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1.

Abstract
Climate change is taught explicitly as a topic in the Singapore school geography curriculum. In responding to
the city state’s desired outcomes of education and meeting its standards of twenty-first century competencies, it is
important for learners to develop criticality and dispositions to engage climate change issues. Based on previous studies
conducted by the PI over the last four years, it has been found that geography students have misconceptions about this
topic that are similar to those found in other students around the world. In reviewing the literature on methodologies
that examine how best geography can be learned, the Learning Progression (LP) approach offers an empirics-based
roadmap for building students’ holistic knowledge base and in confronting the fragmented and often incomplete
understanding of the climate change issue. The study endeavours to answer the key question of how school geography
curriculum can be designed for learning about climate change and how it can be enacted in the classroom based on the
outcomes of this research study. The methodology is adapted from the common practice of establishing a hypothetical
learning progression (HLP), testing and validating the HLP to develop the empirical learning progression (ELP) before
determining intervention strategies to test if students can learn climate change better through this approach. The
findings will contribute towards the curriculum design and development of the climate change topic, offer a case study
in geography teaching and learning informed by the OER’s instructional core model, provide opportunities for
evidenced-informed delivery of NIE’s pre-service and in-service programmes on geography education, and foster
deeper professional collaborations between NIE, MOE-HQ and schools. More importantly, the research study will
inform the teaching and learning of climate change within the wider context of geographical and environmental
education in the international community.

2.

Background and Purpose of study

Climate change and geography education
While climate change is an important topic in geography education, students’ understanding of the topic is befuddled
with erroneous prior knowledge. Students’ basic understanding of global climate change is made largely of inaccurate and
incomplete conceptualizations (Chang & Pascua, 2016; Wang, 2004) of which a great disconnect is observed between
actual climate science knowledge and perceived knowledge (McCaffrey & Buhr, 2008). Organized in mental models, these
incomplete conceptualisations become well-entrenched and have the tendency to proliferate and persist (Liarakou,
Athanasiadis, & Gavrilakis, 2011). This study aims to rectify the issue through Learning Progressions, an approach that
emphasises the successive development of more sophisticated ways of thinking about a topic over a broad span of time
(National Research Council, 2007). Following the tenets of City, Elmore, Fiarman and Teitel’s (2009) instructional core,
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this study will investigate the teacher-students-content relationship triad, in an attempt to come up with empirics-backed
approach to the fostering of geographical thinking among learners in Singapore. Focusing on climate change, the
investigation will be examining the interrelated geography concepts of space, place, scale, physical and human resources,
environment and cultural diversity, and interdependence.
Geography education emphasizes the holistic development of understanding about natural and man-made
phenomena. It values the interconnectedness of people, between and among themselves, and with their environment. It is
integrative in its analysis of environments, involving the simultaneous investigation of temporal and spatial elements among
others. Such an approach to learning is anchored on the educational aspiration of the geography discipline to empower
learners to develop self-awareness of their own space and other parts of the world, equipped not just with a wide range of
knowledge and skills to discourse concepts but also able to contribute to a positive geographical future (SEAB, 2014). In
essence the academic territory of Geography is wide in breadth, diverse in content and dynamic in character, spanning the
physical sciences, the social sciences and the humanities, (Bennetts, 2005).
The learning of geography is based on students’ experiences and prior knowledge (SEAB, 2014). However, studies
have shown that students may not necessarily build on such knowledge successfully and may even end up leaving the
classroom more confused. Indeed, its insistence on holistic learning could be Geography’s very own weakness. As teachers
grapple with various topics to cover within limited curriculum time, research shows that classroom discussions become
fragmented, with students struggling to make the connection between topics discussed (Ambusaidi, Boyes, Stanisstreet, &
Taylor, 2012; Dove, 1999; Shepardson, Choi, Niyogi, & Charusombat, 2011).
In the case of climate change, several scholars have warned of the negative consequences of the perpetuation of
false understanding of the phenomenon (Harrington, 2008; McCaffrey & Buhr, 2008). For instance, in the absence of
understanding of what carbon is and what it does to the climate system, introducing policies targeted at changing attitudes
and behaviour may only prove to be futile and counterproductive (McCaffrey & Buhr, 2008). In addition, other nonacademic sources of information have made children pessimistic and often conjure an image of a depressing future on a
superheated earth (Jonsson, Sarri, & Alerby, 2012; Tan, 2013), with apocalyptic consequences (Özdem, Dal, Öztürk,
Sönmez, & Alper, 2014). The literature illustrates student engagement to vacillate between confused beliefs about the
phenomenon, positive strong opinions on its mitigation, to admitting that the issue is a difficult and overwhelming matter
that is beyond the capacity and control of a young person (Ahmad, Rahim, Pawanteh, & Ahmad, 2012; Kuo, 2010;
Schreiner, Henriksen, & Kirkeby Hansen, 2005)
Indeed, climate change is a complex and controversial issue. Geographers such as Hopkin (2011) and Marsden
(1997) understand that building up understanding requires a strong knowledge base on the phenomenon. Students need to
ground their understanding in knowledge based on specific facts, such as the location of the equator or the polar ice caps,
as well as broader knowledge of, for example, atmospheric processes and the characteristics of different climate regime
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(Hopkin, 2011). Teachers, especially, must have solid and reliable knowledge of facts to ensure that the they remain
“educators, and not just the proponents of good causes” (Marsden, 1997).
Research problem
Geography education is offered both at the Lower and Upper Secondary levels in Singapore. The inclusion of
climate change in Upper Secondary Geography came to the picture as early as 2008 when the Syllabus Review Committee
felt the need to extend the coverage of climate change from its current overview of global warming in Lower Secondary
geography. With the new syllabus for Upper Secondary implemented in 2013, a deeper and more comprehensive coverage
of climate change is offered in Upper Secondary Geography; it discusses the full spectrum of causes, impact and
management strategies (SEAB, 2014). It answers the following key questions:
•

How has global climate changed?

•

What causes global climate change?

•

What is the greenhouse effect and how does it work?

•

What is the enhanced greenhouse effect?

•

How do human activities lead to the enhanced greenhouse effect?

•

How does climate change affect people?
The proposed study builds on four years of research in mapping climate change education in Singapore. Funded by

the Research Support for Senior Academic Administrators, the Principal Investigator first embarked on identifying
secondary school students’ baseline understanding of climate change (RS-SAA 1/11). The second phase involved
conducting a professional development class with geography teachers followed by classroom observations to document
prevailing misconceptions (RS-SAA 5/12). A third grant made it possible for the inquiry to engage in intensive, classroombased research (RS-SAA 8/14). The research experience thus far elucidated the need for building teachers’ pedagogical
content knowledge, the need for supplementary teaching materials, and to actively determine the effects of students’ prior
knowledge to the learning environment. Based on this research history, this study will now extend the inquiry to include
pre- and post-secondary school students.
Beyond misconceptions, how students develop sophisticated geographical understanding, and more importantly,
how to help students advance in their learning of key geography concepts, is an area that is less explored. Using City et
al.’s (2009) concept of instructional core as a reference framework, this research will investigate the relationship of students
and teachers with geography content. The research framework will be operationalized through a research design informed
by LP. With LP, the research capitalizes on the idea of providing footholds for learner to progress systematically in their
understanding of geography concepts. Climate change, a key topic in school geography, will be used as the vehicle to assess
the progression. Knowledge of the phenomenon will be investigated using the interrelated sub-topics of causes, impact and
management of climate change.
4

3.

Literature Review
The idea of progression undergirds this research. Progression in learning is undoubtedly a key idea of education. It

has implications for curriculum planning and practice, content, learning targets and design of materials. It is fundamental
to the interaction between teachers and students, assessments, and revision of programmes and strategies (Bennetts, 2005).
Bennetts (1995) made the distinction between continuity and progression in the context of geography education. Continuity
refers to the persistence of significant features of a discipline as pupils move through the school system.
With continuity, a structure is provided for the development of courses that enable pupils to build upon their previous
experience and learning. LP, on the other hand, is concerned with how learners advance in their understanding—how to
design, structure and sequence the curriculum to facilitate the achievement of gradual gains in knowledge, understanding,
skills and competencies. Continuity does not guarantee advancement in learning. Progression acknowledges that students’
learning does not proceed in lock step (Heritage, 2008)—some advance more rapidly in some aspects of the subject than
others. Further, progress in learning may not always be continuous; at times, it even regresses (Bennetts, 1995; Heritage,
2008).
The idea of progression is based on the development of sophisticated thinking about a topic by students over a long
period of time (Bennetts, 1995; National Research Council, 2007). As research in progression requires planned monitoring
of students’ learning, it is always tied to assessment (Bennetts, 1995; Heritage, 2008). The idea of progression in learning
is by no means a novel one. Indeed, learning inherently involves progression (Heritage, 2008). Research interest in the
area is rich, and by certain measure, is similar to Bruner’s spiral curriculum (1960) and Gagné and Briggs’ learning
hierarchies (1974).
What is Learning Progression?
LP is a theoretically driven pedagogical approach that emphasizes the learning of big ideas and practices in a domain
over extended periods of time (Shea & Duncan, 2013). The focus of LP is the understanding of how to attain endpoint
mastery of a topic in a discipline by looking at the details of how ideas build upon one (Solem, Huynh, & Boehm, 2014).
Built on the premise that learning occurs on a continuum, an LP is bounded by achievement markers, called the Upper
Anchors and Lower Anchors. The Upper Anchor, as informed by analyses of the domain as well as societal expectations,
describes what students are expected to know and are able to do by the end of the progression. Further, the Lower Anchor
describes the developers’ assumptions about the prior knowledge and skills of learners as they enter the progression. In
between these two anchors are varying levels of achievement as the intermediate steps in the progression. Typically, these
levels are derived from syntheses of existing research on student learning in the domain as well as empirical studies of the
progression such as cross-sectional studies and teaching experiments (Songer, Kelcey, & Gotwals, 2009). LP research
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differs from misconceptions research in that it looks at students’ ways of approaching a broad set of ideas rather than their
understanding of a specific concept (Parker, Santos, & Anderson, 2015).
Huyhn, Solem and Bednarz’s (2015) analysis of research papers on LP categorized research publications on the
topic into three strands. The first approach is data-grounded development in which the basis is the body of literature on
student learning. It requires validation studies with students as backed up by researcher insights on student learning. The
second approach, in-situ student understanding, refers to data collection from students across grade levels and/or over time.
The hypothesized LPs are tested against student performance and revised accordingly. Assessments and LPs are iteratively
refined based on data collected. Finally, an LP centred on institutional intervention follows the trajectory of the first and
second approaches, with the inclusion of an intervention. The hypothesized LPs are tested against students’ performance,
and with the intervention, the LPs are revised. This is the same as the second approach in term of assessment but students’
performance is measured prior to and after instruction. In addition, teachers may also take part in the research process.
In all three approaches, the conjectural nature of LP is validated though empirical data. The processes of
development and validation of LPs are intertwined and occur through iterative cycles of empirical testing and theoretical
revision and refinement. Given the underlying premise of LP—that much of students’ reasoning abilities remain untapped
and underdeveloped in current instructional context—validation in most cases will ultimately require longitudinal studies
that employ well-aligned curriculum, instruction, and assessment (Songer et al., 2009). The refinement of LP is
challenging, requiring the coordination of messy empirical data with often underspecified theoretical models. Anderson
(2008) put forward 3 criteria of an excellent LP. One, it should be conceptually coherent. It should make sense in that the
model should tell a reasonable story of how naïve students develop mastery in a domain. Two, the LP should be compatible
with current research. The claims should be built on findings or frameworks of the best current research about student
learning. The third criterion points to the LPs empirical validation. This means that the assertions made about student
learning should be grounded in empirical data about real students. What truly defines LP are the intermediate steps between
the lower and upper anchors that represent hypotheses regarding how students’ knowledge develops and that describe
productive bridging understandings, or steppingstones (Wiser, Smith, Asbell-Clarke, & Doubler, 2009). The underlying
premise is that such intermediate conceptions place students in a better position to understand the canonical ideas in future
learning. The learning described by LP is not developmentally inevitable; rather, it requires targeted instruction and
curriculum (Shea & Duncan, 2013).
Huynh and Gotwals (2014) indicated three key research areas for Learning Progression. First, research is critically
important to ensure that, with appropriate instruction, students are able to reach the upper anchors. Second, research is also
critical for defining and empirically testing the entry points into LP. As students have many different experiences coming
into schools, discovering what they know and can do is critical for finding patterns in order to define lower anchors. Finally,
research is also important in defining the intermediate levels of the LP, as students are often inconsistent in their responses.
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Research sheds light into ways in which students understand the topic as the content develops in LP. What type of instruction
is needed in order for students to gain more sophisticated understanding of the key ideas? Teachers should also be aware of
these progressions, a critical point as they sometimes expect students to move directly from not knowing to knowing well,
or correctly.
In theory, LP has the potential to provide coherence to standards, curricula, and assessments by bringing together
different stakeholders (Niem Tu Huynh et al., 2015). It calls for greater dialogue between researchers and developers
[of education standards, curricula and assessment] to work together. Anderson (2008) noted the lack of conversations
between the two groups due to different design constraints. Curricula and large-scale assessment programs need framework
that describes learning in broad domains over long periods of time. Researchers, on the other hand, are required to develop
knowledge claims that are theoretically coherent and empirically grounded. The latter have been able to achieve theoretical
coherence and empirical grounding only for studies of learning over relatively short time spans in narrow subject-matter
domains. Developers base frameworks typically on logic and on the experience, and their subject disciplinary knowledge,
with little opportunities to tap into longitudinal empirics.
In its collaborative and iterative nature, LP bridges these two worlds, moving back and forth between the
development of frameworks and empirical studies of students’ reasoning and learning (Anderson, 2008). LP calls for the
incorporation of top-down (the structure of the discipline) and bottom-up (what we know about how students learn) design
process. As a top-down design, experts such as geographers and geography educators identify learning goals or upper
anchors that consist of key ideas and skills based on the knowledge needed for productively engaging in society [such as
education standards]. Then the bottom up approach separates LP from other frameworks, as it also prioritizes how students
learn these concepts. A logical decomposition of the core ideas by experts may not necessarily represent the paths that
students take as they learn the content. Thus LPs include a bottom-up process based on empirical studies of students’ sensemaking processes and the nature of students’ thinking as they develop more sophisticated understandings (Solem et al.,
2014).
The validation of a hypothetical LP, for instance, affords the model power and validity through “ground-truthing”
through the painstaking process of empirical validation. This is an opportunity for truly productive dialogue between
researchers and developers. The framework produced through iterative work can be used to develop assessments and
teaching experiments on one hand. On the other hand, results of assessment and teaching experiments are used to revise the
framework (Anderson, 2008).
Learning Progression in Geography education
Trevor Bennetts (Bennetts, 1995, 2005, 2010) is the main proponent of progression-based research and instruction
in geography education. Even before LP became popular in the sciences, Bennetts was already developing the idea of
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progression in learning in students’ geographical understanding, discoursing about levels, and how to build a curriculum
around the idea of LP. While Bennetts’ ideation of progression precedes the discussions and framework put forward in the
sciences and mathematics, his ideas reflect the same principles. For instance, there is the obvious criticality of linking
understanding, progression and assessment practices. He proposes the need to monitor students’ learning over a period of
time in order to reframe the curriculum. His claims for the existence of stages of development was based on evidence
derived from the responses of children and students, from a range of ages, to carefully constructed experimental tasks.
Bennetts urged educators to mindfully tack progression more than sequencing in their pedagogical approaches.
While the sequencing is inevitable within any curriculum, progression in learning is not an inevitable outcome. Progression
is affected by all factors relating to the learning environment including maturation processes and experience in developing
the cognitive abilities, depth of understanding, and development of value systems (Bennetts, 2005). Marsden (1997), on the
other hand, emphasises the recognition of educators of where children are at the beginning of topic discussion, and where
they should be at each successive years. Such principles of transition, liaison, continuity, consistency, and pedagogical
structure—a bottom up rather than top-down approach, is espoused for continuity, especially at the crucial years of
transitioning from primary to secondary phases of schooling.
Progression in pupils' geographical understanding is closely associated with the development of their ability to
describe and explain geographical conditions, patterns, relationships and changes. This is often dependent on them
developing general geographical ideas (concepts, generalisations and models) and being able to apply these to new
situations. Previously acquired knowledge is reinforced when pupils perceive it to be relevant to new learning, and long
term recall is usually helped by periodic revisiting (Bennetts, 1995). However, progression may not be a straightforward
business in geography education. Geography is a very complex field of study, not least because of the range and diversity
of its content, the breadth of its methodologies, the dynamic nature of the discipline, and the different perspectives which,
at various times, have directed the focus of geographical research and teaching. It requires the investigation of physical and
human environments and processes; relationships between people and environments; the character of places and landscapes;
the significance of location and of spatial patterns, interactions and interrelationships on the Earth's surface; and the
relevance of place, space and environments to human welfare (Bennetts, 2005). It entails planning how to combine
geographical content with pedagogical techniques so that students become more adept at applying geographical thinking to
important issues over time (Farmer, 2011).
Several studies have been conducted that applied the idea of progression to geography education (Bennetts, 2005;
Farmer, 2011). Bennetts (2005) explored students’ progression in understanding weather and climate using the subthemes
of which are prominent in secondary education. These are water in the atmosphere, mid-latitude weather systems and air
masses, the global energy balance and general atmospheric circulation, types of climate and natural hazards associated with
weather and climate. Farmer (2011) critically examined how the geographical understanding of a class of year 8 students
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advanced during a sequence of lessons entitled “Famine and Feast”. The students explored how food was distributed at a
global scale, examined the causes and solutions of hunger and investigated the ideas about feast, including the fast food
culture. The unit culminated with a decision making exercise in which students drew upon what they had learnt in order to
choose between projects that tackle hunger in economically developing countries. However, the researcher gathered
qualitative accounts and it did not follow a longitudinal or cross-sectional approach.
More recently, a research handbook by the Association of American Geographers called, GeoProgressions, was
released (Solem et al., 2014). The aim of the handbook is to encourage the next generation of education researchers to
carry out research on geography learning progressions, with the hope that the handbook would inspire the development of
LP for geography standards, and essentially to begin a process that has a potential to improve the quality of geography
teaching and learning in the broadest sense. With LP in Geography, it is viewed that it will clarify and tie together
fragmented research into one coherent hypothesis on how students learn geography concepts Huynh, Solem and Bednarz’s
(2015) review of geography education research published in the last decade is illustrative of a field that, as the researchers
put it, is “disconnected from educational research in other disciplines, including social studies”. Geography education
research is largely composed of designs involving low numbers of study participants, disaggregated topics on student
learning, and with few examples of longitudinal studies. While studies mentioned above used the idea of progression in
students’ learning, the major hurdle of unraveling the obstacles to developing accurate comprehensions of geographic
concepts and practices is still lacking, even as learners become more sophisticated with their thinking.
Leaning Progression and climate change
Anderson and company’s research on Learning Progression and climate change (Jin & Anderson, 2012; Jin, Zhan,
& Anderson, 2013; Mohan, Chen, & Anderson, 2009; Parker et al., 2015) is definitive of the different stages of investigating
the phenomenon as a topic in high school Biology. Using conservation laws as schemata for understanding carbon
transforming processes, the research is built on the premise that while our present society’s debates about sources of energy
and global climate change, students and the public do not have the requisite knowledge to engage these issues as informed
citizenry. By learning how to trace matter and energy through various biological and chemical processes, students are
expected to be able to connect macroscopic phenomena such as plant and animal growth with atomic-molecular processes
such as chemical changes in photosynthesis and cellular respiration. These, in turn, can be connected with energy flow and
carbon cycling in the global carbon cycle.
The research spanned three years involving upper elementary through high school levels, from three locations in the
US, using a cross-sectional approach. Mohan, Chen and Anderson’s (2009) study included three full cycles of framework
design and assessment with no intervention involved, concluded that while the K-12 Science curriculum is able to assist
students in advancing from the lower to intermediate levels of the progression, this only means that students are able to pass
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standardized science assessments. It would be tenuous to argue that the curriculum aided in bringing up critically minded
citizens for the environment. Jin and Anderson (2012) reported on the pre-intervention stage of the research in which data
was collected mainly from clinical interviews and written tests. Further, Jin, Zhan and Anderson (2013) discussed the third
cycle for the intervention and assessment. The goal of the activity was to develop a framework that will guide in the
curriculum and instruction in Science classes. Results of the study indicated that while the teaching intervention helped
students to gain better understanding of the topic, there was not enough evidence of fine-grained depiction of students’
reasoning. Finally, this culminated in Parker, de los Santos and Anderson’s (2015) report indicating that only 10% of high
school students typically have a level of understanding commensurate with the standards set, with students having a level
2 understanding of carbon-transforming processes. Many of these students do not connect gas cycles with cycles of nutrients
or carbon-containing solids. The LP research helped in understanding why students’ accounts of basic processes are garbled,
and provides insight on how to improve teaching of these processes, and answers the question of why it is difficult for many
people to assimilate and evaluate the information surrounding global climate change.
While the focus of Anderson’s research has been on the chemical and physical processes involved in climate change,
it does not take into consideration the spatial variation, scale and temporal dimensions of the climate change phenomenon.
This study is anchored on geographical investigation, and it extends the inquiry to encompass the causes, impact and
management of the phenomenon. Change, in this sense, is delineated and understood as the product of the inter-relationship
of six key geographical concepts: space, place, scale, physical and human processes, environmental and cultural diversity
and interdependence.

4.

Study Framework
LP as an approach is considered under NIE’s research strand of System Studies in Pedagogies and Educational

Outcomes, particularly as it relates to City et al.’s (2009) model of instructional core (or the CORE). It will investigate the
teacher-students-content relationship triad, in an attempt to come up with empirics-backed approach to the fostering of
geographical thinking among learners in Singapore. The CORE emphasises the interaction between the three elements.
Specifically, it examines students’ engagement in the learning experiences (student-content interaction), teachers’ content
knowledge, pedagogical knowledge, and pedagogical content knowledge as they sequence the teaching of content, design
learning activities and develop instructional materials (teacher-content interaction) and the classroom atmosphere in the
actual enactment of the planned teaching and learning experiences by the teacher and students (teacher-student interaction).
Specifically, the Learning Progression approach targets the 4th broad research direction of the CORE, that is, “to
identify opportunities for the improvement of pedagogical practices through informing the design of an intervention
strategy”. The end goal is to identify useful strategies for students to reach the upper anchors, and to examine ways to take
into account differentiated learning.
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Figure 1. Instructional Core
In using LP as an approach, the research team positions climate change in geography education as the topic of interest
at the centre of the model. In a Venn diagram (see Figure 2), the Progress variables (Causes, Impact, Management) share
the same parameters for analysis (space, place, scale, physical and human processes, environmental and cultural diversity
and interdependence). The overlaps between Causes and Impact will examine the phenomenon, specifically the geo-science
characteristics of climate change. Between Causes and Management, it will highlight mitigation measures, while adaptation
measures will be emphasized in the intersection between Impact and Management.

Figure 2. Conceptual Model
As operationalised in this study, the Learning Progression approach to be implemented within the CORE is
illustrated below:
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Figure 3. Study Framework

5.

Research Design
Students’ accounts of processes involved in climate change as a geoscience phenomenon become the unit of analysis

for the study. The research question and sub-questions are as follows:
Research Questions
(1)

How can Learning Progression help students learn climate change better?

This can be further understood in terms of how LP will
a.

enhance the design of teaching and learning of climate change in Geography education?

b.

improve students’ engagement with the content of climate change as a topic in Geography education?

c.

facilitate the enactment of improved and empirics-based approach to teaching the topic of climate change in
secondary school Geography?

Operationally, the objectives of the research as aligned to the tenets of CORE and the specificities of Learning Progression
are as follows:
Research Objectives
(1)

To empirically identify and describe the characteristics of students’ accounts of the climate system and climate
processes in geography education at different levels of achievement in upper elementary, upper secondary, preuniversity and university levels, by
a.

reviewing curriculum content
12

b.

developing and validating written assessments and interview protocols

c.

developing frameworks to compare and contrast more and less sophisticated accounts with respect to the
following key elements: causes, impact and management of climate change.

(2)

To describe the distribution of students with respect to the levels of achievement on the learning progression and
curriculum structure and,
a.

suggest testable hypotheses through which students could make the transition from lower to higher level of
achievement

(3)

To identify and test pedagogical approaches to aid students in successfully transitioning from low to higher level
of achievement,
a.

to document achievement levels found before and after instruction on climate change understanding

b.

to collaborate with teachers and curriculum makers in creating, implementing and refining curriculum design

Definition of Terms
a.

Upper Anchors –what students are expected to know and be able to do by the end of the progression

b.

Lower Anchors – students’ prior knowledge and skills as they enter the progression

c.

Levels of Achievement – indicators of progression from Levels 0-5, with Level 5 referring to a learner’s
ability to reach a topic’s designated Upper Anchor

d.

Hypothetical Learning Progression (HLP) – A Learning Progression that have not been subjected to classroom
testing; based solely on literature review and clinical interviews

e.

Empirical Learning Progression (ELP) - A Learning Progression that has been validated through classroom
testing

f.

Progress variables – climate change Causes, Impact and Management

Phase 1: Development of Hypothetical Learning Progression ver. 1
The first version of the Hypothetical Learning Progression (HLP) will involve the analysis of educational artefacts
that undergird the form, content and teaching of the topic, climate change. Curricular materials such as syllabi documents,
textbooks and teaching guides will be analysed to frame the study in the larger structure of geography as a school subject
and domain of learning. This will be complemented by a review of relevant literature on how students understand climate
change. The purpose of this activity is to identify the preliminary upper and lower anchors, as well as to gather broad data
on progress levels and examples of assessment tasks.
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Phase 2: Development and validation of strategies, i.e. Hypothetical Learning Progression ver. 2
The Phase 2 of the research aims to enhance the first version of the HLP by validating the patterns identified in the
literature, through subjecting the HLP to classroom-based research. The research will span two years involving clinical
interviews and diagnostic assessments.
Development of HLP ver. 2
The HLP ver. 1 will be the benchmark in drafting the questions for the clinical interviews with students. The
interviews will allow the research team to develop the items for the instrument to construct the ELP. The interviews will
be semi-structured in nature, allowing for enough room for responses to vary. They will be conducted with 20 students from
the participating schools to validate themes as well as to identify new and distinct patterns of understanding that were not
readily apparent in the literature.
An exemplar LP will be created, stipulating the anchors, levels of achievement vis-à-vis the progress variables, with
exemplars extracted through random selection of responses from the interviews. The HLP ver. 2 aims to firm up the anchors
with more defined parameters.
Focus group discussions (FGDs) will be conducted with teachers of the participating schools. Central to the FGDs
is the gathering of information on how teachers teach climate change, how they transition from one topic to another, and
issues on classroom management, the curriculum and the subject that deter and/or assist them in teaching the topic in
particular, and Geography in general.

Table 2 shows an example of Levels of Achievement categories.
Table 2. Levels of Achievement (Space)
Cause of Climate Change
Upper Anchor

Level 5
Level 4
Level 3
Level 2

Lower Anchor

Level 1
0

Able to discuss the characteristics of shortwave and long wave
radiation, and their contribution to the maintenance and/or
disruption of the Earth’s energy balance
Heat is absorbed and re-radiated by the Earth’s surface
At the top of the atmosphere, not all of incoming radiation gets
through
The sun is identified as the main source of energy; mentions
insolation as input
‘Something’ heats up the Earth
No understanding

Development and piloting of assessment instrument
A diagnostic test was developed based on the patterns identified in the exemplar book. The research team considered
using a modified version of the Climate Change Diagnostic Test (CCDT) to include a broader spectrum of test-takers across
14

age ranges and year levels (See Appendix). At present, the CCDT fits the competencies of upper secondary school students.
The CCDT is a two-tiered test aimed at investigating learners’ domain and content understanding of a topic. Popularized
by Treagust (1988), the format of the test has been most useful to misconceptions research, mostly in the sciences, and also
in geography and mathematics. Ultimately, the research team developed two variations of the CCDT based on the age range
to facilitate comprehension for younger test-takers: i) Primary school students; and ii) Secondary school students and above.
Pilot studies were conducted in a cross-sectional data collection involving participants from the identified school
levels. The instrument was be subjected to validity and reliability tests, with some items modified or deleted from the item
bank. Rounds of clinical interviews were be conducted to support the items revision exercises.
Validation of the HLP
The validation of the instrument was conducted in two rounds with the HLP-based assessments implemented in the
classrooms in Years 2018 and 2019. The results of the assessments will be designated as the Empirical Learning
Progression (ELP) (Stevens, Delgado, & Krajcik, 2010). The ELP describes how students’ understanding develops under
the current curriculum. Characterizing the actual state of student learning allows for the evaluation of whether students are
progressing toward the upper anchor as conjectured, or if new instructional strategies must be introduced.
Results from the first iteration were used to revise the LP, specifically in modifying the anchors and in refining the
parameters of the transitional levels. The amended framework was then used for the second iteration of assessments. For
triangulation purposes, the research team conducted FGDs with teachers to discuss the LP and results of the pilot studies.
The aim of such conversations is to corroborate findings, as well as fine tune the assessment items for better fit to the testtakers’ age and school levels.
Participants
Following a cross-sectional sampling scheme, students were selected from different year levels. Most participants
were polled at the following levels: i) primary 5; ii) secondary 3; iii) junior college year 1; iv) university students. In
addition, 8 teachers were interviewed from 2 secondary schools and 1 junior college to gather further information about the
validity of the initial HLP and some of the common misconceptions on climate change issues faced by students. Table 1
(below) provides an overview of the number of participants in each year of the study from primary school to university.:
Table 3. Participants in the LP survey and teacher interviews

Up to primary 4
Up to Secondary
2
Up to O Levels
Up to A Levels
Number of
participants

Teachers
0
5

Pilot test
20
20

Year 1 (2018)
338
368

Year 2 (2019)
220
350

Total
512
1114

3

20
19
79

236
42
984

131
17
718

446
80
1789

8
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Teachers were recruited from the participating schools for after the second ELP. While random sampling will be
ideal for the purposes of generalisbility, the team anticipates that it will be impossible to select school and students through
pure random sampling. Instead, purposive sampling will be employed, with careful consideration for a spread of different
school types and academic abilities of students. The challenges to generalisability and external validity will be managed
through the large number of samples to be collected.
Analysis
The exemplar LP will be created and modified as new themes emerge during the two-year validation of the HLP.
The main codes to be used in analysing the interview transcripts are the constructs and progress variables. Operationally,
three coders will independently code the data. The inter-rater reliability will be computed. With the HLP progression levels
identified and verified, the students’ responses will be categorized accordingly.
Additionally, results of the assessments will be pegged against the Levels of Achievement in the HLP. Statistical
tests such as Independent Samples t-test and Analysis of Variance will be computed to compare overall test results for
Years 1 and 2, and vis-à-vis the respondents’ demographic details. Thematic analysis will be employed to analyse the
teachers’ FGDs.
Data from the assessment will inform the development of curriculum materials that will guide the research team and
teachers in helping students move along the Learning Progression levels. Findings from the FGDs will be used to confirm
and validate the LPs for each of the areas identified.
Data analysis
The primary question to be answered in the data analysis is, did the LP-based curriculum assist students in achieving
the knowledge standards set by the Upper Anchors? Statistical analyses such as independent samples t-test will be employed
to the level of understanding between the control and experimental groups, and paired samples t-test to compare the pretests and post-tests of each group. Analysis of variance will also be calculated when comparing test scores across different
socio-demographic variables (age, sex, school, stream, etc.) Finally, thematic analysis of post-intervention evaluation will
provide a more contextual understanding to the processes of research.

6.

Findings
This section details the learning progression of students that received correct responses across grades 5, 9, 11, and

the university level between 2018 and 2019 for the following themes on climate change education:
•

Natural greenhouse effect as a cause of climate change

•

Enhanced greenhouse effect as a cause of climate change
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•

Human activity as a cause of climate change

•

Impact of climate change

•

Management of climate change

Learning progression on natural greenhouse effect as a cause of climate change
This theme focuses on the physical processes affecting climate change. Our diagnostic test assess if students are able
to grasp lower levels of concepts such as identifying the sun as the primary source of heat and light energy that drive weather
on Earth to higher level ideas such as arguing that the natural greenhouse effect keeps the earth warm within its natural
variability.
The HLP1 determined beforehand was as follows:
Level
Lower Anchor
1

Description on level of Achievement
Students can describe heat gain/loss in our everyday life
Students understand that the Sun is the primary source of heat and light energy

2
3

Students are able to define climate change.
a. Students can identify if some common gases are GHGs.

3
4
5
Upper Anchor

b.

Students can describe that greenhouse gases trap heat in the
atmosphere.
Students can use the concepts of incoming and outgoing radiation explain the
natural GHE.
Students can explain energy exchange in detail, and the process of the greenhouse
effect about how heat is trapped. eg. LWR.
Students can argue that the natural greenhouse effect keeps the earth warm within
its natural variability. They can also critique if the natural GHE is responsible for
the observed climate change in the last 150 years

The team examined the proposed HLP again and the HLP1 was further refined to HLP2 (which we have validated
as ELP) is as follows:
Level

Description on level of Achievement

Lower Anchor

a. Students understand that all matter contains heat energy
b.Students can describe heat gain/loss in our everyday life

1

Students understand that the Sun is the primary source of heat and light energy that
drive weather on Earth.

2

a.Students can identify if some common gases are GHGs.
b.Students can describe that greenhouse gases trap heat in the atmosphere.

3
4
Upper Anchor

Students can use the concepts of incoming and outgoing radiation explain the natural
GHE.
Students can explain energy exchange in detail, and the process of the greenhouse
effect about how heat is trapped. eg. LWR.
Students can argue that the natural greenhouse effect keeps the earth warm within
its natural variability. They can also critique if the natural GHE is responsible for
the observed climate change in the last 150 years.
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Uni Students

Figure 1 Learning progression on natural GHE of students for lower anchor (2018-2019)

The lower level consists of two main aspects of the natural greenhouse effect as a cause of climate change: i)
Understanding that all matter contains heat energy; and ii) Describing heat gain/loss in our daily life. These concepts are
from the upper primary Science syllabus. In general, a majority of students (more than 85%) across all levels appear to be
aware of this concept. However, as figure 1 shows, the learning progression for 2019 seems inconsistent when compared
with the previous year. Despite a fairly consistent portion of around 92% of grade 9 students in both years understanding
the lower anchor, there was a relatively larger portion of grade 5 students in 2019 than in 2018 that understood the lower
anchor. This is reversed for grade 11 and university students where there is a relatively lower proportion of grade 11 and
university students in 2019 demonstrating an understanding of the lower anchor than in 2018. Notably, although there is a
clear learning progression in 2018 between grades 5 to 11, there is small dip in grade 9 from grade 5 in 2019. Moreover, in
both years, there is a slight decline in the proportion of university students who grasp the lower anchor in the learning
progressions for both years.

Level 1
1.02
1.00
0.98
0.96
0.94
0.92

2018
2019
Up to P5

Completed Sec
2

Completed
Sec4/5

Uni Students

Figure 2 Learning progression on natural GHE of students in level 1 (2018-2019)

Level 1 measures students’ understanding that the Sun is the primary source of heat and light energy that drive
weather patterns on Earth. This concept is derived from the upper primary science syllabus. As figure 2 above shows, a
majority of students (more than 94%) in all levels in both years possess an understanding at this level.
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Level 2a
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Uni Students

Figure 3 Learning progression on natural GHE of students in level 2a (2018-2019)

In level 2a, students are expected to identify if some common gases are greenhouse gases. This concept is extracted
from the lower secondary geography curriculum. As figure 3 demonstrates, most students across all levels struggled with
this concept with fewer than 40% of them being able answer questions in this level. Nevertheless, there seems to be a
distinct learning progression from grade 5 to the university level.

Level 2b
0.50
0.40
0.30
0.20
0.10
0.00

2018
2019
Up to P5

Completed Sec Completed
2
Sec4/5

Uni Students

Figure 4 Learning progression on natural GHE of students in level 2b (2018-2019)

Level 2b is extracted from the lower secondary curriculum and measures the ability to describe that greenhouse
gases trap heat in the atmosphere. As figure 4 above shows, more than 60% of students across all levels surveyed have
misconceptions on this topic. Fewer than 40% of students in both years in grade 5 understand this concept.
Correspondingly, fewer than 20% of grade 9 students who have completed lower secondary level in 2018 and 2019
respectively have grasped this level. The trend peaks for grade 11 students in 2018 with 20% of students understanding this
concept prior to plunging to 2% for university students. By contrast, while 40% of grade 11 students have attained this level
in 2019, the upward trend peaks with 18% of university students understanding this level.
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Figure 5 Learning progression on natural GHE of students (2018-2019)

Taken from a year 1 university course, the upper level anchor assesses if students are able to argue if the natural
greenhouse effect keeps the earth warm within its natural variability. Comparable to the previous levels, the upper anchor
reveals an upward trend for grades 5 through 11 for both 2018 and 2019 but dips for university students in 2018 while it
increases further the university respondents in 2019.
Overall, the data suggests that a majority of students across all grade levels possess a stronger foundation in the
lower anchor and level 1 compared to levels 2a, 2b and the upper anchor. In other words, most students surveyed were able
to:
•

Lower anchor: Understand that all matter contains heat energy;

•

Lower anchor: Describe heat gain and loss in daily life; and

•

Level 1: Comprehend that the Sun is the primary source of heat and light energy that drives weather on
Earth.

Conversely, most students experienced misconceptions or challenges in understanding the following:
•

Level 2a: Identifying some common greenhouse gases;

•

Level 2b: Describing that greenhouse gases trap heat in the atmosphere;

•

Upper anchor: The idea that the natural greenhouse effect keeps the earth warm within its natural
variability and critique if the natural greenhouse effect is responsible for the observed climate change in
the last 150 years.

It is important to note that, progress in learning may not always be continuous; at times, it even regresses (Bennetts,
1995; Heritage, 2008).
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Learning Progression on Enhanced Greenhouse Effect as a Cause of Global Warming
This theme surveys the physical processes underlying the enhanced greenhouse effect and the human-environment
interaction that leads to global warming. Some of the key concepts tested in these themes include identifying the different
sources of greenhouse gases, defining the enhanced greenhouse effect, and explaining the relative contribution of different
types of greenhouse gases.
The HLP1 determined beforehand was as follows:
Level
Lower Anchor
1

Description on level of Achievement
Students understand what natural GHE is.
Students can define enhanced greenhouse effect.

2

Students can explain how enhanced greenhouse effect occurs and are able to
compare between the natural GHE and enhanced GHE.
Students can explain that the different sources of GHGs
Students can explain that the relative contribution of different types of GHGs

3
4
Upper Anchor

Students can critically evaluate the role of enhanced greenhouse effect as a
relevant cause for climate change and critique if the natural GHE is responsible
for the observed climate change in the last 150 years

The team examined the proposed HLP again and the HLP1 was further refined to HLP2 (which we have validated
as ELP) is as follows:

Level

Description on level of Achievement

1

Students can identify that the different sources of GHGs

2

Students can define the enhanced greenhouse effect.

3

a. Students can explain how enhanced greenhouse effect occurs.
b.Students are able to compare between the natural GHE and enhanced GHE.

4

Students can explain that the relative contribution of different types of GHGs

Upper Anchor

Students can critically evaluate the role of enhanced greenhouse effect as a relevant
cause for climate change and critique if the EGHE is responsible for the observed
climate change in the last 150 years.

With regard to the ELP, we omitted the lower anchor from HLP1 shifted level 3 to level 1 in the new ELP. In
addition, we moved level 2 in the HLP1 to level 3 in the ELP.
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Figure 6 Learning Progression for the enhanced GHE of students in level 1 (2018-2019)

Level 1 assesses if students are able to identify the various sources of greenhouse gases. As figure 7 above shows,
there is a distinct learning progression for grade 5 to 11 students. While a slightly greater percentage of grade 5 students in
2019 were aware of the various sources than in 2018, the data suggests that a fairly consistent portion of students across
grades 9 and 11 were cognizant of this concept in both years. Nevertheless, university students in both years struggled with
this level compared to grade 11 students with less than 80% of university students in both years aware of this concept.
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Figure 7 Learning Progression for the enhanced GHE of students in level 2 (2018-2019)

In level 2, students are tested for the ability to define the enhanced greenhouse effect. This concept is extracted from
the lower secondary geography curriculum. As figure 8 shows, there is a definitive learning progression from grade 5 to the
university level. However, the data indicates that slightly lesser university students understood this concept than grade 11
students in 2018 compared to 2019 when a greater portion of university students understood this than grade 11 students.
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Figure 8 Learning Progression for the enhanced GHE of students in level 3 (2018-2019)

Level 3 measures two key levels of achievements: i) Explain how enhanced greenhouse effect occurs; and ii)
Comparing between the natural greenhouse effect and enhanced greenhouse effect. The first concept is appropriated from
the lower secondary geography curriculum and the latter concept from the upper secondary geography curriculum. As seen
in figure 9, while there a clear learning progression between grade 5 and grade 11 in both years, there is discernible decline
in the level of understanding between grade 11 and university students.

Level 4
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Figure 9 Learning Progression for the enhanced GHE of students in level 4 (2018-2019)

At level 4, students are expected to explain the relative contribution of different types of greenhouse gases. Based
on trends observed in figure 10, there is learning progression from grade 5 to grade 11 in both years. However, while more
university students were able to identify the relative contributions of various greenhouse gases than grade 11 students in
2019, there was a lower proportion of university students who were able to do so compared to grade 11 students in 2018.
Notably, while the performance of grade 5 and 9 students were fairly consistent in both years, there was similar proportion
of grade 11 students in 2018 that achieved level 4 than in 2019.
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Figure 10 Learning Progression for the enhanced GHE of students in the upper anchor (2018-2019)

The upper anchor seeks to assess students’ abilities in critically evaluating the role of enhanced greenhouse effect
as a relevant cause for climate change and critique if the enhanced greenhouse effect is responsible for the observed climate
change in the last 150 years. Figure 11 above indicates that there is no clear upward conceptual understanding of the upper
anchor from grade 5 to university students for both years. Indeed there seems to be a reverse trend with the bulk of students
who have learnt the topic in the formal curriculum not doing so well in this level. This level is constructed from 2 items in
the instrument, of which one is asking if
It is important to note that, progress in learning may not always be continuous; at times, it even regresses (Bennetts,
1995; Heritage, 2008). With the exception of grade 5 students in both years, a majority of students in all levels have
demonstrated an understanding of levels 1 and 2 which includes:
•

Level 1: Identifying the different sources of greenhouse gases;

•

Level 2: Defining the enhanced greenhouse effect.

By contrast, a majority of students in all levels in both years had misconceptions or difficulties in understanding
levels 3, 4, and the upper anchor. These concepts include:
•

Level 3: Explaining how enhanced greenhouse effect occurs;

•

Level 3: Comparing between the natural greenhouse effect and the enhanced greenhouse effect;

•

Level 4: Explaining the relative contribution of different types of greenhouse gases;

•

Upper anchor: Critically evaluating the role of enhanced greenhouse effect as a relevant cause for climate
change and critique if the enhanced greenhouse effect is responsible for the observed climate change in
the last 150 years.

Learning Progression on Human Activity as a cause of Climate Change
In this section, we look at the role of human activity as a contributing factor in climate change. Some of the key
geographical concepts that were assessed in our diagnostic tests included interdependence, physical processes, and the
human-environment interaction.
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The HLP1 determined beforehand was as follows:

Level

Description on level of Achievement

Lower Anchor

Students understand that we change the environment with our actions to meet our needs
and the consequences of our actions on the environment.

1

Students can describe that impact of man's interaction with the environment; both
positive and negative.

2

Students are able to define climate change.

3

Students can explain how more GHGs are produced through human activities.

4

Students can critique if human activities are responsible for the observed climatic
changes and evaluate the arguments for and against anthropogenic climate change

5

Students can explain that there may not be causality between increased GHG and
increase global temperatures

Upper Anchor

Students can explain the responsibility of human activities on climate change.

The team examined the proposed HLP again and the HLP1 was further refined to HLP2 (which we have validated
as ELP) is as follows:
Level

Description on level of Achievement

Lower Anchor

Students understand that we change the environment with our actions to meet our
needs and the consequences of our actions on the environment.

1

Students can describe that impact of man's interaction with the environment; both
positive and negative.

2

Students can explain how energy balance can be disrupted by the type and the amount
of GHG emissions.
Students are able to define climate change.

3
4

Students can explain that there may not be causality between increased GHG and
increase global temperatures

Upper Anchor

Students are able to evaluate the arguments for and against anthropogenic climate
chang

For the level 4 in the HLP1 we found that the items that we have matched from the CCLPDT did not truly test the
cognitive ability to explain the processes.
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Figure 11 Learning Progression of students in Lower Anchor (2018-2019)

At the lower anchor, we test students’ basic understanding that human activities have the capacity to affect the
environment and that there are consequences of our actions on the environment which may have a due affect in our lives.
Figure 12 (above) depicts a relatively consistent portion of students across all levels that achieved the lower anchor in both
years. In general, between 77 to 94% of all students surveyed have demonstrated this understanding. However, there are
significant variations between the two years. For grade 5 students, for instance, the data points that a relatively larger
proportion of the 2019 cohort (90%) achieved the lower anchor compared to the 2018 cohort (78%). Aside from this, our
analysis suggests that students across all levels are fairly familiar with the lower anchor.
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Figure 12 Learning Progression of students at level 1 (2018-2019)

In level 1, students are expected to highlight the positive and negative aspects of human activities on the
environment. This concept is found in the upper primary (primary 5 and 6) science syllabus. As figure 13 reveals, there is
a clear progression from grade 5 to grade 11. It is also notable that in both years, there were no university students that
achieved this level. In particular many of the students who did not achieve this level had misconceptions about how rubbish
incineration contributes to the enhanced greenhouse effect by the heat directly rather than through the greenhouse gases
emitted.
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Figure 13 Learning Progression of students at level 2 (2018-2019)

At level 2, students are expected to explain how energy balance can be disrupted by the type and amount of
greenhouse gas emissions. Figure 14 demonstrates a clear learning progression from grades 5 to 11. As usual, there is a
decline in the portion of university students achieving this level declines from grade 11.
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Figure 14 Learning Progression of students at level 3 (2018-2019)

Level 3 assesses if students are able to define climate change. This concept is extracted from the lower secondary
geography curriculum. Figure 15 shows a learning progression from grades 5 to 11 before falling for university students.
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Figure 15 Learning Progression of students at level 4 (2018-2019)

For level 4, students are expected to demonstrate an awareness that there may not be causality between increased
greenhouse gas and an increase in global temperatures. Similar to previous levels, figure 16 suggests that there is a clear
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learning progression between grades 5 to 11 for both years. However, while the progression continues for university
students in 2019, there is a small decline for the university students compared to grade 11 in the 2018 cohort.
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Figure 16 Learning Progression of students at the upper anchor (2018-2019)

As for the upper anchor, students are expected to evaluate the arguments for and against anthropogenic climate
change. Figure 17 displays a clear progression from grades 5 to 11. The portion of grade 11 students across both years that
have achieved this level is significantly higher at about 50% than grade 9 students that average around 16% across both
cohorts. Similar to the previous levels, university students in both years have performed significantly worse compared to
their grade 11 counterparts. About 83% and 88% of the 2018 and 2019 groups for university students also claimed they
have learned about the topic from social media. This is compared to 83% and 93% of the 2018 and 2019 groups of JC
students who claim they have learned about the topic from their upper secondary geography lessons.
In general, a majority of students across all grades and years have demonstrated an understanding of the lower
anchor. In addition, with the exception of grade 5 and 9 students, a majority of students in grade 11 and university, in both
years understand level 2. The concepts for these levels include:
•

Lower anchor: Understanding that we change the environment with our actions to meet our needs and the
consequences of our actions on the environment.

•

Level 2: Explaining how energy balance can be disrupted by the type and the amount of greenhouse gas
emissions.

By comparison, a majority of students across all grades in both years have misconceptions with the levels 1, 3, 4,
and the upper anchor. The concepts for these levels include:
•

Level 1: Describe the impact of man’s interaction with the environment, both positive and negative;

•

Level 3: Define climate change;

•

Level 4: Explain that there may not be causality between increased greenhouse gases and increased global
temperatures;

•

Upper anchor: Able to evaluate the arguments for and against anthropogenic climate change.
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Learning Progression on the impact of Climate Change
In this theme, we examine students’ knowledge on the effects of climate change. Some of the key geographical
concepts that were assessed include interdependence, physical processes, the human-environment interaction, place, and
scale.
The HLP1 determined beforehand was as follows:
Level

Description on level of Achievement

Lower Anchor

Students understand that the earth’s climate is affected by the earth-atmosphere energy balance.

1

Students understand that the changes to the earth’s climate system will result in changes to
other aspects of the physical environment.

2

Students can describe the impact of climate change on the physical and human environments:
a. sea-level changes
b. Agricultural productivity
c. Extreme rainfall events
d. Insects borne diseases

3

Students can provide examples of the impact of climate change (ref to the domains in L2)

4

Students can explain that how the impact of climate change will affect human activity.

Upper Anchor

Students can evaluate impact of climate change on the environment as a feedback mechanism.
Eg. Global warming may cause more people to use air conditioners and this will result in
higher greenhouse emissions that will increase global temperature further.

The team examined the proposed HLP again and the HLP1 was further refined to HLP2 (which we have validated
as ELP) is as follows:
Level

Description on level of Achievement

1

Students can evaluate impact of climate change on the environment as a feedback mechanism.
Eg. Global warming may cause more people to use air conditioners and this will result in higher
greenhouse emissions that will increase global temperature further.
Students can explain the impact of climate change on the physical and human environments:

2

a.Insects borne diseases
b.Agricultural productivity
c.sea-level changes
d.Extreme rainfall events

3

Students understand that the impact of climate change vary across space and scales.
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4

Students can explain that how the impact of climate change will affect human activity.

Upper Anchor

Students understand that the changes to the earth’s climate system will result in changes to
other aspects of the physical environment.

For the lower anchor in the HLP1 we found that the items that we have matched from the CCLPDT did not truly test
the cognitive ability to explain the processes.
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Figure 17 Learning Progression on impact of climate change of students at level 1 (2018-2019)

In relation to level 1, we seek to assess that students are able to evaluate the impact of climate change on the
environment as a feedback mechanism. An instance of such a feedback mechanism would consist of situations whereby
rising temperatures from climate change may cause more people to use air conditioners which would result in the higher
greenhouse gas emissions that would further increase global temperatures. Although figure 18 shows a fairly similar
progression from grade 9 to the university level across both cohorts, there is a significant difference between grade 5
students across the two years. There is a slightly higher proportion of grade 5 students in 2019 that attained this level (77%)
than in 2018 (56%). Aside from grade 5 students in 2018, more than 75% of students across both cohorts have understood
this level.
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Figure 18 Learning Progression on impact of climate change of students at level 2a (2018-2019)

At level 2, we expect that students are capable of explaining the impact of climate change on the physical and human
environments. This concept is extracted from the upper secondary geography curriculum. Specifically in level 2a, we aim
to assess the students’ knowledge on the impact of climate change on the spread of insect-borne diseases such as dengue
fever. As figure 19 depicts, there is a clear progression from grade 5 to 11 and a corresponding fall in the portion of
university students who understand this level compared to their grade 11 counterparts across both cohorts. It should also be
noted, however, that there is a higher portion of grade 5 students in 2019 (71%) than in 2018 (52%) who understand this
level. At the same time, university students performed worse than their grade 11 counterparts in both years.
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Figure 19 Learning Progression on impact of climate change of students at Level 2b (2018-2019)

Level 2b assesses students’ knowledge on the impact of climate change with respect to agricultural productivity.
Similar to level 2a, this level is extracted from the upper secondary geography curriculum. Figure 20 depicts a clear
progression for students from grade 5 to 11 in both years. However, a much lower proportion of university students in 2019
attained this level (65%) compared to grade 11 students (86%) in the same year. Conversely, university students in 2018
performed marginally better (83%) compared to their grade 11 counterparts (81%).

31

Level 2c
0.80
0.60
0.40

2018

0.20

2019

0.00

Grade 5

Grade 9

Grade 11

Uni

Figure 20 Learning Progression on impact of climate change of students at Level 2c (2018-2019)

Level 2c assesses students’ understanding of the impact of climate change on sea-level rise. Similar to levels 2a and
2b, figure 21 indicates a clear progression from grades 5 to 11 for both 2018 and 2019 cohorts. Peaking at grade 11, the
proportion of university students for both years who attained this level is lower compared to grade 11.
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Figure 21 Learning Progression on impact of climate change of students at Level 2d (2018-2019)

At level 2d, students are assessed for their knowledge of extreme rainfall as one of the impacts of climate change.
In general, a majority of students across all levels and cohorts struggled with this concept. As figure 22 shows, there is a
clear progression from grade 5 to 11. University students in both years however, performed relatively worse compared to
their grade 11 counterparts. In addition, with the exception of grade 5 students, the 2018 cohort performed marginally better
compared to students in 2019.
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Figure 22 Learning Progression on impact of climate change of students at Level 3 (2018-2019)

At level 3, students are assessed on their understanding that the impact of climate change may vary across space and
scales. This concept is extracted from the upper secondary geography curriculum. As figure 23 shows above, there is a
consistent performance for grade 5 and 9 students in both years. However, the results vary for grade 11 and university
students between 2018 and 2019. In general, grade 11 and university students in the 2018 cohort performed markedly better
than their 2019 counterparts. However, a larger proportion of grade 11 students understood this level in both years compared
to university students. Moreover, while 40% of university students understood this level in 2018, only 12% did in 2019.
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Figure 23 Learning Progression on impact of climate change of students at Level 4 (2018-2019)

Level 4 ascertains students’ comprehension of the impact of climate change on human activity. This module is
extracted from a year 1 university course. As figure 24 shows, there is a clear progression of understanding from grades 5
peaking at grade 11 and then declining rapidly for university students in both years. While the results of grade 9 and 11
have been consistent across both years, there are notable discrepancies for the performance of grade 5 and university
students. For instance, 69% of grade 5 students in 2019 understood this concept, less than half of grade 5 students (31%) in
2018 attained this understanding. Conversely, while 17% of university students understood this concept in 2018, only 6%
did so in 2019.
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Figure 24 Learning Progression on impact of climate change of students at the Upper Anchor (2018-2019)

The upper anchor seeks to assess students’ understanding that the changes to the earth’s climate system will result
in changes to other aspects of the physical environment. This concept is derived from the upper secondary geography
syllabus. As figure 25 shows, there is a progression from grade 5 peaking at grade 11 for both years prior to a steep decline
for university students in 2018 and a slight drop in 2019. It should also be noted that while grade 9 and 11 students performed
fairly consistently across both years, there are discrepancies in the results of grade 5 and university students across both
years. For instance, while 4% of grade 5 students understood this level in 2019, only 1% of the cohort did so in 2018.
Similarly, while 18% of university students understood this concept in 2019, only 2% did so in 2018.
Overall, a majority of students in both years across all grades understood levels 1, 2a, and 2b (with the exception of
grade 5 students). The concepts for these levels include:
•

Level 1: Evaluate the impact of climate change on the environment as a feedback mechanism;

•

Level 2: Explain the impact of climate change on the physical and human environments in relation to insectborne diseases (2a) and agricultural productivity (2b).

In contrast, a majority of students across all grades had misconceptions with regard to levels 2c, 2d, 3, 4 and the
upper anchor. The concepts for these levels include:
•

Level 2: Explain the impact of climate change on the physical and human environments in relation to sealevel changes (2c) and extreme rainfall events (2d);

•

Level 3: Understand that the impact of climate change may vary across space and scales;

•

Level 4: Explain how the impact of climate change will affect humanity;

•

Upper anchor: Understand that the changes to the earth’s climate system will result in changes to other
aspects of the physical environment.

34

Learning Progression on Management of Climate Change
This theme examines students’ understandings of the measures undertaken by various actors and stakeholders in the
mitigation of climate change. It assesses several geographical concepts such as interdependence, physical processes, the
human-environment interaction, place, and scale.

The HLP1 determined beforehand was as follows:
Level

Description on level of Achievement

Lower Anchor

Students understand that they have choose to decide how much to contribute for
conservation and environmental protection.

1

Students understand that something can be done to slow down or reverse climate
change.

2

Students can describe how people can help protect the environment and explain
why it is important.

3

Students can explain with examples how individuals can make lifestyle changes to
mitigate climate change.

4

Students can explain the responses to climate change at the international
community.

Upper Anchor

Students can critically discuss the relative effectiveness of measures to global
warming and the enhanced greenhouse effect.

The team examined the proposed HLP again and the HLP1 was further refined to HLP2 (which we have validated
as ELP) is as follows:
Level

Description on level of Achievement

Lower
Anchor

Students understand that they have choose to decide how much to contribute for conservation and
environmental protection.

1

Students understand that something can be done to slow down or reverse climate change.

2

Students can explain with examples how individuals can make lifestyle changes to mitigate
climate change.

3

Students can explain the responses to climate change at the international community.

For the level 4 and the upper anchor in the HLP1 we found that the items that we have matched from the CCLPDT
did not truly test the cognitive ability to explain the processes.
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Figure 25 Learning Progression on managing climate change of students at the Lower Anchor (2018-2019)

At the lower anchor, students are assessed for their awareness that they have a choice in regards to how much to
contribute for issues concerning environmental conservation and protection. This concept is extracted from the primary 3
social studies syllabus. Figure 26, with the exception of grade students in both years, shows an upward trend for
understanding of the lower anchor between grade 5 and university students. The results of grade 9 students in both cohorts
are inconsistent with the broader upward trend in the lower anchor. In fact, grade 9 students had the lowest level of
understanding amongst all grades surveyed in both years with only 19% and 23% of grade 5 students in 2018 and 2019
respectively understanding the lower anchor. By contrast, 28% and 32% of grade 5 students in 2018 and 2019
comprehended the lower anchor with a slightly higher level of grade 11 students and even higher level of university students
understanding the lower anchor.
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Figure 26 Learning Progression on managing climate change of students at Level 1 (2018-2019)

Level 1 seeks to measure students’ awareness of the various possibilities available to mitigate or reverse climate
change. In general, our results indicate a fairly consistent level of awareness throughout all levels surveyed. Additionally,
all grades assessed seem to demonstrate a high level of understanding of this level with at least 70% of students in each
grade showing understanding of this level. Our data also suggest a positive trend for the 2018 cohort from grades 5 to 11
with lower proportion of university students understanding this level compared to grade 11 students. The results for the
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2019 cohort, on the other hand, shows a relatively consistent trend across all grades with at least 87% of students
comprehending this level. While the progression for the 2019 cohort is less clear, the data suggests that an upward trend for
students from grade 9 to the university level.
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Figure 27 Learning Progression on managing climate change of students at Level 2 (2018-2019)

Level 2 seeks to assess students’ knowledge of examples of changes individuals can make to their lifestyle to mitigate
climate change. As figure 27 shows, there is an upward trend of students with a comprehension of this level from grade 5
to 11 in both years followed by declining numbers amongst university students in both years. In general, there is minimal
discrepancy between the two cohorts as results are fairly consistent.
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Figure 28 Learning Progression on managing climate change of students at Level 3 (2018-2019)

Level 3 seeks to assess students’ understanding of the responses to climate change at the international level. Figure
28 highlights that while the performance of students improves from grade 5 to 11, it declines sharply for university students
compared to grade 11. In addition, the data also shows discrepancies in the results of both cohorts. For instance, although
grade 5 and 9 students in 2019 performed more than twice as well as their predecessors in 2018, grade 11 and university
students in 2018 performed markedly better than the succeeding cohort.
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Figure 29 Learning Progression on managing climate change of students at Upper Anchor (2018-2019)

At the upper anchor, students are expected to critically discuss the relative effectiveness of measures to climate
change and the enhanced greenhouse effect. As figure 29 shows above, there is a clear and consistent progression in results
from grade 5 to 11. However, the results of university students varies widely between 2018 and 2019 – about 76% of
university students in 2018 achieved this level while only 53% of the cohort in 2019 did so. Also, the performance of
university students is exceptional in that they are the only group where the 2018 cohort outperforms the 2019 batch. In
contrast, the 2019 cohort from grades 5 to 11 performed better at this level than the 2018 students.
In general, a majority of students in both years across all grades were able to understand level 1. By contrast, most
students in all levels had difficulties understanding the lower anchor, levels 2, 3, and the upper anchor. Interestingly, the
lower and upper anchors for this theme stands out as the only theme in which university students were able to do better than
other levels. The concepts for these levels are:
•

Lower anchor: Understand that humans have a choice in deciding how much to contribute for conservation
and environmental protection;

•

Level 1: Understand that something can be done to slow down or reverse climate change;

•

Level 2: Explain with examples how individuals can make lifestyle changes to mitigate climate change;

•

Level 3: Explain the responses to climate change at the international level;

•

Upper anchor: Critically discuss the relative effectiveness of measures to global warming and the enhanced
greenhouse effect.

Teacher Focus Group Discussion
Three sessions of teacher FGDs were conducted on 22/02/19, 04/04/19 and 25/04/19 across 8 participants in 3
schools. The teachers were posed 2 broad questions:
1.

What are some gaps in knowledge students seem to have when they start their learning with you?

2.

What are some responses on the LPs presented to you?
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The FGDs were transcribed in NVIVO and the nodes coded were then analysed and the following key themes were
uncovered.
Various sources of confusion to understanding
There seem to be various sources of confusion that could lead to students not knowing enough about the topic. For
instance, students can be confused by things not explained in textbooks. These could be definitions or concepts not included
in the syllabus but are important to understanding some of the more fundamental ideas. Teachers also opined that multiple
concepts are needed across multiple perspectives for some of these climate change topic to be learnt. Indeed, teachers felth
that there is a need to see that it is more than a few factors together.
There is also a need to help students unlearn everyday knowledge that can be problematic. In particular, students
can also be tripped by terms not introduced earlier and they may even forget these concepts if they have not seen it for a
while. An example was given about heat exchange. If students have learnt it in primary level science, the teachers
interviewed thought that they may not think about it explicitly until they are asked specifically. In a sense there is no transfer
of learning. This may lead to shaving an idea of the general concept but the details may not be understood.

Why students appear to have no background
Teachers from a JC say that students may not have done the Pure Geography subject as only a handful of them may
have opted for that subject at the O Levels. In this case, and even in the upper secondary school case, students do not have
the context to understand some concepts as they have not experienced it. Teachers emphasized that students need to relate
concepts in the right context. There is also the hurdle that students do not think about geography as science, hence there is
a gap in understanding especially when scientific concepts are needed for understanding topics like the greenhouse effect.
In effect, the students are unable to connect it to a big picture if they have forgotten what they have learnt at a lower level.

At what level should concepts in the LP be taught
Teachers at the FGDs thought that complex concepts with ambiguity are better taught and learnt at upper levels. At
secondary levels, they feel that students tend to want to have right or wrong answers. To them, they think that their students
do not like “grey areas”.
Teachers also thought that for some of the LPs to work, the fundamental concepts have to be taught at a lower level.
Although some upper level concepts can be taught at lower levels especially for raising awareness. Teachers also found
that there tend to be confusion with concepts learnt at a lower level for some specific LPs.
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Some strategies to help students advance on the LP
When asked how they cope with students who have uneven learning backgrounds to the topics, they responded that
they need to teach as if the students have never learnt the topic. They also shared that there is a need to reteach concepts
even when students have learnt them, especially if students appear to be unclear in their explanation. They find that there
is a need to teach beyond what is in the syllabus to ensure that the students get the right understanding. To them, scaffolding
the learning is very important, especially for concept-based teaching. They also cautioned that some concepts need more
time to be learnt and that students may understand complex concepts better, using examples. This is to avoid a situation
where students tend to see right and wrong but no sophistication in understanding. Finally, to engage students better, topics
can be taught based on current topics rather than progression.

7.

Discussion

Key trends and observations
Results of university students as outliers
As evidenced in the breakdown of students’ performance by levels in section 6, there is a general upward trend of
understanding from grade 5 to 11 but this usually falls for university students when compared to their grade 11 counterparts.
In fact, on average, our results suggest that university students performed relatively poorer than grade 11 students on several
climate change topics. This anomaly, we contend, is mostly a result of the small sampling size of university students in both
years leading to a divergence in results. There were difficulties in recruiting a substantial sample size of university students
and not all who participated in the survey were geography students. Due to a smaller sample size and a difficulty of
recruiting geography students from universities, the results diverge considerably compared to other levels.
Moving forward for future studies, one possible solution would be to request the participation of junior college
students upon the completion of their A-level examinations. Given that university students are enlisted as proxies for
students with A-level knowledge, it may be prudent to consider asking junior college students who have completed their
A-levels instead. However, this alternative would present several logistical complexities. For instance, how do we entice
students to participate in our study during the holidays when students are not obliged to return to school? Moreover, given
that most male Singaporeans would be serving National Service after the A-level examinations, it would be a challenge
securing the participation of male students.
Inconsistent results in the theme of human activity as a cause of climate change
In the theme of human activity as a cause of climate change, our data indicates an inconsistent pattern of
understanding of the various levels. As figures 30 and 31 show, while a greater portion of students across all levels in both
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years understand level 2 than level 3, a far lower proportion of students in both years across all grade levels understood
level 1. Similarly, a higher proportion of students in both years understood level 4 more than level 3. It is important to note
that, progress in learning may not always be continuous; at times, it even regresses (Bennetts, 1995; Heritage, 2008). With
regard to topics that students had most difficulties in, figures 30 and 31 suggests that most students struggle with describing
the positive and negative impacts of man’s interaction with the environment (level 1) and have misconceptions of the
definition of climate change (level 3). As such, curriculum specialists can pay greater attention to these aspects when
reviewing curriculum changes.
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Figure 30 Learning Progression for human activity as a cause of climate change (2018)
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Figure 31 Learning Progression for human activity as a cause of climate change (2019)
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Validation of the Learning Progression on Enhanced Greenhouse Effect as a cause of climate change,
the impact of climate change, and the management of climate change
With the exception of the themes of natural greenhouse effect and human activity as a cause of climate change, this
study has validated the learning progression for the concepts of enhanced greenhouse effect as a cause of climate, the impact
of climate change, and the management of climate change. Moreover, our findings corroborate the reality amongst
Singaporean students of a great disconnect between “actual climate science knowledge and perceived knowledge”
(Dupigny-Giroux, 2008; McCaffrey & Buhr, 2008, p. 484). This essentially foregrounds the current challenge that despite
repeated calls from political leaders, civil society, and international actors for climate action, the effectiveness of mobilising
ordinary citizens is hindered by the lack of understanding of actual climate science (Harrington, 2008; McCaffrey & Buhr,
2008). As such, to improve understanding of climate science knowledge for future generations, fine-tuning curricula, and
enhancing inter-disciplinary pedagogies to aid in the transmission of knowledge between subjects and grades would be
critical to students’ long-term conceptual understanding of climate science knowledge.
Limitation of the instrumentation
During the assessment phase of our study, our findings pointed to gaps in our instrumentation. Based on the theme
of the natural greenhouse effect as a cause of global warming, we learned that our CCDT is able to assess students’
capabilities in applying the concept of energy exchange, but it did not fully measure the ability to explain the energy
exchange. As such, this was removed from the final ELP.

8.

Conclusion

In sum, this study has validated our hypothetical LP (HLP) and we have developed an epistemic LP (ELP) which has the
potential to fundamentally reform curriculum in relation to climate change. Despite the substantial number of student
participants from the primary to the junior college level, our findings have been limited by the disproportionately low
number of participants from the university levels that have affected our ELPs. Nevertheless, there is a clear indication that
in spite of the LPs for the natural greenhouse effect and human activity as a cause of climate change, most of the LPs
discussed in this study have been validated. As such, our findings corroborate the stark reality of a great disconnect between
“actual climate science knowledge and perceived knowledge”. We, therefore, reaffirm that motivating climate action should
preceded by a clearer and deeper foundational understanding of climate change issues.
While LP has been identified as an approach that will address the teacher-student-content relationship in teaching and
learning about climate change, and that the findings will have clear benefits to NIE and MOE, what is more important is to
acknowledge the importance of educating our future generations to engage climate change issues and take action for climate
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change inevitabilities. With the discourses generated by the recent United Nations Intergovernmental Panel on Climate
Change (IPCC) in October 2018, it has become clear that the world, as a collective whole, is acknowledging the impact that
climate change will bring and has amassed a certain resolve to deal with it. Without the knowledge about the causes of
climate change, the impact it brings and how we can manage it, the possibilities of our children creating new solutions to
our environmental problem becomes constrained. Education remains one of the most viable and sustainable strategies for
climate change adaptation and mitigation, for it empowers children with knowledge and dispositions to engage their
environmental future.
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APPENDIX A: PRIMARY SCHOOL CLIMATE CHANGE DIAGNOSTIC TEST
1. A metal spoon at room temperature is placed into a cup of hot water. After some
time,
.
A. The spoon will feel warmer and the water will get colder.
B. The spoon will feel colder and the water will get warmer.
C. Nothing will happen.
D. Others:

2.
A.
B.
C.
D.

The earth gets its main source of heat and light energy from
The sun.
The moon.
Inside the earth.
Others:

.

3. Which of the following gases are greenhouse gases? Tick the correct answer(s).
Carbon dioxide
Methane
Nitrogen
Nitrous oxides
Ozone
Oxygen
Chlorofluorocarbons (CFC)

4. Water vapour is a greenhouse gas.
A. True
B. False
The reason for my answer is:
a.
b.
c.
d.

Water vapour traps heat.
Water vapour damages the ozone layer.
Water vapour cools the atmosphere.
Others

.
(CCDT 1)
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5. The Earth will be colder with no greenhouse effect and it will be difficult to live.
A. True
B. False
The reason(s) for my answer include: Tick all box(es) that are applicable.
The earth’s surface absorbed shortwave radiation from the sun and heats
up in the process.
The warmed surface of the Earth emits longwave radiation, like infrared
radiation to the atmosphere.
Ultraviolet radiation is a form of shortwave radiation while infrared
radiation is a form of longwave radiation.
Greenhouse gases trap heat by absorbing the UV radiation from the Sun.
Greenhouse gases trap heat by absorbing the Infrared radiation that is
given off by the Earth.
Greenhouse gases trap the heat that is given off by vehicles.
Other reason: (Please write)

6. More greenhouse gases will result in a rise to Earth's temperature.
A. True
B. False
The reason for my answer is:
a. Increase in greenhouse gas concentration also mean more absorption of
shortwave radiation and reflection by earth.
b. Toxic gases damage the atmosphere.
c. The enhanced greenhouse effect is the result of more greenhouse gases and
higher concentration of greenhouse gases released into the atmosphere.
d. Others
.
(CCDT 2)
7. How does the enhanced greenhouse effect take place?
A. There is more sunlight entering the atmosphere through the ozone hole. This causes
the enhancement of the greenhouse effect.
B. There are more greenhouse gas types as well as higher concentration of greenhouse
gases. This enhances the greenhouse effect.
The reason for my answer is:
a.
b.
c.
d.
e.

There is now more heat trapped from the direct rays of the sun.
There is now more heat trapped from the radiation given off by the ground.
There is now less heat reflected back into space.
There is now more heat reflected back into space.
Others
.
(CCDT 4)
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8. Which of the following are sources of greenhouse gases? (Tick only three answers.)
Deforestation
Burning of fossil fuels
Urbanization
Solar power production

9. Rank the gases by the amount of increase in greenhouse effect from high to low.
Rank

Greenhouse gases
Carbon dioxide
Methane
Chlorofluorocarbons (CFC)
Water Vapour
Sulphur Dioxide

10. Chlorofluorocarbons (CFCs) are the main cause for the increase in the enhanced
greenhouse effect.
A. True
B. False
The reason for my answer is:
a. CFCs deplete the ozone layer. Depleted ozone lets in more sunlight which
heats up the earth.
b. Water vapour and carbon dioxide are the main gases responsible for the
enhanced greenhouse effect.
c. Compared to greenhouse gases, nitrogen plays a greater role in enhancing
the greenhouse effect.
d. Others
.
(CCDT 24)
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11. Figure 1 shows the relationship between the increase in emissions of greenhouse
gases and the increase in temperatures.
Fig. 1 Average global temperatures between 1860 and 2007.

(Source: IPCC 2007)
Climate change is caused by the enhanced greenhouse effect for the last 150 years.
A. True
B. False
The reason for my answer is:
a. The increase in greenhouse gas concentration occurred during the period that
the global mean temperature has increased.
b. There is more sunlight entering the atmosphere through the ozone hole
caused by the increase in greenhouse gases such as Carbon Dioxide.
c. The increase in pollutants has enhanced the greenhouse effect.
d. Others
.

12. When we change our surroundings, it will affect our lives.
A. True
B. False
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13. The heat from burning trash causes global warming.
A. True
B. False
The reason for my answer is:
a.
b.
c.
d.

The heat rises to the atmosphere, worsening global warming.
Particles released from burning create holes in the ozone layer.
The greenhouse gases released contribute to the warming.
Others

.
(CCDT 5)

14. The use of airconditioner (aircon) speeds up global warming.
A. True
B. False
The reason for my answer is:
a. Aircons use chlorofluorocarbons (CFCs) as cooling agents. CFCs damage
the ozone layer.
b. Aircons use electricity. Electricity is produced by burning fossil fuels in many
countries.
c. The use of aircons has no scientific link to the enhanced greenhouse effect.
d. Others
.
(CCDT 6)
15.
A.
B.
C.
D.

Climate change refers to
Global warming.
Global cooling.
Neither A nor B.
Both A and B.

.

The reason for my answer is:
a.
b.
c.
d.

The earth’s temperature has been increasing due to human activity.
The earth’s temperature has been both warmer and colder than now.
The earth’s temperature tends to be lower due to human activity.
Others
.
(CCDT 11)

16. Climate change is natural.
A. True
B. False
The reason for my answer is:
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a. Climate change is solely a human-induced phenomenon.
b. Disasters such as typhoons and hurricanes are due to natural causes.
c. The earth has been through changes in the climate for millions of years. It
continues to change to this day.
d. Others
.
(CCDT 12)
17. Some scientists have shown that sometimes carbon dioxide increased after
temperature has increased. Does this mean that global warming is not caused by
carbon dioxide?
A. True
B. False
The reason for my answer is:
a. Temperature increased after carbon dioxide so we can be sure global
warming is not caused by increases in carbon dioxide.
b. This graph is not valid because there are other graphs that show that global
temperatures increase with increases in carbon dioxide.
c. The 1000-year lag is only true for some parts of the graph so I cannot be sure
that there is no relationship between carbon dioxide and global temperatures.
d. Others
.
18. The news below shows why global warming is not real.
Newspaper article: The arguments made by climate change skeptics
Data going back further than a century or two is derived from "proxy" indicators such as tree- rings are subject to
large errors. Further, Earth history shows climate has regularly responded to cyclical changes in the Sun's energy
output. Any warming we see can be attributed mainly to variations in the Sun's magnetic field and solar wind.
(Adapted from BBC Online news 13 Dec 2009)

Does it prove that humans are not responsible for global warming?
A. Yes
B. No
The reason for my answer is:
a. Rising levels of greenhouse gases are a direct result of human activities such
as burning fossil fuels and these increases are causing significant and
increasingly severe climate changes including global warming.
b. Rising levels of atmospheric carbon dioxide do not necessarily cause global
warming, so humans are not responsible.
c. Although the earth does warm naturally due to many other factors such as
sun spot cycles and natural variation in climate, the warming observed over
the last 150 years has happened at a much faster rate than what natural
climate can produce.
d. Others
.
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19. Changes in solar radiation will change the climate.
A. True
B. False
The reason for my answer is:
a. Solar radiation is the main source of heat energy in the atmosphere.
b. Increased solar radiation affects the ozone layer.
c. Compared to solar radiation, heat from volcanoes contributes more to climate
change.
d. Others
.
(CCDT15)
20.
A.
B.
C.
D.

Climate change and global warming will cause
Less rainfall in some areas.
More acid rain.
Neither A nor B.
Both A and B.

.

The reason for my answer is:
a. Some areas will suffer from severe floods while other parts will experience
droughts as water is cycled through a closed system.
b. Rain brings with it more chemical particulates that descend to the ground.
c. There will be more water available for floods and formation of acid rain.
d. Others
.
(CCDT 8)
21. Climate change means that
.
A. All places on earth will have higher temperatures on the average with more rainfall.
B. Some places on earth will receive more rainfall while others will get less rainfall.
The reason for my answer is:
a. The atmosphere is a closed system that will experience changes evenly when
the temperature changes.
b. The earth’s surface has different characteristics at different locations which
will affect weather conditions differently.
c. The atmosphere is an open system that is vulnerable to changes in the
elements within and outside the earth.
d. Others
.
(CCDT 20)
22.
A.
B.
C.
D.

Sea level rise is caused by the melting of ice on land and
Water volume expansion.
Water condensation.
Neither A nor B.
Both A and B.

.

The reason for my answer is:
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a. Water in the oceans will undergo this process due to the increase in average
global temperatures.
b. There will be consistently more rainfall near coastal areas.
c. There will be more water in land than in the oceans. This is evident in the
increased frequency of floods.
d. Others
.
(CCDT 9)
23.
A.
B.
C.
D.

Climate change is likely to cause
Tsunami.
Earthquake.
Neither A nor B.
Both A & B.

.

The reason for my answer is:
a. Tectonic plate movements due to climate change make Singapore vulnerable
to the kind of event indicated above.
b. Increased earth temperature will trigger the event chosen above to happen.
c. Atmospheric elements have no direct impact on the behavior of tectonic
plates.
d. Others
.
(CCDT 25)

24. Climate change results in more extreme weather.
A. True
B. False
These extreme weather events include:
Heat waves
Floods
Earthquakes
Droughts
Tsunami
Tropical Cyclones

25. Climate change has agriculture in some areas. Grapes can be grown in some parts
of the UK where it was too cold to grow them in the past (4.62).
A. True
B. False
The reason for my answer is:
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a. Global warming does not affect every place on earth in the same way, some
places benefit from warmer and wetter conditions, while other places suffer.
b. Not all the crops in the United Kingdom have benefitted from the warmer
conditions.
c. Others
.

26. Climate change causes insect to breed and diseases.
A. True
B. False
The reason for my answer is:
a. Increase in rainfall and temperature help in the breeding of Aedes
mosquitoes, this in turn results in the spread of Dengue Fever.
b. Increase in rainfall and temperature will disrupt the life cycle of the Ades
mosquitoes.
c. Others
.

27. Serious weather events can cause the loss of lives and properties.
A. True
B. False
Which of the following will be considered as evidence of the loss of lives and
property? Tick the correct box(es).
986 people died in the state of Louisiana
Hundreds of thousands of people were left homeless in
the Gulf Coast region
Homes were destroyed due to earth tremors
Katrina damaged more than a million housing units in the
Gulf Coast region

28. Climate change causes the weather in Singapore to change.
A. True
B. False
The reason for my answer is:
a.
b.
c.
d.

Singapore’s daily temperature is observed to be getting hotter and hotter.
It is evident that the weather abruptly changes from sunny to rainy in a day.
The changes in the climate are gradual with occasional freak weather events.
Others
.
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29. Man's response to global warming might cause it to become worse.
A. True
B. False
The reason for my answer is:
a. If it is warm, people will use air conditioners more often and this will result in
higher greenhouse emissions that will increase global temperature further.
b. People may take more public transport and therefore increase air conditioner
use in trains or busses.
c. Others
.

30. We have to protect the environment because there is only one Earth.
A. True
B. False
Do you think anything can be done about global warming? (You may choose more
than one option for this question).
a.
b.
c.
d.
e.

Yes, the government should do something.
Yes, everyone should do something.
Yes, but I don’t know who should do something.
I don’t think anything can be done.
Others

.

31. We can reduce global warming when we save electric power.
A. True
B. False
The reason for my answer is:
a. This will cause less heat to be produced and reduce global temperature.
b. This will cause less electricity to be produced at the power plant where fossil
fuels are used.
c. Neither a nor b.
d. Both a and b.
e. Others
.

32. We can slow down climate change by stopping deforestation.
A. True
B. False
The reason for my answer is:
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a.
b.
c.
d.
e.

Deforestation means there are fewer trees to absorb carbon dioxide.
Deforestation exposes forest soil to sunlight, leading to carbon oxidation.
Neither a nor b.
Both a and b.
Others
.
(CCDT 13)

33. The Paris Agreement is agreed by a lot of countries to lower greenhouse gas
release.
A. True
B. False
Features of the Paris Agreement include: Tick the correct box(es).
To keep global temperature rise this century well below 2 degrees Celsius
above pre-industrial levels.
To keep global temperature rise this century well below 5 degrees Celsius
above pre-industrial levels.
Countries will put forward their best efforts through “nationally determined
contributions” (NDCs)
All countries have to reduce greenhouse emissions by 30%.
Countries will take stock of the efforts in 2018 and every 5 years after that.

34. Global groups have reduced the effects of climate change.
A. True
B. False
The reason for my answer is: Tick the correct box(es).
They can come to an agreement on how to monitor the greenhouse gas
emissions of each country.
They can come to an agreement on how to limit the greenhouse gas
emissions of each country.
One challenge faced when mitigating climate change is that some
countries do not keep to their carbon emission targets as the international
agreements signed are not enforced.

-End-
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APPENDIX B: SEONDARY SCHOOL (AND ABOVE) CLIMATE CHANGE
DIAGNOSTIC TEST
1. A metal spoon at room temperature is placed into a cup of hot water. After some
time,
.
A. The spoon will feel warmer and the water will get colder.
B. The spoon will feel colder and the water will get warmer.
C. Nothing will happen.
D. Others:

2.
A.
B.
C.
D.

The earth gets its main source of heat and light energy from
The sun.
The moon.
Inside the earth.
Others:

.

3. Which of the following gases are greenhouse gases? Tick the correct answer(s).
Carbon dioxide
Methane
Nitrogen
Nitrous oxides
Ozone
Oxygen
Chlorofluorocarbons (CFC)

4. Water vapour is a greenhouse gas.
A. True
B. False
The reason for my answer is:
a.
b.
c.
d.

Water vapour traps heat.
Water vapour damages the ozone layer.
Water vapour cools the atmosphere.
Others

.
(CCDT 1)

5. Without the natural greenhouse effect, Earth will be much colder today and it will be
difficult to sustain life.
A. True
B. False
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The reason(s) for my answer include: Tick all box(es) that are applicable.
The earth’s surface absorbed shortwave radiation from the sun and heats
up in the process.
The warmed surface of the Earth emits longwave radiation, like infrared
radiation to the atmosphere.
Ultraviolet radiation is a form of shortwave radiation while infrared
radiation is a form of longwave radiation.
Greenhouse gases trap heat by absorbing the UV radiation from the Sun.
Greenhouse gases trap heat by absorbing the Infrared radiation that is
given off by the Earth.
Greenhouse gases trap the heat that is given off by vehicles.
Other reason: (Please write)

6. The enhanced greenhouse effect refers to the rise in Earth’s average temperature
due to more heat trapped, this is caused by the increase in greenhouse gases
released by human activities.
A. True
B. False
The reason for my answer is:
a. Increase in greenhouse gas concentration also mean more absorption of
shortwave radiation and reflection by earth.
b. Toxic gases damage the atmosphere.
c. The enhanced greenhouse effect is the result of more greenhouse gases and
higher concentration of greenhouse gases released into the atmosphere.
d. Others
.
(CCDT 2)
7. Which of the options below describe the process through which the enhanced
greenhouse effect takes place?
A. There is more sunlight entering the atmosphere through the ozone hole. This causes
the enhancement of the greenhouse effect.
B. There are more greenhouse gas types as well as higher concentration of greenhouse
gases. This enhances the greenhouse effect.
The reason for my answer is:
a.
b.
c.
d.
e.

There is now more heat trapped from the direct rays of the sun.
There is now more heat trapped from the radiation given off by the ground.
There is now less heat reflected back into space.
There is now more heat reflected back into space.
Others
.
(CCDT 4)
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8. Which of the following are sources of greenhouse gases? (Tick only three answers.)
Deforestation
Burning of fossil fuels
Urbanization
Solar power production

9. Rank the greenhouse gases in terms of their relative contribution to the enhanced
greenhouse effect starting from the highest to lowest.
Rank

Greenhouse gases
Carbon dioxide
Methane
Chlorofluorocarbons (CFC)
Water Vapour
Sulphur Dioxide

10. Chlorofluorocarbons (CFCs) are the main gases responsible for the enhancement of
the greenhouse effect.
A. True
B. False
The reason for my answer is:
a. CFCs deplete the ozone layer. Depleted ozone lets in more sunlight which heats
up the earth.
b. Water vapour and carbon dioxide are the main gases responsible for the enhanced
greenhouse effect.
c. Compared to greenhouse gases, nitrogen plays a greater role in enhancing the
greenhouse effect.
d. Others
.
(CCDT 24)
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11. Figure 1 shows the relationship between the increase in emissions of greenhouse
gases and the increase in temperatures.
Fig. 1 Average global temperatures between 1860 and 2007.

(Source: IPCC 2007)
The enhanced greenhouse effect is responsible for the observed climate change in
the last 150 years.
A. True
B. False
The reason for my answer is:
a. The increase in greenhouse gas concentration occurred during the period that
the global mean temperature has increased.
b. There is more sunlight entering the atmosphere through the ozone hole
caused by the increase in greenhouse gases such as Carbon Dioxide.
c. The increase in pollutants has enhanced the greenhouse effect.
d. Others
.

12. When we change the environment through our actions, we will be changing the
natural processes and this will affect our lives.
A. True
B. False
13. The heat generated from burning rubbish (incineration) contributes to global
warming.
A. True
B. False
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The reason for my answer is:
a.
b.
c.
d.

The heat rises to the atmosphere, worsening global warming.
Particles released from burning create holes in the ozone layer.
The greenhouse gases released contribute to the warming.
Others

.
(CCDT 5)

14. The use of air conditioners (aircons) speeds up global warming.
A. True
B. False
The reason for my answer is:
a. Aircons use chlorofluorocarbons (CFCs) as cooling agents. CFCs damage
the ozone layer.
b. Aircons use electricity. Electricity is produced by burning fossil fuels in many
countries.
c. The use of aircons has no scientific link to the enhanced greenhouse effect.
d. Others
.
(CCDT 6)
15.
A.
B.
C.
D.

Historically, climate change refers to
Global warming.
Global cooling.
Neither A nor B.
Both A and B.

.

The reason for my answer is:
a.
b.
c.
d.

The earth’s temperature has been increasing due to human activity.
The earth’s temperature has been both warmer and colder than now.
The earth’s temperature tends to be lower due to human activity.
Others
.
(CCDT 11)

16. Climate change is a natural occurrence/phenomenon.
A. True
B. False
The reason for my answer is:
a. Climate change is solely a human-induced phenomenon.
b. Disasters such as typhoons and hurricanes are due to natural causes.
c. The earth has been through changes in the climate for millions of years. It
continues to change to this day.
d. Others
.
(CCDT 12)
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17. The following figure 2 shows that Carbon Dioxide increased after atmospheric
temperature has increase during some of the periods. (eg. Between 142,000 to
143,000 years ago) – to be consistent where to put the figure.
Fig. 2 Ice Core temperatures between 150,000 to 100,000 years ago

Does this mean that global warming is not caused by the changes to carbon dioxide
in the atmosphere?
A. True
B. False
The reason for my answer is:
a. Temperature increased after carbon dioxide so we can be sure global
warming is not caused by increases in carbon dioxide.
b. This graph is not valid because there are other graphs that show that global
temperatures increase with increases in carbon dioxide.
c. The 1000-year lag is only true for some parts of the graph so I cannot be sure
that there is no relationship between carbon dioxide and global temperatures.
d. Others
.

18. The news report below presents arguments against common understanding on
global warming.
Newspaper article: The arguments made by climate change skeptics
Data going back further than a century or two is derived from "proxy" indicators such as tree- rings are subject to
large errors. Further, Earth history shows climate has regularly responded to cyclical changes in the Sun's energy
output. Any warming we see can be attributed mainly to variations in the Sun's magnetic field and solar wind.
(Adapted from BBC Online news 13 Dec 2009)

Does this article prove that human beings are not responsible for global warming?
A. Yes
B. No
The reason for my answer is:
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a. Rising levels of greenhouse gases are a direct result of human activities such
as burning fossil fuels, and that these increases are causing significant and
increasingly severe climate changes including global warming.
b. Rising levels of atmospheric CO2 do not necessarily cause global warming,
so humans are not responsible.
c. Although the earth does warm naturally due to many other factors such as
sun spot cycles and natural variation in climate, the warming observed over
the last 150 years has happened at a much faster rate than what natural
climate can produce.
d. Others
.

19. The climate naturally changes due to variations in solar radiation.
A. True
B. False
The reason for my answer is:
a. Solar radiation is the main source of heat energy in the atmosphere.
b. Increased solar radiation affects the ozone layer.
c. Compared to solar radiation, heat from volcanoes contributes more to climate
change.
d. Others
.
(CCDT15)
20.
A.
B.
C.
D.

Increased global temperature due to climate change will result in
Less rainfall in some areas.
More acid rain.
Neither A nor B.
Both A and B.

.

The reason for my answer is:
a. Some areas will suffer from severe floods while other parts will experience
droughts as water is cycled through a closed system.
b. Rain brings with it more chemical particulates that descend to the ground.
c. There will be more water available for floods and formation of acid rain.
d. Others
.
(CCDT 8)

21. Climate change means that
.
A. All places on earth will have higher temperatures on the average with more rainfall.
B. Some places on earth will receive more rainfall while others will get less rainfall.
The reason for my answer is:
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a. The atmosphere is a closed system that will experience changes evenly when
the temperature changes.
b. The earth’s surface has different characteristics at different locations which
will affect weather conditions differently.
c. The atmosphere is an open system that is vulnerable to changes in the
elements within and outside the earth.
d. Others
.
(CCDT 20)
22. Sea level rise is caused by global warming that causes the melting of ice on land and
.
A. Water volume expansion.
B. Water condensation.
C. Neither A nor B.
D. Both A and B.
The reason for my answer is:
a. Water in the oceans will undergo this process due to the increase in average
global temperatures.
b. There will be consistently more rainfall near coastal areas.
c. There will be more water in land than in the oceans. This is evident in the
increased frequency of floods.
d. Others
.
(CCDT 9)
23.
A.
B.
C.
D.

Climate change is likely to cause
Tsunami.
Earthquake.
Neither A nor B.
Both A & B.

.

The reason for my answer is:
a. Tectonic plate movements due to climate change make Singapore vulnerable
to the kind of event indicated above.
b. Increased earth temperature will trigger the event chosen above to happen.
c. Atmospheric elements have no direct impact on the behavior of tectonic
plates.
d. Others
.
(CCDT 25)
24. Climate change results in more extreme weather events.
A. True
B. False
These extreme weather events include: Tick the correct box(es).
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Heat waves
Floods
Earthquakes
Droughts
Tsunami
Tropical Cyclones

25. Climate change has improved agricultural productivity in some areas. Grapes can be
grown in some parts of the United Kingdom where it was too cold to grow them in the
past.
A. True
B. False
The reason for my answer is:
a. Global warming does not affect every place on earth in the same way, some
places benefit from warmer and wetter conditions, while other places suffer.
b. Not all the crops in the United Kingdom have benefitted from the warmer
conditions.
c. Others
.

26. Climate change has enabled insects to thrive, and increased the spread of insectborne diseases such as Dengue Fever.
A. True
B. False
The reason for my answer is:
a. Increase in rainfall and temperature help in the breeding of Aedes
mosquitoes, this in turn results in the spread of Dengue Fever.
b. Increase in rainfall and temperature will disrupt the life cycle of the Ades
mosquitoes.
c. Others
.

27. Extreme weather events like Hurricane Katrina had caused the loss of lives and
property.
A. True
B. False
Which of the following will be considered as evidence of the loss of lives and
property? Tick the correct box(es).
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986 people died in the state of Louisiana
Hundreds of thousands of people were left homeless in
the Gulf Coast region
Homes were destroyed due to earth tremors
Katrina damaged more than a million housing units in the
Gulf Coast region

28. Due to climate change, sudden and extreme changes have been observed in
Singapore’s weather.
A. True
B. False
The reason for my answer is:
a.
b.
c.
d.

Singapore’s daily temperature is observed to be getting hotter and hotter.
It is evident that the weather abruptly changes from sunny to rainy in a day.
The changes in the climate are gradual with occasional freak weather events.
Others
.

29. How people response to the effects global warming might cause global warming to
worsen.
A. True
B. False
The reason for my answer is:
a. If it is warm, people will use air conditioners more often and this will result in
higher greenhouse emissions that will increase global temperature further.
b. People may take more public transport and therefore increase air conditioner
use in trains or busses.
c. Others
.

30. Humans have to protect the environment because there is only one Earth.
A. True
B. False
Do you think anything can be done about global warming? (You may choose more
than one option for this question).
a.
b.
c.
d.
e.

Yes, the government should do something.
Yes, everyone should do something.
Yes, but I don’t know who should do something.
I don’t think anything can be done.
Others

.

66

31. An individual can reduce global warming by switching off electrical appliances not in
use.
A. True
B. False
The reason for my answer is:
a. This will cause less heat to be produced and reduce global temperature.
b. This will cause less electricity to be produced at the power plant where fossil
fuels are used.
c. Neither a nor b.
d. Both a and b.
e. Others
.

32. Stopping deforestation helps to slow down climate change.
A. True
B. False
The reason for my answer is:
a.
b.
c.
d.
e.

Deforestation means there are fewer trees to absorb carbon dioxide.
Deforestation exposes forest soil to sunlight, leading to carbon oxidation.
Neither a nor b.
Both a and b.
Others
.
(CCDT 13)

33. The Paris Agreement is an international agreement amongst countries to reduce
global greenhouse gas emissions.
A. True
B. False
Features of the Paris Agreement include: Tick the correct box(es).
To keep global temperature rise this century well below 2 degrees Celsius
above pre-industrial levels.
To keep global temperature rise this century well below 5 degrees Celsius
above pre-industrial levels.
Countries will put forward their best efforts through “nationally determined
contributions” (NDCs)
All countries have to reduce greenhouse emissions by 30%.
Countries will take stock of the efforts in 2018 and every 5 years after that.

34. International organisations have been successful in mitigating the effects of climate
change.
A. True
B. False
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The reason for my answer is: Tick the correct box(es).
They can come to an agreement on how to monitor the greenhouse gas
emissions of each country.
They can come to an agreement on how to limit the greenhouse gas
emissions of each country.
One challenge faced when mitigating climate change is that some
countries do not keep to their carbon emission targets as the international
agreements signed are not enforced.

1
2

3
4
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