdigeen as a good predictor of levels of
reasoning and problem solving. In Thailand the gowveent has in recent years sought
to encourage the education system to place moreha&sigp on these skills. The
assumption of this research is that data on theeladion between academic ability and
such skills would be useful. In addition the admaiss system to university has changed
in recent years with more use of centralised téststudents to gain admittance to
different programmes. The empirical research tloeesélso sought to gain data related
to the different programmes, specifically whethegre was a significant difference in
the scores in problem solving and reasoning amosgsients studying different
programmes. It was thought that data of this kirudid be helpful to confirm whether
the admissions system is moving in the right dioector not. In addition data was
sought to establish whether there were significgrtder differences in reasoning and
problem solving; data of this kind would also béphd. Valentine (1998) noted women
have the characteristic of being emotional andigeaso function outside of domestic

roles. Gilligan (1993) recommended that women tendiew work as a network of
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relationships while men view work as a logical ask oriented fashion with the

implication that males would score higher on reasptests.

In order the chose the six programmes for the rekeBolland’s theory of
career choice was used. This theory will be expldim more detail later in this chapter
but a brief explanation here will be useful for erstanding the research questions and
hypotheses more clearly. Holland took the view twatindividual's personality can
reflect his occupational choice. Holland’'s six typer themes are Realistic,
Investigative, Artistic, Social, Enterprising, af@dnventional and these can be related
to specific academic programmes. By relating theiagh of programme to Holland’s
theory it was hoped to maximise the possibilityldferences in scores in reasoning and

problem solving.

In order to operationalize the research, the ¥ahg specific questions and

hypotheses were formulated.

(1) Are the students’ reasoning skills and problemsolving ability from

similar programme (same career personalities) theasne?

The first two hypotheses were related to Hollarttisory. The two academic
programmes of education and psychology are assibgekis theory to one ‘career
personality’ type (social). If Holland’s designatidgs correct then there should be no
significant differences in reasoning and probletriag amongst the student from these

programmes.
Hypothesis 1.:

Students from the similar programmes have the dawet of reasoning skills.
Hypothesis 2:
Students from the similar programmes have the dawved of problem solving ability.

(2) Do the students’ reasoning skills and problensolving ability from

different programmes differ?

Hypothesis 3 and 4 were related to the assumpiianstudents from different
programmes might have different levels of reasorand problem solving skills. If
Holland’s theory is correct and programmes can ddated to ‘types’ then it is a
reasonable assumption that such scores might berefif. However, Holland

represented his types in a diagram as a hexagerbé&ew for more details). In other
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words ‘artistic’ and ‘social’ types are closer tach other and more distant from
‘conventional’ and ‘realistic’. On this basis it wid be safe to assume that there might
be significant differences between some but notpatigrammes. At this stage the
hypotheses were expressed in simple terms to sdbere were any significant

differences with more detailed analysis cominghi& post hoc comparisons.

Hypothesis 3:
Students from different programmes have differexgls of reasoning skills.
Hypothesis 4:

Students from different programmes have differemnéls of problem solving ability.

(3) Do the students’ reasoning skills and problem adving ability from

different genders differ?

Hypotheses 5 and 6 were related to gender. Themgt®n from some of the
literature is that men are more likely to scorehhigon tests of reasoning and problem
solving skills. However, it is wrong to assume ttias will be true in all contexts and
all cultures. Nor is it safe to attribute simpleusas even if significant differences are
found. It was decided therefor to express thesetingses in a straightforward way to
establish whether there were any significant défifiees in the scores between males and

females.

Hypothesis 5:
Male and female have different reasoning skills.
Hypothesis 6:

Male and female have different problem solvingigbil

(4) Do the reasoning skills, students’ problem saihg abilities and academic

ability influence each other?

Hypotheses 7, 8, and 9 were related to the fesearch objective which was
particularly concerned to establish whether a lighow academic ability as reflected
in the students grades is a good indicator of yikethievement in reasoning and
problem solving. Also although the literature digtiished between reasoning and
problem solving there is clearly an overlap betwdem. The intention here was to
establish the influences between reasoning skillglents’ problem solving abilities and

academic ability.
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The reasoning skills were influenced from studemdblem solving abilities and

academic ability.

Hypothesis 8:

The students’ problem solving ability was influedcérom reasoning skills and

academic ability.

Hypothesis 9:

The academic ability was influenced from studemsdblem solving abilities and

reasoning skKills.

(5) What understanding do students themselves hawef reasoning skills,

problem solving ability, and academic ability?

Table 3.1The purposes of research questions

Research question

Specific purpose

Relationship to broad aim|

(1) Are the students’
reasoning skills and
problem solving ability
from the similar
programme the same?

Would like to know if thesé
skills can be generalised
into the same group
following the theory of
Holland.

2 This result can apply to
setting up the criteria to th
same group of programme
which are recommended b
Holland’s theory in the
university admission.

D

< n

(2) Do the students’
reasoning skills and
problem solving ability
from different programmesg
differ?

Would like to know if thesé
skills differ between
different groups following
the theory of Holland.

2 This result can apply for
setting up the criteria to th
different group of
programmes which were
recommended by Holland’
theory in the university
admission.

D

[72)

(3) Do the students’
reasoning skills and
problem solving ability
from different genders
differ?

Would like to know if these
skills differ between
genders.

2 In the detail, boys and girlg
may need to be trained in
different way in Thailand.

D

(4) Do the reasoning skills
students’ problem solving
abilities and academic
ability influence each
other?

Would like to find out the
influences between these
skills.

The result can remind the
educator to think about the
aim of teaching and the
way to teach in Thai
society.

(5) What understanding dg
students themselves have
reasoning skills, problem
solving ability, and
academic ability?

Would like to find out
ahore information to fill in
some gaps in the
guantitative data.

Some students’ ideas may
be useful for the educator
think about.

to
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After the preliminary analysis a comparison was duarted to compare the
students reasoning and problem solving in relatiatmeir different programme choices.
On the basis of the literature and in particulati&t@'’s theory and hexagon typology
the hypothesis for the comparisons was studentsn fengineering, chemistry,
marketing programmes would score more highly irsoe@ang than students from art,
education, psychology, and students from educatbermistry, marketing programmes

would score more highly in problem solving abiliban art, education, psychology.
The choice of academic programmes for the research

In order to conduct the empirical research | ndette choose subjects from
different academic programmes. One of the objestofethe research was to examine
whether the level of reasoning skills and problesiviag ability differed significantly
in students from different academic programmesortfer to strengthen the likelihood
of such differences being determined, | thoughwauld be helpful not to choose the
programmes on a purely random basis but according theory that is based on the
view that different academic programmes are rel&tedifferent ‘career personalities’.

This theory was advanced by Holland and needs aetegled discussion.

Holland developed a classification system basecdawh individual and their
interaction with their work environment. John Haolles impact was vital to the practice
of career counseling, since it provided a way taleate the person/environment fit
(Weinrach, 1996). The theory is based on a hexagmiogy (See Figure 3.1).

Realistic Investigative

Conventional Artistic

Enterprising Social

Figure 3.1Holland’s Hexagon Typology

It is generally the case that most people thinkefcély about their own
individual suitability for a particular job, occugan, or career goal. Such a choice may
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be short term or permanent, and may be only amtiote or inspiration or may be put
into action. In 1927 the systematic assessmenbcdtional choice began when Strong
first published the Strong Vocational Interest Bdok Men. After that in 1934 Kuder
first introduced the Kuder Preference Record, &ed 11959 John Holland proposed the
career choice which is an expression of personalitg interest. He invented the
Vocational Preference Inventory (VPI), and Selfddted Search (SDS) that can
measure personality type and interest. To undeatstaore about the career choices, the
theories of career development, such as Hollahd'sry of vocational choice, focuses
on vocational choice as a central construct. Hdlaimheory four working assumptions
constitute the heart of the theory (Holland, 1973):

‘1. In our culture, most persons can be categorazedne of six types: realistic, investigative,
artistic, social, enterprising, or conventionalh€Tmore closely a person resembles a particular
type, the more likely he is to exhibit the persdnaits and behaviours associated with that type)’
(P.2)

‘2. There are six kinds of environments: realistiojestigative, artistic, social, enterprising or
conventional. Each environment is dominated by wemitype of personality, and each
environment is typified by physical settings posapgcial problems and stresses.’ (P.3)

‘3. People search for environments that will letrthexercise their skills and abilities, express
their attitudes and values, and take on agreeabl#gms and roles.’ (P.4)

‘4. A person's behaviour is determined by an imtigoa between his personality and the
characteristics of his environment. . . (The pairai personality types and environments) leads
to forecast some of the outcomes of such a paigugh outcomes include choice of vocation,
achievement, personal competence, and educatindaaxial behaviour.’ (P.4)

The first publication of his theory was in 1959the Journal of Counselling
Psychology. Within seven years after that Hollamdl @thers had conducted some
researches to extend his theory and the result® weblished in 1992 in The
Psychology of Vocational Choice: A Theory of Pemddg Types and Model
Environment. The first revision focused on the emwment and methods for measuring

the effect of work environments.

After 1966, the researches which were conductestdan Holland’s theory
focused on the high school students of above aeeiatglligence. Researchers
recognized this point as a definite limitation (dkal & Osipow, 1983). And the most
well-known revision of Holland’s theory was dispéalyin 1973 when it incorporated

the use of the hexagon model.

In 1970s, Holland had to explain his theory alited differently to males and
females who might need a different format and hegbbto solve that problem a few

years later. He collected the data from 43,391igpants supported the person-fit
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theory and he published the results in his 197X {Gmottfredson, 1999). Despite the
fact that Holland began writing his theory in ttegel 1960s, David Cambell became
interested in Holland’s theory and investigated sdrasic occupational patterns. Later
they worked together and created the applicationHofland’s theory to interest
inventory (Cambell & Holland, 1972). In 1997, Halth introduced the idea of
psychological characteristics in term of ‘beliefghich represented their self and their
environment. This idea emphasized the classifinatiothe work environment. Holland
and Gottfredson (1996) used Position Classificatlomentory to integrate work
classifications with individual personality class#tion. His theory presented the use of
career development with a few or without counsetfdgervention. The theory had
simplified the career development process so tlaah @ndividual could use it by
themselves. It was very useful for the counselargheir job (Holland, Powell, &
Fritzsche, 1994).

Holland expanded the conceptual idea that peogehsamselves in relationship
to their work. An individual's personality can beflective of his/her occupational
choice. Holland’s six types or themes are Realidtiwestigative, Artistic, Social,
Enterprising, and Conventional, sometimes calledl RMASEC theory of personality.
Therefore, Dr. John Holland’s theory of career dewment (1959, 1966, 1973,
1985(a), 1985(b), 1996, and 1997) is a developmehemry based on the fit of an
individual's personality to the work environmenteWill consider each one in turn as

Holland’s inventory will be a central aspect ofstistudy.

The Realistic (R) personality type is the type efgon who prefers to work with
something realistic, can understand easily, carkwoth figures and drawings; they
are less inclined to engage in work that is invdlwath other people. The type of work
they tend to prefer are agriculture, archaeologihitect, astronaut, athlete, chef, driver,
electrical engineering, engineer, fire-fighter, dgmer, information technology,
instructional technology, martial arts, mechanitdawbiles, mechanical engineering,

paramedic, physical therapy, pilot, veterinariang police officer.

The usual problem solving style associated witk tiipe is as follows: prefers
concrete, practical, and structured solutions oategies as opposed to clerical,

scholarly, or imaginative activities.

The Investigative (I) personality type is a typepefson who enjoys puzzles and

challenges that require the use of the intellebeyTalso enjoy learning and they enjoy
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courses in math, physics, chemistry, biology, ggwpland other sciences. They are not
likely to enjoy supervising other people or dealdigectly with personal problems, but
may enjoy searching for solutions to psychologimalblems. The type of work they
tend to prefer are jobs such as actuary, competense, economist, finance, lawyer,
mathematics, pharmacy, professor, psychologistctpairist, science, statistics and

surgeon

The relevant problem solving style is as followsterested in challenging
problems, relies on thinking, collecting informatjaareful analysis, objective data, and
related scholarly practices, and does not takeeatgnterest in personal feelings or

social environment.

The Artistic (A) personality type is the type ofrpen who likes the opportunity
to express himself or herself in a free and unsyate way. They are likely to want to
improve their ability in language, art, music oritung. Originality and creativity are
particularly important. A pure Artistic type woultlslike technical writing and prefer
writing fiction or poetry. The type of jobs they ghit prefer are actor/performance,
animation, art therapy, artist, author/ poet, dathezapy, expressive therapy, graphic

designer, library and information science, muserdipy, musician, and painter.

The relevant problem solving style is as followsiderstands problems in
artistic context, use artistic talents and persdrats dominate the problem solving

process.

The Social (S) ) personality type is a type of para/ho is interested in helping
people through teaching, helping with personal acational problems, or providing
personal services. Social people enjoy solving lerab through discussion and
teamwork. Social people tend to avoid working witiachines. They seek out
environments where they can use verbal skills awetakskills. The type of work they
prefer are jobs such as elementary school teaspecjal education teacher, marriage
counsellor, counselling psychologist, speech thstagchool principal, nurse, and

social worker.

The relevant problem solving style is as followsderstands problem in a social
context and uses human relationships to solveribtagm.
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The Enterprising (E) personality type is the tygeperson who appears more
self-confident than they feel. Some enterprisingpbe may be quite open about their
goal to accomplish wealth, whereas others may bgereductant to admit to a goal they
see as socially inappropriate. Like Social typheytmay be very verbal. Unlike Social
types, enterprising people will value convincingdapersuading others rather than
helping others. The type of the jobs they prefashsas sales work, buying, business
management, restaurant management, politics, steaiket, marketing/advertising,
insurance, real estate, and lobbying. All of theseironments provide the opportunity
for power, wealth and status.

Problem solving style is as follows: understandsbfam in an enterprising
context, so problems are often viewed in socidligrice terms.

The Conventional (C) personality type is a typepefson who values money,
being dependable, and the ability to follow rulesl arders. These people prefer being
in control of situations and having clear and sfpecequests. Competencies that are
needed to work well in the conventional environmarg clerical skills, ability to
organize, dependability, and ability to follow ditions. The type of jobs they prefer are
accountant, actuary, administration, academic adtnation, banking/ investment bank,
clerk, copy editing, instructional technology, pallrproof-reader, receptionist, retail,

and technical writer.

Problem solving style is as follows: follows rulgsactices, and procedures,
looking for authorities to solve and needs advied aounsel. Has difficulty with the

complicated problem or synthesizing data from dieesources.

It was the association of specific programmes wiie concept of career

personalities that helped me to determine whiclggammes to choose for this research.

Holland (1997) explained more about his theory thexdple will tend to search
for environments where they can exercise theitsskihd abilities to show their attitudes
and values, and take on agreeable problems ansl Fde example, realistic types will
search for realistic environment, artistic typed wearch for artistic environment. His
view is that a person’s personality can predictegheironment which that person would
like to be in. Holland’s theory assumed that theich of a vocation or a college major
iIs an expression of personality and that most gecph be classified as one of six

primary personality types (Realistic, Investigativatistic, Social, Enterprising, and
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Conventional). From this idea, Holland’s theoryesally useful for careers counselor to
give guidance to the students before applying ® uhiversity or going to work.
Spokane, Meir, and Catalano (2000) said workinginoccupation that is suited to

one’s own interest can lead to more satisfactiahsutcess in work.

Even though Holland theory has many research sudikich support it;
however, there are some challenges to the Hollaodem For example, the hexagon
model has a restricted range of measurement. H{I®86) had some questions about
the intelligence and special abilities which aff¢ab satisfaction. When Holland’s
theory is used, the homogenous samples are measpesdal abilities do not induce to
the predictive validity. Warr (1987) reported ththere are some common elements
found within a desired work environment. These @ets cannot be predicted, such as
opportunity for advancement, monetary incentivesigpee feedback, personal respect,
and the implied notion of independence and contiolwever, Prediger (1989) found
that when using variety group of samples, the hanogs and individual abilities did
account for unique variances. Prediger supportdaHdls model that the hexagon
approximates reality when applied to measures okwalevant interest.

Later, Dawis (1991) recommended that job satigfacttonsists of intrinsic
satisfaction, satisfaction with the work one is mipi and extrinsic satisfaction,
satisfaction with the conditions of the work enwineent. But Holland’s theory only
places emphasis on the intrinsic job satisfactigloreover, Holland’'s methods of
measuring fit have been questioned as having failguiovide valid longitudinal data to
support Person—Environmental fit (P-E fit) outcobssed results (Edwards, 1991).
Hesketh and Gardner (1993) conducted the reseaxdHoaund no direct relationship
influence in the Person—Environment fit. Heskethoatoncludes this criticism of
Holland’s model in that it does not explain an indual’'s personality, which has a
direct effect on job satisfaction. Holland’s modls to explain the additional unique
personality traits which belong to the individuaélesketh explains more that some
personality types such as extroverts tend to bepibapin several occupational
environments. Lent and Savickas (1994) concluded tthere are many factors which
influence people’s fit into their environment.

On the other hand, Prediger (1996) reported thatetis enough evidence to
support the hexagon as reality based. He condwuctegearch, and the data has been
relied on in the analysis of data, things and peambrk-task dimensions. Support for
this conclusion would include research conductedthvinvolved the job analysis for
12,000 occupations and of interest inventory datalfO00 career groups and 100,000
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individuals. He recommended that the summary oy&rs of hexagon-based research

by Holland is a mirror of reality.

‘The key characteristic of the Hexagon model isRHASEC order and the implied distance or
relationship among the types. If these attribuidsndt hold most of the time, the research about
the types would not support the expected simikgitand differences.... The definition of
consistency also depends on the hexagon modedngoas consistent. As it stands, consistency

is clearly related to direction of choicérMolland, 1997, pp. 159-160)
Prediger concluded that Holland’s hexagon is aoniof reality.

On the one hand, differentiation of gender alssesinteresting issues. Proyer
and Hausler (2007) studied the differences betwgmder and they found that men
often score higher on Realistic interests and wosteme higher on Social and Artistic
interests. Hansen et al. (1993, cited Proyer & Hau2007) said Holland’s theory is
more relevant to men more than women and they adaedhat men and women may
have the different views on Holland’ personalitynénsion or focus on the different
attribution of Holland’s themes. From this issualleind has manipulated the booklet

of inventory and answer sheet to two profile foforsmale and female.

However, Holland believed that there are some resagmr career changes, such
as, viewing or experiencing new vocational roleswnor changes of certain job
expectations, specialty training which may linhi¢ individual’s vocational options, an
occupational choice based on incomplete informatiand lack of study of both

personal and settings (Holland, Davis, & Cooley/5)9

Holland’s (1985), theory was designed to explain career-related betav
Much research has been done on this theory su€iieer and Waehler (2005) who
examined the validity of Holland’s 6 types of thesnghen applied to the diversity of
nations. They found that the construct validityHafiland’s typology had some support.
The construct validity of Holland’s typology withNative Hawaiian sample which they
defined as a variety of nation and culture mix tbgethat was supported. Furthermore,
Larson et al. (2007) determined whether the sisqmaality traits and self-efficacy of
Holland’s theory which are used in America can bed.in Asia or not. They found that
the confidence across the RIASEC would signifigadiscriminate among the majors

and career aspirations in Taiwanese college stadent

On the other hand, Furnham (2001) criticised Hwlla theory that even though
people appear to have a free choice to choose jteirsome limitations still restrict

their choice, for example, the economic state afegion, history and geography.
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Although they have full appropriate skills and tsathey cannot get that job. Others are
limited by demographic factors like sex, age, dodi@ss, physiology, height, eyesight,
and education. Moreover, Arnold (2004) analyzedatal's theory. He found that there
are three main weak points associations betweegrgence and outcome measures
which are 1) Holland’s measures of people and enwients partially neglect some
importance construct. 2) Environments have not beemceptualized or measured
entirely appropriately. And 3) the data used in dhalyzing of congruence indices are
insufficiently precise or comprehensive. He sugggshat Holland’s theory needs to be

developed further.

Holland’s theory has been subject to criticisndescribed. However, whether it
is entirely valid or not is not so important toshstudy because it was used purely as a
guide to determine the choice of programmes. Thention was simply to strengthen
the chance of determining differences between progres if they existed. | chose
seven programmes that are related to Holland’ saiger personalities as follows. The
relevant career personality is given in brackets.

Marketing (enterprising)
Accounting (conventional)
Engineering (realistic)
Chemistry (investigative)

Visual art (artistic)

Elementary education (social 1)
Psychology (social 2)

3.2 Conceptual framework

As seen in the introduction and literature reviéarning in Thailand has for a
long time sought to improve pedagogy through ddférapproaches. The government
has endeavoured to encourage students to go twlsahd support the facilities as
much as they can, for example, kindergarten is teeharge, primary school is
compulsory but free, high school is not compulsouny free of charge, and if students

would like to study in the university but they have money, the government will give
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them a loan with very low interest which they cay fppack when they have worked

after graduation.

The critical point facing the education system imailand is that universities
cannot provide the places for all students who nieédost high school students would
like to go to university but the university cannmtovide places for all of them.
Therefore, the entrance system or ADMISSIONS or rttethod used to select high
school students to come into university has comalile importance. Last two years,
2009, Thai government has set up a new regulatlunharequires students to test their
aptitude and the score is used as one factor whiesidering offering a place. National
Institute of Educational Testing Service (Publiagy@rization) is set up for organizing
the test. GAT (General Aptitude Test) and PAT (Bssfonal Aptitude Test) are the
most well-known and give high school students adersible anxiety. Reasoning skills
and problem solving ability became two main factofsthe test separated from
perceptual ability, calculation skills, readingliskiand so on. Any skills or ability that
is needed depends on what programme the studenis Vike to get a place in and its
level also depends on each university setting ejr thwn criteria. The percentage of
GAT and PAT is different between universities. (TXational Institute of Educational
Testing Service: NIETS, 2011)

Each study programme is assumed to need more ©diffsrent abilities and
different skills. PAT has been separated into sesets (Kasikornthai bank, 2011).

1. PAT 1 measuresnathematicgotential. The content would be examined such
as: algebra, probability and statistics, conversigeometry, trigonometry,
calculus, and so on. And the test aims to examieecgptual ability,
calculation skills, quantitative reasoning, and mraiading skills.

2. PAT 2 measures science potential. The content wbeldexamined such as:
biology, chemistry, physics, earth sciences, emvirent, ICT. And the test aims
to examine perceptual ability, sciences readingitgbscience problem solving
ability, and so on.

3. PAT 3 measures engineering potential. The contenidvbe examined such as:
engineering mathematics, engineering sciencessdinces, IT. The test aims
to examine engineering aptitude, multidimensionaércpptual ability,
calculation skills, engineering reading ability,daangineering problem solving

ability.
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4. PAT 4 measurearchitectural potential. The content would be examined such
as: architectural math and sciences, and so on. t&se aims to examine
space relations, multidimensional perceptual ahilgnd architectural problem
solving ability.

5. PAT 5 measuresducational potentiallhe content would be examined such as:
the knowledge of Thai language, science, socianee,anthropology, hygiene,
art, environment, and so on. The test aims to exampedagogy, reading skills,
general knowledge of education in Thailand, solyimgblem ability related to
students, co-worker, and school administrator.

6. PAT 6 measures art potentialhe content would be examined such as: art
science (visual art, music, dancing art), and ganletowledge about art. The
test aims to examine creative thinking and so on.

7. PAT 7 measures foreign language potenfide content would be examined
such as: grammar, vocabulary culture, pronuncidtioetions. The test aims to
examine paraphrasing, summarizing applying concaptsprinciples, problem

solving skills, critical thinking skills, questiamy skills, analytical skills.

Testing ability in a general way to suit all progwraes of all universities seems
to be very challenging. Fortunately, John Hollat866) concluded his career choice
theory into six different type of personality (déd earlier in this chapter). And it is
possible to collect the data from six programmdsyvong Holland’s theory.

Reasoning skills may influence problem solving igbil English (1998)
suggested that children need to be made awareeofntportance of the validation
process, in all of their problem-solving activitiednd the issue of how to improve
learning still remains the key priority. Reasonsiglls may influence academic ability
too.

Therefore, this research was conducted by teséaganing skills and problem
solving ability, including academic ability (GPAyom students in six different
programmes; marketing, accounting, engineeringmastey, visual art, and elementary
education, and another programme, psychology, wiyobuped with elementary

education using Holland’s theory at one University.



Figure 3.2 Show the conceptual framework
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\\\\\\ Problem Academic
— Marketing (Enterprising) Solving [« Ability
Ability (GPA)
— Accounting (Conventional)

Engineering (Realistic)
Chemistry (Investigative)

Visual art (Artistic)

Elementary education (Social 1)

Psychology (Social 2)

3.3 Design of research methods

There are many ways to conduct research. Likewiseducational research,
there are some methods which are preferable foicpkar purposes such as naturalistic
and demographic research, historical research,eletion research, longitudinal
research, action research, quasi-experiments amglestase research. To gather data,
observation, interviews, accounts, role-playing,esiionnaires, test and personal
constructs are all useful.

Educational research often

uses questionnaires &gts; however,
guestionnaires and tests are quite different. Thestipnnaire has an aim to seek
opinions honestly, meanwhile the test usually apksstions but wants to determine

something other than opinions, for example, IQ, @spsychological test.

Among many psychological tests, the reasoning skiist has been widely

adopted. Newton and Bristoll (2010) conducted alostreasoning tests with diagrams,
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symbols and shapes instead of words and numbeey. Jlggested that the diagrams,
symbols, and shapes do not involve ability in laaggl and number which most
reasoning tests usually require and may affectedbeoutcome. Hughes and Courteney
(2010) have built both verbal reasoning test searas non-verbal reasoning test series
for pupils’ age between 7 years 3 months and l4syg@anonths. They explained that
the tests help to assess pupils’ future potemighat a pupil may acquire new concepts
in a wide range of subjects including math, scieacel design and technology.
Meanwhile, as introduced in chapter 2, Jittachal¥92) has constructed a reasoning
test in three formats; picture, language, and pectand language, with each test
composed of the same questions and the same dirda@nalogy, classification,
inference, series, logical diagram, and analytreglsoning. The picture’s reliability
was .5694 and its validity was .4883. Meanwhile, ldinguage’s reliability was .7109
and its validity was .6218. Mixed picture and laage's reliability was .7225 and its
validity was .5507. All reliability and validity we significantly at the level of .01.
Therefore, this study has adopted Jittachaun’soreag test to test final year students’
reasoning skills. The 30 reasoning items test apdoblem solving ability items test,
included respondents’ demographic information, genand GPA, which were also
collected at the beginning of the test. The test mbt ask any more demographic

information, in order that the respondents woultlbeaffected by anything.

The second part of this study focused on intervigwespondents. Respondents
were randomly chosen and their interviews wererdibfor data analysis purpose. All
respondents were informed of the recording. Questasked in the interviews were all
semi-structured and they were all related to tbhpinion on how they viewed learning,
reasoning, and problem solving ability. This studses semi-structured interview to
elicit students’ explanations to their responsenansd in the test. Such semi-structured
interview approach is known asterview guide approachThe topic and issues to be
covered are specified in advance, in outline fatme; interviewer decides the sequence

and working of questions in the course of the witaw.

3.4 Sampling

The sample in this study comprised a total of 38alfyear students for the
survey and 14 students for the interview, from sepeogrammes in one university.
They are selected by purpose, following John Hdllawareer personality theory. The

numbers shows on table 3.2 are separated by gandgrrogramme.
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Table 3.2Number of participants

Programmes Gender Total
Female Male
Marketing 27 24 51
Accounting 67 14 81
Engineering 31 19 50
Chemistry 44 5 49
Visual art 17 15 32
Elementary education 25 14 39

Psychology 23 8 31
Total 234 99 333

The total Sample size was 333 participants. ltesgronded with the sample size
used in Structural Equation Modelling (SEM) whidiies on tests that are sensitive to
sample size as well as to the magnitude of diffegenn covariance matrices. In the
literature, sample sizes commonly run 200 - 400vfodels with 10 - 15 indicators. One
survey of 72 SEM studies found the median sampde sias 198 (Garson, 2010).
Loehlin (1992) recommended at least 100 cases,enafgfy 200. Hoyle (1995)
confirmed a sample size of at least 100 - 200. @elnker and Lomax (2004) examined
the literature and found sample sizes of 250 -t60fe used in most articles. A sample
of 150 is considered too small unless the covaeauefficients are relatively large.
With over ten variables, sample size under 200 igdlganeans parameter estimates are

unstable and significance tests lack power.

3.5 Research instruments

In this study, two sorts of data were collected tivp different methods of
collection. A test was employed to collect quatitiadata of students’ reasoning skills,
problem solving ability, GPA, and gender. After tata collection, the results can
generate a general picture of students’ reasoruts,sproblem solving ability and
academic ability. The researcher found that somgthé interesting such as some
students who have a very high GPA could not sdieeproblems in the test very well.
Therefore, the use of student interviews allowexlrbsearcher to investigate in greater
depth significant points arising from the test fessuConducting semi-structured

interviews also served the purpose of complemernthfurther explaining the answers
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to the research questions which found unclear rastihe tests, of which some needed
further explanation and elaboration. Interviewingthw students is therefore a
complementary research tool to capture a compietarp of reasoning skills, ability to
learn, and problem solving ability.

3.5.1 Test

The test administered in this study consists ofo8% multiple choice items
which is 5 items per subtest; 5 analogy item t#et( 1-5), 5 classification item test
(item 6-10), 5 inference item test (item 12-16%€ebies item test (item 18-22), 5 logical
diagram item test (item 24-28), 5 analytical reasgritem test (item 30-34), and 5
problem solving ability item test (item 11, 17, 28, and 35) (See appendix A). The
reason the problem solving ability items were piadeetween the others was to
encourage participants to answer those questibntisey were left at the end, from a
pilot study it was found that they tended to igntrese questions, otherwise the time
had finished. The 35 items test given to studen#s \wm Thai language, to avoid

language barrier and communication breakdown.
Administering tests for validation

Kline (1983, p.9) said ‘a psychological test must keliable, valid and
discriminating’. He suggested that reliability cdube tested and reported through
various means: split-half reliability, the alphaetfccient, KR20, the factor analytic
method, Hoyt’'s analysis of variance method or ihgke technique such as test-retest.
Meanwhile, face validity, concurrent validity, pretive validity, and construct validity,
are concepts used to describe and report vali@itythe other hand, delta is used to
calculate an index of discriminability. All of theselements are important in test

construction.

To guarantee the quality of the test, Saiyot andydba(2000) and
Sangprateeptong (2010) explained how to check ulaéty of the test focusing both on
items and the overall test. The item difficulty,scimination of items, and the
efficiency of distracters are the property of edem. In addition to those item qualities,

validity and reliability are used for the wholettes

Validity means an ability of an instrument to maasthe thing (construct) that
the tester wants to measure, or to test the righgt As mentioned above, according to
Saiyot and Saiyot, and Sangprateeptong, there are Kinds of validity; content

validity, construct validity, concurrent validitygnd predictive validity. On the one
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hand, reliability means an ability of an instrumevitich can measure and receive the
same result. They have suggested test-retest]gdest, and internal consistency; such
as spilt half, KR20, KR21, and alpha coefficienotye¢port reliability. However, internal

consistency estimates of reliability, Weir (2005jwed that ‘these may be equally well

regarded as evidence of validity’.

There are some discussions of validity. Messicl®§)%aid validity is an overall
evaluative judgment of the accuracy of interpretadiand actions on the fundamental
test scores or the other modes of assessment, reegbdny the degree of empirical
evidence and theoretical rationales. He placed raphasis on construct validity;
construct validity was based on an integrationrof avidence which was grounded on
the interpretation or meaning of the test scoretuding content and criterion-related
evidence. However, several years before, Messi8KH)L suggested that even though
construct validity generally plays an importanterok is less important in educational
measurement practice. He explained that constraladity is not usually required for
educational tests because they are consideredualibleon content validity. Hambleton
and Novick (1973, cited Messick, 1975) claimed thacriterion-referenced tests must

have content validity.

To summarise, overall, there are two major propsrtif the test as a whole that
most researchers recognise. The first is religidlitd the second is validity.

The procedure for building the test took place railand. Jittacheun’s research
has reported the difficulty of item, and discrintina of item for each item analysing,
and content validity, and reliability for the whaiest. He has started with reviewing
literatures, set up the purposes, selected therpatf the test, built the test, gave them
to three experts to consider the content validiyst tried out, analysed the
discrimination and difficulty of item, selected gbauality items, second tried out,
analysed the discrimination and difficulty of itesgain, selected good quality items,
third tried out, analysed the whole test qualighiability by correlating his test with the
analogy reasoning standard test from Srinakarinvdraversity, and finally created the
Norms for his test (Jittachuan, 1992). The testsstruction for this research followed

the usual process in Thailand.
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The difficulty of item and discrimination of item

The item difficulty and discrimination were calctdd from the formula below

after a pilot study was conducted.

‘Item difficulty’ or ‘P value’

FPh + Pl
2n

‘Discrimination value’ or ‘r value’

Ph — Pl

n

When Ph = number of the right answers within the higibup.
Pl = number of the right answers within the lomup.

n = number of students in each group.

The total scores from the highest to the lowestvserted and then used 27%

from the highest score and 27% from the lowestestmiselect the high grouFX) and
the low group £1), therefore, there were 11 students per groupatisfactory score is

for the P value to be between .2 and .8, and revalust be .2 and above. In this case,
the researcher selected 34 items from them witiers per one factor except ‘series’
which had only 4 acceptable items; 5 analogy iteésnslassification items, 5 inference
items, 4 series items, 5 logical diagram items,nalydical reasoning items, and 5
problem solving items. However, researcher woute lall factors to have the same
weight, the same item number, therefore, creatednenv item for series factor giving

to total of 35 (See result on appendix B).
Reliability

The reasoning skills test was adopted from Jittantsutest which has conducted
for the final year primary school students in Taad. The reliability was .7109.
However, the test was adapted to be harder fofinbeyear university students, and to
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prevent less concentration and carelessness wheratticipants have answered the test
for a long time and they may be tired and not ble &b concentrate on the later test.
Therefore, the test was conducted in one set bgrting the five items of problem
solving ability test between the thirty items ofisening skills test. For the student
sample of 333, the reliability of the test, CrorsacAlpha, was .633. The formula for

Cronbach’s alpha is as follows:

k is the number of items on the exam, referred to as the item difficulty, is the

£ 2
proportion of examinees that answered ifecorrectly; and °# is the sample variance
for the total score (Wells & Wollack, 2003).

Content validity

Messick (1995) said the test content is relevanihéoproposed test use which is
judged by the experts. Content validity in thisesash was judged by four experts in
the academic evaluation centre, Sukhothai Thammaatkpen University, Thailand.
They considered and rated for the content validitgex of item objective congruence
(I0C). Any item which had content validity values¢ethan 75% was deleted (Detail on
appendix C).

Construct validity

To find out the construct validity, factor analy$isA) needs to be analysed to
prove that all factors were the same as the theotlye referenced factors. This research
has followed Jittachuan’s concept. He (Jittachuk892) recommended 6 factors of
reasoning skills. In order to confirm this struetumodel, structural equation modelling
(SEM) was employed to assess. In addition, StaimkddRegression Weights,
Unstandardized Regression Weights, and SquaredpléulCorrelations i), of each

observed variable were also assessed.

Confirmatory Factor Analysis (CFA) was conductedettimate the quality of

the structural reliabilities and designated fatbading by testing the model fit between
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the proposed measurement models and the colleatad Table 3.3 presents the results
of CFA with the fit indices, which are recommendgicir et al., 2006).

Table 3.3Show fit indices from CFA and fit guidelines

Fit index Attribute of Good Measurement
fit index Fit Guidelines Model’s Output
X Absolute fit Non-significant .073
CFI Incremental fit >.90 931
RMSEA Badness-of-fit <.08 .047

First, the chi-square statistic for testing thel mylpothesis that the model is

correct, ¢ ©= 15.726, p = .073) was not statistically significa

Second, the CFI (Comparative Fit Index) (.931) catikd how much the
variance-covariance in the original model is presticby the reproduced matrix. The
index greater than .90 indicated a good fit.

Finally, the index of RMSEA (Root Mean Square EmbrApproximation) less
than .08 indicates a good fit; it corresponds thih value of .047 which is a good fit.

The result shown the model fit well with the dadaconfirm the six factors from
Jittacheun’s recommendation. However, the assessmEnCFA should not be
dependent only on a fit index, but should be ingastd with several methods to
address several attributes from various fit indicgst least one index of each attribute
(Kline, 2005). Based on the fit indices, the hygsired model of CFA was accepted as
a reasonable fit to the data, by satisfying theedd of three indices (RMSEA?, and
CFl).

Table 3.4, below, presents the results in which fatitor loadings were
statistically significant at p <.05 and the measunecluded in the study can be
considered as reasonable results that confirmede#istence of reflection of the

underlying latent variable, reasoning skills.
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Table 3.4Maximum likelihood estimates for CFA

Unstandardized Standardized Squared
Parameter Regression Regression Multiple P
Weights Weights Correlations
Classification < ~casoning 204 229 052 002
Skills
Inference <. Reasoning 439 361 131 000
Skills
Series <. Reasoning 630 512 262 000
Skills
Logical diagram <--- gsiﬁzonlng .616 531 .282 .000
Analytical —___ Reasoning 681 471 222 000
reasoning Skills
Reasoning
Analogy < Skills .182 .180 .032 .014

In addition, squared multiple correlation’jRepresented how much variation in
an observed variable was explained by the latentibla@, which was calculated by
squaring the standardized factor loading. For mstareasoning skills accounted for
22.2% of the variation in analytical reasoning,226.of the variation of series, and
28.2% of the variation of logical diagram.

The purpose of SEM was to determine whether therdtieal relationships
specific at the conceptualization stage are supgdofly the collected data. This
hypothesized confirmatory model yielded an overalalue of 15.726, with 9 degrees
of freedom. The significant model in the chi-squgpe = .073) statistic can be
considered as representative of a good fit. Therstmdices, RMSEA (.047), and CFlI
(.931) suggested that it was relatively well-figtint was therefore concluded that all
relationships between variables were well accouritedby the model.Construct

validity was reported.
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Chi-Square = 15.726, df =9, p =.073
RMSEA = .047
CFl =.931

.03

Analogy

.05

Classification

.13

Inference
Skills . 26

Series

.28

Logicaldiagram

.22

Analytical

Reasoning

Figure 3.3Hypothesized confirmatory model

Discriminant Validity

Campbell and Fiske (1959) suggested from their datwve past 50 years’
experience, there are two major validations on Wwtacresearcher or test developer
should seek clarification, convergent validity, atidergent validity or discriminant
validity. They explained that if the correlationstiveen different tests are high, then
that test has a convergent validity; however, & torrelations between different tests
are low, that test has discriminant validity. Thesttused in this research needed
discriminant validity because the sub-tests areepeddent objective and they were
intended to measure different aspects; analoggsitieation, inference, series, logical
diagram, and reasoning analysis. The result rephaytete low relationship between

each sub-tests (See table 3.5 below). Therefosddht has discriminant validity.
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Table 3.5Correlations between each reasoning skills suls-test

Classifica- Logical
Analogy tion Inference  Series  diagram Analytical

Analogy Pearson Correlatio 1 -.027 .046 .058 117 146"

Sig. (2-tailed) 626 404 294 043 008

N 333 333 333 333 333 333
ClassificePearson Correlatio  -.027 1 145 129 .095 .104
tion  sig. (2-tailed) 626 008 019 082 057

N 333 333 333 333 333 333
Inference Pearson Correlatio  .046 145" 1 .098 243" 189"

Sig. (2-tailed) 404 .008 075 .000 .001

N 333 333 333 333 333 333
Series  Pearson Correlatio  .058 129 .098 1 297" 277

Sig. (2-tailed) 294 019 075 .000 .000

N 333 333 333 333 333 333
Logical Pearson Correlatio .111 .095 243" 297" 1 197"
diagram gjg. (2-tailed) .043 .082 .000 .000 .000

N 333 333 333 333 333 333
Analyti- Pearson Correlatio .146" 104 189" 277 197" 1
cal Sig. (2-tailed) 008 057 001 000 000

N 333 333 333 333 333 333

*, Correlation is significant at the 0.05 level tgled).

**_Correlation is significant at the 0.01 leveH@iled).

Overall, this research has reported the analysinigm property, item difficulty,
item discrimination, and the validation of the testiability, content validity, construct

validity, and discriminant validity.
Scoring

Respondents who chose the right answer got onervage, they got zero.

Therefore:

1. The 30 reasoning items test has total 30 scoreshwiimpose of analogy test 5
scores, classification test 5 scores, inferenceGescores, series test 5 scores,

logical diagram test 5 scores, and analytical neiagptest 5 scores.
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2. The problem solving ability test has total 5 scores

3. GPA is grade point average in system of 4. Thehtrig that different
programmes studied different subjects and useeérdift standards to evaluate
the GPA. Therefore, the score from each programmst fpe adjusted to true

score (T-score) before analyzing.

X—X
T-score = (_) 10 + 50
5.D

4. Gender, researcher has encoded 0 for female amdniale.

5. Programmes were coded by numbers and detail leeifabel.

3.5.2 Interview

Semi-structured interviews were conducted afteatistical results were
preliminarily analysed. As there were areas preskimt the statistical results which
needed to be explained by the participants who keken the test, the interviews were
conducted with those participants to fill in thepgain areas which needed to be
explained.

Fourteen students were randomly interviewed inl.tdtae researcher had asked
two participants per programme to be interviewelsr dhe data were preliminarily

analysed. They were interviewed by phone becawgastconvenient for everyone.

The questions were phased to explain the reseastigns in a way which was
more individual and open for them to talk aboutywbwer, if they ignored some issues,
the researcher encouraged them to think about tQemstions asked in interview were
mainly the core questions (See below).

Guiding interview questions

¢ What skills are useful for studying?

e Any skills use for problem solving?

e |Is there a correlation between reasoning skills@otlem solving ability? How
much?

e |Is there a correlation between academic abilityr@agoning skills? How much?

e What is the characteristic of a person who carregsoning very well?

e How do reasonable people use their reason?
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e Do you think a person can solve problems withoasoaing - which skills can
he/she use?

e How much reasoning skills do people in your caressd?

¢ Do you think other students who are studying ifiedént programmes need the
same level of reasoning as you or not? Who needs”mo

e After you have graduated and go to work, and if gaue got some problems,
how you can solve the problems?

e If you have a dilemma, what will you do?

e What were the reasons that you have selected thgggamme?

3.6 Procedures

Starting with 67 items that the researcher adapi®dcollecting the data then
they were brought to four experts from Academic lga@on Centre, Sukhothai
Thammathirat Open University, Thailand, to consided rate for the content validity;

index of item objective congruence (I0C).

First of all, they were given the written objectioé the test that researcher
would like to test, for examplénalogical Objective: the 10 following items aim to
find out the similarity in some respects betweengdh that are otherwise dissimilar. It
is a form of logical inference or an instance ofliased on the assumption that if two

things are known to be alike in some respects, tieyn must be alike in others.

Then they were shown the test and the objectideaagked to criticize and rate
the congruence of each item to the objective almywvéhe opinion rating column, for

example:

Item | Instruction : Please select a choice which has Agree | Unsurg  Dis-
correlation the same with the given word before agree

1 |duck : egg =  butterfly : ?

chrysalis caterpillar worm parasite tagksmoth

@ b. c. d. e.

Later, IOC value was calculated by giving 1 for thgree’, giving O for ‘unsure’

and giving -1 for the ‘disagree’ opinion. They werdded and divided by 4. The item
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which had a result less than 0.5 (75%) was defaserelevant and not able to evaluate
the objective, and was cut off.

Y x 1l +x2 4+ x3 + x4

IOC value :T = 4

So, 6 items were cut off. Moreover, the researcleeloped some of the test

items under the experts’ advice.

After cutting off and developing some items theeythecame a 61 items test. A
pilot study was carried out before the final teaswget. Firstly, 40 random students took
part in the preliminary test and completed 39 dethe test. The item difficulty and
discrimination were calculated (See the result gmeadix B). Eventually, the 35 items
test was conducted. The pilot study showed thatoqpately 60 minutes to finish 61
items. Therefore, researcher set up the 35 itesismigh a time limited of 40 minutes

for answering.

Seven programmes of final year students which IHdllpersonality’s theory
recommended were the sample groups: Marketing, #daay, Mechanical engineering,
Chemistry, Visual art, Elementary education, anctlaer; Psychology.

3.7 Data analysis

Data collected from the feedback on the test wadyaad by using computer
programme, SPSS, and AMOS. Several statisticaliagmns and analysis were

employed in this study.

Firstly, descriptive statistics were used to ilfagt the characteristics of students

in seven programmes.

Secondly, Structural Equation Modelling was emptby® examine factor
loading of six sub-reasoning test; to confirm redsg skills factor and also structural
validity: Analogy, Classification, Inference, Sevjdogical diagrams, and Analytical

reasoning.

Thirdly, Two-ways Multivariate Analysis of Variano@wo-way MANOVA)
was employed to examine the differences of reagoskills score, and problem solving
ability score between six main programmes and gewde t-test was used to analyse
the differences of the similar programmes (elenrgreducation and psychology).
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Fourthly, Structural Equation Modelling was empldye test the model fit of
reasoning skills, problem solving ability and acade ability, and to examine factor

loadings between them.

Lastly, interviewing by telephone was conductethvein attempt to understand
students’ responses better in the context of reagakills, problem solving ability and
academic ability. The qualitative data obtainedemeanscribed from the respondents’
first language (Thai) into English for codificatiohhe data were analysed manually by
categorizing the answers based on specific marKées.markers were on par with the
heading set for this study. That is, for examplel Aor the first Accounting student,
Ac2 for the second Accounting student, Al for thistfvisual Art student, and so on.
These classification enabled the researcher toctefédy further investigate the
statistical results and transcripts could also seduto supplement the answers found

from the statistical data.

3.8 Ethical issues

There are a number of measures adopted to tryoteqirbetter the rights of the
participants of the study. Firstly, the principlievoluntary participation was adopted to
ensure that participants were not being forced itatking part in research. The
researcher explained to the participants that #weswers would not affect anything in
relation to them and they could stop anytime thegntw It is not compulsory.
Meanwhile, permission to conduct the study was Bbdigom the university ethics

committee.

Ethical standards also require that researcher doeput participants into the
situation where they might be at risk of harm assalt of their participation. Harm can
be defined as both physical and psychological. @heme two measures that were
applied in order to help protect the privacy of finlespective participants.

Firstly, the researcher guaranteed the participantdidentiality; they were
assured that identifying information would not bada available to anyone who is not

directly involved in the study.

Secondly, the principle of anonymity would be apglito make sure that the
participants would remain anonymous throughoutstively. The participants were not
required to fill in their names. When interviewingarticipants were not asked the

names.
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3.9 Operational Definitions

Reasoning skills mean the thinking skills which focus on six fastoanalogy,

classification, inference, series, logical diagramg analytical reasoning.

Problem solving ability means ability to solve the problems which researdias

adopted by the logical puzzle, real world problamg mathematical puzzle.

Academic ability means ability to study in the university of thedli year students

which was evaluated by the Grade Point AverageesystGPA).

Programme means the academic programme or subject they wdl@ving. The
choice of programme for the study was based onaHdis theory of vocational
choice which defined six career personalities l@wlork environment: Realistic
personality, Investigative personality, Artisticrpenality, Social personality,

Enterprising personality, and Conventional personal
Acl means the first accounting student.
Ac2 means the second accounting student.
Al means the first visual art student.
A2 means the second visual art student.
E1 means the first education student.
E2 means the second education student.
Enl means the first engineering student.
En2 means the second engineering student.
M1 means the first marketing student.
M2 means the second marketing student.
C1 means the first chemist student.
C2 means the second chemist student.
P1 means the first psychological student.

P2 means the second psychological student.
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Chapter 4

Analysis of results

This chapter will present the statistical resultsalb the research questions set
and hypotheses for this study and analyse and irése interviewees’ responses with

regard to their reasoning skills, problem solvibgity, and academic ability.

The presentation of this chapter follows the rede@uestions and hypotheses
of this research. To find out the relationship aondparison between reasoning skills,
academic ability, problem solving ability, persatyal and gender, the following

findings are the results of investigation.

To answer research question 1: do the studentstfiersimilar programme have
the same reasoning skills and problem solving tgBil(Hypotheses 1 and 2). The
researcher ran t-test between two groups, elemergducational students and
psychological students who were generalized torgelo the same category according

to Holland’s theory.

Hypothesis 1 Students from similar programmes (career persyhdiave the same

level of reasoning skills.

Table 4.1 Descriptive statistics of reasoning skills betwed@mentary education

students and psychological students

Programme N Mean Std. Deviation t
Reasoning Elementary education 39 17.4615 3.46293 -.998
Skills (Social Personality 1)

Psychology 31 18.2258 2.78938

(Social Personality 2)

p=.322

There are 39 elementary educational students dng@s$chological students
whose reasoning skills scores means were 17.46282@6, and standard deviations
were 3.463 and 2.789 respectively. The t value v@88 and the Sig. value was .322.
Therefore the reasoning skills scores between eltane educational students and

psychological students did not show statisticaliygicant difference.
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Hypothesis 2 Students from similar programmes (career persms)l have the same

level of problem solving ability.

Table 4.2 Descriptive statistics of problem solving abilitetiveen elementa

educational students and psychological students

Programme N  Mean Std. Deviatior t
Problem Solving Elementary education 39 2.3333 1.38285 .239
ability (social personality 1)

Psychology 31 2.2581 1.21017

(Social personality 2)

p=.812

There are 39 elementary educational students angs$&hological students
whose problem solving ability means were 2.333 arih8, and standard deviations
were 1.383 and 1.210 respectively. The t value ®88 and the Sig. value was .812.
Therefore the problem solving ability between eletagy educational students and

psychological students was not statistically sigaiit difference.

To answer research question 2: do the studentson#ag skills and problem
solving ability from different programmes differné research question 3: do the
students’ reasoning skills and problem solvingigbitom different genders differ, (the
hypotheses 3, 4, and 5, 6) it is better to run MAMQONstead of conducting a series of
ANOVA and t-test separately. Pallant (2007) sai o avoid inflated Type | error, if
there are more than one dependent variable ruriliyOVA is needed. Therefore,

the researcher ran two-way MANOVA first.

Analysing MANOVA

Before going directly to the results, it would better to know the procedure of
MANOVA analysis. The proceeding with the main MAN@\analysis, its assumptions

need to be analysed first. The major assumptiohdANIOVA are:

¢ Independence: Observations should be statistisallgpendent.

e Random sampling: Data should be randomly samplech fthe population of
interest and measured at an interval level.

e Multivariate normality: Dependent variables haveltmariate normality with

groups.
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e Homogeneity of covariance matrices: the correlatietween any two dependent
variables is the same in all groups.

From those assumptions, data were analysed to ¢he@dssumptions.

Table 4.: The descriptive statistics of reasoning skilld anoblem solving ability

separated by gender and programme

Gender Programme Mean Std. Deviation N
Reasoning Female Engineering 16.7742 3.29353 31
_Skills Chemistry 16.0000 3.72921 44

Visual art 11.5294 2.21127 17
Elementary education + psycholog  17.3958 3.06483 48
Marketing 13.0741 3.30415 27
Accounting 17.9701 2.93862 67

Total 16.2906 3.71763 234

Male Engineering 17.0000 3.72678 19
Chemistry 19.2000 1.09545 5

Visual art 11.7333 2.43389 15
Elementary education + psycholog 18.6818 3.32933 22
Marketing 16.0417 3.38127 24
Accounting 19.0000 3.16228 14

Total 16.7374 3.96048 99

Total Engineering 16.8600 3.42863 50
Chemistry 16.3265 3.67643 49

Visual art 11.6250 2.28247 32
Elementary education + psycholog  17.8000 3.18329 70
Marketing 14.4706 3.62962 51
Accounting 18.1481 2.98375 81

Total 16.4234 3.79096 333
Problem_ Female Engineering 2.7097 1.37097 31
Solving_ Chemistry 2.7500 1.38304 44
Ability Visual art 1.6471 .86177 17
Elementary education + psycholog 2.3333 1.22619 48
Marketing 1.8519 1.09908 27
Accounting 2.6716 1.25997 67

Total 2.4530 1.29041 234

Male Engineering 3.0526 1.12909 19
Chemistry 2.6000 1.14018 5

Visual art 1.3333 1.04654 15
Elementary education + psycholog 2.2273 1.47783 22
Marketing 2.6250 1.27901 24
Accounting 2.4286 .93761 14

Total 2.3939 1.30006 99
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Total Engineering 2.8400 1.28349 50
Chemistry 2.7347 1.35055 49
Visual art 1.5000 .95038 32
Elementary education + psycholog 2.3000 1.30050 70
Marketing 2.2157 1.23796 51
Accounting 2.6296 1.20876 81
Total 2.4354 1.29161 333

The descriptive statistics explained the numberpaiticipants in each cell,
separated by gender and programme. Meanwhile mehistandard deviation are also
displayed in this table. The total is 333 particizawhich are composed of female 234
and male 99; the smallest number is 5 participemtsale and following the chemistry
programme. The highest number is female and foligwihe accounting programme, 67.
The highest reasoning skills were from the accognprogramme, 18.1481, and the
lowest reasoning skills was from the visual artgoamme (artistic personality),
11.6250. The highest problem solving ability wasnirthe engineering programme
(realistic personality), 2.8400, and the lowest vitlasn the visual art programme,
1.5000.

Table 4.4 Box's Test of Equality of Covariance Matrites

Box's M 33.271
F 957
dfl 33
df2 11559.783
Sig. 538

Tests the null hypothesis that the observed covegianatrices of the dependent variables are equal
across groups.
a. Design: Intercept + Gender + Programme + GehBeogramme

Box's Test of Equality of Covariance Matrices taldether the data violates the
assumption of homogeneity of varience-covarienceioes. If the Sig. value is larger
than .05, the data have not violated the assumptiomther words, these data Sig.
= .538 which is greater than .05, hence, the camaa matrices are equal and the

assumption is tenable.
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Table 4.5 Levene's Test of Equality of Error Variantes

F dfl df2 Sig.
Reasoning_Skills 1.169 11 321 .308
Problem_Solving_Ability 1.297 11 321 .225

Tests the null hypothesis that the error variarfidedependent variable is equal across groups.
a. Design: Intercept + Gender + Programme + GehBeogramme

Levene's Test of Equality of Error Variances teéhts null hypothesis that the
error variance of the dependent variable is eqoass groups. If the Sig. value is less
than .05, this means the variances between graepsoa equal which has violated the
assumption of equality of variance of that variablee table above show that those two
variable, reasoning skills and problem solving ighihas not violated the assumption
of MANOVA.

Table 4.6 Tests of Between-Subjects Effects

Source Dependent Variable Type lll Partial
Sum of Mean Eta
Squares  df Square F Sig. Squared
Corrected Reasoning_Skills 1510.907 11  137.355 13.523 .000 317
Model Problem_Solving_Ability 58.094 11 5.281 3.420 .000 .105
Intercept  Reasoning_Skills 56876.20¢ 1 56876.20¢ 5599.717 .000 .946
Problem_Solving_Ability  1199.414 1 1199.414 776.598 .000 .708
Gender Reasoning_Skills 119.564 1 119.564 11.772 .001 .035
Problem_Solving_Ability .138 1 .138 .090 .765 .000
Programme Reasoning_Skills 1297.662 5 259.532 25.552 .000 .285
Problem_Solving_Ability 41.503 5 8.301 5.375 .000 .077
Gender *  Reasoning_Skills 75.164 5 15.033 1.480 .196 .023
Programme Problem_Solving_Ability 10.101 5 2.020 1.308 .260 .020
Error Reasoning_Skills 3260.390 321 10.157
Problem_Solving_Ability 495,768 321 1.544
Total Reasoning_Skills 94591.00C 333
Problem_Solving_Ability 2529.000 333
Corrected Reasoning_Skills 4771.297 332
Total Problem_Solving_Ability 553.862 332

a. R Squared = .317 (Adjusted R Squared = .293)
b. R Squared = .105 (Adjusted R Squared = .074)
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A test of Between-Subjects Effects is used foringsthe differences between
each group for example, male and female, and pnogea differences. Normally, the
Sig. value less than .05 is considered that tretkfierence between groups; however,
Tabachnick and Fidell (2007) recommended dividimg driginal alpha level, .05, with
the number of dependent variable to prevent thelyamse Type | error; the finding of
significant result while there is not really sigoéince. The Sig. value in the row of
gender, programme, and gender*programme are copdidé the Sig. value is less
than .025 (.05/2, the new alpha level), the diffiees between groups has occurred.
Therefore, reasoning skills between male and fermaelifferent. And also, reasoning
skills and problem solving ability between differgmogrammes are differences which
need to be tested further. Meanwhile, there werenteractions between gender and
programme of both reasoning skills and problemisghability, the Sig. value higher
than .025. On the other hand, the problem solvimnbtyof males and females was not

a statistically significant difference, the Sigluahigher than .025.

Overall, a two-way between groups multivariatelgsia of variance (two-way
MANOVA) was performed to investigate the differeaaaf variables. Two dependent
variables were used: reasoning skills and probleiairgy ability. The independent
variables were gender and academic programme.ninally assumption testing was
conducted to check for normality, linearity, andmumeneity of variance-covariance

matrices, with no violations reported.

There was a statistically significant differencawsen males and females on
reasoning skillsF, 321)= 11.772,p = .001, partial eta squared = .035. An inspeotibn
the mean scores indicated that females reportghtislilower levels of reasoning skills
(Mean = 16.2906, SD = 3.717p%&an males.Nlean = 16.7374, SD = 3.960%48n the
contrary, there was not a statistically significdifference between males and females

on problem solving abilityf (1, 321)= .090,p = .765, partial eta squared = .000.

The importance of the impact of gender on reagpskills (partial eta squared
= .035 are considered amall effect. Pallant (2007) explained how to interpites
strength of the different effect size statisticsia@hproposed by Cohen (1988, p.22;
cited Pallant, 2007, p. 208).



83

Table 4.7Interpreting the strength of the different effsizte statistics

Size Eta squared (% of variance explained)
Small .01 or 1%

Medium .06 or 6%
Large .138 or 13.8%

Meanwhile there was a statisticallgngicant difference between programme
on reasoning skillsks, 301y = 25.552,p = .000, partial eta squared = .285 (28.5%) and
there was a statistically significant differencéwmsen programme on problem solving
ability, Fs, 321y= 5.375,p = .000, partial eta squared = .077 (7.7%). ltiesxcfrom the
table 4.9 that programme hasaage effect on the reasoning skills, anmédium effect
on problem solving ability. However, which pairmogrammes has different reasoning
skills? Which pair of programmes has different peai solving ability? Post Hoc tests

were used in order to answer these questions.

Hypothesis 3 Students from different programmes have diffedentl of reasoning
skills.

There was a statistically significant difference mbgrammes on reasoning
skills; therefore, Multiple Comparisons must be dus€o run Multiple Comparisons,
post hoctests were employed to the test. There are mampansons method to select;
however, Field (2005) recommended that if the sarspes are very different, like this

research, usdochberg’s GT2
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Table 4.8Multiple comparisonsHochberg’s GT2of reasoning skills on different

programmes

() Programme (J) Programme
Mean Difference (I-J) Std. Error Sig.

Engineering Chemistry .533 .654 1.000
Visual art 5.235 736 .000
Elementary education + psycholog -.940 .602  .847
Marketing 2.389 647  .004
Accounting -1.288 585 .347
Chemistry Engineering -.533 .654 1.000
Visual art 4.702 739 .000
Elementary education + psycholog -1.473 .606  .208
Marketing 1.856 .650 .067
Accounting -1.822 588 .031
Visual art Engineering -5.235 .736  .000
Chemistry -4.702 739  .000
Elementary education + psycholog -6.175 .694  .000
Marketing -2.846 733 .002
Accounting -6.523 679 .000
Elementary Engineering .940 .602  .847
education + Chemistry 1.473 .606  .208
psychology Visual art 6.175 .694  .000
Marketing 3.329 599  .000
Accounting -.348 .531 1.000
Marketing Engineering -2.389 .647  .004
Chemistry -1.856 .650 .067
Visual art 2.846 733 .002
Elementary education + psycholog -3.329 599  .000
Accounting -3.678 581 .000
Accounting Engineering 1.288 585  .347
Chemistry 1.822 588 .031
Visual art 6.523 679  .000
Elementary education + psycholog .348 .531 1.000
Marketing 3.678 581 .000
*p < .05

The cohort from the visual art programme has raagoskills totally different
from the others. The marketing group of studentstef@rising personality) has a
statistically significant difference from otherscept those taking chemistry. The others
have some differences. The differences can be wdedl as table 4.9 (below). The
highest reasoning skills were accounting, 18.148, the lowest reasoning skills was
visual art, 11.625.
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Accounting Education+ Engineering| Chemistry Marketing | Visual art
psychology
Programme| _ _ _ _
¥ =18.148 s=17800 | ¥° 16.860 | ¥ =16.326 | ¥ =14.471 | ¥ =11.625
Accounting
.348 1.288 1.822* 3.678* 6.523*
x =18.148
Education+
psychology | _ 34¢ 940 1.473 3.320* 6.175*
& =17.800
Engineering
-1.288 -.940 .533 2.389* 5.235*
i =16.860
Chemistry
-1.822* -1.473 -.533 1.856 4.702*
¥ =16.326
Marketing
-3.678* -3.329* -2.389* -1.856 2.846*
¥ =14.471
Visual art
-6.523* -6.175* -5.235* -4.702* -2.846*
x =11.625
*p < .05

Hypothesis 4 Different personalities have different level ebplem solving ability.

There was a statistically significant differencepefsonality on problem solving

ability; therefore, Multiple Comparisonblochberg’s GT2were employed to analyse
the data.
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Table 4.10Multiple comparisong-Hochberg’s GT2of problem solving ability on

different programme

() Programme (J) Programme Mean
Difference (I-J) Std. Error Sig.
Engineering Chemistry .105 .250 1.000
Visual art 1.340 282 .000
Elementary education + psychology .540 .230 .256
Marketing .624 .248 .167
Accounting .210 224 .998
Chemistry Engineering -.105 .250 1.000
Visual art 1.235 283 .000
Elementary education + psychology 435 .232 .610
Marketing .519 .249 436
Accounting .105 .225 1.000
Visual art Engineering -1.340 282 .000
Chemistry -1.235 283 .000
Elementary education + psychology -.800 .266 .041
Marketing -.716 .281 .155
Accounting -1.130 260 .000
Elementary Engineering -.540 .230 .256
education + Chemistry -.435 232 .610
psychology Visual art .800 .266 .041
Marketing .084 .229 1.000
Accounting -.330 .203 .808
Marketing Engineering -.624 .248 167
Chemistry -.519 .249 436
Visual art 716 .281 .155
Elementary education + psychology -.084 .229 1.000
Accounting -.414 222 .623
Accounting Engineering -.210 224 .998
Chemistry -.105 225 1.000
Visual art 1.130 260 .000
Elementary education + psychology .330 .203 .808
Marketing 414 222 .623
*p < .05

Only the visual art students have problem solvibgditg different from the
others except the marketing students that hasifietetl. Apart from visual art students
(artistic personality), others were not differerdnh each other. The differences can be
concluded as table 4.11 (below). The highest proldelving ability was found in the
engineering students (realistic personality), 2,840d the lowest problem solving

ability was in visual art (artistic personality)500.
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Engineering| Chemistry | Accounting Education+ Marketing Visual art
psychology
Programme| B B B _
¥=2840 | x=2735| x=2.630 722300 x=2.216 x =1.500
Engineering
.105 .210 .540 .624 1.340*
X =2.840
Chemistry
-.105 .105 435 .519 1.235*
% =2.735
Accounting
-.210 -.105 .330 414 1.130*
*=2.630
Education+
psychology | _ 549 -435 -.330 084 .800*
% =2.300
Marketing
-.624 -.519 -414 -.084 .716
x=2216
Visual art
-1.340* -1.235* -1.130* -.800* -716
& =1.500
*p < .05
Hypothesis 5 Male and female have different reasoning skills.
Table 4.12Group Statistics of reasoning skills between gende
Gender N Mean Std. Deviation Std. Error Mean F301
Reasoning_Skills Female 234 16.29 3.718 .243 11.772*
Male 99 16.74 3.960 .398

**p < .01

There were 234 female and 99 male to be partitsp&nom the total score of 30,
the mean of females was equal to 16.29 and stardkarction was equal to 3.718.
Meanwhile the mean of males was equal to 16.74stemtard deviation was equal to
3.960. The table 4.6 also presented the compaako@asoning skills between gender
and the results confirm that males and females dfierent;F 321)= 11.772p < .01.
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Hypothesis 6 Male and female have different problem solvingitgb

Table 4.13Group Statistics of problem solving ability betweggenders

Gender N Mean Std. Deviation Std. Error Mean  Fg 301
Problem_Solving_Ability Female 234 2.45 1.290 .084 .090
Male 99 2.39 1.300 131

p=.765

There were 234 females and 99 males to be pamitsp&rom the total score of
5, the mean of females was equal to 2.45 and stardiviation was equal to 1.290.
Meanwhile the mean of males was equal to 2.39 &amtlard deviation was equal to
1.300. The table 4.6 also presented the compaagpnoblem solving ability between
gender and the results confirm that males and fesnaérenot different;F, 301y= .090,
p=.765.

To answer research question 4; do the reasonints,skiudents’ problem
solving ability and academic ability influence eaather, the hypotheses 7, 8, and 9,
Structural Equation Modelling (SEM) were employed @ssess the data. However,
Structural Equation Modelling (SEM) needs to bearstbod in relation to the concept
of analysing and its procedure before reading ¢salts. Therefore, the steps to perform

SEM are presented.

Stepsto perform SEM analysis

1. Model specification

The first step is the model specification to fotme fpicture of all variables that
will be analysed. There are two kinds of modeluctiral model and measurement
model, which a modeller should know. Except thas & correlation between variables,
and path, which the modeller can impose on hiseoidemand. The modeller does often
specify a set of theoretically plausible modelsonder to assess whether the model
proposed is the best of the set. The model whielmtbdeller has designed for testing

his or her hypothesis is called hypothesized model.
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2. Assessment of the fit of the model and parameters

Secondly, the programme computer will determinehyyeothesized model and
the sample data. If the model fits well with thetadathen the parameters can be
considered. If the model fit does not fit well, tharameters cannot conclude. Some of

the common used measures of fit are;

« Chi-Square ¥?) is a function of the sample size and the diffeeehetween the
observed covariance matrix and the model covariarateix.

e Root Mean Square Error of Approximation (RMSEA)

o Comparative Fit Index (CFI)

3. Model modification

Thirdly, the model may need to be modified in ortteimprove the fit. AMOS
provides modification indices which report the impement in fit for those results by
adding an additional path to the model. The maodiftns also make theoretical sense.

4. Interpretation

Lastly, the model is then interpreted and claimsualthe constructs are made
based on the best fitting model. The result caexXpained by supporting with careful

research design or plausible theory.

To answer the fourth research question, SEM wadmmg to assess the model.
The measurement model was set up by combining measakills variable, problem
solving ability variable, academic ability variapknd their indicators. The portion of
the model that specifies how the observed variaddgend on the unobserved, or latent,
variables is sometimes called theeasurement model(Arbuckle, 2007). The current

model has three distinct measurement sub-modetsfi@ee 4.1).

The researcher has brought reasoning skills watindicators, problem solving
ability, and academic ability with their indicatois form the hypothesized structural
model. The model aims to find the subset of thehedsarrows that provides the
answers for hypotheses 7, 8, and 9.
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The first model that SEM has provided was shownttan figure 4.2 which
explained the influences of problem solving abibityd academic ability on reasoning
skills, and their factors. From the figure 4.2, fheindices;xz(lg) = 27.346, p = .097,
RMSEA = .036, and CFI = .944, were considered aldgaoHowever, AMOS provided
themodification indices for improving the fitting value.

On the one hand, the modification indices are tpeeted values that the chi-
square would decrease by if such a parameter werbetincluded. A series of
modifications was conducted to produce the mostragmte model by using
modification indices produced in AMOS outputs. Hoee the misspecified error
covariance may be representative of systematic une@ent error derived from either
the variables or the respondents (Aish & Joresk8§0).

However, not all modification indices can be adjdstin order to decide which
one was necessary, an additional review was emgloyke information from the
modification indices provided by AMOS outputs sugfge some unreasonable
relationships between error terms, which were wosistent with the study. Therefore,
some suggestions were considered or ignored beoaodidication indices identified by
AMOS as belonging in a model are based on statlstigteria only. The inclusion of
some covariance must be substantively meaningfuhfostudy (Byrne, 2010). Overall,
the researcher has adjusted two covariance betereen3 and error 5, and error 4 and

error 5. The results were presented in figure 4.3.

Hypothesis 7 The reasoning skills were influenced by studepteblem solving ability

and academic ability.

The researcher, at this moment, concentrated onstituetural model. The
portion of the model that specifies how the latesntiables are related to each other is
sometimes called thstructural model (Arbuckle, 2007). The seventh hypothesis
focused on structural model of the influences afishts’ problem solving ability and

academic ability on reasoning skills.
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Chi-Square = 15.957, df = 17, p = .527
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Figure 4.3 Structural model of reasoning skills were influetidoy problem solving

ability and academic ability

Figure 4.3, the model fitted very well, the fit indsxz(m = 15.957p = .527,
CFI =1.000, and RMSEA = .000. It supported theesdly hypothesis that the reasoning
skills were influenced by problem solving abilitpcaacademic ability. And also the
dimensions of regression weights were positivelateel from both problem solving
ability and academic ability. Meanwhile, the coatedn between problem solving
ability and academic ability was very low (.02).

The model was a standardized estimation of reagorskills that were
influenced by problem solving ability and academsdidity. The standardized regression
weight which problem solving ability influenced oeasoning skills was .52 and the
standardized regression weight which academictabiifluenced on reasoning skills
was .15. It was estimated that problem solvingitgbnd academic ability, both,
explained 30 percent of reasoning skills variative, Squared Multiple CorrelationsR

= .30 (Detail of analysing on appendix D).
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Hypothesis 8 The students’ problem solving ability was inflged by reasoning skills

and academic ability.

Chi-Square = 15.957, df = 17, p = .527
RMSEA = .000
CFI=1.000

Problem
Solving
Ability

Analogy

D,
Reasoning
Skills
CedD
Academic Ce5
Ability

Figure 4.4 Structural model of problem solving ability wadlienced by academic
ability and reasoning skills

Figure 4.4 shows the model of a standardized esomaf problem solving
ability was influenced by academic ability and wrasg skills, and fitted very well, the
fit indices y’u7) = 15.957,p = .527, CFI = 1.000, and RMSEA = .000. It supportteel
eighth hypothesis that problem solving ability wiafluenced by reasoning skills and
academic ability. The dimension of reasoning skilgression weight was positively
related to problem solving ability (.54); howeveggression weight of academic ability
was negatively related to problem solving abilty7). It was estimated that problem
solving ability variance was 28 percent explaingdalsademic ability and reasoning
skills, the Squared Multiple Correlations?jR: .28. Meanwhile, the correlation between

reasoning skills and academic ability was low (.(IBtail of analysing on appendix E).
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Hypothesis 9 The academic ability was influenced by studeptsblem solving

abilities and reasoning skills.

Chi-Square = 15.957, df = 17, p = .527

RMSEA = .000

CFI=1.000
53
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Figure 4.5 Structural model of academic ability was influethd® reasoning skills and
problem solving ability

Figure 4.5 shows the model of a standardized esomaf academic ability was
influenced by reasoning skills and problem solvatity, and fitted very well, the fit
indices %17 = 15.957,p = .527, CFI = 1.000, and RMSEA = .000. It supportiee
ninth hypothesis that academic ability was infllehdy problem solving ability and
reasoning skills. The dimension of reasoning skidlgression weight was positively
related to academic ability (.21); however, regmssveight of problem solving ability
was negatively related to academic ability (-.0Byvas estimated that academic ability
variance was 3 percent explained by problem solaibidjty and reasoning skills, the
Squared Multiple Correlations fR= .03. Meanwhile, the correlation between reaspni
skills and problem solving ability was moderate3].fDetail of analysing on appendix
F).
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The influences and standardized regression weigbitween reasoning skills,

problem solving ability, and academic ability candummarized as figure 4.6 below.

28 %

Problem
Solving
Ability

Reasoning
Skills

30 %

Academic
Ability

3%

Figure 4.6 The influences and standardized regression welgttgeen reasoning skills,

problem solving ability, and academic ability

Nevertheless, some parameters on the figure 4.6 maaype familiar to some
readers. The researcher would like to make it edsiaunderstand by showing the
percentage of correlation values between reasakitlg, problem solving ability, and

academic ability instead of the standardized resgmasneights, on the figure 4.7 below.
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30 %,
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Figure 4.7 The influences and the percentage of correlat@mines between problem

solving ability, academic ability, and reasoningisk

Figure 4.7 shows that the correlation betweenor@ag skills and problem
solving ability was 27.67 percent, whereas theatations between academic ability
and reasoning skills, and academic ability and lgrabsolving ability were very few,
less than 3 percent. Because the relationship keetweademic ability and problem
solving ability is very low, therefore, this resititroduces the idea of how the direct
and indirect effect of academic ability influencpsoblem solving ability through
reasoning skills if we consider that developingderaic ability is the first and main

thing we do to the students. The result is showovhe



Chi-Square = 13.597, df = 17, p = 695
RMSEA = .000
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Figure 4.8 The influences from academic ability to reasorskifjs and problem

solving ability

Table 4.14Standardized Direct Effects

Academic_Ability

Reasoning_Skills

Reasoning_Skills 426 .000
Problem_Solving_Ability -.206 .614
And

Table 4.15Standardized Indirect Effects

Academic_Ability

Reasoning_Skills

Reasoning_Skills .000
Problem_Solving_Ability .262

.000
.000
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Figure 4.8 and table 4.14 and table 4.15 presentditect and indirect effect

from academic ability to problem solving ability iwh the negative direct effe¢{.206)

and positive indirect effec(t262) through the reasoning skills.

Overall, the quantitative results of this researah be concluded as follow;

1.

The reasoning skills scores between similar program(with the same
career personalities), elementary educational stsdend psychological
students, did not show statistically significarftetence.

The problem solving ability scores between similamogrammes,
elementary educational students and psychologicdests, did not show

statistically significant difference.

The reasoning skills scores between male and fershlewved a

statistically significant difference.

The problem solving ability scores between male #ardale did not

show a statistically significant difference.

The reasoning skills scores between students friffiereht programmes
showed a statistically significant difference.

The problem solving ability scores between studdmsn different
programmes showed a statistically significant ddfee.

. The reasoning skills were influenced by studentsbfem solving ability

and academic ability by 30 percent.

The students’ problem solving ability was influeddgy reasoning skills

and academic ability by 28 percent.

The academic ability was influenced by studentsdbpgm solving

abilities and reasoning skills by 3 percent.
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Chapter 5

Qualitative data

Introduction

In addition to the quantitative data, qualitatd&ta, in the form of interviews,
was collected from fourteen interviewees engagedsaven different studying
programmes. Their opinions can be seen as provalipglementary data in the form of
a bird's-eye view of their understanding of acadewbility, reasoning skills and

problem solving ability.

The headings for reporting the data derived froenkily themes that were

identified and can be summarized as follows;
1. Skills to learn
2. Skills to solve the problem
3. Reasoning skills with problem solving, and learning
4. Un/Reasonable people characteristics
5. The differences of reasoning skills between careers
6. Problem solving in the future
7. Reasons to select programme for studying
1. Skills to learn

It was interesting that the skills students idedi as being closely involved
with their general learning ability were varied Buas, remembering, summarizing,
analyzing, intention, carefulness, concentratigigehce, being interested, and thinking
skills. However, the skills which they thought cdiielp their studying better depended
on their subjects as the second engineer studaiats s

‘En2: It depends on the subjects, most of my stugly about calculation, so | need more thinkinifjssk

and some basic skills; however, | need to readhthery and apply to a practice.’

This idea was supported by analysing the answemn fstudents studying

different programmes. The same question was ptiidyesearcher to all interviewees;
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what skills can help improve your studying? Thetfart student answers were ‘drawing
and moulding skills’ while the second said ‘creatioconcentration, and work
toleration’. These skills seemed particularly rethto the person who is working on art
or studying art. On the other hand, the first manestudent answers were ‘listening
and speaking skills’. Although these could be saeibeing more general, they seemed
to be intended for the marketer who would like $e their listening and speaking skills
to encourage customers to purchase some produasadtounting students focused on
‘remembering, summarizing, analysing, and carefgherhese skills look suitable for
the person who is working with numbers such ascaountant. This notice showed that
the skills students thought can help their studyiatier usually related to their subjects.
However, the most common general characteristiestified from fourteen students

were diligence, concentration, intention, thinkskglls, and being interested.

On the one hand, the second education studentXmdaireed the meaning of
‘being interested’ like this;

‘E2: ...interested in the issue which is studying,tBs can help studying better, for example, | am
interested in math, | will read math, then | widdome good in math. It seems like we usually say, w

have an aptitude in this subject.’

This suggests that even when students referredote general skills, they had

their specific subject area or programme very nmianahind.

He also explained more details that if someone bas with normal ability,
they can increase their learning ability by takingre interest and applying self-study

to the subjects.

‘E2: Somebody has a high 1Q level, or clever, hkhit is one part of studying; however, somebodywh
has not a high 1Q level but can have a good GPt#jnk it is because of their interest and self-gtud

Meanwhile the clever students take fewer timesiteustand the lesson.’

Overall, the skills which can increase the studyatmlity seem varied, and
depended on the subject that students are learmioggever, the core skills that
interviewees recommended would be diligence, canaion, intention, thinking skills,

and interesting.
2. Skills to solve the problem

The word ‘problem solving’ is familiar; however, wgeople solve the problem

seems more interesting. The qualitative data stibatsparticipants when approaching
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problem solving intend to 1) find the causes of pheblem, including considering the
environment or context of the problem, 2) find thest method to solve the problem,
sometimes by consulting the teachers or knowledgeadople, 3) solve the problem
with reasoning, consciousness, self-experienceolwng from one part to another part
and slowly. Moreover, knowing one’s own strong peiand weak points can help you

cope with the problem more efficiently.

‘E1: Try to think about everything which may reldab the problem and then find the best way toesolv
the problem. The most, | consult friends, teach@rsupervisor, it depends on what kind of problém.

the problem is about studying, project, or activitwill consult friends.’

The case of emergency problems was addressed. Tverge considered as
important problems because sometimes a decisiarsriedoe made in a very short time,
for example, in the case of an accident. Thereftine, intelligence quotient was
important but, interestingly, emotion quotient onaional intelligence, self-awareness,
empathy, and dealing sensitively with other peoped good relationships were

recommended as being important also.

‘E2: ... | think the important skills could be urgeproblem solving skills because the urgent sghskills

is necessary and very important, because we mngtshddenly what we are going to do, because if we
cannot think, we will miss the chance that we maty §he second skills, | think it is human-relasbip;

for example, the previous problem, dead car, ihaee good human-relationship skills, we can beg

someone for a lift. Not only high IQ, but high Ept It can help a lot, really.’

The different careers viewed the method to sole globlem from different
angles. For example the marketer recommended gmudanication to solve problems.

‘M1: They might be facing problem skills, experiencand speaking, speak arranging.’

On the other hand, chemists recommended reasokiligyas being particularly
important.This indicated that the career or the environmemckvthey are associated

with or their context of study seemed to affectwasy they thought or made decisions.

‘C1: It must have reasoning to solve the probldrthére is a problem but has no reasoning andugest

emotion, the problem might not be solved. It wah&scooperation with the reasoning.’

In summary, skills identified to solve the problemay be reasoning skills,
experience, consciousness, and human-relationstopvever, more important than
skills was the process to solve the problem whigrewl) finding the causes of the
problem, 2) searching the best way to solve thélpro, and 3) solving by using

reasoning skills, consciousness, or any skills tviniay relate to the problem solving.
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3. Reasoning skills with problem solving, and leaiing ability

This section refers to the way in which the studesatwv the relationship between
reasoning skills and both problem solving and leayrability. The reasoning skills
were viewed as the factors that related to manyitiabi Especially, they thought
reasoning skills can help find the causes of tlebdlpm and make them clearer. These

will make solving the problem more likely and maezurate.

‘C2: It is necessary because we will know the paaises and we can solve at the root of the prolyietn,

at the end of the problem.’

It seems reasoning skills related to everythingyéxer, reasoning skills was not
seen as being related to the learning by all stisd&ome opinions took the view that

reasoning was not necessary for their learning.

‘C1: Reasoning...learning...not sure. May be not relateeach other. For example, learning is a course,
except there are the questions why you answethikereasoning may relate to. Normally, learniogsl

not relate to reasoning.’

‘Al: | think they are related to each other; howeet may not need reasoning.’

And some viewed reasoning skills for answering guestion while they are

studying.

‘C1l: Yes, it is necessary; such as, every lessost tmave their reason in themselves. We need to
understand; for example, a question asks aboutorimhat something was like that? We need the reason

to answer that question.’

Overall, there are some reasons to say that rempgskills related to problem

solving; however, they were not sure that reasoskilis related to learning ability.
4. Un/Reasonable people characteristics

This section describes what the student saw acylar characteristics of
people they saw as ‘reasonable’ or ‘unreasonaBeasonable people were seen as
reliable people, displaying qualities of solemnipyudence and maturity. They were
also seen as knowledgeable, optimistic, methodarad not easily discouraged.
However, they were seen in two aspects. The fiest someone who might be described
as a faker or insincere and the second was someloo@lways presented the truth or

was genuine.

‘C1: There are two types. May | say directly? Tinstfone is a faker, and the second is genuine.’
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It is interesting that sometimes some people wibsomething that seemed
reasonable could seem like an insincere persoi, asithe millionaire who donated a
lot of money to the flood victims. They may be sesninsincere. The reason for this
would come from the elites who prefer presentirgnrteelves on television and expect
others to know that they were donating a huge amofimoney to help people. This
situation, on the other side, was accepted asdemrbecause some elites would like to
donate only if they can present themselves to thi#i@ This did not mean all elites
who did something like this were insincere.

Therefore, when employing reason, it is importamattit is not done so
excessively in such a way that someone may seencars or even simply becomes
boring in the way they communicate and relate topfee Moreover the characters of
reasonable people can be distinguished as displayiternal and external
characteristics.

‘P1: | see. External appearance look a bit seriand,stable, If we look superficially, seem noaixel
whatever they think, seem reasonable, whateverdbgegeem like no feeling; no feeling such as
enjoyment because whoever doing by feeling may havweasoning, or good, or right, or accepted by
others people, because of enjoyableness. But rellsopeople will think before doing something, such

as, is it good, suitable, what will be the restiliey possible think a lot to do a thing.’
However, too much reasoning may be boring for thers.

‘E1: Too much compromise and flexibility, if theaee not too much, are all right, but if there e
much...there are not acceptable. However, too mua$oreng, oneself and others may not have

happiness.’

It was quite clear that unreasonable people usi #motions to solve the
problem, and they were self-centred.

‘P1: Yes, when they angry, they will do somethinddenly. Whatever they want to do, they will do
because the emotion is the lead. If reasonablelpeibyey will think first, is it good or bad, if ghanswer

is bad, they may not do it. | think reasonable peopll think more careful than unreasonable peodple

Finally, the characteristics of reasonable people lze seen as a trusted people;
however, using reasoning ‘in a reasonable way’ vaithin reason’ might be more

suitable.
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5. The differences of reasoning skills between cages

Before going to the central issue, the major sstigns from the students can be
divided into two groups. The first was people viadlve reasoning skills or not, that do

not depend on the programme that they have stiiedepend on the individual.

‘C2: | think they are using the same level becawsirg reasoning skills depends on the individuasqe,
it does not depend on the programme. People ingagfiamme may have or have not had the reason at

the same level. It depends on the individual.’

The second suggestion, they believed that reasoskilts depend on the

programme that they have studied.

‘P1: | think it is different because we learn diffat things and the environment is also differtray
grow up differently in society, therefore thinkistyle becomes a big gap; for example, one probkeh e
career will see different angle, so reasoning rhadifferent. For example, science and art students
students may see something with their enjoymenf@inthg more activities, on the other hand, engine
may study a lot of numbers, so they may analysedig more than art students. Another example,
linguistic students and psychology students ardystig in the same faculty; humanistic faculty, but

thinking style or doing things are different, difat viewpoints.’

The second point of view was supported by the re#isat some careers need to
work more carefully because they have to take mesipdity for human life, such as

pharmacist, doctor, and engineer.

‘Enl: | think it must be used more than the othE¥sause it must be cause and result, it seemwlika

we work, we need to take responsibility for humiéay both causes and the following result.’

Moreover, the work process can influence reasoskilis. Some careers require
people to think about causes and effects and gogv&cience process; however, some

careers may draw more on imagination and do nat seence process.

‘En2: | think we use reasoning skills more thancateer because of different learning, so, thinkiray
differ. My career have to find the causes, thenfgaas science; while artist may learn to dance @émdt
but I learn to calculate, find the causes, andltgsoecause we follow the procedure, conclusion,

everything, have to use reasons, such as expetiment

Even though there are two opinions amongst thdesitis related to whether
reasoning skills may or may not be specificallyatedl to the career in which they are
working, it may be simply related to the individu@lowever, most point of views

agreed that a career in art needs reasoning Eglshan the others.
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6. Problem solving in the future

It was an expectation that after the students Ilgagduated from the university
then they will go to work. One thing that every aranot avoid is the problems which
may occur from the job or from the co-worker. Thedents confirmed their belief that
they would have problems when they work in the retlhowever, they thought they
would solve them by themselves or consult somedme as experience. They would

adjust themselves for some problems.

‘C2: If the problem comes from my co-worker, | hagesee what the problem is and what the cause is.
Or | cannot adjust myself to go along with theml. ¢dnnot adjust myself, | must adjust myself ag&or
the job, if | am really stressful or feel like... dahot like this job, | may put up with it for a vidaito make

sure that it is not my aptitude, then | may leahs job.’
They would like to use their knowledge to solve pineblem.

‘P1: There are many skills working together, Alsalepends on the individual, for example, | learn
psychology, | have learnt variety of techniquesde with people to solve problems, because psygkol
is about human behaviour, and four years of myystigdmake me absorb the thinking style and
behaviour of a person and understand what arestinges of their behaviour, such as background
knowledge, living, or environment and what peridditmes in their life, childhood, or adult, family.
Everything is related, so, each problem solvinghgasychologist will solve in different ways becaus
everyone has the different background. If | wengchelogist, | will look at the problem first, whest the
problem, then look at the client that which wayhaise. | must understand the behaviour that | am

confronting first.’
Moreover, good preparation for the job could redineeproblem.

‘E2: If the problem about teaching, | think it istra big problem because, for example, | am a &xath
will have plan for teaching, so | can entrust songetw teach follow the plan which | have provided

learning aid for them already. They can teach wittany problem.’

The problem should not be allowed to stay long bseat may affect the job.

‘En2: We must consider first, if the problem is dhar easy, then delve into that how we should stitee
problem; for example, the problem with co-workee should talk to each other first about the problem
what it is, and how hard it is, If we can solveytourselves, we will do it; however, if it is thard,
maybe somebody else can help compromise, we skouM/e should not let the problem stay like that

for a long times because it will effect to the job.

It is interesting that solving the problem shoulatisfrom oneself. Controlling

the others or changing the others seems moreuiffic
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‘P2: | will see myself first because | cannot cohtither people. So, | will adjust myself, for exalm |
need more times to work, | will give up somethitgeeIf | cannot make a clear communication with

friends, | will improve myself.’

Concisely, we cannot avoid the problems in tharitUsing the knowledge and
consulting the experiences people may help to stiee problem; however, good
preparation to confront the problem will reduce somappropriate effect. Moreover,

solving the problem should start from oneself.

7. Reasons to select programme for studying

Before examining the data in this section, it @rthv pointing out that eighteen
years old for a young person is in many ways the efgfinding individuality. The
researcher has had six years’ experience on teagbimg people and found that there
are many things the teenagers think about befecerhing an adult, such as how to be
with other people, how to be accepted, how to ke of themselves, including the
career in the future. Their dreams have not come #&t that time but they need to
consider many factors which mean it is difficultrtake decisions because they may
not have enough information and less experienceekample, which career is suitable
for them seems more difficult because most of ime they were in the school. They
may receive some information about the charactestsome careers from somewhere;
however, they have no direct experience from ddihal career, which may differ in
some respects from the information. Moreover, @ghtyear old is an age of dreams.

There are many dreams in their mind.

‘E1: firstly, | would like to be a teacher. But whéwas young, my dream has changed all the times.

Sometimes, depending on the trend.’

However, the most common reason that they gavediarcting the programme
to study was liking the character of the subjent, mumber, the calculation, and liking
the character of the job in the future. On the baed, some selected the programme to
study because of considering only whether theydlik®r whether there would be a job
opportunity in the future. Moreover, some seledfeel programme to study because

they have seen an example from a relative.

‘Enl: The reason was, | saw the senior study mphdgramme and later on he can find a good job, so

would like to get a good job as him.’
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Someone accepted that they did not like that stulfjat they would like to

obtain a good job after graduation. Therefore thgpglied to study in that programme.

‘E2: ...1 did not intend to select this programmecBase the government will provide job for me if |

study educational programme, so | have selected mdncational programmes ...’

The reason given above may bring danger for theesein a case in which the
subject that they are learning is far from theipgiaess or their aptitude because it
might be a hard time for them to put up with sormgghthat they are not happy with

nearly the whole life.

‘C2: ... And | have chance to practice doing jatid &found that working all the times in the lalbizring
because | must do the same thing again and agaihti8nk | would like to be a medical detailer avh
can go out and see many people. | feel like | ddike doing something the same all the times.|3ige

to work with the people rather than being a redearovhich studying chemistry can do that job.’

To sum up, the reason to select the programmaeutty stas whether they liked
it and work opportunity; however, doing the job camcrease their experience.
Eventually, something may be changed.

Conclusion

It was interesting that each group of studentsthaa own tendency in the way
they responded to the personality/subject groupifagsexample, accounting students,
and conventional personality, usually answereddinestion very briefly. On the other
hand, education students and psychological studsotsal personality, preferred to
give very long answers including providing the exdés too. On the one hand,
engineer students, realistic personality, answéredjuestion not very much at length
but direct to the main point. The reason for thiéedence in the style in answering the
questions may refer to the Holland’s vocationalichaheory which is each personality
has their own characteristic and differs from theecs.

The final year students referred to strong penggyrzharacteristics in relation to
their careers, such as marketing students undersit@d important skills to learn and to
solve the problem was communication, speaking, letening skills, while engineer
students recommended thinking skills, chemicalettglfocused on the reasoning skills,
and art students indicated imagination. On thelwared, they applied to study in those
programmes because they like them and expecteddijgb when they have graduated.

They knew they will confront problems in some waythe future but they believe they
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will cope. The skills they will use to solve theoptem may be reasoning skills,

experience, consciousness, and human-relationship.
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Chapter 6

Discussion

Introduction to the Discussion

After analysing the data, it is time to discuss tgults and their implications.
The results also need to be related back to sontieedliterature in order to apply the
knowledge to practice and to make suggestions ddhdr investigation. It may be
useful at this point to outline the research puegaagain to confirm our understanding
of this research.

As described in chapter one, this research hasnao related objectives: to
investigate the influences of academic ability easoning skills, and problem solving
ability, and vice versa, and to examine whethedestts from different programmes
displayed significant different levels of reasonsiglls and problem solving skills.

The broad aim of this research was to help schawoisjersity teachers, and
those with responsibility for admissions to devellogir policy and practice particularly
with regard to issues related to rational thinkimwgd problem solving. This study
therefore was primarily concerned with testing is@soning skills and problem solving
ability of a cohort of higher education (univer3itgtudents from seven different
programmes of study. At the same time, informatimm the GPA (Grade Point
Average) related to students’ academic ability, gedder was taken into account.
Programmes were defined in relation to personaligig indicated by Holland’s theory
of vocational choice. Therefore, comparing reaspskills and problem solving ability
in relation to gender and in relation to studeptgigramme choices was one purpose.
And an exploration of how reasoning skills, problewmlving ability, and academic
ability (GPA) influence each other was another psg The knowledge derived from
this study is related to human abilities. It is @dpthat the results may stimulate
educational institutions to develop policies andcfice in relation to reasoning skills
and problem solving abilities that are more coheesrd relevant to the needs of the
modern world. It is also hoped that companies beobrganizations will give more
recognition to human abilities and individual difaces as one important factor when
they are managing and seeking to develop their @epk. Additionally it is hoped that
students or applicants to universities may be giwere support and guidance for

selecting their career. Moreover, the results ftbmm research will help the academic
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system to develop other points of view beyond ttaalitional approaches that are

current.
Discussion

The hot issue in Thailand at this moment other tharprotesting in Bangkok is
the new universities admissions system. The newraleaed admissions system was
applied to Thai education since 2009 (The Natidnatitute of Educational Testing
Service: NIETS, 2011). It is therefore in its eadyages of development. The
admissions process has four parts. The first orf@rdsnary National Educational Test
(O-NET) which is basic knowledge using the same fasall last year high school
students. The second is GPAX which is the averageRA from last six terms before
graduating from high school. The third is Genergbtithde Test (GAT) which
emphasises general skills such as reading, writhimg/ytical thinking, and problem
solving. The last one is Professional Aptitude T&#T) which emphasises the ability
to study and work in the particular chosen fieldr £xample, mathematicians are
required to have perceptual ability, calculationllsk quantitative reasoning, math
reading skills; engineer should demonstrate thagytthave space relations,
multidimensional, perceptual ability, calculatiokills, engineering reading ability,
engineering problem solving ability; and studentsowwish to follow a course in
architecture should have space relations, multidsimmal, perceptual ability,
architectural problem solving ability (Kasikornthznk, 2011).

The new admission system has these four main t&dt$itionally, the partial
relevance to this study is that applying for a plat the university employs different
criteria for the different programmes. The reasonthis is that it is thought that the
different programmes need more or less differentssk-or example, students who
study in engineering programme may need more lbgskdls than visual art
programme. On the contrary, students who studyisoal art programme may need
more imaginary skills than engineering programmee importance of acquiring these
skills for the universities’ students is not ongtated to the admission process, but is
important after students have graduated from thieewsity. After graduation they
normally apply for a job in some company or othestitution and the company often
requires them to take a test in a range of skiligciv the company thinks is useful or
necessary for that job. For example, an internshigSBC (Thailand) needs numeracy,
verbal evaluation, commercial judgement and stranglytical skills (HSBC, 2011).
This idea has been supported by other institutior@her countries. The BBC (2010)
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recommended that the general and important skédlsded for many employers are
communication, numeracy, IT, team working, probleaiving, and so on. And the
careers advisory service at the University of Keas suggested that although most
employers need nearly the same skills and diffdeamls of particular skills are needed
in different jobs and they can assess applicanggttimes of applying process (The
University of Kent, 2010). Furthermore beyond j@muwirements for participating in

general life, some skills such as reasoning s&iild problem solving ability are needed.

This knowledge is a reminder that such skillsare factor that is important for
high school students to develop. Also it is thepossibility of the universities to
prepare their students to acquire the skills necgder doing particular jobs when the
students have graduated. The skills tested befimetting students to the university is
one way of trying to ensure the right ones arecsetefor the right course; however,
which skills are appropriate and how, what levetkifl needs to be acquired, needs to

be considered further.

As described in an earlier chapter, John Hollandsychologist from the USA
has proposed the theory of career choice and paigoriypes which has been
influential since 1966. His view is that the perslity of the worker is related to their
interest and happiness in working. In this senseple who have the same personality
type, for example an artistic personality, is likéb have the same kind of skills and
will be interested in the same type of job withtagr characteristics. Holland’s theory
was used to support the choice of programmes fsrdtudy. Therefore, among the
skills from many which the universities in Thailahave considered to be important and
have requested from students who are applying fqlage in the university are
reasoning skills, and problem solving ability (Kesnthai bank, 2011).

The two main research objectives were operatipedlinto specific research

questions and hypotheses.

The research question lare the students’ reasoning skills and problelvirsgp
ability from the same programme the same? is coathbottwo hypotheses. Hypothesis
1 focused on the reasoning skills, and hypothesiscAsed on the problem solving
ability. The same pattern was used@search question 2do the students’ reasoning
skills, and problem solving ability from differeprogrammes differ? This was also
composed of two hypotheses. Hypothesis 3 focusedhenreasoning skills and

hypothesis 4 focused on the problem solving ability make them easier to understand,
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the researcher would like to discuss them by groyhie skills that are reasoning skills,
and problem solving ability. Therefore hypothesjsaftd 3 (reasoning skills) will be

discussed first, then hypothesis 2, and 4 (proldelving ability) will be discussed.

Hypothesis 1: Students from similar programmes havéhe same level of reasoning

skills.

This research aimed to compare reasoning skillinvithe same programme
choice and between different programmes. .

Holland (1966) recommended six types of personalliich were distinguished
according to their chosen work environment. He seEdple who like to work in the
same environment usually have the same charaatsriftsychological students and
elementary educational students were defined asmdualie same personality, social
personality. Hence, this research compared theomessp skills between these two
cohorts of students. The results on table 4.2 stiatthe reasoning skills from both
psychological students and elementary educatidndests did not show a statistically
significant difference. In others word, the sam@gpamme choice according to
Holland’s theory has the same level of reasoninlissK his finding was supported by
Dantzker (2010) who conducted his research focusmghe differences between two
groups of career, police psychologists and gerofiratal psychologists, who worked in
the same job. He asked whether there were diffeverk results from those two groups
of careers. His research was based on Holland® e vocational choice which took
the view that those two careers were the same paliso And the results indicated no
significant differences between those two cardéis.finding confirmed that the same

personality have the same skills and ability.

Although those results show that the same progmantype according to
Holland’s theory has the same level of reasoningssknevertheless, the different
programmes may or may not have different levelseasoning skills. Therefore the

following findings sought to answer this question.

Hypothesis 3: Students from different programmes hee different levels of

reasoning skills.

Students from the same programme (career perggnaéd the same level of
reasoning skills, consequently, it was reasonablassume that the level of reasoning
skills differed from one programme to another. Tasults from table 4.11 show that

they were different for some programmes. The adoogrstudents (conventional) had
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the highest level while visual art (artistic) h&e towest level. The group can be sorted
from the highest to the Ilowest as follows; accaunti (conventional),
education/psychology (social), engineering (reia)st chemistry (investigative),
marketing (enterprising), and visual art (artiste3pectively.

The results above can indicate that students hdferesht levels of reasoning
skills especially in different programmes, or caregoups. This knowledge has
potential benefit to the universities’ admissiorsteyn. As described earlier, the Thai
universities set up their new criteria for the nasimission system in 2009. They have
tested students’ reasoning skills in many programsueh as engineering programme,
accounting programme, economics programme, phystahce programme, commerce
programme (The Central University Admissions Syst&@WAS, 2010). Knight and
Trowler (2000) have found that the requirement ddtical thinking skills between
different academic subjects may differ and thisedénce can vary between individual
teachers within one department. Therefore, it mlghtmore useful if the schools are
conscious of this situation and embed reasoninlisski their curriculum or provide
some courses for the students to practice andasereeasoning skills. Meanwhile
students should prepare themselves for applying afojob in the future too by

developing their reasoning skills

Not only reasoning skills but problem solving @ki(the subject of the next two
hypotheses) is also a new ability that the 2009isglon system in Thailand has tested.
High school students who would like to receive acplin some programmes in the
university, such as science programme, engine@rnogramme, agriculture programme
and medical programme are tested. As the careesopaity theory of Holland
recommended that the same personality should lmeveame characteristic. Therefore,
problem solving ability is one of characteristichmfman which might be useful to study
deeply.

It is noticeable that some of the most succegsfaple in business, government,
or some careers, and in life, are those who hagecétipabilities to solve problems
correctly and effectively. It is reasonable thatsdmeone can solve the problem
correctly, they may have less trouble than someshe cannot solve the problem
correctly. Then those people can receive a posaizeome from their ability, including
the success in their career or their life.
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The importance of problem solving ability has beecognized for a long time.
The psychologist Piaget has recommended that itpeasible to notice the behaviour
of young children in terms of the quality of the®asoning skills and the way they solve
the problem when they confront with it (Piaget 19&8d Whitebread, 1993). However,
the general theory of problem solving was outlibgdNewell, Shaw, and Simon (1958)
which focused on how people responded when theye wenfronted with strange
situations. Their initial work focused on abstracbblems; for example, proving the
theorem on logical puzzle and solving the ToweHahoi puzzle. The strategy to solve
the problem became more precise when Osborn (1968)e a book; Applied

Imagination, which is about brainstorming.

Later, a variety of strategies to solve the fobwas created. For example,
Bank (1992) suggest six steps to problem solvingidéntifying the problem, 2)
identify the cause, 3) generate solutions, 4) casmdution, 5) implement solution, and
6) evaluate outcome. And Buchanan and Boddy (1888pest nine stage model; 1)
identifying the problem, 2) gather data, 3) analifse data, 4) generate solutions, 5)
select solutions, 6) planning implementation, 7)plement solution, 8) evaluate
implementation and outcome, and 9) continue to awpr Until the present period of
time, there were some experts who suggested Seatemg solve the problem, such as,
Rambaud (2006) proposed the Eight Disciplines rab&olving which is used in the
Ford Motor Company.

It seems like those strategies were created te systematic problems. On the
one hand, the qualitative data of this researclyesstgd that in the case of emergency
problem, good relationship can help to solve thablam together with intelligence and

emotional intelligence.

Generally, when people think about problem solvaiglity, they imagine a
variety of problem situations such as social pngtdeeconomic problems, life problems,
political problems and so on. However, the problemshis research were a kind of
logic and applying ability. The purpose of the tesis to evaluate the ability to pass
through those problems. Also this research focausedne thing that can provide extra
knowledge to the reader. That is the programmeeérapersonality) is or is not
associated with the problem solving ability. Thie problem solving ability between
the similar programmes was compared and the proldeiming ability between

different programmes was compared.



115

Hypotheses 2 and 4 are about the problem solviilgyabetween the similar

programmes and between different programmes.

Hypothesis 2: Students from similar programmes havehe same level of problem

solving ability.

The problem solving ability was tested in the samag as reasoning skills. It
was also examined within the similar programmes eochpared between different
programmes. The result of comparing problem solvaiglity within the similar
programmes/same career personality; table 4.4 dftkiat the problem solving ability
between elementary educational students and psygial students was not a
statistically significant difference. As with reasog skills, the same career personality
demonstrated the same level of problem solvingtgbil

However, problem solving ability may or may notfelif between the different
programmes. For that reason, the hypothesis 4 eg#esc

Hypothesis 4: Students from different programmes hee different levels of

problem solving ability.

Table 4.13 shows that problem solving ability elifid between programmes.
The level of problem solving ability can also beted from the highest to the lowest as
follows; engineering (realistic), chemistry (invigstive), accounting (conventional),
psychology/education (social), marketing (enterpgs and visual art (artistic)
respectively. However, only problem solving abilitpm visual art differed from the
others, except marketing. Holland said people wigoctassified in artistic personality
normally understand the problems in artistic copteise artistic talents and personal
traits to manage the problem which differed frora thalistic personality; the highest
level of problem solving ability. People who aresdified as realistic personality,
Holland said, preferred concrete, practical, amdcstired solutions or strategies rather

than clerical scholarly or imaginative solutions.

Besides, the confirmation of the theory, this kiemlge can provide some
advantage to educators. For instance, the resutt this research that confirms the
differences in programmes can help educators hawe monfidence to manage the
admission system. It can confirm that some programsuch as engineering needs to

test problem solving ability and include that ieithcriteria; however, it may not be as
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important for arts programme to test problem sg\ability, according to this research
result.

This knowledge also shows us some characterisfiggoblem solving ability
whose importance should be realized by the unitiessadmission. Both in admission
system and job selecting which need to test theidate’s aptitude for the purpose of
problem solving ability, this finding can confirrhdt there are some problems solving
abilities different between different programmesefiefore, a personnel manager or
anyone who is involved with the accepting of woskean select the suitable people to
their job and can manage someone effectively aftetw

Overall, it might be more useful if the universstiare conscious of this situation
and provide some courses for the students to peaatid increase reasoning skills and
problem solving ability and embed more reasonind) @ioblem solving in their normal
teaching. Meanwhile students should prepare themsdbr the job applying in the

future too.

This research has collected the data from botlleysn It would help to develop

more knowledge if the comparison between them \eestigated.

A variable called ‘sex role’ remains important etfields of psychology and
sociology (Lenney, 1991). The interest in this able began since Terman and Miles
published the first masculinity-femininity test 1®36. From there to the early 1970s,
males and females became obviously opposite pbésts, at that time, often called M-
F tests and tester whose score fell between tivasextremes were considered as an
entity of male and female. Though, later, this @pichad some controversies.
Constantinople (1973) reviewed the M-F tests angdhdothe relationship between
masculinity and femininity had been artificially rgirained. This argument was
supported by Bem (1974). Bem has designed the Be&xmR®8le Inventory (BSRI) for
providing independent measures of the individuadasculinity and femininity. And he
found that between the two poles, male and fensalee people have balanced levels
of traits from those poles and were called androggn Even though the androgynous
become more precisely observable at this moment tthe past; however, the majority
of people still stay with a concept of gender. Hf@re the differences between genders

are not insignificant issues.
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Research Question 3: Do the students’ reasoning #ki and problem solving ability

from different gender differ?
Hypothesis 5: Male and female had different reasonqg skills.

It is true that there are differences between smaled females; for example,
physiology is one obvious difference. Some writease argued that there are not only
physical differences, but also mental differencBhakeshaft (1989) described one
difference between men and women is how they makesidns. She found that women
generally use compromise style to make decisiomghe other hand, men preferred to
use unilateral style. Table 4.14 presented thasom@ag skills between males and
females were different with males having reasoskilis at a level higher than females.
Valentine (1998) noted that the differences betwgamders were that women have the
characteristic of being emotional and sensitivdutaction outside of domestic roles.
The view has also been expressed that males haxe neasoning skills than females
and that this can be seen when they work. Gilligg93) recommended that women
tend to view work as a network of relationships levhmen view work as a logical or
task oriented fashion. In the education system,dvew Jeske (2004) suggested that
equal education for girls/'women would improve thesasoning skills. This is an
important argument because it suggests that theeeeyf reasoning skills shown by
males or females may be due not to nature but toode with the social environment,

their upbringing and even formal education.

Hypothesis 6: Male and female had different problensolving ability.

Table 4.15 shows that problem solving ability be¢w males and females was
not different. From this data it is clear that radt things differ between males and
females. Although problem solving ability betweealenand female was not different;
however, according to some of the literature, thpreach to solving problems may
differ. Beyer (1998) observed the differential tpes in dealing with conflict of men
and women. He found that women were inclined to aseidance strategies,
minimizing differences and smoothing over probleidgn were inclined to use more
direct and competitive approaches. Continually frims issue, Fitzgerald and Betz
(1994) called for the need to revise the existiageer theories to support information
on women's issues. And Peterson et al. (1996, 3). g@nted out the way to increase
people’s ability by ‘helping individuals become Ifkii career problem solvers and

decision makers throughout their lives’.
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Overall, the issue of male and female having difierreasoning skills but
problem solving ability does not differ may suggesit some careers may be suitable
for males more than females. On the other handgesoaneers may be suitable for
females more than males. This research found thatsamples from accounting
programme has the highest level of reasoning slkilts the same time, comparing
between male and female found that male has reagaskills level higher than female.
As a result, this implied that males can work vatitounting better than females. This
Is a controversial suggestion; however, the imglhicamay be that the education system
needs to prepare females so that they are equatédgo a career in accounting.

The next part of the investigation the researet@uld like to draw attention to
is how reasoning skills, problem solving abilityydaacademic ability influenced each
other. The comparison of those variables can peosamne knowledge about reasoning
skills, and problem solving ability. To understamdore about them, how they
influenced each other, structure equation modelimglyses was employed.

Education is important from the past to the prestem example, Thailand has
started education by passing on information fromeips to children or from monks to
boys, the girls can learn cooking from their mottiRatmanee, 2010). Until the present
time, the education has seen very clearly in th@aicor university, and they provided
many subjects for the learners to select. Due ¢ostitiety becoming wider and more
complicated than the past, consequently educagonrbes an indicator or certificate to
guarantee the ability of people. For example, peogio graduated in art should have
ability about the art more than others, people ghaduated in law should have the
knowledge about the law more than others. If cargig only in the school of law,
people who have received the higher score showd hagher law ability than people
who have received the lower score. Therefore, toees GPA, or academic ability is

one variable which is important to study.

The Ministry of Education, Thailand, (2008) annoemcthat the purpose of
education in Thailand is to increase the knowledgenmunication skills, analytical
thinking (reasoning) skills, problem solving alyilituse of technology, and life skills.
For that reason, the purpose, partly, of educasidhe knowledge and ability to work of
the learners. And also the ability to solve probl&nanother variable to study.
Furthermore, Mazuro (2006) indicated that one npairposes of higher education is to

encourage students to improve the critical thinlgkifjs or reasoning skills.
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Research Question 4: Do the reasoning skills, studis’ problem solving ability,

and academic ability influence each other?

There are many factors that may be involved wittheather, such as reasoning
skills, problem solving ability, and academic aliliin the interviews the students
thought that the core skills that helped them tpriowe their academic ability would be
diligence, concentration, intention, thinking s&jlland being interested, and the skills
identified to solve the problem may be reasonirniisslexperience, consciousness, and
human-relationship, while there are some reasossyahat reasoning skills related to
problem solving; however, they were not sure tleaisoning skills related to learning
ability. Therefore, the influences between reaspmsikills, problem solving ability, and

academic ability were investigated.

Hypothesis 7: Reasoning skills were influenced byrpblem solving ability and

academic ability.

The reasoning skills were examined to find outitiiieences between itself and
problem solving ability, and between academic ghind the results on the figure 4.3
show that problem solving ability influenced reasgnskills and academic ability
influenced reasoning skills too. It was estimatédt tproblem solving ability and
academic ability, both, explained 30 percent ofoeang skills variance by correlate to
problem solving ability approximately 27.67 percand correlate to academic ability
approximately 2.69 percent. This result informsthiagt the change in the reasoning
skills result relates to problem solving abilityrfexample, assigning the students to
practice solving the problem, by 27.67 percent;tloa other hand, learning academic
subjects can induce a few changes by 2.69 peraeméasoning skills. The other 70
percent must come from other factors. Wright (1994id teaching style, students
preferred a flexible disclosure from both teachansl themselves and this flexible
disclosure can encourage the improvement of intiegraskills which needed to
enhance reasoning skills. While the reasoning slalle needed by the employers
(Mazuro, 2006) and it is clear that one purposestofdents is to get a job after
graduating (Tynjala, Vaalima & Sarja, 2003), theref the educators and the
educational institute need to think about makingesilnat students practice problem
solving ability to increase their reasoning skiltss not enough to focus on teaching to
develop just academic ability without also underdiag the development of reasoning
skills.
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Hypothesis 8: Problem solving ability was influencg by reasoning skills and

academic ability.

Problem solving ability was influenced by reasonskdls and academic ability.
The dimension of reasoning skills regression wegjiwed a positive influence on
problem solving ability (.54). Conversely, the reggion weight of academic ability
showed a negative influence on problem solvingitgb{t.07), in other words, when
academic ability increased, the problem solvinditsldecreased. It was estimated that
problem solving ability variance was 28 percentlaixgd by academic ability and
reasoning skills. However, Sean (2010) indicateat ttooperative learning may have
been one factor which can increase problem solainifity. Data also suggested that
students liked working cooperatively, and this esqmb students to other problem
solving strategies, and helped them understand vpoodblems betterlLong and
DeTemple (1996) suggested that problem solvingtabittas not inborn, it must be
taught. In Thailand, Pimta, Tayruakham, and Nuaalgm (2009) conducted the
research on one thousand and twenty eight of gjsdde students, and found that the
factors influencing mathematic problem solving i&pilwere attitude towards

mathematics, self-esteem and teachers’ teachiravimir.

This means the present learning and teaching &yléhe participants in this
research needs to be considered and adjusted bettasisstyle is not improving the
learner problem solving ability.

Hypothesis 9: Academic ability was influenced by stdents’ problem solving ability

and reasoning skills.

This hypothesis was focused on variables which beayvolved with academic
ability, and it was focused on problem solving ipiand reasoning skills. The results
showed that the dimension of reasoning skills regjom weight was positively related
to academic ability (.21); and, regression weightpooblem solving ability was
negatively related to academic ability (-.09). lasvestimated that academic ability

variance was 3 percent explained by problem solahitity and reasoning skills.

The result of this study shows that the problenviegl ability had a small
influence on academic ability and it was in the ateg direction (-.09). The result
might encourage Thai educators to think about howetch students in Thailand.
Woolfolk (1995) said the psychologists believe ttesiching with implementation of

problem solving can increase students thinkingskorresponding with, Kamaruddin
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and Hazni (2010) who surveyed their students amehdathat eighty percent of their
students would like the teachers to include proldeiring methods into the modules or
textbooks and classes because they believe trgattéihod can help them with their
studies. Md Kamaruddin and Hazni suggested thaptbblem solving ability is very
important for students because it can train stidémtthink and find the solutions
systematically and logically. They also recommenitthed the educators should not only
teach knowledge but should teach students howatm land think too. Meanwhile the
negative direct effect from academic ability to [demm solving ability confirms that
Thai education system at this moment does not iugothe problem solving ability.

Fortunately, the current system in Thailand may romp some reasoning skills
(positive direct effec)tand this may improve problem solving ability imirect way.

To sum up, this research found that there weremifit levels of those factors
found in different programmes. Therefore, this lestould remind the educators to
think about their curriculum, and admission systéime research result also indicated
that reasoning skills related to the problem sghability by 27.67 percent; on the other
hand, academic ability may not relate to the probdelving ability, nearly zero percent.
This knowledge was worrying the researcher abowat €ducation system because the
aim of education is to build the students to havétga to solve the problem when they
grow up. This research investigation showed thatabhility to solve the problem was
not related to academic ability. This is importdsicause it reinforces the role that
university teaching has to play in developing peoblsolving ability in students of all
abilities.

On the positive side, the research result carrnmfine educators to think about
what is in the job market needed. In some caréeey, need more reasoning skills and
problem solving ability; for example, accountinganker. Thus, the educators can
prepare their students in advance. And also thevlatige from this research may help
career counsellors to consider counselees abiliifevihey are consulting. The process
of career counselling, normally, is to investigdte interesting of the counselees to the
job environments and consider the counselees’tigiilat the same times. Therefore,
this research result may remind counsellors tokthimout the different of personalities
that may have the different skills.

On the other hand, there were some opinions framiriterviewees suggested
that skills to learn and skills to solve the prablmay have variety. They were not only

reasoning skills. And the interesting recommendeatias human-relationship can help
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to solve the problem. The marketer recommended goomeimunication to solve the
problem, which human-relationship and good commatioa cannot be seen as a
logical thinking. It is something else use for sofythe problem that sometimes reason
cannot explain.

Eventually, it would be more advantageous if furtiséudies focus on the
varieties of characteristics of each programme;efcmmple, other skills, personality,

and problem solving ability.
Conclusion

The reasoning skills and problem solving abilityhin the similar programmes
(same career personality) were not different; coselg, they were different within the
different programmes which lend some support to ldtol's theory. Also, the
differences between genders did not make everythatggeen male and female differ;
for instance, reasoning skills differed but problentving ability did not.

Academic ability and problem solving ability havery few negative influences
on each other. However, there were some influetet#een reasoning skills and
problem solving ability. And there were a few irdhces between reasoning skills and
academic ability.

One inference that can be made from these rasuhst reasoning skills can be
improved by practicing problem solving techniquasd also problem solving ability
can be high if people have high reasoning skillse Tnfluences between problem
solving ability and academic ability were negativieich means that students who have
high academic ability might have low problem sofyiability or inverse; student who
has high problem solving ability might have low @emic ability. In the literature
review it was shown that in some countries acadeabitity is a good predictor of
reasoning and problem solving but according to tbsearch this is not the case among
higher education students in Thailand. As discussedhe introduction (p. 4)
international comparison studies found that stugl&oim a country that provides a less
advantaged background are less advantaged inlsahdcare less advantaged in the
way of reasoning and problem solving problem. regéngly, this idea was said
informally for many years in Thailand, for examplee students who really focus on
the studying, eventually they will have a high GBét they may be unable to solve
problems well when they work after they have graeldiaon the contrary, students who
learn and do some activities at the same time, fiEpds or teachers in some ways,

they will have more skills to solve the problemsl avork with others quite well. This is



123

similar to Rees and Rees who studied the diffeebetween two groups of pupils who
have experiences with problems and do not haveriexpes with problems. They

concluded that

‘much may be gained from studying the experiencegoning people who have previously

presented with affective difficulties but have gameto become successful in later schooling’
(Rees & Rees, 2001, p.61)

This idea was supported by Eva. (2010) He explaihatd

‘we encounter a lot of problems in our day-to-dased and, unless a new problem is similar
enough to a relevant old problem as to prompt listinecollection and awareness of how the

solution can be adapted, that previous experienaelikely to be of much help.’ (pp. 27-28)

The qualitative data provided some opinions thastmoterviewees did not
identify reasoning skills as a factor which mighfluence academic ability but they
more often recognized the impact of concentratimh@iligence. On the one hand, they
believed that consciousness, experiences, congudtiperts, and reasoning skills can
help problem solvingAnd they thought that people who have limited reasp usually
try to solve the problem using more intuition ando#ions. They also thought that
artistic personality might have the lowest reasgrskills.

Reasoning skills can be seen in both a positiverawative light. In case of a
negative perspective, they thought people who hauet of reasoning seem to be
insincere to others. Reasoning as a positive asyaechelp people solve the problem
and seem more reliable to others.

The reason interviewees selected their programnsebweause they liked it and
the career in the future. Some said they chandetl & ideas when they were in high
school, eventually they chose the favourite prognam

For that reason, the qualitative data showed thgrviewees believed that
reasoning skills can influence problem solving iagbénd academic ability but no one
thought the academic ability and the problem sgj\ability related to each other. The
reason they selected a programme to study wererprefe and future career.

In summary, these results have implications for édacation system such as
admission system, curriculum planning, and teacimehodology. Meanwhile, they
remind students to prepare their skills before gdio hunt a job after graduation.
Moreover, the personnel manager can manage théitstsuit the characteristics of the

job.
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Chapter 7

Conclusion

At this point in the thesis, it is necessary tde@fupon the aims and objectives
of the research, the implications and recommendsatarising based on the findings,

and its limitations. Suggestions for further resbawill also be outlined.
An overview of the study

The education in Thailand started in the Chrisgaa 1283 when the king of
Sukhothai, Ramkhamhaeng, created the Thai alph@bete is a gradual expanding of
education to include all Thais at this moment, #mel average level of education is
gradually getting higher. Nevertheless, the numbefs educational institutes,
particularly the universities, are still not sui@int to cater for all students, moreover,
some programmes that the universities offer toduelents which are really needed
exceeds the limitations of the universities to supthem. The ability of students who
are applying for each programme needs to be camsid®o. For example, students
who are applying to the mathematical programme haveave the calculation skills,
otherwise they will have difficulty while they astudying, or even worse they will not
be able to finish their studying which will losene, chance for themselves, and chance
for other students who should have got those pldt¢esce, the universities have to set
up the methodology and criteria to select the blétatudents to the programme. It is
called ‘admission’.

The present admission is aimed at selecting daisthdents to the programme.
One part of the process is to test students’ skiisch as, perceptual ability,
calculation skills, quantitative reasoning, and bpeean solving ability, but not all
programmes test the same skills; the different ianognes test different students’ skills;
this is possibly the right approach if they test eippropriate skills needed for those
programmes.

Meanwhile the Ministry of Education, Thailand, (@) announced that the
purpose of education in Thailand is to increasewktedge, communication skills,
analytical thinking (reasoning) skills, probleman ability, technology using, and life
skills. Therefore, from the skills that the studehave to be tested in, the Ministry of
Education would particularly like to increase redag skills and problem solving

ability which was selected as the focus for thelgtAlso, it was thought that it would
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be more advantageous to the students, educatorsdarvational institutes if academic
ability was studied together with reasoning slalt&l problem solving ability.

It was hoped that this study would have advantagésnly for the students and
educational system but also for the job selecticareer counselor, and personnel
manager too. It is clear that everyone will be iagkfor a job after graduation.
Generally, recruitment has some criteria for eash position; for examplethe
Requaero Limited, UKhas advertised a vacancy, Software Test Engineeelés's
Chips, located in Cambridgeshire which needs appl&c to have working skills
including good communication and good problem swvability on their profiles
(Requaero company, 2011). This indicates that sekilés are needed for the job
application and also for doing the job. The recomdation about the skills for doing
the job is not inappropriate because if people warkthe job for which they have the
right skills, they should be able to work well aoel happy with their work eventually.
On the contrary, if people work on a job for whittey have no skills, they may have
difficulty with their work and may not put up witit for long. Therefore, preparing
students’ skills for the job in advance would bee thlever and cautious idea.

Overall, this research focused on the reasoniilts,sgroblem solving ability,
and academic ability particularly related to them&sbion system, the educational
system, and job selection.

As outlined in the introduction (p.8) this resdarbad two main related
objectives: to investigate the influences of acadeability on reasoning skills, and
problem solving ability, and vice versa, and toraikee whether students from different
programmes displayed significant different levels reasoning skills and problem
solving skills.

The different programmes were chosen in relation different career
personalities, according to Holland’s theory of at@nal choice. Also, the differences
of those skills among the genders were comparede3pond to those objectives, the
research methodology was conducted by testing meagakills, and problem solving
ability of 333 final year students from seven pesgmes in one university, the sample.
Simultaneously, information from the GPA relategtodents’ academic ability, as well
as gender was taken into account. The sample wesecHrom seven programmes and
the choice was guided by divided Holland’s vocadiochoice theory. This gave six
categories of programme for the purposes of thearek. In addition, 14 students were

interviewed for some aspects that the tests caadtaress.
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The research instruments were the reasoning $&gtsand the problem solving
ability test. The reasoning skills test was adajtech Jittachun’s reasoning skills test
in Thailand. The test was created by improving difeculty as the original test was
built for 13 years old, whereas the samples fos tieisearch are 22 years old, and
number of items was increased from 4 items in thgiral test to 5 items in this
research. And the problem solving ability test veaplied from the logical puzzles,
mathematical puzzles, and real world problems. Hewebefore finalising the real
version, the tests were reviewed by four expertd,tded out to select the items which
passed the standard test quality. Overall, theitguaf the test, content validity,

construct validity, discriminant validity, was reped, and the reliability was .633.

After the data was collected, the statistics tedgscriptive statistics, t-test, two-
way MANOVA, and structural equation modelling (SEMgre employed to analyse it.
The results found that the reasoning skills and ghablem solving ability were not
different within the similar programmes (same cafgersonality); on the other hand,
they were different between different programmesaléMand female students had
different reasoning skills; however, the problemvisg ability was not different
between them. There was some correlation betweasomeng skills and problem
solving ability approximately 28 percent and thavas some correlation between
reasoning skills and academic ability approximatelgercent. On the one hand, there
was very limited correlation less than one percémttween academic ability and

problem solving ability.
Key Research findings

o] Students from the similar programmes (same carexopality) have the
same level of reasoning skills, and the same le¥gbroblem solving
ability.

0] Students from different programmes have differavel of reasoning

skills, and have different level of problem solvialgjlity.

o] Male and female students have different reasorkilig;showever, they do

not differ in problem solving ability.

o0  The relationship between reasoning skills and gmbsolving ability is
about 28 percent; however, the relationship betwteem and academic

ability is less than 3 percent.



127

Implications and recommendations from the current esearch

The results from the current study provide somepstpfor the new admission
system in Thailand that tests students’ aptitudee &dmission system tests PAT1 -
PAT7 which are the skills that the university thsrdkre necessary for some programmes
and those skills are necessary for students in pamramme to study and work in the
future. The skills needed for each programmes ifiereht.

Reasoning skills and problem solving ability hadneopart in some PATs and
also were in the general aptitude té@AT) which students have to take. However, it is

not clear which programme needs the test and howgthose skills feature in each
programme. For example, they assign the enginestidaie to take PAT3 and PAT2
whereas some people argue that the candidate shakddPAT3 and PAT1. See the
detail in the next paragraph.

The Association of University Presidents of ThadlaAUPT, take charge of the
Central University Admissions System, and theygrs=i the ratio of four maim factors
for this central admission. That are GPAX = 40%NBT = 30%, GAT = 10-50%, PAT
= 0-40%, all together = 100%. PAT has 7 subclasBég;1(mathematicpotential),
PAT2(science potential), PAT3(engineering potepti®lAT4(architectural potential),
PAT5(educational potential), PAT6(art potential ATH (foreign language potential).
To prevent the different universities from usingfetent criteria, therefore, they
assigned the details from each PAT for all univ@sito use the same criteria, such as
accountants have to take PAT1, nurses have tdRAR, engineers have to take PAT2
and PATS3, architects have to take PAT4, educataxse Ho take PATS, artists and
musicians have to take PAT6, and for any programmlese to language they have to
take PAT7. The AUPT gave a chance for all faculteesonsider these criteria and
express an opinion. Nearly all agree with thisecidt, except the council of engineering
department of Thailand, Dr Pakorn Watanachaturggbmvice dean of department of
computer engineering , faculty of engineering ,&KMongkut's Institute of Technology
Ladkrabang, called for replacing PAT2(science ptabnwith PAT1(mathematics
potential) and remaining PAT3(engineering poteht{@laily News, 2009). However,
the AUPT confirmed to use their old criteria. THere, the criterion is still the same
even if some professionals have had some disagrgeme

The admission system seems to be related to thesreh results in the aspect of
different programmes need different skills, otheevidifferent levels. This research
found that final year students have the differenel of reasoning skills which can be

sorted from the highest to the lowest as follows;oanting, psychology/education,
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engineering, chemistry, marketing, visual art. Athése students have the different
level of problem solving ability which can be sartiegom the highest to the lowest as
follows; engineering, chemistry, accounting, psyobg/education, marketing, and

visual art respectively. These can imply that staslevho would like to receive a place
in, for example, accounting programme ought to hlaeereasoning skills score higher
than the other students in other programmes. The a@mission system should

investigate more deeply about the skills of stusldhfait are really needed for each
programme because these skills will relate to dduegob in the future too.

While the Ministry of Education, Thailand would déiko increase some skills
and some abilities of the students such as the luge, communication skills,
analytical thinking (reasoning) skills, problem\sot ability, technology using, and life
skills, this research found that there were diffiees of reasoning skills and problem
solving ability between some programme which mesome students have more skills
than others. For that reason, the Ministry of Etinoashould consider that they are
acceptable or not, otherwise they can study monetbancrease those skills.

Fortunately, this research has studied the relsliipnbetween reasoning skills,
problem solving ability, and academic ability, afmind that reasoning skills and
problem solving ability had some influences on eatler. As a result, increasing
reasoning skills can be done by practicing to stieproblem, and inverse, when the
reasoning skills increase, the ability to solve pheblem will be increased too because
they had the influences between each other. Coalyeithe research results show that
academic ability had no influences on the probleiaisg ability and had a few on the
reasoning skills. This is an important finding besa it differs from some of the
research reported from other countries in whicldarac ability is a good predictor of
reasoning skills and problem solving ability.

Some of this research was reported in the liteeataview. Tobin and Capie
(1982:113) found that ‘formal reasoning ability wassitively related with rates of
generalizing and comprehending’. Bird (2010) exadithe logical reasoning skills of
students enrolled in General Chemistry at the Usitye of Puerto Rico. This
information was used to determine which logicalsmgang modes were the best
predictors of student performance in the generahustry course. In Cyprus a study by
Valadines (1997) looked at the relationship betweeasoning and academic
performance and also quotes a range of other wsaandies that show that formal
reasoning abilities have been identified as essleabilities for success in advanced
science and mathematics courses. Bunce and Hubchifi®93) the GALT test (of
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reasoning) could be used to identify studentsskt of failure regardless of the level of
chemistry taught. They suggested the GALT teststhadadvantage of being easy to
administer. They found the tests even more effeciy a predictor in nursing and non-
science major courses. They point out the feartdsitscores will be used as a barrier
for admission to a course or as a ‘weed out’ imsgmt and that no single predictor is
fool proof. Gustin and Corazza (1994) analysedréettive contribution of age, gender,
and verbal and mathematical reasoning abilitiesa@ueed by subtests of the Scholastic
Aptitude Test) as predictors of success in accidraecondary science courses. They
found that a composite of verbal and mathematieakoning ability was the most
powerful predictor and verbal reasoning ability whaes strongest single predictor.

In contrast the research in this study showedrdagoning and problem solving

was not a good predictor of academic achievement.

There are two related explanations for this findi@ge is that the examination
testing system that yields the measure of acadability does not address reasoning
and problem solving ability sufficiently. The othisrthat the present education system
may not be doing enough to improve the reasoniiity sind problem solving ability of
students. The high GPA cannot guarantee the higsoreng skills and the high
problem solving ability. Teaching at this momenteslonot appear to increase the
expected skills that the Ministry of Education lsasounced. The recommendation for
this issue would be that teachers should embedmeasand problem solving more in
their teaching and an additional subject that eslab the problem solving ability and
using logical skills might be considered. The inmpoce of having some subject to
develop problem solving ability and reasoning skiti school has been supported by
Burgess (2010, p.1). She has called for makingoreag skills compulsory in schools
in the UK.

‘we believe introducing Philosophy lessons in tlessroom from a very early age would have
immense benefits in terms of boosting British s¢haiads' reasoning and conceptual skills, better
equipping them for the complexities of life in tAgést century where ubiquitous technology and

rapid social change will be the order of the day.’

These research results can apply to the job saecboth applicants and
recruiters, and also career counsellors. The stppint of the application should begin
from the secondary school. Teachers should praadee advice about the programmes
in the universities to the students which relatethe career in the future. In general, the

secondary schools have the duty to prepare backdrknowledge for all secondary
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school students; however, these students have lte necisions what to do or what to
study after finishing their studying from the sedary school. Some of them may think
about doing a job but most of them will apply te tmiversity to study further. It would
be an advantage if the secondary school guides shalents about the career in the
future. Even if they are going to study furtherdmr a job, the school can look into
students’ skills and provide them the relevant rimfation. That does not mean forcing
the students into one career path but it does rge@mg them as much information to
help them make choices. In the case of studentswehdd like to study further, they
will apply for a place in the university. Selectitite suitable programme is important
because it is relevant to their career in the &itliihe success of their career has started
from this point. If they choose the suitable prognae for themselves, they will have an
attentiveness to learn in the university and tokwor the future. This research has
recommended that each programme needs specifis skith possibly some skills
needed from many programmes. Consequently, thendacp school can invite some
information about reasoning skills and problem sgvability from this research
together with other skills’ information to inforrhe students.

The next responsibility would be the universitytekfthe students have obtained
a place from the university, they will study abspecific knowledge which is expected
to use for working in the future. Normally the uaisity teaches them academic
knowledge as academic teaching is the universitiean duty. In the meantime, the
Ministry of Education, and the market force woukklthe graduated students to have
some other skills to work such as reasoning skilid problem solving ability. For that
reason, the universities should consider theirhiegchow to improve the students’
working skills. They should also consider whethee tassessment methods reflect
sufficiently an emphasis on reasoning and probleivirgy. This research result shows
that academic ability did not relate to problemvsw ability and approximately 3
percent to the reasoning skills which suggestptheent teaching style does not appear
to be increasing problem solving ability and reasgrskills. The recommendation for
this issue would be the same direction as the pusvbne, creating some practicing
problem solving techniques to increase the reagoskills. The result will increase

both reasoning skills and problem solving abild@gcording to this research results.
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Recommendations

For educator

» The aims of learning and teaching may need to Wieaé to improve the skills
which are necessary for working after graduation.

» Assessment methods need to be examined to deterwlvether there is
sufficient emphasis on reasoning and problem sglvin

» Policy about working skills needs to be clear aolecent.

» Curriculum needs some subjects to increase wosiity, or some skills which

are necessary for life.

For teacher

% Teaching methodology and technique may need toebised to increase the
reasoning skills, and problem solving ability.

« Secondary school teachers should guide studentg @i characteristics. And
provide them the skills test, such as, reasoniiify $&st, problem solving ability
test, personality test, and so on.

% The culture of teaching and learning in the clamsrcshould provide more

opportunities for students to discuss and showedhson to the teachers.

Limitations of the study

There were some limitations with the research 8tatuld be made explicit.
Some were associated with the area of sample sagnphe sample in this study was
selected by purpose from one university which matyrapresented the most students in
Thailand; however, if considering that the studemtthis university can possibly come
from everywhere in Thailand, the representatiohef population may be seen better.
The literature review revealed that in some coaestracademic ability is a good
predictor of high levels of reasoning skills analgem solving ability. This helps
employers because these skills are important faurdujobs. However, this research
suggests that in Thailand academic ability is ngpad predictor. This is in keeping
with the literature review which examined the higtof education in Thailand and the
cultural attitudes to learning. The tradition ofspae learning in Thailand means that

reasoning and problem solving have traditionally meen given a high priority. Recent
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government initiatives have emphasized the impogaf these skills but according to
this research there is still some way to go in pitic this aim.
Another limitation was the reliability of the testhich was not too high.a(

= .633) Wells and Wollack (2003) advised that it & improved by increasing the test
length and items quality. Meanwhile, the teststfis research may not be the standard
tests which can be used anywhere in the world; kewedhe content of the test was
approved by four experts in Thailand so that ttststenay be more suitable for Thai
people. The different kinds of validity normally applied hesearch are all important. Which
one should we select to use in our thesis dependth® characteristics of the thesis. For
example, the thesis which has strong involvemetit Wieory needs construct validity rather
than others, whereas the thesis which has stromgvement with people may need content
validity rather than others. | placed emphasis acefvalidity in my study because of the
cultural context; | wanted to ensure that the stwdg thought to be suitable by Thai experts.
However this is clearly a limitation because theyeno guarantee that other experts would
necessarily judge the test in the same way. Thétaiae data has its own limitations. There
were fewer respondents so this inevitably limite gossibility of drawing conclusions. The
results from qualitative interviews depend on thaity of understanding between researcher
and respondent. There is also room for misinteagicat at the analysis stage. Meanwhile type |
or type Il error will be considered when quantitatdata were analyzed. Therefore this thesis

analysis did not confound between two types of.data
Suggestions for further research

First of all, if it is possible, the further resela should be aware of the same
limitations as this research. However, this rededras contributed some knowledge
which the further research can extend such as thvere no relationship between
learning ability and problem ability. This reseainkiestigated the influences between
those skills but did not study how to improve theifluences. As a result, further
research can experiment with some variables toawgtheir relationship. On the one
hand, reasoning skills and problem solving abiigre related to each other, therefore,
problem solving style can be investigated on thepse of which style can gain more
reasoning skills, and the problem solving abilityl we increased by itself. Otherwise,
trying to teach an extra subject, such as, solphadplem with reasoning, in school or in
the university would be interesting.

For the aims of admission system, the others¢sskihich the new admission in
Thailand requires to test the students can be figadsd for all programmes, and how
much they are needed. Also the standard score eaetbup if testing from the mass

population.
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Appendix A

This document is a thinking skills test, used #sohfor doctoral degree research. Would you

please consider carefully before answering? Yoawans will be used only for the benefit of the

research, they will keep them confidential and effect nothing with you.

e Yourgender ....................

e YourlastGPA ...................

Iltem | Instruction: Please select a choice whichdmaselation the same with the given word before
1 duck : egg = butterfly : ?
chrysalis caterpillar worm parasite tussock moth
a. b. C. d. e.
2 shark : fish = eagle : ?
snake bird fish rat carcass
a. b. C. d. e.
3 paper : pencil = computer : ?
keyboard monitor CPU speaker microphone
a. b. C. d. e.
4 toothbrush : toothpaste> ? : ?
hammer : nail spoon : fork malemale paintbrush : paint
a. b. C. d.
washing machine : detergent
e.
5 painting : painter => ? : ?
song : singer  meat:cook student: teach child : father  book : writer
a. b. C. d. e.
Iltem | Instruction: Item 6 - Please select a choice whose its character differs others
6 A B E I O
a. b. C. d. e.
7 BW FJ KR PY VT
a. b. C. d. e.
Instruction: Item 8 - 1@lease select a choice whose character is the sengéven
8 £50 £20 £10
£5 £1 50p 20p 10p
a. b. C. d. e.
9 Tiger Leopard Lion
Elephant Horse Jeaf Wolf Deer
a. b. C. d. e.
10 Plane Bus Train
Tractor Crane Ferry Horse Bicycle

a. b. c. d. e.
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11

Please explain how you can cross the river aiitly one animal at a time while you have a d
a duck, and a chicken with you. You cannot let sy with any animal without you.
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Item

Instruction: Item 12 - 1lease find the conclusion from the given premises

12

Students who concentrate on the studying willgged score. Sean and Andrew get high sg
but Tom and Peter get low score. John who is #bgdin another school concentrates
studying for university entry next year.

Which conclusion is correct?

a. Andrew concentrate on the studying.

b. Tom does not concentrate on the studying.

c. Tom can centrate on the studying less than Sean.

d. Sean and Andrew concentrate on the studyingahe level.
e. John will get good score.

ore

13

Some students can pass the test if they studl fam studies hard; however, Sean stug
harder. Tom’s brother has graduated last year.eftwer ... .

a. Tom can pass the test. d. Tom and Sean can pass the test.
b. Sean cannot pass the test. e. Cannot conclude.
c. Tom’s brother can pass the test.

lies

14

All birds can fly. Eagle is a bird. Bat is nobiad. Therefore ... .

a. Bat cannot fly. d. Both cannot fly.
b. Eagle can fly. e. Bat can fly.
c. Both can fly.

15

Pets can live with human. Some cats are petsi Mia cat. Tom is not a cat but Tom is a [
Therefore ... .

a. Mimi can live with human. d. Tom cannot live with human.
b. Mimi cannot live with human. e. Both can live with human.
c. Tom can live with human.

pet.

16

If a snake bites a dog, the dog will die. Ifaydites a snake, the snake will die. Tommy
dog. Luzy is a cat. In the morning, Luzy and a gndiked on the yard. Therefore ... .

a. Luzy was bit by a snake. d. Luzy and snake bit each other.
b. Snake was bit by Luzy. e. Cannot conclude.
c. Snake was bit by Tommy.
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17 Would you please rebuild the bridge (from thetyie) for people crossing the river from Ajto

B?
I N
- Nl u A
§ \ n W i
3 N\ [B]
; A l
.' N (Aaog) \ f
: N |
e N . ’ e
§ N L L [ | AN i
| \\\ %
| : \
i §\ &::Lﬁf\g X h i

Iltem | Instruction: ltem 18- 2please select a choice which can be in the series.

18 12:25, 13:00, 13:35,

a. 14:00 14:30
b. 14:10 14:45
c. 14:15

19 Go to market, Buy an apple, Go home,

a. Eat it d. Clean it
b. Throw it away Beel it
c. Sell it

20 | A C, F J

a.B b. K c.L d M e.O
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ny

21 |1, 2, 6, 15, 31,
a. 45 b. 56 c. 64 d. 100 e. 128

22 | 49, 14, 36, 12, 25, 10,
a. 18 b. 16 c. 14 d. 10 e. 8

23 How can you move a too heavy book bag up tost#o®nd floor in your house without al
help?

Item Instruction: Item 24- 2Blease select a diagram which shows relationshith@fassigned

words.

24 Computer, Keyboard, Mouse(computer device)
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25 Mattress, Pillow, Blanket
a. d. m
b. Q Q Q e‘
C. @ Q

26 Flower, Door, Vast
a. d. m
b. Q Q Q e.
C' @ Q

27 Pomelo, Guava, Mangosteen

-© O
Jolole
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28 Table, Chair, Desk
a. d. m
b. Q Q Q e.
C. @ Q

29 How can you get an apple if you do not want ywamd to get wet? In that area has only s

branch and stones. (see picture)

naldl

¥ &
NEUHU

nall
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Iltem | Instructionanswer question 30 — 34
Mr A, the first child of Mrs B and Mr C, has 3 athien; Mr D, Mr E, and Mr F respectively.
The youngest child of Mrs B is Mrs G; who married N, has one daughter; Miss I. On the gne
hand, Mrs G’sister; Mrs J, has only one son; MM{.K'aunt love him a lot but Mr A’brother
does not love Mr K because he does want to stiay. duestion 30 - 31)

30 | Who is Mr K'aunt? (Thai langue; aunt and uncée the difference word if they are older|or
younger parent, for example, who younger than fatiadled Are, younger than mother called
Na)
a. Mr A d.MrC
b. Mrs G e. Miss |
c.MrF

31 Which arrangement from the oldest to the younigesorrect?
a. Mr C, Mrs J, Miss | d. Mr A, Mr C, Mr F
b. Mrs J, Mr A, Mr K e. Mr E, Mr F, Mr K
c. Mr F, Mr K, Miss |

32 A six persons’ lift move from the first floor the sixth floor. On the second floor, there is a
person gets into the lift, two people get out oa third floor, one person get in on the foufth
floor, two people get out on the fifth floor and ane get out the lift on the sixth floor but five
people get in and the lift is full.
How many people get into the lift on the first ftGo
a. Noone d. 3
b. 1 e. 4
c. 2

33 |[A<B=C# D
Which conclusion is 100% true?
a. A=D 4==C
b. A# D B.# D
c. A< C

34 | Please select a choice which true by this condition

Condition: A> N < B < C > D
L< M < N=OX<UP

Premiss1: C# O

Premiss2: A# L

a. if both premises are correct

b. if both premises are incorrect

c. if premiss 1 is correct and presvdlss incorrect or uncertain
d. if premiss 1 is incorrect or urta@r and premiss 2 is correct

e. if both premises are uncertain
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35

Please enter the number 6, 7, 8, 9, 10, 11, 123814 into the table each cell by the

summarization must be 30 in row, column and diagjona

Thank you so much for your help.
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Appendix B

P and r value
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Item Ph Pl Ph - PI Ph + PI P r

1 6 3 3 9 41 27

§ 4 11 6 5 17 77 45
< 5 10 7 3 17 77 27
T 7 5 2 3 7 32 27
8 8 5 3 13 59 27

B 12 10 7 3 17 77 27
g _ 13 6 2 4 8 36 36
@S 15 4 1 3 5 23 27
s 16 10 7 3 17 77 27
17 11 4 7 15 68 64

o 21 7 4 3 11 50 27
Qo 22 8 5 3 13 59 27
g 23 7 3 4 10 45 .36
1= 25 8 4 4 12 55 36
26 7 4 3 11 50 27

" 32 9 5 4 14 64 36
2 33 11 6 5 17 77 45
o 34 9 3 6 12 55 55
35 11 5 6 16 73 55

37 7 3 4 10 45 36

K g 41 7 3 4 10 45 36
X 42 9 6 3 15 .68 27
S5 43 6 3 3 9 41 27
44 5 1 4 6 27 36

=2 46 10 5 5 15 68 45
S £ 47 8 4 4 12 55 36
% § 48 8 3 5 11 50 45
g9 49 6 3 3 9 41 27
50 7 1 6 8 36 55

55 9 1 8 10 45 73

§o 56 8 0 8 8 36 73
2 2 57 9 0 9 9 41 .82
g3 58 11 0 11 11 50 1.00
59 7 0 7 7 32 64
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Appendix C

Index of item objective congruency (I0C)

This is the document for finding the index of itelnjective congruency. | would like to know it carasure the objective of the content that |

explain or not.
If you believe that question can measure the obggplease ticks\) agree. If you believe that question cannot meathe objective, please tick

() disagree; however, if you are not sure, please(tl) unsure

1. Analogy

Objective, the 10 following items aims to find out the siamity in some respects between things that arenetbe dissimilar. It is a form of
logical inference or an instance of it, based @nabsumption that if two things are known to bkeaih some respects, then they must be alike in

others.

Item | Instruction: Please select a choice whichdoaeelation the same with the given word before agree unsure disagree

1 |duck : egg =  butterfly : ?

chrysalis caterpillar worm parasite tussock moth

(yeb b. C. d. e.

2 | desk lamp : electricity > car : ?

lubricant water etrol grease lozy

a. b. @ d. e.

3 |tree : parasite plant= human : ?
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parasite clothes neckla lineage fden
a. b. C. d. e.
4 |shark : fish = eagle : ?
snake bird fish rat carcass
a. (\}) C. d. e.
5 |paper : pencil = computer : ?
keyboard monitor CPU speaker microphone
(a) b. . d. e.
6 |[book : read = clothes : ?
sew sell clean wear iron
a. b. C. a! e.
7 | toothbrush : toothpaste> ? : ?
hammer : nail spoon : fork malemale paintbrush : paint
a. b. C. d.
washing machine : detergent
8 | painting : painter => ? : ?
song : singer meat: cook student: teach child : father  book : writer
a. b. C. d. (e)
9 |tiger : ? = ? . water ~
forest, fish cage, bird meat, fish mountain, tree beer, human
(a) b. C. d. e.
10 |? 7 grass = ? : insect
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monkey, fish cow, frog fishrdbi lion, bat bear, human
a. @ C. d. e.

2. Classification

Objective is the act of distributing things into classescategories of the same type. It is the systematiogng of organisms according to the
structural or evolutionary relationships among th@rganisms are normally classified by observedlaiities in their body and cell structure or
by evolutionary relationships based on the analyksgequences of their details.

Item | Instruction: Item 1- Blease select a choice which its’ character diffem others agree unsure disagree
11 | 15 23 31 49 59
a. b. (). d. e.
12 | Sunday Monday Tdass Wednesday Thursday
(a) b. C. d. e.
13 | A B E I @)
a. ﬂ C. d. e.
14 | BW FJ KR PY VT
a. b. C. d. (e)
15 | Beer Wine Kyis Tea Champagne

a. b. C. ﬂ e.

Instruction: Iltem 6 - 1@lease select a choice which its’ character is sasigiven

16 | (Time) 05.00 07.00 09.00

11.00 13.00 .ab 17.00 19.00

(a) b. C. d. e.
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17 | £50 £20 £10
£5 £1 50p 20p 10p
(a) b. C. d. e.
18 | Tiger Hyena ion.
Elephant Horse Bea Cheetah Budfal
a. b. C. @ e.
19 | Plane Bus Train
Tractor Crane Ferry Horse Bicycle
a. b. (c) d. e.
20 | Toaster Desk lamp VT
Torch Washing machine Melphone Laptop Camera
a. ( b. C. d. e.

3. Inference

Objective is to act or process of deriving logical conclusiém premises known or assumed to be true

Item | Instruction: Item 1- 1flease find the conclusion from the given premises agree unsure disagree
21 | Ifitis raining, | will bring an umbrella witme. Today is a sunny day but the weather forecaatelit

might rain tonight’.

Which conclusion is correct?

a. | bring an umbrella.

d. I will get wet tonight.
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b. I do not bring an umbrella. @It is not raining now.
c. | will not go out.

22 | If I read a lot of books, | can be a writere&d a lot of books and eat a lot of food too. Affitet | go to

bed for a long time.
Which conclusion is correct?

| can be a writer. d. I have got sick.
p. | cannot be a writer. e. | am so hungry.
c. | am a lazy person.

23 | Students who concentrate on the studying willgged score. Sean and Andrew get high scorg but
Tom and Peter get low score. John who are studgiagother school concentrate on the studying for
university entry next year.

Which conclusion is correct?

a. Andrew concentrate on the studying. d. Sean and Andrew concentrate on
b. Tom does not cancentrate on the studying. the studying the same level.

c. Tom cancentrate on the studying less than Segne) John will get good score.

24 | Some students can pass the test if they studly fiam study hard; however, Sean study harder.’§om
brother has graduated last year. Therefore ... .

a. Tom can pass the test. d. Tom and Sean can pass the test.
b. Sean cannot pass the test. Cannot conclude.
c. Tom’s brother can pass the test.
25 | All bird can fly. Turkey is a bird. Fly is nottard. Therefore ... .
a. Fly cannot fly. d. Both fly and turkey cannot fly.
@Turkey can fly. e. Cannot conclude.
c. Both fly and turkey can fly.
26 | All fruits can be eaten. Tomato is vegetabl@pla is fruit. Therefore ...

/;DApple can be eaten. d. Tomato cannot be eaten.
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b. Apple cannot be eaten. Bath can be eaten.
c. Tomato can be eaten.
27 | Pet can live with human. Some cats are pet. Néna cat but Jaguar is not a cat. Jaguar is a pet.
Therefore ... .
a. Mimi can live with human. d. Jaguar cannot live with human.
b. Mimi cannot live with human. e. Cannot conclude.
¢y Jaguar can live with human.
28 T™f a snake bite a dog, the dog will die. If ydiite a snake, the snake will die. Tommy is a dogy is
a cat. In the morning, Luzy and a snake died ory#nd. Therefore ... .
a. Luzy was bit by snake. d. Luzy and snake bit each other.
b. Snake was bit by Luzy. Cannot conclude.
c. Snake was bit by Tommy.
29 | Some policeman are corruption. Good policemanataorrupt. John is a policeman who have never
corrupted. Therefore...
a. John is a good person. tinJwas corrupted before.
John is a good policeman. e. Jrdnmot get promotion.
c. John has some bad friends.
30 | A musician can play at least one music instrumbrhn can play flute, guitar and saxophone. Mathe

play drum, and Peter sing songs.

a. They are music band. O ahnland Micheal are musician.
b. Micheal is not musician. etdPeés not musician.

c. John can sing song while playing the guitar.

4. Series

Objective: A number of objects or events arranged or coroimg after the other in succession.
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Item | Instruction: Item 1- 1Please select a choice which can be in the series. agree unsure disagree

31 | Vice chancellor, Divisional director, Diter of (EdD),
a. Student d. Staf
b.)Lecturer e. Pesier
C. Secretary

32 | Unlock a car, Open the door, Getin,
a. Step on the break d. Increase the speed
b.)Close the door e. Stop a car
C. Drive a car

33 | In coming call, Receive a call, Talk,
a. Hang on d. Gossip
b.)Hang up e. Go out suddenly
C. Pay the hill

34 | Go to market, Buy an apple, Go home,
a. Eat it Clean it
b. Throw it away Iéeel it
c. Sell it

35 | A C, F, J,
a. B b. K c.L d. M (3o

36 |1, 2, 6, 15, 31,

a. 45 Q 56 c. 64 d. 100 e. 128
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37 | 49, 14, 36, 12, 25, 10,
a. 18 @ 16 c.14 d. 10 e.8
38 |1, 2, 3, 5 8, 13,
a. 19 b. 20 Oc. 21 d. 24 e. 26
39
1
16
? 32
a3 b. 14 c.15 @ 19 e. 20
40
1 16 (Nothing wrong with this table)
? 32
a.?2 b. 4 Q c.8 d. 16 e. 20




Objective: a diagram based on earlier or otherwise knownrsetés, events, or conditions; reasonable.

5. Logical diagrams
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[tem

Instruction: Item 1- 1Please select a diagram which shows relationship@fassigned words.

agree

unsure

disagree

41

TV, Radio, Pencil

Yolole e.
> (1) O

42

Computer, Keyboard, Mouse(computer device)

000 = 08




aaaaaaaaaaaaaaaaaaaaa




45 | Book, Pen, Pencil

9 &

- (OO
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>0 D

46

The Sun, The Earth, The Moon
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a7

Mattress, Pillow, Blanket

@

20I0/®

48

Flower, Door, Vast

20I0/®




nnnnnnnnnnnnnnnnnnnnn
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50 | Table, Chair, Desk

o (L O

6. Analytical reasoning

Objective: To analyze by examining methodically by separaitimg parts with reasoning

agree

unsure

disagree

ltem

Instructionanswer question 1 — 5

but

51

The Sun smaller than the Earth and the Mercling. Venus has the same size with the Jupiter

bigger than the Earth.
Which one is the smallest?
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a. The Earth (_)d. The Sun
b. The Jupiter e. Thewe
c. The Mercury

52 | Sean has money more than Tom but less than vraird Peter.
Who has the least money?
a. Sean d. Peter
b.)Tom e. Andrew and Peter
C. Andrew
53 | Sean is higher than Tom but shorter than Ge@gtherina and Jessi are the same hight.
Who is the highest?
a. Sean Cdtherina
b. Tom esdi
QGeorge
54 | A six persons’ lift move from the first floaw the sixth floor. On the second floor, there are people

get into the lift, three people get into on thedhiloor, one person get out on the forth floonrfq
people get out on the fifth floor and six peopleigeo the lift on the sixth floor.

How many people get into the lift on the first ft@o

No one d. 3
pb. 1 e. 4

O

55

c. 2

A<B=C#D

Which conclusion is 100% true?

a. A= D dB = D

b. A# D ONO one is correct.

c. A< C
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Instruction: Item 6 — 1Please select a choice depending on the followamglition

Select a. if both premises are correct
b. if both premises are incorrect
c. if premiss 1 is correct and pisn?2 is incorrect or uncertain
d. if premiss 1 is incorrect or artain and premiss 2 is correct
e. if both premises are uncertain

Condition: A> N < B < C > D
L< M< N=OX<KUP

56 | Premiss1: C# O
Premiss2: A# L
Answer is a.

57 |Premiss1l: A= C
Premiss2: D# L
Answer is e.

58 |Premiss1l: A= P
Premiss2: C# M
Answer is d.

59 |Premissl: B= M
Premiss2: A= O
Answer is b.

60 |Premissl: L= P
Premiss2: M< C

Answer is d.




Problem solving ability

Objective: To find out ability to solve the problem.
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Item | Instructionanswer question 1 —7 agree unsure disagree
61 | Please enter the number 6, 7, 8, 9, 10, 1113, 23nd 14 into the table each cell by the sumratoz
must be 30 in row, column and diagonal.
— v 30
S O
IS S O O o PR T
v v 30
300 30 30
62 | Would you please rebuild the bridge (from tleyse) for people crossing the river?
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(o)
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63 | Please explain how you can across the river orilly one animal at a time while you have a dog, a
duck, and a chicken with you. You cannot let d@y stith any animal without you.
64 | How can you move a too heavy book bag up te¢leend floor in your house without any help?
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65

How can you get an apple if you do not wantrywand get wet? In that area has only small bramch

stone. (see picture)
DAV

@ o
Naunu
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66

At the night time, how can you see the bothesaat the same time if the stones
cannot move. (see the picture)
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67

You are going to the interview for a job whichvery importance for you. Unfortunatrly, your ¢

become malfunction on the way. What are you gaingat and how?

ar
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Appendix D

The reasoning skills were influenced by students’rpblem solving ability and academic

ability

Estimates (Group number 1 - Default model)

Scalar Estimates (Group number 1 - Default model)

Maximum Likelihood Estimates

Regression Weights: (Group number 1 - Default modgl

Estimate S.E. C.R. P Labg

Reasoning_Skills<--- Academic_Ability .013 .006 2.133.033
Reasoning_Skills<--- Problem_Solving_Ability .348 .055 6.282 ***
Classification <--- Reasoning_Skills .238 .079 2.994 .003
Inference <--- Reasoning_Skills 407 .113 3.601 ***
Series <--- Reasoning_Skills .683 .138 4.953 ***
Logicaldiagram <--- Reasoning_Skills 466 .119 3.912 ***
Analytical <--- Reasoning_Skills 1.000

Analogy <--- Reasoning_Skills 177 .086 2.046 .041
Problem <--- Problem_Solving_Ability 1.000

GPA <--- Academic_Ability 1.000

Standardized Regression Weights: (Group number 1 Befault model)

Estimate
Reasoning_Skills<--- Academic_Ability .153
Reasoning_Skills<--- Problem_Solving_Ability .52p
Classification <--- Reasoning_Skills 228
Inference <--- Reasoning_Skills .288
Series <--- Reasoning_Skills 476
Logicaldiagram <--- Reasoning_Skills 344
Analytical <--- Reasoning_Skills .593
Analogy <--- Reasoning_Skills .150
Problem <--- Problem_Solving_Ability 1.00D
GPA <--- Academic_Ability 1.00(
Intercepts: (Group number 1 - Default model)
Estimate S.E. C.R. P Label
Classification 3.006 .049 61.284 ***
Inference 2.357 .067 35.392 ***
Series 2.961 .068 43.833 ***
Logicaldiagram 3.015 .064 47.259 ***
Analogy 2.532 .056 45.588 ***
Analytical 2.553 .079 32.163 ***
Problem 2.435 .071 34.409 ***
GPA 50.000 .541 92.361 ***




Covariances: (Group number 1 - Default model)

Estimate

S.E.

Labs

h

Academic_Ability <--> Problem_Solving_Ability
e3 <-> eb
e4 <--> eb5

.271 .698

.213 .075 2.827 .005
199 .079 2.514 .012

Correlations: (Group number 1 - Default model)

Estimate
Academic_Ability <--> Problem_Solving_Ability .021
e3 <--> eb .168
e4 <--> eb .168
Variances: (Group number 1 - Default model)

Estimate S.E. C.R. P Labd

Problem_Solving_Ability 1.663 .129 12.884 ***
Academic_Ability 97.297 7.552 12.884 ***
e9 516 .147 3.519 ***
e’ .000
e8 .000
e2 757 .061 12.405 ***
e3 1.351 .112 12.058 ***
e4 1.171 .116 10.092 ***
e5 1.192 .104 11.442 ***
el 1.001 .079 12.684 ***
€6 1.355 .173 7.841 ***

Squared Multiple Correlations: (Group number 1 - Ddault model)

Estimate

Reasoning_Skills
GPA

Problem
Analytical
Analogy
Logicaldiagram
Series

Inference
Classification

.300
1.000
1.000,

.352

.022

118

.227

.083

.052
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Appendix E

The students’ problem solving ability was influencd by reasoning skills and academic
ability

Estimates (Group number 1 - Default model)
Scalar Estimates (Group number 1 - Default model)
Maximum Likelihood Estimates

Regression Weights: (Group number 1 - Default modgl

Estimate S.E. C.R. P Label

Problem_Solving_Ability<--- Reasoning_Skills .806 .160 5.053 ***
Problem_Solving_Ability<--- Academic_Ability -.009 .007 -1.176 .239
Classification <--- Reasoning_Skills .238 .079 2.994 .003
Inference <--- Reasoning_Skills 407 .113 3.601 ***
Series <--- Reasoning_Skills .683 .138 4.953 ***
Logicaldiagram <--- Reasoning_Skills 466 .119 3.912 ***
Analytical <--- Reasoning_Skills 1.000

Analogy <--- Reasoning_Skills 177 .086 2.046 .041
Problem <--- Problem_Solving_Ability 1.000

GPA <--- Academic_Ability 1.000

Standardized Regression Weights: (Group number 1 Befault model)

Estimate
Problem_Solving_Ability<--- Reasoning_Skills 537
Problem_Solving_Ability<--- Academic_Ability -.067
Classification <--- Reasoning_Skills 228
Inference <--- Reasoning_Skills .288
Series <--- Reasoning_Skills 476
Logicaldiagram <--- Reasoning_Skills 344
Analytical <--- Reasoning_Skills .593
Analogy <--- Reasoning_Skills .150
Problem <--- Problem_Solving_Ability 1.00p
GPA <--- Academic_Ability 1.00(

Intercepts: (Group number 1 - Default model)

Estimate S.E. C.R. P Label
Classification 3.006 .049 61.284 ***
Inference 2.357 .067 35.392 ***
Series 2.961 .068 43.833 ***
Logicaldiagram 3.015 .064 47.259 ***
Analogy 2.532 .056 45.588 ***
Analytical 2.553 .079 32.163 ***
Problem 2.435 .071 34.409 ***
GPA 50.000 .541 92.361 ***




Covariances: (Group number 1 - Default model)

Estimate

S.E.

C.R. P

Labs

h

Academic_Ability <--> Reasoning_Skills

e4 <--> eb
e3 <--> eb

1.387 .663 2.093 .036
199 .079 2.514 .012
213 .075 2.827 .005

Correlations: (Group number 1 - Default model)

Estimate
Academic_Ability <--> Reasoning_Skills .164
e4 <--> eb .168
e3 <--> eb .168

Variances: (Group number 1 - Default model)

Estimate S.E. C.R. P Labg

Reasoning_Skills 736 .185 3.990 ***
Academic_Ability 97.297 7.552 12.884 ***
e9 1.196 .132 9.079 ***
e’ .000

e8 .000

e2 757 .061 12.405 ***
e3 1.351 .112 12.058 ***
e4 1.171 .116 10.092 ***
e5 1.192 .104 11.442 ***
el 1.001 .079 12.684 ***
€6 1.355 .173 7.841 ***

Squared Multiple Correlations: (Group number 1 - Ddault model)

Estimate
Problem_Solving_Ability .281
GPA 1.000
Problem 1.000
Analytical .352
Analogy .022
Logicaldiagram 118
Series 227
Inference .083
Classification .052
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Appendix F

The academic ability was influenced by students’ mblem solving ability and reasoning
skills

Estimates (Group number 1 - Default model)
Scalar Estimates (Group number 1 - Default model)
Maximum Likelihood Estimates

Regression Weights: (Group number 1 - Default modgl

Estimate S.E. C.R. P Label
Academic_Ability <---  Reasoning_Skills 2424 1195 2.028 .043
Academic_Ability <---  Problem_Solving_Ability -685 587 -1.168 .243
Classification <---  Reasoning_Skills .238 .079 2.994 .003
Inference <---  Reasoning_Skills 407 113 3.601  ***
Series <---  Reasoning_Skills .683 .138 4,953  ***
Logicaldiagram <---  Reasoning_Skills 466 119 3.912
Analytical <---  Reasoning_Skills 1.000
Analogy <---  Reasoning_Skills 177  .086 2.046 .041
Problem <---  Problem_Solving_Ability 1.000
GPA <---  Academic_Ability 1.000

Standardized Regression Weights: (Group number 1 Befault model)

Estimate
Academic_Ability <--- Reasoning_Skills 2211
Academic_Ability <--- Problem_Solving_Ability -.090
Classification <--- Reasoning_Skills .228
Inference <--- Reasoning_Skills .288
Series <--- Reasoning_Skills 476
Logicaldiagram  <--- Reasoning_Skills .344
Analytical <--- Reasoning_Skills .593
Analogy <--- Reasoning_Skills .150
Problem <--- Problem_Solving_Ability 1.00p
GPA <--- Academic_Ability 1.00(

Intercepts: (Group number 1 - Default model)

Estimate S.E. C.R. P Label
Classification 3.006 .049 61.284 ***
Inference 2.357 .067 35.392 ***
Series 2.961 .068 43.833 ***
Logicaldiagram 3.015 .064 47.259 ***
Analogy 2.532 .056 45.588 ***
Analytical 2.553 .079 32.163 ***
Problem 2.435 .071 34.409 ***
GPA 50.000 .541 92.361 ***




Covariances: (Group number 1 - Default model)

2|

Estimate S.E. Labg
Problem_Solving_Ability<--> Reasoning_Skills 582 .103 5.645 ***
e4 <--> eb 199 .079 2.514 .012
e3 <--> eb 213 .075 2.827 .005
Correlations: (Group number 1 - Default model)

Estimate
Problem_Solving_Ability<--> Reasoning_Skills| .526
e4 <--> eb .168
e3 <--> eb .168
Variances: (Group number 1 - Default model)

Estimate S.E. C.R. P Labe

Reasoning_Skills
Problem_Solving_Ability
e9

e’

e8

e2

e3

ed

e5

el

e6

736 .185 3.990 ***

1.663 .129 12.884 ***

94.120 7.628 12.339 ***
.000
.000

757 .061 12.405 ***

1.351 .112 12.058 ***
1.171 .116 10.092 ***
1.192 .104 11.442 ***
1.001 .079 12.684 ***
1.355 .173 7.841 ***

Squared Multiple Correlations: (Group number 1 - Ddault model)

Estimate
Academic_Ability .033
GPA 1.000
Problem 1.000
Analytical .352
Analogy .022
Logicaldiagram .118
Series 227
Inference .083
Classification .052
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