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ABSTRACT

This quasi-experi nental study examned the effects of a technology-assisted
contextualized inquiry-based instruction (TAOI), designed as anirtegrated approach
toteach science concepts, on For m Two students’ PI S A ali gned science compet encies
and overall sciertific literacy. It adopted the pretest-posttest non-equi valent control
group design involving 1,380 For m Two students in nine selected nainstream and
hi gh perfor mng schools in Kuala [unpur and Selangor. The intervention covered the
topics of friction force, and notion wth TAOTI being used to teach the treat nent
group (n = 738), while the traditional nethod of science learning was used wth the
contra group (n = 642). The intervention took four (4) weeks to conplete and the
treat nent teachers were trainedto use TAAI over a cumul ative period of one week A
set of parallel tests were used before (pre-test) and after the intervention (post-test) as
the instrunents to assess the subjects’ overall sciertific literacy and nastery of the
science conpetencies. The data were then anal yzed using independent sampl es t-tests
and a hybrid Sructural Kquation Mbdeling (SEM. Satistically significant differences
were further tested wth (ohen’s d effect size esti nation The results indicate that
TAQI was able to affect substantial and statistically si gnificant increases in students’
abilities to explain natural phenonena scierntifically (Cohen’s d =.68), evaluate and
design sciertific inquiry (Cohen’s d = .77), and irnterpret data and ewvidence
sciertifically (Cohen’s d=.70), all of which showed practical but noderate effects of
the intervention The SEM results point tothe significant roe of prior knowedge in
influencing students’ scientific literacy, but rued out gender, school locality (rural
versus urban) and school type ( nainstream versus high perfor mng) as moderating
variables. In fact, prior know edge was discovered to be significantly nore influential
than TAAI in deter mning students’ scierntific literacy. Wth these results, the study
has provided a conpelling body of evidence on the i nportance of teaching science
through technol ogy-assisted inquiry and contextualization and students’ having the
right anount of prior know edge for science learning as well as on the importance of
training teachers to use these integrated strategies to deliver neaningful science
lessons that neet the standards of PASA
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CHAPTER ONE
BACKGROUND TO THE STUDY

1.1 GLOBAL TRENDS IN DECLI N NG SA ENCE PERFORMANCE
Regardess of the age we live in science is a very i nportant subject. Science g ves us
an understanding of inportant things in life like how our voices are carried over
phone lines and how fertilizers, when paired wth pesticides, can dranaticallyincrease
the yield of grains harvested in a singe fiedd This understanding is crucial; it
inproves our productivity and boosts the quality of our lives. But while it is
i nportant, science is also a difficult suhect tolearn due toits very nature. According
to the Understanding of Science website (Uhiversity of Cilifornia Museum of
Pal eont ol ogy, 2019),

"Science is different from many other ways of learning because of the

way it is done. Science relies ontestingideas with evidence gathered

fromthe natural world" (p. 1).

Doing science is an act and a process of discovery, therefore, it cannot and
shoud not be taught through traditional, didactic nethods of teaching like rote
learning and lectwing Due to the nature and demands of proper science
understandi ng teachers struggled to teach the subject and students struggled to learn
it.

Against the backdrop of the gobal Covid19 pandemc being sciertifically
literate is hugely i nportant in the effort of combating the pandemc. In Sout heast
Asia, Milaysia and Sngapore were quick to adopt newage technol ogies such as

contact tracing applications, virtual health consultations and adoption of sinple


https://undsci.berkeley.edu/glossary/glossary_popup.php?word=test
https://undsci.berkeley.edu/glossary/glossary_popup.php?word=evidence
https://undsci.berkeley.edu/glossary/glossary_popup.php?word=natural+world

procedure of self-distancing nasks wearing and self-quarantine to naintain and keep
tab onits public health and safety ( M Gui gan, 2020).

The pandemc highlighted the inpact of scientific literacy on personal
decision- naking and action (Schmdt, 2021). Arecent research study shows that both
percei ved sciertific literacy and percei ved understandi ng of COM D 19 vaccines were
positively associated wth attitudes toward COVID 19 vaccinations and preventive
behaviors ( Mbtoki, Saito & Takano, 2021). In relation to this, it indicates the
paranount i nportance of science intoday’s living and to students’ acade mic success.
Good understandi ng of science and being scierntifically literate are hi ghl y e nphasized
and hugel y crucial towards their future well-being ar even survival.

Despite the irrefutable importance of science, gobal trends over the past few
decades showed a consistent decline in science perfor nance and literacy anong
secondary school students in nany countries across the world Even in advanced and
traditionally high perfor mng countries, like Australia and FHnland students
achievenents in science were bel ow national expectations. In Australia, for exanple,
students science performance "continues to slide due to ineffective, traditional
teaching practices and an outdated curricdum which led to students’ becomng
disengaged wth the subject” (Tytler, 2016). The latest Trends in International
Mat he matics and Science Sudy (Tl MBS) results showed that in both Mat he natics
and Science, Australia has fallen behind countries traditionally regarded as their
inferiors. Australia has far fewer students perform ng at hi gh reasoni ng levels and far
more students not reaching mini mum scientific literacy standards than the top
perfor mng countries. The situation in FEnland was likewse. In Burope, Finland was
outperfor ned by Liechtenstein Swtzerland the Netherlands and Estonia in PISA

2012, countries typically regarded as having lower quality education The Hnnish



M nistry of Education and Culture reported that the sciertific literacy of FHnnish
school students continued to deteriorate narkedy in PISA 2013. In an earlier 2006
survey, Hnland’s average scientific literacy dropped drastically by 18 poirts. In the
United Sates, there were concerns about the mediocre perfor nance of Anerican
school children on irternational science tests, which later contributed to the slowng
down of US production of sciertific research and articles. A a result, the share of
worl d science contributed by the United Sates has dwnd ed

Declining standards in science perfor nance and literacy were also observed in
third worl d countries. In Tanzania, there was a height ened e nphasis on the teachi ng of
science inthe early years as a foundation for later education The call for science to be
taught in innovative ways very early on resulted from concerns over the declining
standards of science achieve nent anong Tanzanian children since the country gai ned
its independence (King’ Au 2014). Science subjects, a the ordinary level in
secondary schools in Tanzania, are anong the high-profile subjects, yet the sciences
are not conpulsory for all ardinary level students except for Hology, leading to the
lowachieve nent in general science subjects.

This has intiated innunerable efforts to i nprove students perfor nance in
Science through an inproved curricdum and innovative pedagogy. Likewse, in
Jamaica, the situation is not any better. Jamaican students have declined in their
perfor mance in science subjects in the 2017 Caribbean Secondary FEducation
Certificate o CSEC ( MOEY, 2017). Areport fromthe World Economic Forum
Executive Opinion Survey (2018) placed Jamaica at position 73 out of atotal of 137
countries inter ns of the quality of science and mat he matics education, as one of its
indicators inter ns of Jamaica’s (hobal Conpetitiveness Index (GA). doser to hone,

PISA 2012 results showed that Indonesia, Mlaysia, and Thailand all underperfor ned



and were positioned in the bottom third out of 65 participating countries for

mat he matics, science and reading literacy (Thien et d., 2015).

1.2 PISA AND THE ASSESS MENT OF STUDENTS' SA ENTI H C LITERACY
PISA stands for the Programfor International Sudent Assess nent.  ganized by the
Or ganization for Economic Co- Operation and Devel opnent (OECD) since the year
2000, it is a triennial international survey that ains to evaluate education systens
worldwde by testing Oth graders (15-year dds') perfor mance in nathenatics,
science, and reading The first PISA survey was launched in 2000, fdlowed by the
second one in 2003, and later in 2006, 2009, 2012, and 2015. The nost recent one was
conducted in 2018 the results of was released in Decenber 2019 wth reading as the
main focus. In each cycle, PISA assesses three key donains of knowedge and skills,
nanely Reading Mthemnatics and Science. PISA hel ps to nonitor trends in students’
acquisition of know edge and skills across countries and econom es.

Its results are sought after by participating nations as they offer insights for the
developnent of educational policies and effective classroom practices. Mre
specifically, PISA provides reliable enpirical evidence to identify the strengths and
weaknesses of current education systens and presents exanples of good practices for
standards setting and benchnarking (Prensel e d., 2013).

PISA does nat really test science ‘content’ or students nastery of it the way
TI MBS does. Rather, it challenges students “ability to apply” their science
know edge and reason about sciertific phenonena. A Bybee, M Gae and Laurie

(2009) put it:



“In PISA 2006 Science, the essential qudlities o scientific literacy
include the ability to apply scientific understandings to life situations
involving science. The central point of the PISA 2006 Science
assessnent can be sunmmarized as fdlows: the assess nent focused on
scientific conpetencies that darify what 15-yearod students should
know and be able to do within appropriate personal, social, and g obal
contexts. (p 866)
Therefore, the testing of science mastery in FSA means assessing students’ scientific
literacy. Typically, across the years in PISA Asian countries tend to show better
perfor mances than their western counterparts. In PISA 2012 and 2015 notably, Asian
countries (i.e, Sngapore, Hong Kong Japan Macau, Tai wan, China, Japan South
Korea and Taipei) were anopng the top highest perfor mng nations. Scholars and
researchers attribute Asian students high performance in these literacy areas to the
traditional Chinese or oriental ways of teaching and learning (Li, 2004; Schneider &
Lee, 1990). Over the years, Sngapore has steadily naintained its position as a top
perfor ner. Metnamhas overcone the odds and evol ved froma war-torn nationinto a
high perforner in reading mnathenatics and sciertific literacy. In PISA 2012
Metnam was positioned 17t out of 65 participating countries, although it slipped
slightly to nunber 21 in PISA 2015, sharing the sane spat as the United Sates. In
contrast, nei ghbouring Indonesia, Mlaysia and Thailand ranked in the bottomthird
in ASA2012
The nean scores of Mathematics, Science and Reading for Indonesia,
Malaysia and Thailand were relativel ylower than the corresponding OECD average in
PISA 2012 The science score for Mlaysia was only 420 points, which was 81 points

belowthe OECD average (501) (Lee & Nurzatulshi ma, 2014). This was equi valent to

one year of schooling which neans that in PISA 2012, Mlaysian 15-year-dds were



one year behind their counterparts in sone countries inter ns of sciertific literacy and
hi gh- order science conpetencies.

Mulaysia now faces the challenge to i nprove its students’ scientific literacy
fdlowng their dsmal perfor nance in PISA 2012 and a disqualification in 2015 due
to a biased sanple of schools (Hwa, 2017). In 2012 Mlaysia was ranked 52nd
anong 65 participating countries. It also scored well belowthe international averages
in Mithe matics and Science in TT MSS 2011. Reportedy, bet ween T MSS 1999 and
2011, Milaysids Mthematics and Science scores dropped drastically nore than any
other country ( Hwa, 2017), causing a great cause of concern for nany, especially the
M nistry of Education so nuch so that "rising fromthe bottomthird to the top-third
of countries in irternational assessnents like PISA and Tl MBS" was made a key
target inthe Mnistry of Education Milaysia (MOE 2013, p 7). Wing Mlaysids
discouraging perfor nances in PISA 2009+ and TI MSS as part of the argunents for
educational change, the Malaysia Education Bueprint 2015-2025 explains at length

why this change is necessary:

"

international assessnents suggest that Mlaysian student
perfor nance is declining in absol e ter ns... Over the past t wo decades,
international student assess nents, such as the Programfor International
Student Assessnent (PISA and the Trends in International
Mat he matics and Science Sudy (T MSS), have energed as a neans of
directly conparing the quality of educational outcones across different
systens.

These assess a variety of cognitive skills such as application and
reasoning Waen Mlaysia first participated in T MSS in 1999, its
average student score was hi gher than the international average in both
Mat he matics and Science. By 2011, the last published cycle of results,
the systenis perfor mance had slipped to bel owthe international average
inboth Mithematics and Science wth a comnensurate drop inranki ng
Gritically, 35% and 38% of Milaysia’s students failed to neet the
m ni mum proficiency levels in Mithe matics and Science in 2011, atwo
to fourfold up from 7% and 13 %respectively in 1999. These students


https://nces.ed.gov/timss/figure11_3.asp
https://nces.ed.gov/timss/figure11_7.asp
http://timssandpirls.bc.edu/data-release-2011/
http://www.freemalaysiatoday.com/category/nation/2013/01/16/muhyiddin-worst-education-minister-ever/

were identified as possessing only limted mnastery of basic
mat he natical and scientific concepts.

The results from PISA 2009+ (the first tine Mhlaysia participated in

this assessnent) were also discouraging wth Milaysia ranking in the

bottomthird of 74 participating countries, bel ow the international and

OECD average (Exhibit 3). A nost 60% of the 15-year-od Mlaysian

students who participated in PISA failed to neet the mn num

proficiency level in Mithe matics, while 44%and 43 %did not neet the

mni nmum proficiency levels in Reading and Science respectively. A

difference of 38 points on the PISA scale is equivalent to one year of

schooling (a conparison of scores shows that 15 year-d ds in Sngapore,

South Korea, Hong Kong and Shanghai are perfor mng as though they

have had three or nore years of schooling than 15-year-olds in

Mlaysia) (p E4).

In T MMS 2011, Mlaysian students perfor nance fell bel owthe international
average wth 38% having failed to neet the mni mim proficiency levels in science,

while in PISA 2009, 43% of the students who participated did not denonstrate the

hi gher order thinking skills, like application and reasoning, expected of 15-year-d ds.

1.3 DDACTIC TEACHING DISENGAGED STUDENTS AND DECLI N NG
SAENTTH C HTERACY

How didthis decline in perfor nance and conpetencies cone about? Researchers have
long identified a najor cause to be the problem of “disengaged students” ( Howard,
2017). Sudents becone disengaged in deeper learning largel y due tothe way science
is taught in the classroom that is, in a very abstract and didactic way (Lee &
Nurzatulshi na, 2014). Ofterti nes, students were not able to see the neaning of the
science concepts taught inthis way. Such teaching gave little opportunity for active
participation self-expression and critique of ideas presented in class. In addition to
di dactic teaching the lack of authentic contexts, resources or materials for science
learning also contributed to nonlearning and student disengagenent (Caknakei,

2017, Hostoveckey & Stubna, 2015; Norafizah 2018). Subsequently, it appears that



the first aspect to examne about the issue at hand is howteachers teach In Mlaysia,
the obsession wth centralized national examnations and standardized testing has
produced much negative washback It has driven teachers toteach tothe test in order
to help students do well on tests and examnations ( Hanpden- Thonpson & Bennet,
2011). Hence teachers choice of teaching nethods grows out of the need to equip
students wth the skills to survive in an examnation-oriented system rather than to
develop deep content understanding and conpetencies. The pressure to produce
students that do well in examnations has d minished teachers’ ability to enploy
nmeani ngful instructional nethods. They, therefore, resort to teaching-to-the-test
net hods like rate learning, drill and practice, spoon-feeding and question spotting
These nethods and strategies are known to be incapable of devel oping hi gher order
learning abilities that invol ve knowedge application and reasoning the very skills
tested in PISA and TIMMS. Docunents of OECD analyses (OECD 2019) have
indicated how Mlaysian students lacked these skills and conpetencies in not only
Science, but also Mthematics and Reading with scores that are still way below
OECD average.

The developnent of a holistic, coordinated and irtegrated irtervention programis,
therefore, crucial to help address these issues of didactic science teaching and to
inprove science performance and indirectly its science literacy in international
benchnark tests anong Malaysian students. Such a program would help students to
discover concepts through inquiry, an instructional approach proven effective in
pronoting hi gher-order abilities in students ( Annafaq Anoah, Baah & Assem 2018;
National Science Education Sandards, 2003; Sever & Guven, 2014; Skas, 2017). The
programshoul d then augnent the learning further wth comt extudlized instruction so

students can see howthe concepts just discovered relate to and operate in the natural





