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Abstract

This research report presents results of implemgri scientific inquiry learning activities with erall 120 science
teachers and supervisors in northern region oflahai This research aimed at (1) comparing thenseigeachers’ scientific
literacy before and after the implementation, (Zmparing the supervisors’ scientific literacy befoand after the
implementation, and (3) comparing the science atkand the supervisors’ scientific literacy. Aegxperimental design was
employed in order to address the research objectivata were collected using pre- and post testciemtific literacy. Each test
consists of 26 four-choice questions. These date amealyzed using t-test. Research results revéiadedl) the science teachers
got an average scientific literacy score beforeitm@ementation higher than that of the after orith wignificance at .05, that
(2) the supervisors got an average scientific ditgrscore before the implementation higher than ¢fighe after one with
significance at .05, and that (3) the science ter@chot an average scientific literacy score highan that of the supervisors
with a significance at .05.
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1. Introduction

Many countries around the world (Bingle & Gaské&§94; Hurd, 1998; Kolsto, 2001; Laugksch, 2000;
Organisation for Economic Co-operation and DevelepmOECD], 2013; Yuenyong & Narjaikaew, 2009) have
set scientific literacy as a main goal of sciendecation for their citizenAlthough scientific literacy defies a
precise definition, it usually impliesa“broad and functional understanding of science deneral education
purposes (DeBoer, 2000: 594). More specifically, it igsh®e ability to understand scientific processes and
engage meaningfully with scientific information #able in daily life’ (Fives, Huebner, Birnbaum, & Nicolich,
2014: 550). It is believed that scientific literatgequires not just knowledge of the concepts andribg of
science but also knowledge of the common procedarésractices associated with scientific enquing dow
these enable science to advahi@ECD, 2013: 3 — 4].

As a main goal of science education, some attribafescientifically literate persons have been fified
(Hurd, 1998). For example, OECD (2013) suggestsettmtompetencies, which include (1) explaining phesta
scientifically, (2) evaluating and designing scifimtinquiry, and (3) interpreting data and eviderscientifically.
Fiveset al, (2014) propose six aspects, which include (HDeustanding the role of science as it helps unaledst
natural phenomena, (2) ability to use scientifiimkting in designing and conducting scientific ingui (3)
understanding how science and society interactaljdlity to critique scientific findings in mass die, (5) ability
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to use mathematics in science, and (6) motivatiorrtigage in and learn about science. Accordinfpded, the
ability to understand, design, and conduct scientiquiry becomes part, if not central, of sciéatiiteracy.

As such, many countries agree that inquiry-bassttuation is a key approach to achieving the gdal o
scientific literacy (Abd-El-Khalick, Boujaoude, Detd, Lederman, Mamlok-Naaman, Hofstein, Niaz, Treag&
Tuan, 2004; Bureau of Academic Affairs and EducwidStandards, 2010). As inquiry-based approacinror(s)

. the way scientists themselves did their WdikeBoer, 2000: 587), it can prepare young citizenbe
knowledgeable enough to interpret functions of rem@ein human affairs (Hurd, 1998), to deal with tcoversial
socioscientific issues (Kolsto, 2001), and alsdéosympathetic to the work of scientists as wettBbDer, 2000).
As a consequence, a number of science educatotdwiade have devoted their effort to develop andnpote
inquiry-based instruction (Supasorn, 2011; Ander@®2; Minner, Levy, & Century, 2010).

Inquiry-based instruction has a foundation on theaithat science is both knowledge and processes fo
constructing that knowledge, which are inseparat#lietsing & Roadrangka, 2011). Thus, students lghiearn
science in waysthat emphasize integration between knowledge andgsses(Bureau of Academic Affairs and
Educational Standards, 2010: 1), which are sintlgsrocesses by which scientists construct scierkifowledge
(Ketsing & Roadrangka, 2011Yhis idea is consistent with a constructivist ttyeof learning in that learning
science will meaningfully occur when students h&amds-on and mind-on experiences in order for them
answer scientific questions that they want to kn@ybee, Taylor, Gardner, Scotter, Powell, Westbro&k
Landes, 2006)In doing so, students should reflect on their puoderstanding in light of evidences gained from
their first-hand experiences in order to changér thederstanding to be more intelligible and fruiit{Posner,
Strike, Hewson, & Gertzog, 1982)

However, during a transitional period of reformisgjence education in Thailand (Dahsah & Faikhamta,
2008), inquiry-based instruction is not common hailscience classrooms (Promprasit, Yutakom, &raamthai,
2008; Ladachart & Roadrangka, 2008; BongkotphedRangka, & Panacharoensaward, 2009any teachers
lack of knowledge and understanding about inquagdd instruction (Musikul, 2007)A number of them are
confused between “inquiry-based instruction” andfdimation searching” (Bongkotphet & Roadrangkal@Q
which translation of the term “inquiry” into Tha imisleadingThis confusion could influence them to understand
that inquiry-based instruction is:

“assigning students to search for some informationfrom many sources such as books, news,

web (internet) ... collect them together. Then, tteee presentations in front of the classroom

(or) group reports ... (After that) the teacher wilach as amendment of what the students have

searched” (Liangkrilas & Yutakom, 201Q9).

Moreover, some Thai teachers partially understdnad inquiry-based instruction is hands-on actisitie
Thus, although they use hands-on activities, tlaasiities require students to strictly follow pdetermined steps
without a true understanding about those stepss{f@t& Roadrangka, 2010Pongsophon (2009: 89) has noted
this after observing one teacher’s science classroo

“Often, students did experiments without goals. #aeher did not inform them why to do those

experiments. There were no explanations aboutxtperanents. The students neither were asked

to formulate questions nor have opportunities tmkhof ways to answer those questions. In

other words, they did not get experiences as re@nsists did. They just got results (as

presented in the textbook and as expected by Huhd€). The teacher satisfied. The students

also satisfied. But they did not even know what tearned.”

As a consequence, most Thai students have poorrsiadding in science (National Institute of
Educational Testing Service [NIETS], 2012)hey also lack of scientific process skills (Chaiy8unsawansong,
& Yutakom, 2007; Nakthong, Anuntasethakul, & Yuteko2007)Moreover, a number of students do not
understand nature of science (Ladachart, Suttakuraikhamta, 2013). Mahalee & Faikhamta (2010) fbtinat
71% of 110 seventh grade students do not understapdrtially understand about ways by which scssiacquire
scientific knowledge. Chamrat, Yutakom, & Chais@@2) also found that about 53% of 135 tenth graddents
partially understand about scientific methods. Ehetudents share a similar understanding that ed-iteps
experiment is either the only scientific methodha best way to acquire scientific knowledge.
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The situation about inquiry-based instruction, esatibed above, has not happened only in Thailabd-
El-Khalick et al, 2004).For instance, Chinn & Malhotra (2002) analyzed mber of science learning activities, as
appeared in textbooks and in research articles;hwtgsulted in that those learning activities matonsist of (1)
simple experiments with one independent variabld ane dependent variable, (2) simple observatioite w
descriptions of what and how to be observed beforéhand (3) simple demonstrations with emphasidi@ttly
presenting or confirming scientific concepts. Th&sels of learning activities, Chinn & Malhotra (22) argued,
rarely provide students to do authentic scientifiguiry—they just ask the students to follow recip®cedures,
which are similar to what Bloome, Puro, & Theidord®89) called “procedural display” without leargianything
about those procedures.

Since Thailand has promoted inquiry-based instoucfor many decades (Ketsing & Roadrangka, 2011)
but authentic scientific inquiry is not common irience classrooms especially at basic educaticgideVhus, the
Office of the Basic Education Commission [OBEC],iethis directly under, the Ministry of Education (ME],
initiated a project for introducing a set of leagpiactivities for lower secondary students to deweheir ability to
do authentic scientific inquiry. In order to makeose learning activities to be authentic, eachnlegr activity
highlights some important aspects of scientificuing such as designing scientific inquiries, doisgientific
experiments, manipulating and analyzing scientifiata, making scientific inferences and explanatioasd
engaging in scientific argumentation. These aspaasemphasized because ability to do scientifipiny is an
important component of scientifically literate pams (OECD, 2013).

This research report presents results of the imgheation of six scientific inquiry learning actieis with
science teachers and supervisors in the northgiarref Thailand. This research aimed at (1) conmgascience
teachers’ scientific literacy before and after ith@lementation of the learning activities, (2) caripg supervisors’
scientific literacy “before” and “after” the implentation of the learning activities, and (3) conpgrscience
teachers’ and supervisors’' scientific literacy. #dentific inquiry is not common in Thailand andrms® Thai
teachers and supervisors may be familiar with fathg (quite strictly) the 5E inquiry cycle (Bybest al, 2006)
with little emphases on its five essential featuigs, engaging in scientific questions, givingopity on evidence,
formulating explanations from evidence, conneceéxglanations to scientific knowledge, and commuirigaand
justifying explanations), introducing these sixrlgag activities becomes novel. Thus, the reseaeshlts would
provide insights to whether and how these learrantivities promote the teachers’ and supervisocgrgific
literacy.

2. Scientific Inquiry Learning Activities

All learning activities in this project were devpkd in accordance to Chinn & Malhotra’'s (2002)
suggestions that science learning activities shawtl be too simple and algorithmic, as appeared@ommon
textbooks, but should contain some degree of coripla order for students to authentically do scie. As Kang,
Thomson, & Windschitl (2014) suggested that a ocardézed phenomenon has great impact on students
explanations and learning, each learning activégibs with a contextualized phenomenon from mddiding to
some scientific question(s) in order for studentaddress the scientific question(s). This is bgseall scientific
inquiries begin with, and are guided by, scientifjaestions whose answers are based empirical eaden
(Lederman, Lederman, Bartos, Bartels, Meyer, & Sutmy 2014).

Once a given scientific question is presented,esttedare challenged to think if and how that sdient
guestion can be answered by doing (even some f)astientific inquiry (e.g., designing scientifinquiries, doing
scientific experiments, manipulating and analyzsuientific data, making scientific inferences angblanations,
and engaging in scientific argumentation). In dodog students are reminded to answer a scientifistipn using
data and evidence. In some cases, students argectdo use their mathematical knowledge and coatmurtal
ability to analyze data and interpret evidenceoAis some cases, students can realize that sontations, which
include social ones, can influence scientific imgye.g., limited social support to explore the mao details) and
vice versa (e.g., an exploratory result of G®the air can increase public concern about dlalaaming). These are
emphasized for students to understand the roleiefise, practice scientific thinking and doing,liimainteraction
between science and society, evaluate scientifiicrimation in media, and use mathematics in science.
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The scientific inquiry learning activities in thisoject include 6 activities, namely (1) Global \Wémg, (2)
Finch Puzzle, (3) Origin of the Moon, (4), Tide§) Sink and Float, and (6) Volume Missing. All tlearning
activities are developed in accordance to indicatord core content standards described in the iNdtBcience
Curriculum Standards (Bureau of Academic Affairgl #&aducational Standards, 2010). Each learning iactis
developed to reflect nature of scientific inquitye@erman et al., 2014) with a view of practical gib#ity for
typical teachers in common classrooms. The devetopmf the learning activities follows a suggestiphnHodson
(1988: 35) that:

“It is naive to believe that any one kind of labtmy work [learning activity] can meet a wide

variety of learning goals. Laboratory experiencdike all learning experiences, must be

designed with a specific goal in view. It is nai@kspo, to assume that laboratory work in science

education corresponds directly with the experimeplese in scientific research.”

Moreover, four of these six learning activities aesed on real scientists’ works or contexts. Suryrof
each learning activity is presented as follows.

The Global Warming Activity corresponds to the NWatl Science Curriculum Standards at seventh grade
level, which describes thé&fstudents) search for information, analyze, anglain natural and human factors that
affect change in the Earth’s temperature .(Bureau of Academic Affairs and Educational Stadda2010: 79).
This activity emphasizes that students should lmggortunities td'design a scientific experiment by themselves as
well as evaluate and criticize that of othe®ureau of Academic Affairs and Educational Stadda2014: i). The
activity begins with a video about a longitudinaldy of an amount of CQOin the atmosphere, which tends to be
increasing. This is mostly consistent with an iasieg tendency of the average of the Earth’'s teatpes.
However, there is some part of this study’s reshlbwing that, in some years, even though, @@reases, the
Earth’s average temperature does not increaseovidoly this situation, students are asked to deaigexperiment
in order to answer a scientific question thahen exposed to sun light, can a more concentratibCQ in the air
make the temperature of the air increase more fgpid(Bureau of Academic Affairs and Educational Stadda
2014: 8). Next, the students have to present thgieriment design to their classmates in ordethiem to evaluate
and criticize that of others in positive and comstive ways. This activity is consistent with wi@tinn & Malhotra
(2002: 211) called “Verbal Design of Research,” abhihelps the students understand how to designira fa
experiment. Next, the students implement their grpnt and discuss about its results. With fadibta by the
teacher, the students will understand that, C&hd other greenhouse gases) can absorb infradidtion in the
atmosphere, making its temperature increase mpidlyavhen compared to the air without €O

The Finch Puzzle Activity corresponds to the NatioBcience Curriculum Standards at ninth gradel,leve
which expects students to understand that enviratahehanges (e.g., deforestation and using chémidestances
in agriculture)“are a cause of the loss of biological diversityBureau of Academic Affairs and Educational
Standards, 2010: 27). This activity emphasizesshatents should have opportunitiesrake scientific inferences
as well as construct a scientific explanation basedevidences(Bureau of Academic Affairs and Educational
Standards, 2014: i). The activity begins with aaibn of drought in a Galapagos island, which edudeath of a
large number of finches (Boag & Grant, 1981). Rellgy this situation, students are asked to considee
evidences in order to make inferences and consanu@xplanation addressing a scientific questian“does and
how drought affect the loss of genetic diversitythe finch population?”(Bureau of Academic Affairs and
Educational Standards, 2014: 29). This activitadapted from an activity called BGUILE by the Ner#istern
University (2013), which fosters students to useieical evidences to construct an explanation thaught can
affect an amount of food (i.e., seed) and its patsproperties (i.e., size and shell's hardness$jchvdetermine
what kinds of finches to survive. Since some firchdth some physical characteristic (i.e. bigged atronger
beaker) have more advantageous to survive thamsptine genetic diversity in the finch populaticetrbases. Next,
the students are asked to use this explanatiomgiaia how other environmental changes (e.g., éstation and
using chemical substances in agriculture) can affex loss of biological diversity of other plarged animals in
their local community.

The activity namely Origin of the Moon corresportdshe National Science Curriculum Standards ahnin
grade level, which describes that students undetdtsat‘the Sun, the Earth, and the Moon are a system @
by gravity” and “gravity between the Earth and the Moon makes Mw@on orbit around the Earth ... gravity

63



Ladachart &Yuenyong — International Journal of8wie Educators and Teachers

between the Sun and its planets makes the plameitsasound the Sun ...'(Bureau of Academic Affairs and
Educational Standards, 2010: 89). This activity kagizes that students should have opportuniti¢pdtsuade
and argue in scientific discourses in order to infer the best explanation based on available evigs and
scientific knowledge'{Bureau of Academic Affairs and Educational Stadda2014: i). The activity begins with a
longstanding scientific issue about how the mooigimated. This is followed by four possible thegtiavhich
consist of (1) Fission Theory, (2) Capture Thed®B), Nebular Theory, and (4) Giant Collision TheoAfter
considering these theories, students have to seleich theory they agree most. Then, students viorgroups
according to their theory selection. Next, theyén&w consider and use seven evidences to persanddargue with
other groups. After listening to all student gréumguments, each student has to evaluate whetitehaw each
theory is supported, and which theory should betraosepted. Like real astronomers’ vote about Pustatus
(Britt, 2006), all students have to vote which thethey agree most. With facilitation by the teaghbe students
discuss about the vote result until they see thatGiant Collision Theory is supported by most lté¢ available
evidences in light of scientific knowledge. Thistigity is consistent with what Chinn & Malhotra (@B: 210)
called “Evidence Evaluation,” which helps the studeto evaluate consistency between theoreticadsidend
empirical evidences. Furthermore, the studentsaaked to consider what aspect all four theoriesesta doing
this, they can see that these theories explaimtiiggn of the moon based on gravitational forcexifNéhe students
work on a computer simulation called PhET (Univgrsf Colorado, 2013) to explore how gravitatioriaice
works.

The Tides Activity corresponds to the National &ci Curriculum Standards at ninth grade level, lhic
expects students to understand tigaavity that the Moon and the Sun acts on the lea@uses ocean tides, which
affects environmental and living things on the Bar{Bureau of Academic Affairs and Educational Staddar
2010: 89). This activity provides the students appaty to “manipulate and analyze a set of complex datarateo
to make meanings inherent in those dafBureau of Academic Affairs and Educational Stadda2014: i). The
activity begins with a video showing ocean tidesxt\ the students are asked what happens in tle®vidnce the
students answer ocean tides, which sea level goemd down as time goes on, they are asked a festiqos
“how often sea level goes at its crest and go dewits trough during one day?and“what factors cause ocean
tides to happen?(Bureau of Academic Affairs and Educational Stadda2014: 86). In order to answer these two
guestions, the students have to analyze real Huieti@ita collected by the Hydrographic Departmdtbyal Thai
Navy (2014) using a hand-written graph. This analysveals the fact that ocean sea level goes itp atest two
times a day and also goes down at its trough tmedia day. Next, students have to conjecture geskibtors
causing tides, which include wind, storm, rain, Igin, air pressure, humidity, the Moon, and thenSin a
discussion about these factors, the students &exl aghy a traditional Thai song (Loi Kar Tong) sdlgat once a
full moon especially on I2month according to Thai traditional calendar (ahdavember) comes, water logging
also occurs. The students are stimulated to thimtler or not tides and moon phases are relatédsaihe reason
and, if yes, what is an evidence supporting sudadion. In order to answer these two questidms,students have
to analyze two sets of data—one is a set of datatatitles and the other is a set of data about npbases—that
occur at the same period of time. In doing so,dfuelents can use a computer data processing prqgeamvs
Excel). This activity is consistent with what Chi@hMalhotra (2002: 209 — 210) called “Data Analysighich
helps the students to use their creativity in otdenanipulate and analyze complex data. The aisalyshese data
reveals that both phenomena (i.e., tides and mbasgs) are related because they cyclically chairifpearsame
period of time. This cyclic change is evidence palgsleading to a conclusion that tides and moomas@s are
related with some particular reason. Since a siepiplanation of tides is complicated, for exdemwhy the earth
has two bulges (Viiri, 2000), it is presented inleature format with a computer simulation (Ruzhatgk &
Montfrooij, 2011).

The activity namely Sink and Float correspondshi® National Science Curriculum Standards at ninth
grade level, which expects studentsdo experiment and explain (why an object sinksloats) using a buoyancy
force acting on the object{Bureau of Academic Affairs and Educational Stadda2010: 58). This activity
provides the students opportunity @o“experiment using a computer simulati(Bureau of Academic Affairs and
Educational Standards, 2014: i). It is also desdgieprepare the students to be familiar with expents using a
computer simulation since the Programme for Intional Student Assessment (PISA) in 2015 will be
implemented in a computer format (OECD, 2013). Hoévity begins by putting some objects into waded
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asking the students to predict which ones will eithink or float. Next, the students are askedrtp@se possible
factors that determine whether each object wilk sin float. These possible factors include mas$umne, and
material (among others). Then, the students daxpargnent using a computer simulation called PhBmiersity
of Colorado, 2013) to test their idea of each gaesiactor. Once the students understand that miagane, and
material all involve sinking or floating of the @ajts, they are asked to do an experiment whetlesetfactors are
related. The results of this experiment, with admeg about density, can lead the students to utateimg a
concept of density. Then, the students are askdd &xperiments to investigate (1) whether an digjetensity is a
factor determining that it will sink or float in wex and (2) whether liquid’'s density is a factotedmining that any
object with sink or float in that liquid. The expeents with discussion led by the teachers willuesn
understanding that relative density between ancblgied liquid determine whether that object witiksor float in
the liquid. This series of experiments is desigaedording to the learning progression about sinking floating
proposed by Corcoran, Mosher, & Rogat (2009: 6@8xtNa concept of buoyancy force and weight isouhiiced.
After that, the students do one experiment to itigate whether and how buoyancy force acting omlgect and
the object’'s weight determine whether the objedt sink or float. This activity is consistent withihat Chinn &
Malhotra (2002: 207 — 209) called “Computer-SimetaExperimentation,” which allows the studentsstarh about
doing experiment such as proposing hypothesesyidgfdifferent variables, varying independent Valess value,
recording dependent variable, controlling extraseariables, analyzing data, and making conclusions

The Volume Missing Activity corresponds to the a&l Science Curriculum Standards at seventh grade
level, which expects students to understand‘tiaen substances dissolve, their mass does natgghbut physical
properties (e.g., their volume) can chang@ureau of Academic Affairs and Educational Stadda2010: 48).
This activity provides the students to learn ttsaientific experiments begin with scientific quess, which are
followed by conjecturing about their answers. Thseientists design experiments in order to testtidrethose
answers are possible. If some answers are suppdije@vidence (i.e., experimental results), theyngaiore
acceptance. But if not, they are ignored or eveanaloned.” (Bureau of Academic Affairs and Educational
Standards, 2014: i). The activity begins with a destration that mixing between 50°ndf water and 50 rlof
alcohol before asking the students what the netrwelof the mixed liquid is. As can be seen by theahstration,
the students know that the net volume of the miigald is lesser than 100 f{about 97 m). Then, the students
are asked to explain why the mixed liquid has teevolume lesser than the sum of the original vaush each
liquid. According to a prior survey, some studeisught that water and/or alcohol disappear by esatjng into
the air or by spilling out the containers while sostudents thought that water and alcohol do restpgiear. Other
causes (e.g., difference between water's and alsotiensity and/or dissolving between water andladd) make
the net volume of the mixed liquid lesser than b After proposing possible causes, the studente tadesign
and conduct an experiment to verify their ideaaisify that of others. In doing so, scientific inshents such as
beakers, cylinders, stirring rods, a digital batrend some substances (including water and alcah®Iprovided.
By weighting the mixed liquid and comparing wittetaum weights of water and of alcohol, the studkntsv that
even though the net volume of the mixed liquid dases, weight (and also mass) of water and of alcsthy
constant—nothing disappears. This result leads stivelents to ignoring the liquid-disappear hypothesind
focusing more on the dissolving hypothesis. In oitdeexplain this volume-missing phenomenon, theletts are
presented with an analogy by pouring salt powdamfa cylinder into another cylinder containing gréeans (V.
radiata). As the students measure and record waigttvolume of salt powder and those of green bbafsre
mixing both, the students know that, when compaoetthe sum of their original values, the net maagssconstant
while the net volume decreases. As this analogynidlar to what happens when mixing water and adtahcan be
a particulate model for the students to explain g net volume of the mixed liquid lesser than 108 This
activity is consistent with what Chinn & Malhotra002: 206 — 207) called “Hands-On Inquiry,” whidloass the
students to use scientific instruments to do expents to verify and/or falsify ideas.

These learning activities were developed by collaton among 4 science educators from universigles,
science educators from a government institute iéhse supervisors, and 31 science teachers arbencountries.
These participants worked together in 2 successiwshops during 14 — 18 May 2014 and 25 — 27 20144
respectively. In the first workshop, the particifsaiselected appropriate content at the lower seagntkvels
according to the National Science Curriculum StatslgBureau of Academic Affairs and Educationalngtads,
2010), aspects of scientific inquiry (Ledermainal, 2014), and types of learning activities (ChinnMalhotra,
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2002) to be emphasized. They also crafted how emutivity would flow. As a result, activity draftsnd

instructional materials were developed. In the sdocworkshop, the participants reviewed their agtidrafts and
instructional materials in terms of content cori@tt activity flow continuity, and developmentalems. Each
activity was tried out by some of the teacher pgréints with their students in their classroomsdbacks after
trying the activities out were discussed onlineotigh a closed group on Facebook. According to digsussion,
minor changes were made.

3. Research Methods

As the implementation of the learning activitiestiris project was launched in a traditional fouyda
workshop in order for teachers and supervisors, wae selected and assigned by their affiliatiorattend the
workshop, to learn and disseminate the learninigiies to their peers in the local communitieswés unlikely for
the researchers to assign a half of them to bexparienental group and another half of them to beatrolled
group—all of them had to engage in the learningvitiets. It was also unlikely for the researcheysecruit another
group of teachers and supervisors, who are as aanoe even similar to the teachers and the supesyifo be a
controlled group because of limited budget. As sulte a true experimental design was not possibl#euthese
conditions. Thus, a pre-experimental design (CoMsamion, & Morrison, 2000: 212) seems to be appedprfor
this research as it aimed at assessing the worksadjzipants’ scientific literacy before and afssrgaging in the
learning activities (Chandrapatya, 1988). This aesle was designed and implemented in the formataie-group
pretest-posttest design (Cohehal, 2000: 212) where the participants who attendedviorkshop completed a
pretest before and a posttest after the implementaf the learning activities. Although a pre-espental design
would provide research results less validity andhbdity than those of a true experimental designyas more
practical and appropriate in the real situatiothaf research (Choochom, 2009).

The workshop was launched during 29 August — 1 e3aipér 2014 at a local hotel in Chiang Mai,
Thailand. The workshop participants included ovet®0 science teachers and supervisors who wera 660
educational area offices (two persons for each)amdast of the participants (102) were represemstiof the
educational area offices at elementary level, whiall extended their service into lower secondargllseo-called
extended-opportunity schools, while the remainiagtipipants (18) were representatives of seconddncational
area offices. In this workshop, the participanterated an introductory lecture about the ratiorfathe project,
which was followed by a pretest about scientifterticy. Next, the participants engaged in the lagractivities
respectively in the role-play format. In doing $be participants acted as students while the iosirs (i.e., the
activity developers) acted as teachers. After cetmg all the learning activities, there was a iclgsecture to
summarize the emphasis of each activity as wellfat needs to be done for dissemination. This w#ewed by a
posttest about scientific literacy and then a qaestire to explore the participants’ opinions abthe learning
activities. Since the pretest, the posttest, ardgtiestionnaire were sent to the participants fieréint periods of
time, the number of the participants who completad sent the pretest, the posttest, and the qoeatie back to
the researchers were different. Some participagiiged doing the pretest and the posttest. More®egne of them
came to the workshop quite late because they were fong-distance provinces while some participamtst out
the workshop as soon as they completed the learnittiyities without completing the posttest and the
guestionnaire.

Data in this research were collected using theeptetnd the posttest about scientific literacy,ciwhwere
translated and adapted from those of Fives, Huellierbaum, & Nicolich (2014). Both the pretest ghd posttest
were constructed and proved to be equal in termt®tient validity, reliability, and difficulty. E&ctest consists of
26 four-choice questions focusing on aspects oénsific literacy, which include (1) the role of soce, (2)
scientific thinking and doing, (3) science and sbgi (4) science media literacy, and (5) matheraaticscience.
These tests were used in this research for sonsengaFirstly, the tests were designed for assgsdudents at
lower secondary levels at which the participanes @asponsible to teach (for the teachers) or tersige the
teachers (for the supervisors). Secondly, the test® designed to be used without or with littlguieement of
content knowledge background on part of the paicis. Thirdly, the tests were in a multiple chdmenat, which
is easy to govern in a short period of time—thatiticould help provide the participants feedbaeksut their
scientific literacy. In doing so, the participantsed 30 — 40 minutes to complete each test.
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Data were analyzed using the SPSS program to dieemrean, standard deviation, and t-test. Depemdenc
t-test analyses were done to (1) compare the teslanean scores on the pretest and the posttedbg@) compare
the supervisors’ mean scores on the pretest angdkttest while independence t-test analysis wae do (3)
compare the teachers’ and the supervisors’ mearesan the sum of both the pretest and the postestall
analyses, the statistical significance at .05 veassiclered as appropriate because of the naturdratigional one-
shot workshop, as each participant group was lgggel0 persons per each group; for overall graup® 15) who
varied by age, teaching experience, content backgroMoreover the workshop content was inevitalogdensed
into four days, leaving little time for questioniagd answering.

4. Research Results

The initial data analysis revealed that there v88€66.7%) and 74 (61.7%) participants who complete
the pretest and the posttest respectively. As pusly mentioned, this was because some of thecjpatits denied
doing the pretest and the posttest. Moreover, sufrtiee participants came to the workshop quite \etde some of
them went out the workshop room too early. This wasontrollable because these participants hadgdistance
transportation between their provinces and thel hatethe research results are presented as fallow

4.1 Research Objective 1: Comparing the teacheesimscore on the pretest and that on the posttest.

In order to compare the teachers’ mean scores@pristest and the posttest using a paired-santph, t-
the researchers selected only data from the temcties completed both the pretest and the postiestjting in
data from 47 teachers. These teachers got the on the pretest about 19.26 (74.1%) with stahdeviation
at 2.90 and received the mean score on the poatiest 20.89 (80.3%) with standard deviation a8 24 shown in
Figure 1. The pair-sample t-test analysis reve#had these teachers’ mean score of the pretesthatdof the
posttest are significantly different at .05 (Sig081) as shown in Table 1. In other words, thiswshthat these
teachers performed better on the posttest thaheopretest.

Figure 1: The teachers’ mean scores on the preteshd on the posttest.
Total Score is 26

24

20.89
20 19.26

Pretest Postest
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Table 1: Result of comparing between the teachergiean score on the pretest and that on the posttest

Paried Differences
95% confidence
Interval of the

Std. Std. Error Difference t df Sig
Mean Deviation Mean Lower Upper (2-tailed)
Pretest- -1.638 3.053 .445 -2.535 -.742 3.678 46 .001

posttest

4.2 Research Objective 2: Comparing the supervisnesan score on the pretest and that of the pdsttes

Like the analysis of the teachers’ mean scoreserptetest and the posttest, the researchersestlecly
data from the supervisors who completed both tle¢ept and the posttest, resulting in data fromupérvisors, to
be analyzed using a paired-sample t-test. Thesenggprs got the mean score on the pretest abo881%7.0%)
with standard deviation at 3.26 and received tham&ore on the posttest about 19.11 (73.5%) wéhdard
deviation at 3.38 as shown in Figure 2. The paingla t-test analysis revealed that these supes’isman score of
the pretest and that of the posttest are signifigaifferent at .05 (Sig = .047) as shown in TaBldn other words,
this shows that these supervisors performed btlger on the posttest than on the pretest.

Figure 2: The supervisors’ mean scores on the preteand on the posttest.

Total score is 26

24

Pretest Posttest

Table 2: Result of comparing between the supervisset mean score on the pretest and that on the possie

Paried Differences
95% confidence
Interval of the

Std. Std. Error Difference t df Sig
Mean Deviation Mean Lower Upper (2-tailed)
Pretest- -1.185 2.949 .567 -2.352 -.019 -2.088 26 .047

posttest
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4.3 Research Objective 3: Comparing the teachard the supervisors’ mean score on the sum of Inatiptetest
and the posttest.

In order to compare the teachers’ and the supeslisnean scores on scientific literacy regardldss t
pretest or the protest, the researchers decidedllectively analyze data from both the pretest tiredposttest using
an independent-sample t-test. This was becausheajparticipants experienced the same learningites during
the same period of time. Thus, there was no neestparately analyze their scores either on theegiretr on the
posttest. As a result, the data set included 96steses (both the pretest and the posttest) cdeapley the teachers
and 85 test scores (both the pretest and the pt)stiempleted by the supervisors. The teachershnseare was
about 20.11 (77.3%) with standard deviation at 2vffle the supervisors’ mean score was about 18/845%)
with standard deviation at 3.38 as shown in FigdireThe independent-sample t-test analysis revetilat the
teachers’ mean score is significantly differentrthat of the supervisors at .05 (Sig = .017) asvehin Table 3. In
other words, this shows that, when consideringstima of the scores on the pretest and the posttesteachers
performed better than the supervisors.

Figure 3: The teachers’ and the supervisors’ mearcsres on the sum of the pretest and the posttest.

Totle score is 26

24

20.11

Teachers Supervisors

Table 3: Result of comparing between the teacherand the supervisors’ mean scores.

Levene;s Test t-test for Equality of Means
for Equality of
Variances
95% Confidence
Sig Interval of the
(2- Mean Std. Error Difference
F Sig t df tailed) Difference Difference Lower Upper
Equal 5.873 .017 3513 152 .001 1.770 504 774 2.765
variances
assumed
Equal
3.351 103.109 .001 1.770 .528 772 2.817

variances not
assumed
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5. Conclusion

This research aimed at (1) comparing science tesichexientific literacy before and after the
implementation of the learning activities, (2) caripg supervisors’ scientific literacy before anfiea the
implementation of the learning activities, and €®mparing science teachers’ and supervisors’ sfietiteracy.
The participants were overall 120 teachers andrsigoes who attended a traditional four-day workshanched
for implementing six learning activities with emplea on authentic scientific inquiry namely (1) GlbWarming,
(2) Finch Puzzle, (3) Origin of the Moon, (4), T&l€5) Sink and Float, and (6) Volume Missing. Tehparticipants
were from educational area offices at both elenmgratad secondary levels from all provinces in thetlmern region
of Thailand.

The research instruments consisted of a pretestaapdsttest aimed at measuring scientific literacy
developed by Fivest al (2014). The pretest and the posttest each cedsidt26 four-choice questions, focusing
on (1) the role of science, (2) scientific thinkiagd doing, (3) science and society, (4) sciencdiani@eracy, and
(5) mathematics in science. Both tests were coctstluand proved to be equal in terms of conteniditl
reliability, and difficulty. Data were analyzed ngit-test with the SPSS program.

The research results show that (1) the teacherahraeore on the pretest is significantly highenttieat of
the posttest at .05, (2) the supervisors’ meanesoarthe pretest is significantly higher than thiathe posttest at
.05, and (3) the teachers’ mean score on the sutmeqgfretest and the posttest is significant highan that of the
supervisors at 0.05. These research results imditat, if the learning activities focusing on arttic scientific
inquiry were carefully developed and implementedemgaging the learners to think, do, discuss, a@adan as
close as ways scientists actually do (Chinn & Matno2002), they can facilitate development of ksarners’
meaningful learning about science (Minegral, 2010). As the ability to engage in scientifiquiry (both doing by
themselves and evaluating those of others) is apooent of scientific literacy (OECD, 2013), the ridag
activities in this project can help the learnergadep their scientific literacy.

The results of this research support Chinn & Matkist(2002) claim that science learning activisésuld
contain some degree of complexity that allows #wrers to think conceptually. Given an experinmenqiastion,
for example, students can learn to design and adradscientifically acceptable experiment to ansthiat question.
Given a scientific question with a set of evidencgtsidents can learn to use those evidences tdraohsin
explanation addressing the question. Given a sehexretical ideas with some evidence, studentsleam to
evaluate and justify consistency between both ideorto decide which theoretical idea would be mesid
according to the given evidence. Given a scientfiestion with a set of complex data, studentsleam to use
their creativity to manipulate and analyze the ditaanswer the question. All of these allow studetd
simultaneously engage in both theoretical thinkamgl empirical consideration, which can be seendasal“space
search” (Klahr & Dunbar, 1988) that facilitates pgdearning.

However, a research’s results (McConnet, Oliverod&Conney, Schibeci, & Maor, 2014) suggest that it
is not always that students who “often” experiencking scientific inquiry would have high achievarhén
scientific literacy assessments like PISA. Thiseaesh shows that even some students who had “léss” o
experiences doing scientific inquiry performed &etin PISA that those who have “less often” expess doing
scientific inquiry. This result clearly contradidt¢o that of this study. Asnbt all inquiry is created equal
(McConnetet al, 2014: 978), one possible explanation is thatfdity” of experiences doing scientific inquiry may
not a good predictor of how well an individual gerhs in a scientific literacy assessment, but ‘“igyiabf those
could be. Thus, even though students have ofteareqred some so-called inquiry learning withoupbasis on
do “scientifically,” those learning experiences nmay help develop their scientific literacy.

One interesting result of this research is thatsiygervisors who are supposed to supervise th&deac
performed worse than the teachers themselves. ,Satcerding to the researcher’s literature revitwere is no
appearance of researches examining Thai supervisgentific literacy, it is necessary to make amijres to
explain this interesting result. One possible exat@n is that many of the supervisors attendirggwiorkshop do
not have background in science, but unfortunatbelytare assigned by their educational area offioebe
responsible to working on the field of science edionn. Another possible explanation is that, despitving
background in science, many of the supervisors hasen concentrating on educational management and
administration, leaving a focus on science teaclaing learning, scientific inquiry, and scientifitetacy far less
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important. This interesting result make a questome into the fore: Whether and how these supewisan
supervise their local teachers about teaching aadning science in general as well as scientifguiry and
scientific literacy in particular.

6. Acknowledgements

This research shows that the scientific inquiryiésy activities can facilitate the developmenttbé
teachers’ and the supervisors’ scientific literaltyis thus important to support and promote teeshe use these
learning activities. In doing so, the teachers uae and adapt these learning activities in thein cantext with
their own students. However, since students at imgeondary levels could have weaker backgrounstience
than their teachers and supervisors, it is veryoitgmt to investigate further that whether and hbes students
could develop their scientific literacy after enggin these learning activities as well. Moreowbe researchers
agree with Keys & Bryan’s (2001) suggestion thatcteers should have opportunities to design andlae\beir
own lessons, which in this case focus on scientiftgpiry. This is because developing a learningvigtfor the
teachers to follow is at best a short-term solutlois believed that a more sustainable solutionld be facilitating
the teachers to create scientific-inquiry lessomis their own uses. This would foster a successéfibrm of
Thailand’s science education in the long term.

As scientific inquiry can be both “means” and “eraf"teaching and learning science (Abd-El-Khalatk
al., 2004) in that students can use scientific ingas a means to achieve some particular instrugtigoals such as
understanding of scientific concepts, masteringrddic process kills, having scientific attitudend so on while
scientific inquiry can and should be an instrucdiogoal by its own right, this research did notrei& whether the
participants had developed their content knowledgintific process skills, and other learning go&l very short
duration of the workshop did not allow doing so.efdfore, future research should focus more on idsse.
Moreover, the future research should investigatetirr and to what extent these participants’ sfierditeracy
will retain after a period of time.

It is interesting to say the fact that supervismssmally have more experiences in attending in sbops
about teaching and learning science than typicathers since the supervisors are supposed to éemtrthen
disseminate what they have learned to their lazathers. However, this is shown that the supewvigarticipating
in this research perform on scientific literacyt$egorse than the teachers do. Among a huge amgldéfort of
supporting and promoting inquiry-based instructiorachieve scientific literacy (Bureau of AcadenAifairs and
Educational Standards, 2010; Supasorn,2011; Ke&ifRpadrangka, 2010; 2011; Faikhamta, 2008; Porfyzop
2009; Musikul, 2007; Bongkotphet & Roadrangka, 20L@&angkrilas & Yutakom, 2010), supervisors become
another target, besides science teachers, thas ieddarn more about scientific inquiry, naturesafence, and
scientific literacy. A following question is thathat real causes make this result happen. Perhamepth
researches on supervisors about their backgrouadtiges, obstacles of those practices, and paoospdf ways to
overcome those obstacles are needed. Since supstwigrk is different from that of teachers, theny perhaps
need professional development different from ttiaeachers.
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