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ABSTRACT

This dissertation aims to develop a reliable and valid assessment tool to measure
students’ Learning Progression (LP) on map understanding, identify Korean students’ LP
on map understanding, and examine whether there is consistency between the identified
LP and current geography curriculum in Korea. The Map Understanding Test (MUT) was
developed based on a hypothesized LP on map understanding derived from previous
studies. Results from a pilot study and the current study supported the reliability and
validity of the MUT as measure of LP. The test was conducted with 1,486 Korean
elementary, middle, high school, and college students using the MUT. The MUT
consisted of six ordered multiple-choice items, and the response choices aligned with
hypothesized ordering of LP. Rasch model was used to statistically analyze the test data
via the software package ConstructMap. Wright Maps aligned with hypothesized
ordering of the LP and older students scored at higher levels, suggesting a developmental
progression. The identified LP based on cross-sectional research showed a common
developmental sequence in map understanding. Abilities related to Orientation, Location,
and Distance are considered relatively easy whereas abilities related to Scale, Contour
lines, and Map projection are considered to be relatively difficult to learn. Other useful
insights for developing an effective curriculum were found to be students’ proficiency in
map understanding and misconceptions. Lastly, comparison between the identified LP
and current geography curriculum in Korea provided several suggestions in curriculum

xiii

revision. The current geography curriculum in Korea has limitations in sequencing
learning contents as well as stating learning objectives explicitly. These results have
significance in designing assessments to measure LP, accumulation of knowledge in map
learning, and providing empirical evidence refining current curriculum and associated
materials for map learning.

Keywords: geography education; learning progression; map understanding; map
elements; curriculum development; geography curriculum in Korea
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I. INTRODUCTION

Modern society is characterized by larger and more rapid changes than ever
before (Heffron and Downs 2012). During the industrial age, it was important to
understand existing knowledge and to master specific skills. Today, however, the
emphasis is on the ability to think creatively, make reasonable decisions, and solve
problems beyond the acquisition of existing knowledge and skills. The ability to
effectively and efficiently communicate information using visual representations such as
maps, charts, and tables and to interact with others is becoming more important (Demirci,
Karaburun, and Kilar 2013). Moreover, future generation will face new challenges that
we have not yet experienced, and they will need a greater capacity to solve them (Trilling
and Fadel 2009). Therefore, education should provide students opportunities to cultivate
these abilities in order to succeed in the future society.
In this context, countries around the world have been discussing how to identify
the necessary competencies for students and how to reorganize their curricula to develop
these competencies (Rychen and Salganik 2003). Competency refers to combinations of
knowledge, skills, and attitudes that enable students to perform their assigned roles
competently, rather than merely acquiring knowledge and skills (Biemans et al. 2009).
Education researchers in each subject have become interested in what core
competencies can be cultivated through the learning of each subject; what knowledge,
skills, and attitudes constitute the core competencies; and how to incorporate them into
their curriculum in a sequenced manner (Martin 2013; Rychen and Salganik 2003). For
example, in mathematics and English language education in the U.S., researchers have
developed the Common Core State Standard (CCSS). The core learning content needed
1

to develop students' competencies, and tried to apply it consistently throughout the
country. Each state in the U.S. operates with an independent curriculum, and now 43
states in the U.S. have adopted CCSS as a common curriculum (www.corestandards.org).
In the field of science education, researchers have identified key concepts, practices, and
key concepts and practices that are relevant to “doing science” (National Research
Council 2012), and have incorporated these findings into the Next Generation Science
Standards (Next Generation Science Standards Lead States 2013) to make sure that
students have the core competencies. In geography education, researchers have defined a
Geographically Informed Person as a person who possesses the geographical knowledge,
spatial thinking ability, and problem-solving skills that are necessary to live successfully
in the present and future society (Hefferon and Downs 2012). The Geography for Life:
National Geography Standards (Hefferon and Downs 2012) suggested what a
geographically-informed person should know and be able to do by the 4th, 8th, and 12th
grades.
While developing the new curriculums in each subject, those working on the new
curriculum learned that merely developing a curriculum cannot maximize the learning
effect of the students and that the curriculum and the students' actual developmental
process must be aligned in order to maximize the learning effect. They realized that
designing a curriculum aligned with students’ developmental stages requires them to
know how students’ thinking abilities are developed and organized as the students learn
knowledge and skills based on empirical data (Solem, Huynh, and Boehm 2014). In
science education, researchers originally started to study the process of acquiring
knowledge and skills of students based on empirical data in the name of Learning
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Progression (LP).
A Learning Progression (LP) can be defined as “empirically-grounded and
testable hypotheses about how students’ understanding of, and ability to use, core
scientific concepts and explanations and related scientific practices grow and become
more sophisticated over time, with appropriate instruction” (Corcoran, Mosher, and
Rogat 2009, 15). Identifying a LP involves acquiring empirical data to verify the student
learning process (Duncan and Hmelo-Silver 2009; Solem, Huynh, and Boehm 2014) that
has been proposed by disciplinary experts and educators. The ultimate goal of LP
research is to provide evidence of student learning and level of understanding within and
between grade levels (Solem, Huynh, and Boehm 2014), so this information can be used
to help determine appropriate curriculum scope and sequences that are closely aligned
with students’ developmental stages (Corcoran, Mosher, and Rogat 2009; Duschl,
Maeng, and Sezen 2011; National Research Council 2007). In science, research on LP
has been actively conducted for a decade, and the research findings have been
incorporated as a key principle to develop A Framework for K-12 Science Education
(Maeng, Seong, and Jang 2013) and the Next Generation Science Standards (National
Research Council 2012).
The importance of LP research in geography has been emphasized since the
publication of the Road Map for 21st Century Geography Education Project (Bednarz,
Heffron, and Huynh 2013), and increasing attention has been paid to the concept of LP
(e.g. Huynh, Solem, and Bednarz 2015; Solem, Huynh, and Boehm 2014; Muñiz Solari,
Solem, and Boehm 2016). However, the concept of LPs is not fully shared or understood
among many geography educators and education researchers. So far, LP research in
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geography education has been conducted by only a few geography education researchers
(Huynh, Solem, and Bednarz 2015). They introduced the concept of LP, its importance,
and methods for effective LP research. However, there have been few empirical studies
that identified students’ LP on core concepts in geography. In Manhattan, Kansas, 2016,
geography education researchers interested in the LP held a workshop that discussed
ways to promote LP research in geography, Learning Progressions for Places and
Regions, funded by the NSF (Harrington et al. 2017). In the workshop, the attendees also
agreed that even researchers who are interested in LP research do not know much about
how to measure students' LP. To solve the problem, the attendees agreed that empirical
studies need to be conducted soon, which could be an example for researchers who are
interested in the LP but do not know how to properly measure it. Geography education
researchers interested in LP continue to urge the need for research based on empirical
student data (Solem, Huynh, and Boehm 2014; Huynh, Solem, and Bednarz 2015).
The importance of understanding and being able to use and create maps is
manifested in the U.S. geography standards (Heffron and Downs 2012) such as
“Geography Standard 1: How to use maps and other geographic representations,
geospatial technologies and spatial thinking to understand and communicate information”
(22). Students are expected to know and understand by 4th, 8th, and 12th grade,
respectively:
•

4th grade: Properties and functions of geographic representations – such as ma
ps, globes, graphs, diagrams, aerial and other photographs, remotely sensed i
mages, and geographic visualization;

•

8th grade: The advantages and disadvantages of using different geographic
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representations – such as maps, globes, graphs, diagrams, aerial and other
photographs, remotely sensed images, and geographic vitalization for
analyzing spatial distributions and patterns; and
•

12th grade: The advantages of coordinating multiple geographic
representations – such as maps, globes, graphs, diagrams, aerial and other
photographs, remotely sensed images, and geographic visualization to answer
geographic questions.

The national geography curriculum (Ministry of Education 2015) in Korea also
emphasizes student knowledge about concepts and elements of maps, as well as the
ability to utilize various forms of maps to communicate information. In their elementary
schools, students are first taught the concepts of location, direction, orientation, scale,
map symbols, and legends, and then learn the types and uses of maps, including both
reference maps and thematic maps. During the middle school, students are expected to
develop their map reading skills. In high school curriculum, students are encouraged to
utilize maps for analytical thinking and communication (Ministry of Education 2015).
However, current geography curriculum in Korea has little opportunity for
students to learn about map understanding, and the learning objectives for map
understanding are not clearly presented. After intensive learning about maps in grade
group 3-4, there are few units in which students can learn about map understanding. That
is, in the curriculum after the 5th grade, maps are mainly used as means for assisting
learning in various subjects, and it is difficult to see a unit that can enhance students’ map
understanding. For example, maps are used to show the territories of countries that have
existed in history classes, or to show the location of countries or continents in geography
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classes. This curriculum structure hinders students from acquiring knowledge and skills
in map understanding. This also makes it difficult for students to read various maps and
to make maps to communicate and express their ideas. Moreover, the scope and
sequencing of the national geography curriculum in Korea largely depends on
conventional common sense and insights from experts, teachers, and professors (Ahn and
Kim 2016; Jeon 2016).

Research Objectives and Questions

This study addresses three key questions regarding LPs on map understanding
among elementary through college students. The first question is about the existence and
nature of LPs on map understanding: Are there any common processes of map
understanding among students? If so, what concepts and map elements are easy and
simple to understand and which ones are relatively difficult and complex to understand?
In other words, are there different levels of difficulty among various concepts and
elements of maps? The second question is how the LP can be scientifically identified:
What kinds of tasks and assessment items are appropriate and effective for measuring a
student’s level of understanding on maps in order to identify the LP? The third question
is: How will the identified LP inform curriculum revision and refinement so it can align
with students’ developmental status? The objectives of this study are to:
1. Develop a valid and reliable instrument that can be used to identify learning
progressions on map understanding.
2. Identify learning progression on map understanding of elementary, secondary,
and college students in Korea.
6

3. Examine whether the current Korean geography curriculum is aligned with the
identified learning progressions on map understanding.

Study Significance
This study identifies students’ LP on map understanding. It will contribute to
addressing gaps between actual students’ LP and hypothesized LP by education
researchers and experienced teachers based on empirical data collected from a large
number of students. This study will contribute to verifying and refining the standard and
will provide guidance for the design of geography assessments, classroom tasks, and
activities related to understanding and using maps.
Four meaningful outcomes are expected by achieving the research objectives.
First, this study will introduce valid and reliable research method and assessment that can
be used to identify LPs in the future. The research methodology in this study, including
Ordered Multiple Choice (OMC) items, the Rasch model, and Wright Map analysis, will
provide a foundation for developing OMC items to identify LPs in other areas of
geographic ideas and practices.
Second, an empirically-supported LP in an important area of geographic literacy
will be obtained. Geography education researchers have emphasized the importance of
research based on learners’ developmental stages, especially LPs (Bednarz, Heffron, and
Huynh 2013). Geography education studies, however, have lacked empirical evidence in
examining LPs thus far. This study will attempt to fill this gap.
Third, this study will contribute to refining current curriculum and curriculum
materials for map learning. This study will provide an empirical insight into students’
7

map understanding progress, such as which concepts are easiest and hardest to learn
among varying grade spans. Therefore, the LP to be identified in the study will help to
discern whether the current curriculum works well or requires revision and refinement. If
there is a gap between students’ actual level of achievement and expected goals, a
curriculum revision will be necessary.
Finally, this study can contribute to knowledge accumulation in this area of
research. Considering the fact that there is little empirical research on LPs in geography
and an increasing interest in LPs, the findings of this study will serve as a basis for
further discussion and research on this topic.

Study Limitations

In this study, the Map Understanding Test (MUT) has been shown to be a reliable
and valid assessment to measure students’ LP on map understanding. However, the MUT
only has a limited number of items to show students’ LP more thoroughly. Using more
items and a variety of measurement methods such as multiple choice items, essay,
interviews, and drawing will be able to identify students’ LP more precisely and
accurately.
This study investigated the developmental process of students based on the crosssectional study which is based off of responses from a broad span of students, instead of a
long-term longitudinal study. Therefore, students’ LP identified from this study may not
be consistent with a LP identified through longitudinal studies. Gathering LP data not
only from a cross-sectional study but also from a longitudinal study will enable
accumulation of more reliable students' LP data.
8

The convenience sampling method was applied for data collection in this study. I
gathered data from three elementary schools, two middle schools, and two high schools
across the Korea; however, the schools were not chosen at random. This method is
beneficial in convenience and cost, but the sample is less likely to represent the
population for this study due to the sample not being randomly selected (Field 2013).
Therefore, the identified LP may not fully reflect Korean students’ LP for map
understanding. Follow up research based on random sampling may supplement this
limitation.

9

II. LITERATURE REVIEW

Before geography educators began to care about LP research, science and
mathematics education researchers actively tried to identify students’ LP about concepts
related to science and mathematics (Solem, Huynh, and Boehm 2014; Huynh, Solem, and
Bednarz 2015). In geography education, the need for LP research based on empirical
student data has emerged recently, but there currently is little systematic and practical LP
research (Bednarz, Heffron, and Huynh 2013).
This study aims to develop a tool to measure students’ LP on map understanding,
identify students’ LP for map understanding, and to compare the identified LP with the
current national curriculum in Korea. This chapter contains four parts:
1) Frameworks for understanding LP; 2) LPs in geography learning; 3) Significance of
map understanding in geography learning; and 4) Map understanding in Korean
geography curriculum.

Frameworks for Understanding Learning Progression (LP)

Learning Progression
Learning progression (LP) was originally introduced in the science national
curriculum in the UK (Seong 2013), and it is based on social constructivism and concept
change theory (Henry 2014). Social constructivism and conceptual change are cognitive
theories while LP research focuses on identifying comprehension process in definitive
content areas and characteristics of understanding levels (Duncan, Rogat, and Yarden
2009; Henry 2014).
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To get a better understanding of LP, this study will briefly discuss social
constructivism and conceptual change that form the theoretical background of the LP
concept. Social constructivism is a learning theory which insists that learners construct
knowledge and derive meaning of this knowledge from their own individual and social
experiences (Naragyan et al. 2013). Vygotsky (1986) described the social constructivism
as students processing unstructured collections of simple ideas and these ideas are
reorganized, revised, connected together by their own experience. These ideas can be
structured by understanding how ideas are united, linked, and separated. Instructions
affect those students’ conceptual understanding, however students must be
developmentally prepared for particular concepts. In addition, Vygotsky argued that
“instruction in one area can transform and reorganize other areas of thought” (1986,
p.177). More recently, readiness of learners, importance of content sequencing, and
instruction that challenges student thinking are regarded as important factors in social
constructivism (Naragyan et al. 2013). In this perspective, teachers provide experiences
that help students form the structures of understanding through the use of experiential
learning, role playing, and inquiry.
LP focuses on the effects of appropriate educational instructions rather than
natural growth of students. LP also assumes that the knowledge and skills that students
learn require certain levels of comprehension and attempts to identify these
developmental levels. These characteristics of LP concept are attributed to the
assumptions of the social constructivism as explained above.
Conceptual change in education refers to changes in students’ conceptions such as
beliefs, ideas, and ways of thinking through intended learning activities (Posner et al.
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1982). Conceptual change researchers are interested in identifying how students
understand concepts from the perspective of constructivism. They believe that knowledge
can be developed and restructured by individual experiences and instructions acquired in
school (Glaser 1984). In addition, conceptual changes can occur only after students
correct their previous knowledge and understanding (Posner et al. 1982). The conceptual
change researchers are interested in how students advance from partial understanding to
more accurate understanding in a specific domain (Chi and Roscoe 2002). Conceptual
change is a student’s ability to restructure ideas into more accurate understanding
(Vosniadou and Ionnides 1998). Over time, students will develop new knowledge while
restructuring their ideas based on their understanding and experience.
There are three characteristics of the conceptual change. First, students’
understanding and performance can be located on a continuum of novice to expert
(Glaser 1984). Novices have literal and less complex knowledge structure, while experts
have a more abstract knowledge structure (Vazquez et al. 2012). Knowledge that novices
have can be changed over time to become more accurate and complex. Second, in some
cases, new concepts are too complex or difficult to change students' old understanding.
Well-designed teaching and learning activities enable students to incorporate more
accurate concepts into their existing knowledge (Vosniadou and Ionnides 1998). Third,
the knowledge that students structured by this process possess is not always accurate, and
can therefore form misconceptions (diSessa, 1993). These misconceptions are often
solved by learning and reconstructing ideas, but sometimes it is difficult to overcome.
The features of the conceptual change described above are equally applied to the
concept of LP. LP researchers try to distinguish and characterize various stages of
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development by the degree of students’ understanding of a concept. This is based on the
assumption that students’ knowledge and understanding can be located on a continuum
from novice to expert. An assumption that particular knowledge can be difficult to
understand for a student at a specific developmental stage is a prerequisite for LP
research to find knowledge appropriate for the student's current developmental stage. The
misconceptions that are considered as a major theme in conceptual change research are
also important in LP research. Misconceptions are not the knowledge or understanding
that is intended in the learning objectives of a curriculum, but in many cases the learners
encounter those misconceptions in the process of transitioning from a lower level of
understanding to a higher level of understanding (Maeng, Seong, and Jang 2013).
What constitutes a ‘progression’ differs by practice in science (Alonzo and
Gotwals 2012). LP presents the ability to understand and utilize essential concepts in
science and the pathways students are likely to follow in order to fully grasp the concepts.
LP researchers focus on students’ development assisted by teachers or with learning
materials, instead of students’ development based on biological growth (Maeng, Seong,
and Jang 2013). In order to identify LP, researchers should not only analyze the
disciplinary knowledge but examine teaching practice and students’ actual learning
processes (Duschl, Maeng, and Sezen 2011; Gunckel et al. 2012; National Research
Council 2007).
There are four key theoretical and structural characteristics of LP (Duncan and
Hmelo-Silver 2009). First, a LP is focused on a few foundational and generative
disciplinary ideas and practices. These learning targets are often defined as educational
standards for a given discipline. For example, “What are things made of and how can we
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explain their properties?” (National Research Council 2007, 360) is a foundational idea
about the matter and the atomic-molecular theory in science. In addition, “how culture
and experience influence people’s perceptions of places and regions” (Heffron and
Downs 2012) is a foundational idea of places and regions in geography that can become
LP topics.
Second, a LP consists of an upper anchor and a lower anchor. The upper anchor
indicates what students are expected to know and be able to do by the end of the
progression. Learning goals, learning targets, and end points can be used as alternative
terms for the upper anchor (Huynh and Gotwal 2014). This anchor is informed by
analyses of the domain as well as societal expectations. Depending on the LP’s scope, the
upper anchor may vary from the knowledge needed in elementary school to the skills that
a student completing high school curriculum should possess in order to be considered
geographically literate. These LPs are often presented as educational standards for a
given discipline (Duschl, Maeng, and Sezen 2011; Huynh and Gotwal 2014). For
example, “students use maps and other geographic representations, geospatial
technologies, and spatial thinking to understand and communicate information” from the
National Geography Standards (Heffron and Downs 2012) can be an upper anchor. A
lower anchor describes the developers’ assumptions about the prior knowledge and skills
of learners as they enter the progression (Duncan and Hmelo-Silver 2009; Duschl,
Maeng, and Sezen 2011; Gunckel et al., 2012; Huynh, Solem, and Bednarz 2015). As
students possess a variety of experiences when they enter the classroom, discovering
what they know and can do is critical for finding patterns in order to define lower anchors
(Huynh and Gotwal 2014). In addition, the lower anchor should represent how students
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struggling the most typically consider certain topics before instruction in order to
establish an accurate starting point (Lehrer et al. 2014).
Third, a LP describes various levels of achievement through listing intermediate
steps between the upper and lower anchors. These levels can be derived from syntheses
of existing research on student learning or through empirical studies of learning
progression (Duncan and Hmelo-Silver, 2009; Huynh and Gotwals, 2014). Table 2.1
shows an example of intermediate steps in LP on biodiversity (Songer, Kelcey, and
Gotwals 2009, 614).

Table 2.1. Lower anchor, upper anchor, and intermediate steps in LP on Biodiversity (Songer,
Kelcey, and Gotwals 2009, 614)
• You can connect the plants and animals in a habitat into a web of eating
Upper Anchor

relationships, a food web. Because many animals rely on each other, a
change in the # of species can affect many different members of the web.
• Trophic relationships between organisms can be diagrammed as a food
chain, a linking of predators and prey.

Intermediate
Steps

• An animal that eats another organism is a predator, the organism that it eats
is called its prey. A parasite eats only a part of another organism and
doesn’t kill it. The organism that a parasite feeds on is the host.
• Most animals use particular kinds of organisms for food. Some general
groups are herbivores, carnivores, omnivores, and decomposers.

Lower Anchor

• Organisms can be divided into producers and consumers.
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Fourth, a LP is mediated by targeted instruction and curriculum. Well-structured
learning activities enable students’ understanding to be developed as the instruction and
curriculum intends. However, there may be multiple pathways to learning, and a
validated progression of thinking may not be the only path to effective learning and
teaching for every student (Clements and Sarama 2004).
Huynh and Gotwals (2014) added one more characteristic: measurement items, a
series of tasks for students to demonstrate knowledge and skills along the LP, to match
student responses to the hypothesized LP and use these responses to iteratively refine the
hypothetical progression.
A curriculum must be designed so that students can gradually deepen their
understanding of concepts and thinking over time together with their developmental
stages (Clements and Sarama 2004; Duschl, Maeng, and Sezen 2011). Students’
developmental learning stages can be identified in several ways, such as through teachers
and educational researchers’ own teaching experience or through information gained
from a review of earlier studies. In geography, current curricula and standards are
designed based on experts’ perspectives, and these standards follow the logic of the
disciplines as organized by researchers and teachers. This top-down approach lacks
empirical evidence and has low validity. An empirical examination of students’ learning
processes, i.e. a bottom-up approach, can compensate for the limitations of the top-down
approach. A LP incorporates both top-down and the bottom-up perspectives. It
emphasizes how students learn within the scope and sequence of formal education as
expressed in standards and the curriculum.
A Framework for K-12 Science Education employed LPs as a main principle in
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designing its framework (National Research Council 2012). The framework is similar to
the National Geography Standards in that it identifies key science concepts that students
should learn by the end of high school. LPs that were applied to the framework have
helped researchers understand the sequence and order of science concept learning, which
is essential for designing appropriate curriculum and curriculum materials, instructions
(Corcoran and Silander 2009) and assessments (Black and Wiliam 1998).

Research Approaches to Identify LP
Three research approaches are commonly used to identify LP. The first approach
is a ‘Data-grounded development’ (Huynh, Solem, and Bednarz 2015). It depends fully
on research syntheses of published findings, disciplinary goals, conceptual analyses, and
researchers’ insights when developing a hypothesized LP. For example, Smith et al.
(2006) outlined an approach for elaborating on standards and developing assessments for
matter and atomic-molecular theory by synthesizing and analyzing previous research on
the topic. They collected key questions and big ideas related to matter and atomicmolecular theory from published articles such as “Matter can be transformed, but not
created or destroyed, through physical and chemical processes” (Smith et al. 2006, 15)
and considered possible detailed ideas, such as “Objects are made of specific materials”
(Smith et al. 2006, 15) for K-2 students and “Objects are made of matter that takes up
space and has weight” (Smith et al. 2006, 15) for Grade 3-5 students. A LP on matter and
atomic-molecular theory was suggested based on the literature. Yet a limitation of ‘datagrounded’ LP is that further validation studies need to be conducted among students to
guarantee their reliability and validity (Smith et al. 2006; Lee and Liu 2010).
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The second approach is ‘In situ student understanding’ (Huynh, Solem, and
Bednarz. 2015). This approach not only collects data from published studies, but also
validates the collected data using measurements with students across grade levels and/or
over time. The data for validation is collected through measurement items, clinical
interviews, and teaching episodes (Clements, Wilson, and Sarama 2004). An example of
this ‘In situ’ approach is Maeng and Lee’s (2015) LP in understanding plate tectonics.
They identified conceptual constructs of plate tectonics from previously published
articles, developed a measurement to validate these constructs, and identified the LP on
plate tectonics.
The third is the ‘Instructional intervention’ approach (Huynh, Solem, and
Bednarz. 2015). In this approach, teaching intervention is added to the processes in order
to provide evidence of what students understand and are able to do as a result of
meaningful instruction (Plummer and Krajcik 2010). Songer, Kelcey, and Gotwals (2009)
identified a LP on biodiversity using this approach among 4-6 grade students. They first
developed a hypothesized LP on biodiversity based on previous studies. Next, they
developed a series of eight-week curricular activities that embedded the hypothesized LP
as well as associated measurement items. Based on the students’ pre- and post-test
results, the researchers revised and refined the hypothesized LP on biodiversity.
The first approach has the benefit of simplicity because it requires only a
synthesis of published studies and conceptual analyses, not empirical measurements of
students’ developmental process. Thus, the LP identified through this method have
limitations in their validity and reliability (Huynh, Solem, and Bednarz. 2015; Lee and
Liu 2010). The second approach includes the advantage of balanced validity and
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effectiveness (Alonzo and Steedle 2009) since this system applies analyses of published
studies as well as measurements of students. The third approach carries the benefit of
providing information on the nature and quality of the explanations students can develop
under guided conditions associated with a range of topics and placements along the
hypothesized LP. Moreover, embedded measurements provide more refined information
along a range of time points in regards to progress during the curricular intervention
(Schwarz et al. 2009; Songer, Kelcey, and Gotwals 2009).

Assessment Frameworks to Identify LP
A valid assessment to identify LP requires a hypothesis for evaluation, empirical
data to support the hypothesis, measurement items and tasks that can prove or disprove
the hypothesis, and reasoning that each of these elements can work consistently (Mislevy,
Steinberg, and Almond 2003). An assessment triangle (Figure 2.1) is widely used in LP
research as a framework for developing an effective assessment that satisfies these
conditions (National Research Council, 2001; Maeng, Seong, and Jang 2013). The
assessment triangle is an exemplar of assessment process in which the three elements of
cognition, observation, and interpretation processes work cyclically (National Research
Council 2001; 2006). Cognition is a step in which the researchers clearly set the
hypotheses and constructs about subjects such as beliefs and theories about what students
know, how they know it, and what knowledge and skills are important to measure.
Building a hypothesized LP based on the findings of previous studies at this stage. A
good assessment can be developed only by a clear and explicit hypothesized LP with a
well-defined construct. Observation is the measurement and evaluation of students' level

19

of learning by using the appropriate assessment tools. The tools must be carefully
designed to elicit students’ knowledge and cognitive processes with regards to the
targeted constructs. Interpretation is to describe the characteristics of students’ learning
based on the results of assessment. Quantitative and qualitative models can be used to
show the patterns of the data collected through the assessment. By comparing the results
at this stage with the hypothetical LP, the verified LP through empirical data will be
derived. In order to design an effective assessment, the three components of the
assessment triangle should be connected with each other and properly coordinated
together (Pellegrino, 2009).

Figure 2.1. The Assessment Triangle (National Research Council 2001)

Similar to the assessment triangle, Wilson (2005) suggested a framework to
develop an effective assessment called the construct modeling approach. The construct
modeling approach consists of four steps: specifying construct, item design, outcome
space, measurement model. The specifying construct corresponds to the cognition stage.
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In this stage, researchers select constructs to measure and organize them by difficulty
level in order to create a construct map. The construct map can be referred as a map of
the hypothesized LP. The construct map is the basis for developing assessment items for
LP research. Based on the results of the assessment, respondents will be placed at a
certain developmental level according to their understanding and performance level. The
second step of the construct modeling approach is item design and this step corresponds
to the observation stage in the assessment triangle. Assessment items to gather data on
how much students know about the construct are developed in this stage. Various
measurement methods can be used in the assessment items including multiple choice,
open-ended questions, drawing, and clinical interview. The third step in the construct
modeling approach is outcome space description and it corresponds to the interpretation
stage in the assessment triangle. In this step, students’ responses in the assessment are
scored, which categorized the students based on a rubric (Maeng, Seong, and Jang 2013).
The last step in the construct modeling approach is the measurement model and this step
corresponds to the interpretation stage in the assessment triangle. In this step, the
respondent's score or developmental level is placed at a specific location in the construct
map using statistical or analytical methods. The outcome of this step can guide the results
of the assessment to practical applications such as improvements of teaching activities
and/or curriculum and education programs (Wilson 2005; Mang, Seong, and Jang 2013).
The National Research Council (2006) introduced the assessment triangle and
Wilson's four building blocks as useful ways to develop an assessment in science
education. Many of recent LP studies have been done in accordance with these
frameworks (e.g. Duschl, Maeng, and Sezen 2011; Johnson and Tymms 2011; Rivet and
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Kastens 2012). This study applied the former, assessment triangle, as a framework to
identify LP on map understanding.

Learning Progressions in Geography

Since mid-2000, LP research has been actively conducted, and established as one
of the development principles for the Next Generation Science Standards, which is a
curriculum for science education in the U.S. (Duncan and Hmelo-Silver 2009; Next
Generation Science Standards Lead States 2013; Lee et al. 2016). However, in the field
of geography education, LP research is still being introduced and is not yet actively
conducted.
The first document that suggested the necessity of LP research in geography
education is the Geography Education Research report of the Road Map for 21st Century
Geography Education Project (Bednarz, Heffron, and Huynh 2013). In order to identify
the most effective research to improve geography education, the committee of geography
education research in the roadmap project examined the research produced in the
previous 20 years in geography education, education and science education. They
identified the limitations of geography education research thus far. The report proposed
13 ideas on what kind of research is needed to overcome the identified limitations for
further development of geography education in the U.S. and how geographic education
research can be improved through some strategies. Among the 13 recommendations in
the roadmap report, the first recommendation is the need for more LP study in geography
education:
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“The committee recommends that geography education researchers
engage in systematic efforts to identify learning progressions in
geography both within and across grade bands (e.g., grades K-4, 5-8,
9-12)” (Bednarz, Heffron, and Huynh 2013, p.8)
The committee (2013) suggests that LP research in geography education should
be beneficial to establishing core geographic ideas that are related to using knowledge,
skills, and practices and to revise curricular, assessment, and learning activities where the
LP research might have relevance. The committee (2013) also pointed out where to put
more effort to conduct better LP research: 1) LP research that focus on the foundational
knowledge, skills, and experiences necessary for developing students’ geographic
competency; 2) empirical LP research to identify the knowledge and skills appropriate at
different developmental levels; and 3) LP research about sustainability, natural hazards,
and interdisciplinary issues in geography.
The National Center for Research in Geography Education led a project called as
GeoProgressions to build the capacity to conduct LP research in the context of geography
education in the U.S. (Muñiz Solari, Solem, and Boehm 2016) and published a research
handbook about LP research: Learning Progressions for Maps, Geospatial Technology,
and Spatial Thinking: A Research Handbook (Solem, Huynh, and Boehm 2014). The
handbook introduces the concept and theoretical background of LP and research
methodologies used in LP research of mathematics and science education. Additionally,
the handbook summarized research about map learning, spatial thinking, and geospatial
technology and also emphasized the necessity of LP research related to these topics.
There are three reasons that the authors of this handbook introduced research about those
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concepts and pointed out the importance of LP research on those concepts. Spatial
thinking can promote students’ competencies on learning and inquiry that are critical in
education (Heffron and Downs 2012; Next Generation Science Standards Lead States
2013), and that maps and geospatial technologies are good tools to enhance students’
spatial thinking (National Research Council 2006). Geography education researchers are
interested in how students’ understanding of maps and geospatial technologies relates to
the development of geographic thinking and knowledge (Lee and Bednarz 2012; Jo,
Hong, and Verma 2016). As spatial thinking is an integrated concept connected with
various disciplines (National Research Council 2006; Solem, Huynh, and Boehm 2014),
it is also beneficial to establish a research cooperation network with other disciplines
including science, mathematics, and other STEM subjects through LP research on spatial
thinking (Solem, Huynh, and Boehm 2014).
A Road Map for Learning Progressions Research in Geography (Huynh, Solem,
and Bednarz 2015), which also introduces the concepts and methods of LP research, was
published at about the same time as the LP research handbook (Solem, Huynh, and
Boehm 2014). This paper also introduces the concept of LP and provides information on
how to conduct research in order to make LP studies more active in the field of
geography education in the future. In other words, this paper summarizes the LP studies
in science and mathematics education, explains what are the widely-used methodologies
in LP research, and discusses the advantages and disadvantages for each methodology.
Most recently, a book titled Learning Progressions in Geography Education:
International Perspectives (Muñiz Solari, Solem, and Boehm 2016), was published that
summarized international geography LP research. This book was published as part of an
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effort to explore the state of research on LP in geography education around the world and
to promote international collaboration among geographic educators. This book discusses
LP research and related issues such as changes in geography curricula, assessments, and
education system of Austria, New Zealand, Germany, England, Sweden, China, Spain,
Singapore, Belgium, South Africa and Turkey.
Although the status of geography in each country, the challenges it faces, and the
needs for better geography education differ, a combination of cases from different
countries can lead to the identification of several characteristics of LP research in current
global geography education. First, in geography education research related to LPs in each
country, studies related to curriculum development are the main subjects, and they have a
primary interest in establishing knowledge and skills that students need to learn in school.
In other words, the LP study aims to identify the upper-anchor, which is the level that
students are expected to reach ultimately, the lower anchor, which is the level of
knowledge and understanding when students enter a curriculum, and intermediate steps
between the lower and upper anchors which students pass while they gain knowledge and
skills, through the use of empirical data (Corcoran, Mosher, and Rogat 2009). However,
current geography education research in the world focus only on studies related to setting
the upper anchor.
Secondly, there are few studies that try to identify students' developmental
process using empirical data from assessments, observations, and interviews with
students. LP research attempts to reveal how students’ knowledge and skills mature based
on empirical data (Duncan and Hmelo-Silver 2009; Plummer and Krajcik 2010).
However, current geography education research related to LP around the world are not
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based on systematic assessments and experiments. Rather, there are many studies on
curriculum development based on teachers’ experiences and experts’ beliefs.
Thirdly, successful LP research requires active collaboration between education
researchers and teachers in geography as well as other disciplines. It is possible to obtain
useful information that is necessary for LP research in geography education by
cooperating with mathematics and science education researchers, and through more
active communication between geography educators and researchers more can be learned
about developmental process students are experiencing. In addition, collaboration among
geography education researchers around the world can facilitate building up LP-related
information about students’ geographical knowledge and skills.
LP research in geography education has been performed by only a few geography
education researchers. They introduced the concept of LP, its importance, and methods
for effective LP research. However, there have been few empirical studies that identified
students’ LP on big ideas and core concepts in geography over the world. Geography
education researchers interested in LP continue to urge the need for empirical research
based on student derived empirical data (Solem, Huynh, and Boehm 2014; Huynh,
Solem, and Bednarz 2015). In this context, this study will be meaningful as it is an
empirical study that identifies LP on map understanding using empirical data with a large
number of students.
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Significance of Map Understanding in Geography Learning

I selected map understanding from among the many concepts and big ideas in
geography for this study because the ability to read and understand maps is a fundamental
skill needed to acquire other geographic knowledge, and because maps are an important
means of representing the unique academic character of geography. The phrase
“Geography is the art of the mappable” in Peter Haggett’s book, The Geographer’s Art
(1990), illustrates well the importance of maps in geography. In particular, the
importance of functional knowledge that is useful for real life, such as map learning, will
become even greater in the flow of emphasizing “doing geography,” where geography
learning increasingly emphasizes knowledge related to real life and activity-oriented
geography education (Shim 2005; Heffron and Downs 2012).
Balchin and Coleman (1965) introduced the term ‘graphicacy’ as an instinctive
visual- spatial form of communication that cannot be conveyed through only verbal or
numerical means, such as maps or diagrams. The ability to use maps, charts, diagrams,
pictorial representations, and symbols is a basic but necessary skill to possess in modern
society, and thus needs to be taught in schools (Heffron and Downs 2012; Bednarz,
Acheson, and Bednarz 2006; Balchin 1985). Map plays an important role in learning
geography. Eliot (2000) suggests that geography is a combination of knowledge of and
about space. Knowledge of space means comprehending sets of facts about spatial
arrangements and interactions between humans and the environment. Knowledge about
space refers to the recognition and elaboration of the relations between basic and
advanced geographic concepts such as distribution, pattern, hierarchy, distance, direction,
orientation, and geographic association (Golledge 2002). One common characteristic is
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that all geographic knowledge has a spatial attribute, which can be explained by maps
(Song and Lim 2006). For example, when a teacher instructs about the population of
Austin, Texas, the teacher should explain the spatial attributes of Austin, such as its
location. In the case of world trade, the teacher will explain the concept of world trade,
including the places where products are produced and where they are consumed. Thus, it
is essential for students to understand maps and develop skills in utilizing maps in order
for them to be geographically literate.
In Korea, there are few studies related to map understanding. Researchers
examined students’ map understanding through experiments and suggested ways to
develop students’ graphicacy and map understanding. Yi and Bae (2000) defined
graphicacy as an ability to interpret orientation, symbols, scales, and contour lines, and
found that problem-based learning activities can facilitate students graphicacy. Choi
(1998) pointed out the importance of learning sequence on map elements based on
students’ development of spatial abilities. These studies suggested some teaching
strategies to stimulate students’ map understanding abilities. However, the sample sizes
were small and were limited to elementary students.
In recent years, as the public has exploited opportunities to utilize geospatial
technologies such as Geographic Information System (GIS), Global Positioning System
(GPS), and web maps, the importance of maps reading and understanding them have
become even more significant (Bednarz, Heffron, and Huynh 2013; Heffron and Downs
2012). The importance of map learning has also increased as the interest of geography
education researchers and STEM education researchers in spatial thinking, which is
closely-related to people’s ability to read and interpret maps, has increased (Bednarz,
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Acheson, and Bednarz 2006).
Previous studies on student map understanding have been conducted through a
synthesis of prior research, experiments, and the researcher’s own teaching experience
(Morgan and Lambert 2005). For example, Mohan and Mohan (2013) synthesized spatial
concepts from prior research and suggested abilities and challenges for different
developmental stages, such as ages 3-6, ages 7-9, and ages 10-12. Blaut and Stea (1971)
studied the competences of children ages 5-6 to read aerial photos and draw maps based
on the aerial photos in an experiment. Blades and Spencer (1986) designed a simple map
reading ability test for children aged 4-6. Boardman (1983, 1989) reported students’
difficulties with visual materials like maps and suggested pedagogical strategies that are
applicable to different developmental stages in graphicacy.
However, I found that these studies are often limited to researchers’ personal
experiences, conducted with small sample sizes and short grade span of participants. In
addition, the results of these studies have remained as discrete data. Synthesizing these
discrete study results may provide useful insights in geography education, especially in
the identification of LPs (Bednarz, Heffron, and Huynh 2013).
It would be meaningful to identify LPs for other geographic big ideas, but I
thought it would be more meaningful to explore the understanding of maps, one of the
most important topics as well as the topic that is becoming more and more significant in
geography education, in this empirical LP study. Map understanding consists of two
parts. The first is comprehension of concepts and basic map elements including location,
scale, distance, orientation, contour lines, and map projection. The second is
understanding and using various types of thematic maps, such as a dot density map, a
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choropleth map, and a flow map. The present study focuses on the first part,
understanding concepts and basic map elements, as the scope of the study.

Map understanding in Korean geography curriculum

As LP research is concerned with the development of students' knowledge and
skills through instructional activity (Duschl, Maeng, and Sezen 2011; Alonzo and
Gotwals 2012), it is necessary to find out what Korean students are learning about maps
and map reading in school.
In Korea, there is a national curriculum set up by the Ministry of Education, The
School Curriculum of The Republic of Korea. It defines what subjects should be taught in
each grade, when and how long it should be taught, as well as mandatory and elective
subjects. The curriculum also provides learning objectives in each subject and
information on what topics and concepts should be taught. Depending on the changes in
the curriculum, geography may become an independent subject or integrated with other
subjects, and these changes lead to differences in teaching content and quantity in
classrooms. In the latest curriculum in Korea, which is applied to only 1st and 2nd graders
and will be gradually applied to other grades starting in 2018, the 1st and 2nd graders learn
geography in Intellectual Life, 3rd to 9th graders learn it in Social Studies, and 10th to 12th
graders learn it in Integrated Social Studies. The subjects are integrated with economics,
politics, culture, history, civics, moral education and geography and mandatory subjects
that students are required to take. Korean Geography and World Geography are elective
standalone subjects for 10th to 12th graders.
Textbooks, learning materials and evaluation are designed in accordance with the
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learning objectives set out in the curriculum. Therefore, students in Korea learn contents
that are suggested in the national curriculum, regardless of where they live or what school
they attend. Korean textbooks are produced through a system designed and approved by
the government. In elementary school, geography belongs to Social Studies not a
standalone subject. Textbook development in elementary school, from 1st to 6th grade,
uses the government system, and the textbooks are produced by the government directly
or by entrusting it to research institutes or universities. There is only one national
textbook, and all elementary school students in Korea learn geography using this
textbook. Therefore, students learn almost the same thing no matter where they go to
school in Korea. For middle and high school textbooks for 7th through 12th grades, the
textbooks developed by publisher are examined by government for appropriateness. Each
company that publish textbooks invites experienced professors and teachers to
participate, and authors textbooks based on the curriculum presented by the Ministry of
Education. The Ministry of Education reviews these textbooks on whether the content
conforms to the presented curriculum and the contents are substantial. The approved
textbooks can then be used as textbooks in schools. The textbooks based on the national
curriculum differ in details such as pictures, examples, and explanations used, but have
similar contents. Therefore, students in Korea learn almost the same geography contents
no matter which textbook they use to learn geography. Each school will select textbooks
to be used in the school among the government-approved textbooks after the evaluation
of the teachers responsible for the subject and the deliberation of the principal, the
teachers, and the parents. In middle school, geography is not a standalone subject but is
included as a mandatory subject, Social Studies, which is combination of economics,
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politics, culture, history, civics, and geography. Currently, there are six kinds of middle
school Social Studies textbooks.
In high school, there are three elective geography related subjects: Social Studies,
Korean Geography, and World Geography. In Social Studies, geography contents are
included with other subject contents, such as politics, economics, civics, moral education,
and history. Korean Geography and World Geography are independent elective
geography subjects. Currently, there are four kinds of high school Social Studies
textbooks, five kinds of Korean Geography textbooks, and three kinds of World
Geography textbooks.
The school curriculum of the republic of Korea has been changed from the first
curriculum, An Outline Program of Instruction Curriculum, which was developed in
1945, to the latest version called the 2015 Revised Curriculum. There are seven fully
changed curricula from 1954 to 2007 and three partially revised curricula from 2007 to
2017. Partial revision of the curriculum took place in 2007, 2009, and 2015 under the
Partially Revised Curriculum System, which began in 2007.
Because of the wide range of students involved in the study, each grade group
studied map contents based on different curricula. For example, college students who
participated in this study have learned maps through textbooks based on the 7th School
Curriculum in their 4th grade, but now the 3rd grade students in elementary school learn
maps through textbooks based on the 2009 Revised Curriculum. There may be
differences in the contents of what students learned. In order to understand these
differences, this chapter will examine curricula related to map learning: 7th School
Curriculum, 2007 Revised Curriculum, and 2009 Revised Curriculum. Table 2.2 shows

32

the curricula that were used when the various grade group students who participated in
this study learned about maps.

Table 2.2. Curricula when Students Learn about Maps
The Curricula Each Grade Group Participants Learned
Participants

3rd and 4th
Graders

5th and 6th
Graders

Middle School

High School

3rd Graders

2009 revised
(2016)

ㆍ

ㆍ

ㆍ

5th Graders

2009 revised
(2014)

2009 revised
(2016)

ㆍ

ㆍ

7th Graders

2009 revised
(2012)

2009 revised
(2014)

2009 revised
(2016)

ㆍ

2007 revised
(2011)

2009 revised
(2013)

2009 revised
(2016)

7th School
Curriculum
(2008)

2007 revised
(2010)

2009 revised
(2013)

Sophomore

7th School
Curriculum
(2005)

7th School
Curriculum
(2007)

7th School
Curriculum
(2009)

2009 revised
(2012)

Junior

7th School
Curriculum
(2004)

7th School
Curriculum
(2006)

7th School
Curriculum
(2008)

2009 revised
(2011)

th

10 Graders

Freshmen

7th School
Curriculum
(2009)
th
7 School
Curriculum
(2006)

Currently, the geography in Korea is taught in one subject along with ethics, and
social sciences that includes civics, economics, politics, and anthropology. In the 7th
School Curriculum (Ministry of Education 1997), students from the 1st to 10th grades
were taught geography with Social Studies and History, and during the 11th and 12th
grades, students were able to take two geography courses out of 10 elective subjects. In
the last curriculum, there was only one geography related elective subject, World
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Geography; however, in the 7th School Curriculum, Korean Geography and Economic
Geography were added, and elective courses were increased to three courses.
In the 2007 Revised Curriculum (Ministry of Education and Human Resources
Development 2007), the number of class hours in History has been expanded as History
subjects have been separated to be independent from Social Studies. On the other hand,
geography and the social sciences have remained a combined subject under Social
Studies, and as the number of class hours in history has increased, the number of hours in
Social Studies has decreased.
In the previous curriculum, the curriculum presented what to teach for each
specific grade. In the 2009 Revised Curriculum (Ministry of Education, Science, and
Technology 2011), however, the concept of grade group was developed and contents
should be taught in each grade group were presented. Four grade groups were presented:
1-2 grade, 3-4 grade, 5-6 grade, and 7-9 grade. For example, in the past, the curriculum
instructed teachers to teach the unit "Where we live", which teaches about the way of life
around us, in 3rd grade. While, in the 2009 Revised Curriculum, schools or teachers were
given more autonomy in class construction by setting the time to teach the unit to 3rd or
4th grade. In addition, subjects taught in high school have changed. In the past, 10th grade
students were taught Social Studies with a combination of geography and social sciences
as a mandatory course, and in the 11th and 12th grade, two geography courses out of 10
electives could be selected depending on the choice of school and students. However, in
the 2009 Revised Curriculum, the Social Studies courses that had to be taught were
changed and an elective course titled Economic Geography, which was an independent
elective subject related to geography, was eliminated, leaving only Korean Geography
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and World Geography.
The 2015 Revised Curriculum is the newest school curriculum in Korea. It is
applied to the 1st and 2nd graders in 2017, and will be gradually applied to other grades
from 2018 to 2020. There were two changes in the revised curriculum related to
geography when compared to the previous 2009 revised curriculum. First, Integrated
Social Studies was a mandatory course for high school students. In the 2009 Revised
Curriculum, the Ministry of Education, Science, and Technology changed the Social
Studies course, which was a mandatory course for high school students in the previous
curriculum, to an elective course. During the period, the number of students choosing the
Social Studies decreased, and concerns were raised that students' knowledge of
humanities could be lowered. To solve this concern, the ministry created a new
mandatory subject, Integrated Social Studies, for high school students. Second, a new
elective subject, Travel Geography, was created. In the previous curriculum, the elective
geography subjects that students could choose were: Social Studies, Korean Geography,
and World Geography. In the new curriculum, however, Social Studies was eliminated,
and Travel Geography, a new elective subject, was created.
Each curriculum affects the contents taught in geography classes, class hours, and
sequence of learning. Even though there is only a small amount of content related to
maps and map learning in the geography curriculum, there have been changes in the
sequences and contents of maps and map learning by curriculum revision in Korea.
School curriculum in Korea sets out what contents to teach and when to teach them, but it
does not give a detailed description of learning objectives or achievement levels related
to maps and map learning.
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The characteristics of contents related to map learning in the three geography
curricula (the 7th School Curriculum, the 2007 Revised Curriculum, and the 2009 Revised
Curriculum) are as follows. Firstly, the geography curricula in Korea do not provide a
concrete level of achievement in map understanding. In order to understand maps
accurately, it is necessary to understand various difficulties of map-related concepts as
well as to acquire various difficulties of map-related skills. However, the geography
curricula in Korea did not provide a detailed description of what to learn and when to
learn about maps. Secondly, in the 3rd or 4th grade, students learn map elements and how
to read maps as an independent chapter in the Social Studies subject. In the higher grades,
however, students do not learn contents related to maps and map reading in separate
chapters. Lastly, while all the three curricula emphasize utilization of various maps as
tools to stimulate students’ interests and to help students’ geographic concept
understanding (Ministry of Education 1997; Ministry of Education and Human Resources
Development 2007; Ministry of Education, Science, and Technology 2011), the curricula
do not provide detailed descriptions or learning objectives related to map learning.
As shown in Table 2.3, the 7th School Curriculum specifically addresses that
measuring distance and explaining orientation using simple spatial words including front,
back, right, and left, which are related to map learning and should be taught in the 1st and
2nd grade. The curriculum has 3rd graders learn map elements and how to read maps in
one independent chapter, and it also provides a map drawing activity in which 4th graders
express the area they live in. However, it is difficult to find specific details about map
understanding and map learning for geography curricula at the 5th grade and above. In the
middle school curriculum, the only statement related to maps is “Learn local research
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methods to understand local area and utilize maps in the research” (Ministry of Education
1997) found in the “Local and Social Inquiry” chapter for 7th grade students. In the
following chapter, 7th grade students will learn about many countries in the world.
However, the curriculum does not specifically mention when to teach concepts about
world map, latitude, and longitude. High school Social Studies curriculum for 10th
graders has a learning objective related to maps that states “Students analyze the data,
express it in maps and graphs, extract geographic information from the geographic
representations, and apply it to understand the characteristics of geography” in the
“Geographic Information and Maps” chapter. With the exception of this statement,
learning objectives or learning contents related to maps are not specifically described.
In the 2007 Revised Curriculum, the content of map learning was increased from
that of previous curriculum. The biggest change is the number of chapter that deal with
map learning independently, with an increase from one chapter to two chapters compared
to the previous curriculum. Students were taught map elements and how to read maps
when they were 3rd and 4th graders. The curriculum also explicitly emphasizes the use of
world maps and globes in 6th and 7th grade. The curriculum suggests activities to explore
the location and area of Korea, and various parts of the world using world maps and
globes in 6th grade. And 7th graders were taught to use world maps, the globe, and
satellite images to identify the location of each region in the world, and to compare the
area and form of major countries in the world. The curriculum did not specifically
address learning objectives or activities related to map learning for high school students.
The 2009 Revised Curriculum is similar to the 2007 Revised Curriculum in terms
of map learning. In the previous curricula, there were activities to learn simple concepts
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related to distance and direction in 1st and 2nd grade, but it was excluded from the 2009
Revised Curriculum. In the 2009 Revised Curriculum, students were taught map elements
and how to read maps in an independent chapter in the 3-4 grade group. In 5-6 grade
group, students learn how to find locations and compare sizes of countries around the
world using world maps and globes. In 7-9 grade group, students learn how to express
locations using latitude and longitude, landmarks as well as how locational differences
affect human life. Similar to the previous curriculum, the 2009 Revised Curriculum did
not explicitly state learning objectives or activities related to map learning for high school
students.
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The
7th
School
Curriculum

• Describe what is on your front, back, right, and left.
• Explore a map.

Looking Around
Drawing a Map

The Community where We Live • Show situations of an area such as population distribution, transportation
network, administrative district, and sightseeing spot in a white map.

Social
Studies

Social
Studies

4

7

Lives in America and Oceania

countries in Asia and Africa.

• Identify characteristics of location, scope and natural environment of

• Identify characteristics of location, scope and natural environment of
countries in Asia and Africa.

• Identify characteristics of location, scope and natural environment of
countries in Asia and Africa.

Lives in Asia and Africa
Lives in Europe

• Learn how to conduct research related to regions, and use maps in
the research.

Regions and Social Inquiry

• Observe the shape of our town and display it as a picture map.

Our Community

• Learn how to read map elements and maps.

• Draw a simple picture map around our school.

• Find differences between around your school in the world and around your
school in the map.

• Measure distances and know appropriate measurement methods.

Learning about Distances

Social
Studies

Intelligent
Life

2

• Know how to measure the length of friends using a small stick.

Descriptions in Curriculum

Comparing Heights

Chapter

3

Intelligent
Life

Subject

1

Curriculum Grade

Table 2.3. The Contents of Map Learning Described in School Curricula in Korea
: The 7th School Curriculum, 2007 Revised Curriculum, and 2009 Revised Curriculum
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Curriculum

Revised

2007

Curriculum

The
7th
School

4

3

2

11-12

10

Curriculum Grade

Subject

Studies

Social

Studies

Social

Life

The Natural Environment and
Lifestyles of Our Region

Movement and Communication

The Place where We Live

Our Town

lines that show the natural and human characteristics of our region on
maps.

• Understand map elements such as orientation, symbol, scale, and contour

understand its locational characteristics.

• Identify the location and boundaries of our region in various maps and

transportation and communication between cities, and then describe them
as maps.

• Identify the location and names of cities around us, and explore the ways of

• Explore the typical locations and landscapes of an area and map them into
a simple picture map.

• Using various maps, identify natural environment and lifestyles of the
people in a region.

• Understand that maps consist of a variety of map elements, such as
orientation, symbols, and scale, and maps represent natural and human
environments

• Identify location and orientation of key buildings around your school.

• Measuring height, weight, and foot length.

We Are Growing

Intelligent

• Analyze data and describe it as maps and graphs, extract geographical
information from them, and understand the nature of geography.

Descriptions in Curriculum

• Understand the location and territory of our country in the world

Our Territory and Geographic
Information

Chapter

Korean
Understanding Our Territory
Geography

Social
Studies

(Table 2.3. Continued)
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Curriculum

Revised

2007

7

6

4

Curriculum Grade

Subject

Studies

Social

Studies

Social

Studies

Social

(Table 2.3. Continued)

The World where I Live

Natures and Cultures
in The World

Beautiful Our Country

The Natural Environment and
Lifestyles of Our Region

Chapter

• Find countries whose time and date are different from our country and find
out why.

• Find the city you live in and major cities in Korea in maps, and satellite
images.

• Compare the area and shape of major countries in the world.

• Find the location of Korea and major countries in the world on a globe and
on a world map.

• Understand the natural and human characteristics of selected area using
world maps, local maps and news.

• Can use world maps and globes to identify locations of countries in the
world.

• Represent natural and human characteristics of our country with maps,
charts, and graphs, and can read necessary information from various
sources.

• Identify the location and territory of our country using maps and globes.

• Identify natural and human characteristics by viewing various maps,
photographs, graphs and charts.

• Make maps, graphs, and charts of information about the natural and human
environment of our region.

Descriptions in Curriculum
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Curriculum

Revised

2009

7-9

5-6

3-4

Curriculum Grade

Subject

Studies

Social

Studies

Social

Studies

Social

(Table 2.3. Continued)

The World where I Live

Environment and life in many
countries around the world

• Can Explain the effect of difference in latitude and longitude on human life.

• Knowing that there are various ways of representing locations such as
latitude and longitude, and landmarks and utilize the methods in various
spatial scales.

• Identify shapes and sizes of countries over the world and talk about the
characteristics of each country.

• Identify locations and territories of countries over the world using maps and
globes.

• Understand population distribution of our country in a map and talk about
its characteristics and problems.

• Identify locations of cities in our region in various maps and understand its
locational characteristics.

Urban Development and
Resident Life
Our Country, The Good Place
to Live

• Find locations of cities that are closely related with our city in maps, and
tell where the related cities are located.

• Understand that maps consist of a variety of map elements, such as
orientation, symbols, and scale, and can depict our town as a map.

• Identify the location and boundaries of our region in various maps and
understand its locational characteristics.

Descriptions in Curriculum

The Region where I Live and
Other Regions

The Place where We Live

Chapter
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Curriculum

Revised

2015

7-9

5-6

3-4

1-2

Curriculum Grade

Subject

Studies

Social

Studies

Social

Studies

Social

Life

Intelligent

(Table 2.3. Continued)

• Observe the village you live and describe it as a picture.

Descriptions in Curriculum

A World that Lives Together

The World where I Live

investigate the causes and current status of the problems.

• Identify various geographical problems on Earth through maps and

understand distributional characteristics of the environments.

• Identify locations of natural and human environments in various maps and

each continent.

The Earth, Continents, and
world map and globe, and utilize these in real life.
Countries
• Explore locations and extents of continents, oceans, and major countries in

• Know basic contents and usages of various types of spatial data including

Location and Characteristics of • Based on the understanding of basic elements of maps, students use
Local Regions
geographical information in local map for real life.

Village

Chapter

Summary
LP is a theory based on social constructivism and conceptual change. It presents
the ability to understand and utilize essential concepts and the pathways students are
likely to follow in order to fully grasp the concepts. LP researchers focus on students’
development assisted by teachers or with learning materials instead of students’
development based on biological growth (Maeng, Seong, and Jang 2013).
LP helps researchers understand sequence and order of students’ learning, which
is essential for designing appropriate curriculum and curriculum materials, instructions,
(Corcoran and Silander 2009) and assessments (Black and Wiliam 1998). Thus, some
geography education researchers argue for the importance of LP research in geography
and necessity of empirical LP research to show a valid research method and to
accumulate data about students’ development. However, there has been very little
empirical LP research in geography.
Map understanding is an important skill in geography (Eliot 2000). Nowadays, the
importance of maps and the ability to read and understand them has become even more
important (Bednarz, Heffron, and Huynh 2013; Heffron and Downs 2012). This is
because of not only increased interest of educational researchers in spatial thinking,
which is closely related to people’s ability to read and interpret maps (Bednarz, Acheson,
and Bednarz 2006), but also increased opportunities for the public to use geospatial
technologies such as GIS and Web-based maps. In this context, geography researchers
who have interests in LPs called for empirical LP research in maps, geospatial
technology, and spatial thinking (Solem, Huynh, and Boehm 2014)
The geography curriculum in Korea also emphasizes nurturing students’ ability to
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read and utilize maps (Ministry of Education 2015). However, it is hard to say if the
curriculum systematically develops students’ ability to read and use maps. All the latest
four geography curriculums in Korea that I reviewed presented learning objectives about
map understanding only in short periods of time, 3rd or 4th grades. There are also few
opportunities to develop abilities on map understanding in higher grades.
Considering the increasing interest in LP research in geography education, the
necessity of identifying LP on map understanding, and a geography curriculum in Korea
that does not accurately reflect students’ developmental stages in map understanding, this
study is very timely in that it identifies Korean students’ LP on map understanding, helps
accumulation of empirical LP data, and suggests meaningful insights into curriculum
development in Korea.
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III. METHOD
The goals of this study are to 1) develop an appropriate tool to measure students’
LP on map understanding, 2) identify the LPs by grade level using the tool, and 3)
examine whether the current Korean geography curriculum is aligned with the identified
LPs on map understanding. Developing a valid and reliable tool that can accurately
measure the students’ LP must precede the achievement of other objectives. Next, LPs of
the participants in various academic years need to be identified using the developed tool.
Then, it can be validated whether guidance for map understanding in the current
geography curriculum is efficient by comparing the identified LP with the current
curriculum.
This study used "in situ student understanding” (Huynh, Solem, and Bednarz
2015) method to derive LP based on empirical data. This approach collects data to
develop a hypothesized LP from published studies and validates the hypothesized LP
through assessments with students across grade levels. To develop the assessment tool,
the Assessment Triangle (National Research Council 2001) was used as a framework in
which the three stages of Cognition, Observation, and Interpretation work cyclically. The
Figure 3.1 presents the research design of this study.
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• OMC assessment

• Construct map

Figure 3.1. Research Design

Products

Description

• Designing
Ordered Multiple
Choice (OMC)
items assessment
to identify a LP

• Observation

Developing a Map
Understanding
Test (MUT)

• Defining a
hypothesized LP
after analyzing
previous studies
about map
learning

Stage in the
assessment
• Cognition
triangle
framework

Procedures

Defining a
Hypothesized LP →
→

• Adjusted MUT
Score Means

• Identified LP map

• Scored assessment
data

• Comparing
identified LP
between variables
and hypothesized
LP

• Identifying
students’ LP based
on assessment
score using
Rasch Model

• Interpretation

Measurement
Model

• Wright map

→

• Scoring Rubric

• Scoring and
coding students’
OMC assessment
results

• Conduct a test
using MUT with
participants

• Interpretation

• Observation

Data Collection
and Coding
→

• Recommended
curriculum on map
understanding

• Finalized LP map

• Compares identified
LP with current
curriculum on map
understanding

Curriculum
Verification

Test Item Design

Defining a Hypothesized Learning Progression
LP on map understanding is the construct to be identified in this study. The first
step in identifying LP is to define what students know and can do at different levels as
they continue learning. A construct map that includes a hypothesized LP and competence
descriptions is then created after examining prior studies (Duschl, Maeng, and Sezen
2011). Map understanding involves various concepts, knowledge, and skills, such as
identifying patterns of relief from topographical maps, comparing physical and human
features shown in a map, and extracting information from thematic maps. Some key
concepts that students need to master include contour lines, distance, location, map
projection, orientation, and scale. This study selected those six elements as essential
concepts in map understanding after reviewing and analyzing 21 studies about students’
development in map concept learning and spatial skills (Appendix A). A construct map
created at this stage lists arbitrary and hypothesized developmental steps that include
low-, middle-, and high-level understanding of the cartographic concepts and abilities
related to the basic map elements. The construct map also includes misconceptions that
students may have. In order to locate the misconceptions in the hypothesized LP, I
classified the misconceptions in terms of how close they are to the correct concepts
presented in the current geography curriculum. After consultation with four classroom
teachers, the construct map was derived (Table 3.1). In this construct map, the level 1
corresponds to the lower anchor of the learning process, and the level 4 corresponds to
the upper anchor. The upper anchor, or level 4, is a concept that is presented to the
curriculum to be taught in the 11th grade, which is the highest grade in this study, or is
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expected to be accomplished by students with the 11th grade level of understanding. The
lower anchor, or level 1, is a concept that is expected to be found in students with
learning levels that fall into the 3rd grade or lower. In short, knowledge and skills in the
level 1 category are expected to be the easiest for students to acquire, whereas those in
level 4 be the hardest to master. After setting the upper and lower anchors this study also
set two intermediate steps: level 2 and level 3 between the two anchors. However, since
this construct map is not based on an empirical evaluation of students, the two anchors
and intermediate levels have to be validated and modified, if needed, according to
empirical evaluation data.
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Table 3.1. The Construct Map for Map Understanding at The Stage of Specifying Construct
Level

4

Knowledge and Skill Descriptions

Category

• Identify relief features from contour patterns such as valley, hill, ridge

Contour lines

• Understand the effect of location difference between points

Location

• Understand characteristics of popular map projections

Projection

• Calculate approximate areas on maps using distance measures in a map Scale

3

• Calculate the average gradient between two points on a map

Contour lines

• Understand differences of distance by relief (ups and downs)
on surface

Distance

• Give locations on atlas maps using latitude and longitude

Location

• Plot the eight points of the compass

Orientation

• Understand the fact that all projections cause distortions in varying
degrees

Projection

• Calculate winding distance between two fixed points on a map using Scale
scale bar

2

• Calculate approximate straight-line distance between two fixed points
in a map using scale bar

Scale

• Read heights from contours on a map and estimate heights between
contours

Contour lines

• Measure winding distances on maps

Distance

• Express their locations using landmarks near them

Location

• Plot the cardinal directions North, East, South, and West

Orientation

• Understand the fact that there are many ways to draw a world map, and Projection
various types of maps are used depending on the purpose of use

1

• Understand the features of large and small scale maps

Scale

• Infer elevation based on colors in a map

Contour lines

• Measure relative distance on a map (A is closer than B from C)

Distance

• Describe the relative locations of objects using before, behind, in front
of, to the left of, etc.

Location

• Follow directions using left, right, forwards, in a circle, etc.

Orientation

• Regard bottom of a map as south and top of a map as north

Orientation

• Regard only maps drawn using Mercator projection are accurate and
acceptable

Projection

• Measure straight line distance between two fixed points on a map

Distance
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Developing Map Understanding Test (MUT)
At this stage, an assessment is developed to obtain information about what
students know and are able to do at different levels within the construct map. Ordered
Multiple Choice (OMC) items are popularly used for describing and ordering student
understanding (Alonzo and Steedle, 2009). OMC items combine the efficiency of
traditional multiple choice items with the qualitative richness of responses to open-ended
questions (Briggs et al. 2010). Unlike traditional multiple-choice questions that choose
one correct explanation, the ordered multiple choice option is explicitly linked to a
discrete level of an underlying LP (Briggs and Alonzo 2012). Test takers choose the one
that best matches their opinion from given choices. Thus, it is important to design
traditional OMC questions where level 1 choices seem to be the most appealing for
students with level 1 competency, and level 2 choices seem to be the most desirable
answer for students with level 2 competency. Level 3 and 4 choices should also be most
appealing to students at levels 3 and 4, respectively.
This study designed test items based on OMC questions to identify a LP on map
understanding for two reasons. First, it is simple to interpret students’ item responses
since each of their answer choices is linked to a developmental level of student
understanding. Second, OMC items are more efficient than typical multiple-choice items,
as they require fewer items to be created to measure understanding of a construct (Briggs
et al. 2010; Briggs and Alonzo 2012). However, for this study, instead of choosing only
one choice that best reflects students' thinking, the test items were designed for choosing
all the selections that the test takers think are correct in order to more precisely analyze
the students’ LP. In a traditional OMC question, the probability of accidentally picking
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the level 4 choice is 25% because the student chooses only one out of four answers. If
the student chooses all the answers that he or she believes to be correct, the highest-level
students should choose all the correct answers at level 1, level 2, level 3, and level 4. The
probability of accidentally choosing all the correct choices is only 6.7%, because the
number of cases in which one or more of the four choices can be selected is 15. Thus, the
test items that are designed for choosing all the choices that the test takers think are
correct will give more accurate result. In order to identify students who choose all the
choices mechanically without consideration in a test item, I placed misconceptions that
students often have into the choices. Only the students who avoid these misconceptions
are selected to be at the highest level. Each OMC item will measure LP related to map
elements: contour lines, distance, location, map projection, orientation, and scale. Each
test item shows students one or two maps and measures whether they understand the map
elements such as contour lines, distance, location, map projection, orientation, and scale
as displayed on the map. The comprehension levels about the map understanding is
divided into four levels, and each level was presented as a choice in the OMC items.
Then, students choose all the answers that they think are correct. The construct map
synthesized from previous studies (Appendix A) was used as a basis for developing MUT
items (Appendix B). Six items were developed for this study. In order to check OMC
item validity, a pilot test was done with 39 middle school and 41 high school students in
Korea.
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Test Item 1: Orientation
In order to develop an item measuring students' LP on orientation, I selected a
large-scale village map that shows public facilities as shown in Figure 3.2. Various
facilities such as the county office, police station, hospital, super markets, and libraries
are represented in the map. The choices explain the locations of these facilities using
terms of right, down, east, west, north, and southeast, and students selected all the options
they thought were correct. Table 3.2 shows how the orientation-related knowledge and
skills presented in the construct map are transformed as choices in the test item.

Figure 3.2. A Map to Measure Students’ LP on Orientation
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Table 3.2. Knowledge and Skills about the Concept of Orientation
Level
3

Knowledge and Skill Descriptions
in the Construct Map

Choices Based on the Construct Map

• Plot the eight points of the
compass

→

• The hospital is located in the
southeast of Jeongseon Market.
• Jeongseon County Office is

2

1

• Plot the cardinal directions NESW

→

• Regard bottom of a map as south
and top of a map as north

→

• The library is located to the south of
the facilities listed on the map.

• Follow directions using left, right,
forwards, in a circle, etc.

→

• The hospital is on the right side of
Jeongseon Market.

located in the north of the
hospital.

According to the construct map, the lowest level of orientation is to use words
such as right and left without understanding the concept of cardinal direction including
North, South, East, and West when describing direction. Thus, the lowest level choice is
the answer that explains direction between the Hospital and Jeongseon Market using only
the concepts of right and left. Students who understand the concept of right, left, front,
back, etc. will think that the choice is right and select it as the correct answer.
The next level is to have a misconception that the bottom of the map is south, and
the top of the map is north. If some students have these misconceptions, it means that
they understand concept of cardinal direction: north, south, east, and west even though
the understanding is not perfect. Therefore, it can be said that their level is higher than the
students who explain the direction by using terms such as right, left, front, and back.
The next level is to fully understand the concept of the four cardinal directions
and to express direction by utilizing it. Students who understand the concept of cardinal
direction can find the correct direction using a compass that is located at the top right of
the map. They will then choose the answer that says Jeongseon County Office is located
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to the north of the hospital.
The highest level of understanding in orientation is to understand the concept of
eight and sixteen cardinal directions. If students understand this concept, they will choose
the answer that says the hospital is located to the southeast of Jeongseon Market. A
completed OMC item for measuring students' LP on Orientation is presented in Appendix
B.

Test Item 2: Distance
To measure students' LP for distance, a map was presented as shown in Figure
3.3. Each of the choices were designed to assess students understanding of relative
distance between two points, and relief (ups and downs) of the land on a map. Table 3.3
shows how the distance-related knowledge and skills presented in the construct map are
transformed to be choices in the test item.
The most basic ability related to distance is to compare the relative distance
between two points. So, a choice that represents the lowest level of LP compares the
distance from Danyang Middle School to Danyang Elementary School and the distance
from Danyang Middle School to Sangjin Elementary School. Students who can compare
relative distances will see this option as the correct answer.
The next level is to measure straight-line distance between the two fixed points on
a map. A choice for level 2 states that the straight-line distance between Danyang County
Office and Danyang Eup Office is longer than 2cm. If students can use a ruler to measure
length and understand the concept of distance in centimeters, they will read this option
and think it is the correct answer.
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Figure 3.3. A Map to Measure Students’ LP on Distance

The next level is to measure winding distance between the two fixed points on a
map. A choice for level 3 states that the distance of route “A” in red color, from Danyang
Middle School to Danyang High School is 4-5cm. If students are able to measure the
length of winding distance and understand the concept of distance in centimeters, they
will think this choice is correct.
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Table 3.3. Knowledge and Skills about the Concept of Distance
Level

3

2

Knowledge and Skill Descriptions
in the Construct Map

Choices Based on the Construct Map

• If you walk along the red line from
Sports Center to Sledding Slope, the
• Understand differences of distance
→
actual walking distance is longer than
by relief (ups and downs) on surface
the red line because of the elevation of
the ground.

• Measure winding distances on maps

• If you walk along the road from
Danyang Middle School to Danyang
→
High School, like path “A” the total
travel distance on the map is about
4~5 cm.

• Measure straight-line distance
between two fixed points on a map

→

• Measure relative distance on a map
(A is closer than B from C)

• The distance from Danyang Middle
School to Danyang Elementary
→
School is closer than the distance from
Danyang Middle School to Sangjin
Elementary School.

1

• On the map, Danyang County Office is
located more than 2cm away from
Danyang-Eup Office.

The highest level in the concept of distance is to understand that the actual
distance may be longer than the distance represented on a flat map, due to the land's
relief. The choice indicating this level states that the actual distance is longer than the
straight line indicated by the red line from the Sports Center to the Sledding Slope.
Students who understand that maps display the rises and falls of the ground, which are
three-dimensional objects on a plane, will think this choice is correct. A completed OMC
item for measuring students' LP on Distance is presented in Appendix B.
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Test Item 3: Location
To measure students' LPs for location, a world map was presented as shown in
Figure 3.4. Each of the choices represent various ways to describe locations and the
phenomenon caused by the differences in location. Table 3.4 shows how the locationrelated knowledge and skills presented in the construct map are transformed to choices in
the test item.

Figure 3.4. A World Map to Measure Students’ LP on Location

The most basic ability related to the concept of location is to describe specific
locations using words, such as in front of, up, down, surrounded, and contacted. In the
choice representing this level of ability, the location of Korea is described as being in
contact with a continent and surrounded by the sea. Students who understand and are able
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to use the words behind, contact, and surrounded are likely to choose this answer.
The next level is to express locations using landmarks near them on a map. The
choice for level 2 states that Korea is located between China and Japan. China and Japan
play a role as landmarks to represent location of Korea. This choice would seem to be a
correct explanation for students who can distinguish Korea, China, and Japan on the map
and understand a spatial term, between.
The second highest level is to understand concepts of longitude and latitude. The
statement for this level describes location of Korea using its latitudinal and longitudinal
ranges. If a student understands the concepts of latitude and longitude, the student would
select this choice as a correct one.

Table 3.4. Knowledge and Skills about the Concept of Location
Level

Knowledge and Skill Descriptions
in the Construct Map

Choices Based on the Construct Map

4

• Time in Korea is faster than Turkey
• Understand the effect of location
because Korea is located farther away
→
difference between points
to east from the coordinated mean
time line compared to Turkey.

3

• Give locations on atlas maps using
→
latitude and longitude

2

• Express locations using landmarks
• Korea is located between China and
→
near them
Japan.

1

• Describe the relative locations of
objects using before, behind, in
front of, up, down, etc.

→
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• In the map above, Korea is located
within a range of 30-45 degrees north
latitude and 120-135 degrees east
longitude.

• The upper part of Korea is in contact
with the continent, and other sides are
surrounded by sea.

The highest level of understanding in the concept of location is to understand
phenomena caused by locational differences. A choice that represent this level states that
the time in Korea is earlier than Turkey because Korea is located much farther east from
the coordinated mean time line when compared to Turkey. Only Students who recognize
locational difference between Turkey and Korea and think that a concept related to this
dissimilarity is a time difference have the highest level of understanding in location, and
they are likely to choose this choice as the correct answer. A completed OMC item for
measuring students' LP on location is presented in Appendix B.

Test Item 4: Map Projection
To measure students' LPs for map projection, two world maps were presented as
shown in Figure 3.5. A table showing the area by country was also provided to help
students check whether the maps show the correct area for each country. Table 3.5 shows
how the location-related knowledge and skills presented in the construct map are
transformed to choices in the test item.
Students tend to think that the world map drawn by the Mercator projection is the
most familiar and is the only correct map (Kim 2013; Nelson, Aron, and Francek 1992).
They do not think of distortions caused by map projections. Since world maps drawn by
Mercator projection are most widely used in Korean schools (Kim 2013), it is the most
familiar world map for students. Therefore, level 1 knowledge description in the
construct map is a misconception that is caused by a lack of understanding about map
projection. The level 1 choice also reflects this misconception. Students who are
accustomed only to the world map drawn by the Mercator projection and possess the
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misconception that it is the only correct map will think this statement is correct.

Area of countries in the world
Rank

Country

Area (㎢)

1
2
3
4
5

Russia
Canada
USA
China
Brazil

17,075,200
9,984,670
9,826,630
9,596,960
8,511,965

12
13

Greenland
Saudi Arabia

2,166,086
2,149,690

..

..

..

..

..

..

Figure 3.5. World Maps and A Table Showing Area of Countries in the World
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Table 3.5. Knowledge and Skills about the Concept of Map Projection
Level

Knowledge and Skill Descriptions
in the Construct Map

Choices Based on the Construct Map

4

• Understand characteristics of
popular map projections

• It is better to use the map in Figure 5
rather than the map in Figure 4 to
→
compare the relative sizes of the
countries in the world.

3

• Understand the fact that all
projections cause distortions in
varying degrees

• Figures 4 and 5 are maps drawn by
distorting one or more elements of
→
each country's shape, distance, area,
and orientation.

2

• Understand the fact that there are
many ways to draw a world map,
and various types of maps are used
depending on the purpose of use

• The world map in Figure 5 (in the test
item) is not a wrong map, and both
→
maps above can be used, depending on
the purpose of the map.

1

• Regard that only maps drawn using
Mercator projection are accurate and
acceptable.

→

• The map in Figure 4 is the only
accurate world map without any
distortions on shape, area, or distance.

The next stage of understanding on map projection is to know that there are many
ways to map the world, and to know that maps using various projections serve different
purposes. Students at this level are considered more advanced than the previous level not
only because they do not have the misconception that only the world map using the
Mercator projection is correct, but also because they know that there are various
projections that are used to draw world maps although they may not exactly know the
concepts of map projections. The choice showing this level states that both world maps in
Figure 3.5 are correct maps and can be used depending on the purpose of the map.
The next stage is to understand the fundamental reason why we should use maps
drawn in different projections depending on the purpose of the map. Students at this
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developmental stage understand the fact that distortions in shape, distance, area, and
direction must occur while displaying a spherical earth on a flat map. Rather than just
knowing the simple fact that there are many ways to draw a map, understanding why
maps should be made using different projections shows a deeper understanding for map
projection.
The highest level of understanding in map projection is to understand key
characteristics of widely used map projections, like Mercator projection. It is certain that
knowing the types, principles, features, and advantages and disadvantages of various map
projections is a higher level of understanding for the concept of map projection.
However, it is not necessary required to learn and understand all these complex concepts
in elementary, middle and high school curriculum. The highest level of LP on map
projection is determined as understanding that the Mercator projection involves
distortion, and knowing that there are other projections that can replace it. A choice for
this level states that a map drawn by the Robinson projection is more suitable for
comparing the area of each country in the world than a map drawn by the Mercator
projection. If students understand the limitations of the Mercator projection and know
other ways to supplement this limit, they should know that this choice is correct. A
completed OMC item for measuring students' LP on map projection is presented in
Appendix B.
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Test Item 5: Scale
To measure students' LPs for scale, two maps of the same area but with different
scales were presented as shown in Figure 3.6. The map located at the top of Figure 3.6,
which roughly depicts a large area, is referred to as a small-scale map and the map
located at the bottom of Figure 3.6, which depicts a small area in detail, is referred to as a
large-scale map. Knowledge and skills using map scale can be considered of a higher
level because students should be able to measure distances and apply the concept of ratio
(Shim 2005).
Each choice was designed to measure whether students know the characteristics
of large and small scale maps and are able to calculate actual straight line distances,
winding distances, and areas based on the scale presented in a map. Table 3.6 shows how
the scale-related knowledge and skills presented in the construct map are transformed to
choices in the test item.
The most basic level of understanding in scale is to distinguish small-scale and
large-scale maps and to understand the differences between the two. A choice for this
level describes these points. Students are likely to think this choice is correct, if they
understand that maps in Figure 3.6 represent the same region and identify differences
between the two maps.
The next step in understanding scale is to measure the straight line distance
between two points on a map to figure out the actual distance. In order to measure this
ability, two arbitrary points are defined in the large-scale map located at the bottom of
Figure 3.6. and a straight line distance (A) between these points was presented as a
choice representing the second level in scale. Students with these abilities are able to
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accurately calculate the actual distance and think that the choice with the given distance
is the correct answer.

Figure 3.6. A Small-Scale Map and A Large-Scale Map
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Table 3.6. Knowledge and Skills about the Concept of Scale
Level

Knowledge and Skill Descriptions
in the Construct Map

4

• Calculate approximate areas on
maps using distance measures in a
map

• If the width of Figure 7 is 10cm and the
→
length is 7cm, the actual area shown
in figure 7 is 2.8 km2

• Calculate winding distance between
two fixed points on a map using
scale bar

• In Figure 7, when moving along the B
route from the Gangjin library to
→
Gangjin-dong elementary school, the
actual distance traveled is about
800m.

• Calculate approximate distance
between two fixed points in a map
using scale bar

• In Figure 7, the straight line distance
(A) from Gangjin-eup office to
→
Gangjin public health center is about
300m.

• Understand the features of large and
small scale maps.

• Both Figure 6 and 7 represent the
→
same region, but Figure 7 details the
narrower region.

Choices Based on the Construct Map

3

2

The next step in scale is to measure the winding distance between two points on a
map, to understand how the actual distance is reduced using the given scale on the map,
and then to calculate actual distance between the two points on the map. The previous
step requires the ability to measure straight line distances, whereas this step requires the
ability to measure winding distances (Boardman 1985). In order to measure this ability,
two arbitrary points are defined in the large-scale map in Figure 3.6 and the actual
distance traveled along the road from one point to the other (B) is presented as an answer.
Students who are able to measure the length of the winding road and make precise
calculations based on the scale will find that the distance presented in this choice is
correct.
The highest level of understanding in scale is to calculate areas on maps using
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measured distances on the map. This level requires students to understand a mathematical

notion that an area can be calculated by multiplying width and height, in addition to the
concepts needed in the previous steps. In order to check whether students have reached
this level, a choice presented the width and height of the map, and the total area the map
represents. Students should use the scale given on the map to calculate the actual length
of the map's width and height, and then multiply the values to calculate the actual area.
Students who have done this correctly will find that the area value in the choice is
correct. A completed OMC item for measuring students' LP on scale is presented in
Appendix B.

Test Item 6: Contour Lines
Understanding of and skills related to contour lines suggested in the construct
map include inferring elevation based on the colors and contour lines displayed on maps
and identifying relief features from patterns such as average gradient, valley, hill, ridge.
In order to identify students' LP on the use of contour lines, a contour map was presented
as shown in Figure 3.7. The map has contour lines drawn at intervals of 10m and altitude
values are displayed for every 50 m. In addition, the lower elevation is marked with a
light color, which becomes darker with increasing altitudes.
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Figure 3.7. A Contour Map to Measure Students’ LP on Contour Lines

Table 3.7 shows how the knowledge and skills related to contour lines presented
in the construct map are transformed to choices in the test item. Since it is intuitive to
think of altitude according to the degree of color darkness, the most basic learning level
in contour lines is the ability to deduce altitude with color. The choice for the lowest level
of understanding describes that the light color is less elevated than the dark color. This
choice is designed to check whether students can identify relative elevation based on the
color tone in the maps.
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Table 3.7. Knowledge and Skills about the Concept of Contour Lines
Level

Knowledge and Skill Descriptions
in the Construct Map

4

• Identify relief features from contour
patterns such as valley, hill, ridge

• As you walk along the line from point
C to point D, you will see an uphill
→
slope at first, followed by a downhill
slope.

3

• Calculate the average gradient
between two points on a map

→

• The slope of the E-F point is gentler
than the slope of the G-H point on the
map.

2

• Read heights from contours on a
map and estimate heights between
contours

→

• The point A on the map is located
lower than the point B

1

• Infer elevation based on colors in a
map

→

• The darker the background color of
the map, the higher the height of the
ground.

Choices Based on the Construct Map

The next step is to infer the altitude based on contour lines. The choice for this
level describes which point is higher than the other point. Students should deduce the
altitude of each point based on given contour lines and then compare which point is
higher.
The next step is to infer the approximate slope at any point based on the contour
line. In the choice to measure this level, E-F and G-H, two points were presented on a
map and then the relative gradient of two points was compared. Students who reach this
level can deduce approximate gradient based on the compactness of the contour lines.
The highest developmental level in contour lines is to look at contour lines in
maps and identify the relief features of the area. It refers to the ability to understand relief
features by combining and visualizing topographic information from contour lines such
as changes in elevation and gradient. The choice for this level describes the elevation
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change from C to D in the given map. Students who reach this level will find that altitude
rises at first and then decreases from C to D after comparing the contour lines. Then,
students will think that as the altitude increases on the map, the uphill path will appear,
and as the altitude decreases, the downhill path will appear. By combining this
information, students will be able to visualize and understand the shape of the ground.
Students who have performed this process correctly will find that the choice described is
correct. A completed OMC item for measuring students' LP on contour lines is presented
in Appendix B.

Data Collection

Site Selection
Most schools in Korea are public or private General Schools: 98.7% of
elementary schools, 99% of middle schools, and 97.2% of high schools. These schools
run mostly on government budgets, teach students based on national curriculum, and
select their students using a lottery among students within the school district. Only about
1.46 % of schools in Korea have autonomy in curriculum design and school management
(including tuition and fees), and they are Private Elementary School, Special Middle
School, and Special High School. As of 2016, 75 (1.3%, out of 5,978) were Private
Elementary Schools and 28 (0.9% out of 3,204) were Special Middle Schools in Korea
(http://kess.kedi.re.kr/index). These schools generally have better facilities, higher
teacher-student ratio, and greater autonomy in the curriculum decision. The law requires
these schools to be open to all students and to hold lotteries if there are too many
applicants. The 65 (2.8%, out of 2,344) Special High Schools in Korea
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(http://kess.kedi.re.kr/index) can select desirable students based on their own admission
criteria, which often require high academic performance in middle school.
To represent the general population of students in Korea, this study includes only
public elementary schools, general middle schools, and general high schools. All students
enrolled in these schools must study the same national curriculum and content standards.
Significant differences in students’ academic abilities between urban and rural areas have
been found (Kim 2015), and these are mainly attributed to the parents’ socio-economic
status, including parents’ education level and income, the lack of qualified teachers, and
inadequate school facilities (Choo 2011; Kim 2011). Considering the reported differences
between urban and rural areas in students’ academic ability, a letter of invitation was sent
to potential participants: nine schools (five elementary, two middle, and two high
schools) in urban areas and seven schools (three elementary, three middle, and one high
schools) in rural areas. However, the schools were selected based on a convenience
sampling method, one of the non-probability sampling methods in which study
participants are selected among those who are conveniently available.

Participants
The participants of this study are 3rd graders, 5th graders, 7th graders, 10th graders,
and college students enrolled in schools that accepted invitation to participate in the
study: two public elementary, one general middle, and one general high school in urban
areas; one public elementary, one general middle, one general high school in rural areas;
and four colleges. The total number of participants was 1,486 and comprised of 359 3rd
graders, 168 5th graders, 349 7th graders, 347 10th graders, and 263 college students. The
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demographic information of the participants is presented in Table 3.8.
Table 3.8. Demographic Characteristics of Participants
Gender
Participants

Male

Female

Total

3rd graders

176
(49.0%)

183
(51.0%)

359
(100.0%)

5th graders

80
(47.6%)

88
(52.4%)

168
(100.0%)

172
(49.3%)
168
(48.4%)

177
(50.7%)
179
(51.6%)

349
(100.0%)
347
(100.0%)

College Students

123
(46.8%)

140
(53.2%)

263
(100.0%)

Total

719
(48.4%)

767
(51.6%)

1486
(100.0%)

7th graders
10th graders

Specific grade levels (3rd, 5th, 7th, and 10th) were selected from the participating
schools, and all students in those classes were included as potential participants.
According to the national geography curriculum, Korean students learn about maps in 3rd
but mostly 4th grade in elementary school, 7th grade in middle school, and 10th grade in
high school. Most 3rd graders have not yet learned about maps and map elements, so the
MUT assessment results for 3rd graders were expected to serve as a lower anchor in the
LP on map understanding, and the MUT assessment results for 7th and 10th graders serve
as the intermediate steps of the LP.
The MUT assessment results of college students would help identifying the levels
of map understanding of those who have completed all of the national geography
curriculum, and therefore are expected to have achieved all the curriculum standards. If
the level of achievement presented in the curriculum corresponds to the hypothesized
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upper-anchor for LP on map understanding, the test results of college students show the
level of achievement for those students who have completed the curriculum. Only nongeography majors were allowed to participate in the study to prevent the test from being
affected by further academic experience in geography.

Data Collection Procedure
For the MUT tests of the elementary, middle, and high school students, I arranged
the test schedule with the individual teachers and then visited each school to administer
the test. Participants were informed that participation in the MUT was voluntary and
anonymous. Test participants were given a paper-pencil version of the MUT and took the
test. There was no time limit for completing the test, but the average amount of time
taken was approximately 20 minutes. Students who did not want to participate in the test
read books while the test was administered. For the test of college students, I visited the
four selected universities and solicited participants in person. An online MUT was
developed using Survey Monkey and was released to potential participants through
Facebook during January 2017. Although not present in the initial sample, any college
student qualified to participate in the study was allowed to take the test, and the results
were included for analysis. An IRB approval was obtained before conducting the study.
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Data Coding

Each item in the MUT measures students' understanding of the map elements by
selecting all the choices that they feel are correct. Of the five choices given, choice ⑤
means "I do not know what the item says or what it means". If a student understands
anything that is asked in the question, the student can choose one or more choices which
he or she thinks are correct. There are 15 resulting cases when students can choose from
four options: choice ①, ②, ③, ④, ①②, ①③, ①④, ②③, ②④, ③④, ①②③, ①②④,
①③④, ②③④, ①②③④. Adding one more option, choice ⑤, “I do not know”, the
total number of cases that students can choose is 16. This study classified students' level
of understanding on map elements from level 1 to level 4, based on which of the 16
choices students had picked. For example, if a student chooses choice ⑤, "No statement
matches my opinion or have no idea" in question 1, asking for an understanding of the
orientation, it is determined that the student’s understanding of orientation is at the lowest
level. If the student only selects a choice that represent a level 1 understanding, the
student’s understanding of orientation can be regarded as level 1. Similarly, if a student
selects two choices that represent understanding level 1 and 2, the student’s
understanding of orientation can be regarded as level 2. This is because the student not
only selected the level 2 choice, but also selected the level 1 choice which shows
comprehension at the previous level of understanding as well. In other words, if the
student chooses the answers that correspond to an understanding of level 1, level 2, and
level 3 together, the student is more likely to be at level 3. The student did not choose the
level 4 answer because the student did not understand it correctly, but the student showed
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that he or she understands the previous stages of understanding by choosing the answers
that correspond to level 1, level 2, and level 3. However, if a student does not select
answers that correspond to prior developmental stages and instead chooses one or two
higher level choices to be correct (selects only one level 3 choice, or selects level 2 and
level 4 choices) it is not easy to judge the understanding level of the student.
Two graduate students in geography education, one middle school geography
teacher and one high school geography teacher with more than five years-experience
were invited to create a scoring rubric to judge the level of understanding of student
responses. That is, to build a rubric that judges which of the 16 cases that students can
choose from for each question belong to the understanding levels 0-4.
First, the five reviewers, including myself, individually create their own scoring
rubrics that can categorize the 16 possible choices into five understanding categories
from level 0 to 4. Then, the results of the five people were compared with each other, and
the final scoring rubric was derived by discussing the rankings until the five people
reached consensus. And then, the students' MUT response data was converted to 0 to 4
points according to the created scoring rubric.
The basic criteria for scoring are as follows. If a student selected the choice ⑤,
which means “I do not know”, the score for the student is zero. If the student selected
only the level 1 choice, the student will receive one point for the answer. If the student
appears to have reached a level 2 by choosing both the level 1 and 2 choices, the student
gets two points for the answer. If the student appears to have reached a level 3 by
choosing the level 1, 2 and 3 choices, the student gets three points for the answer. If the
student chooses all choices that represent levels 1-4, the student is given four points
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because he or she understands all developmental stages. When the student seemed to be
unable to fully understand the concept, such as the student choosing a high-level choice
but not choosing choices that represent the previous understanding levels, or selecting a
choice that represents misconceptions related to map understanding, the score for the
student was adjusted through deduction of points. These scores were used in later
analyses to identify students’ LP on map understanding.

Data Analysis: The Partial Credit Rasch Model
This study applied partial credit Rasch model (Masters 1982) to analyze students’
responses. The Rasch model has been used most extensively as a measurement model for
LP studies since it allows us to calculate the relationship between item difficulties and the
ability of respondents (Lee 2016). The Rasch model also provides statistics that show
how much each item fits into the underlying construct. As the Rasch model provides a
Standard Error of Measurement (SEM) for all items and test takers, it is more reliable
compared to traditional measurement theories (Liu and Boone 2006).
The Rasch model estimates the subject's responses to questions by a mathematical
formula (Ji and Chae 2000). The model uses a simple logistic model for scoring and was
developed by George Rasch (Rasch 1980). The Rasch model can solve the problem of
nonlinearity in the measurement of student ability and the difficulty of an item by making
a linear scale called log odds or logit (Waugh 2007). Because of the linear scale, this
instrument has become a tool that can be applied to any sample in measuring ability (Liu,
2010). Below is the partial credit Rasch model.
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𝑙𝑛 (

𝑃𝑛𝑖𝑘
) = 𝐵𝑛 − 𝐷𝑖𝑘
1 − 𝑃𝑛𝑖𝑘

Where ln means a linear model, 𝑃𝑛𝑖𝑘 is the probability of person n with an ability
𝐵𝑛 responding at level k of item i, and 𝐷𝑖𝑘 is the difficulty of level k of item i. The partial
credit model is a modification of the Rasch model that was originally developed for the
analysis of dichotomous items, so that it can be used for polytomous items with multiple
responses from respondents (Bond and Fox 2007). According to Liu (2010), the partial
credit Rasch model is required when the instrument applies a rating-scale such as
constructed-response items and open-ended question items using scoring rubrics. The
partial credit Rasch model is appropriate for this study because students’ answers for the
MUT items cannot be scored by a dichotomy such as correct and incorrect. Each given
choice represents developmental levels from 0 to 4 and students choose all of the given
choices that they think are correct. So, depending on which choices the students make,
students should be graded, and partial scores appropriate for their level should be
assigned. ConstructMap software v4.6.0 (Kennedy et al. 2008) was used for the partial
credit Rasch model to identify students’ LP on map understanding.
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Summary

In this chapter, I described procedure of this study in detail: an assessment
development, data collection, data coding, and data analysis models to identify students’
LP on map understanding.
The first thing to do to identify LP is to define what students know and can do at
different levels as they continue learning for the construct. This study selected six map
elements - contour lines, distance, location, map projection, orientation, and scale - as
essential concepts in map understanding based on an extensive review and analysis of
prior studies about students’ development in map learning and spatial skills. A
hypothesized LP on map understanding was proposed and reviewed by four classroom
teachers with more than five years of experiences.
Next, I developed the MUT and applied the OMC items to measure students’ LP.
The knowledge and skill descriptions presented in the hypothesized LP were transformed
as choices in each question item.
After developing the first version of MUT, a pilot study was conducted with 39
middle school and 41 high school students in Korea to check the OMC item validity.
After revision of the MUT, the main test was conducted with 1,486 students in Korea.
The test data was coded using a scale ranging from zero to four, corresponding to ability
level 0 to level 4.
The coded students’ response data was analyzed by the partial credit Rasch model
(Masters 1982). The model has been used most extensively as a measurement model for
LP studies since it allows you to calculate the relationship between item difficulties and
the ability of respondents (Lee 2016).
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IV. RESULTS AND DISCUSSIONS

This study addresses three research questions regarding LPs on map
understanding among elementary through college students: 1) What kinds of tasks and
assessment items are appropriate and effective for measuring a student’s level of
understanding of maps in order to identify the LP? 2) Are there any common processes in
map understanding among students? If so, what concepts and map elements are easy and
simple to understand and which ones are relatively difficult and complex to understand?
and 3) How will the identified LP inform curriculum revision and refinement so it can
align with students’ developmental status?
In this chapter, the results of this study are reported in the context of each research
question followed by a discussion. The results of the MUT and the identified LP will be
interpreted based on existing scholarly literature and geography curriculum in Korea.

Research Question 1:
What kinds of tasks and assessment items are appropriate and effective for measuring
a student’s level of understanding of maps in order to identify the LP?

The process of developing a valid and reliable assessment for identifying LP on
map understanding, as part of the first objective of this study, is discussed in detail in the
previous chapter. Reliability indicates how repeatable and consistent the results of the
developed tool is, and validity indicates whether the assessment tool actually measures
what the researcher is trying to measure (Furr and Bacharach 2013).
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Reliability of MUT
Rasch model provides two reliability indices: Person Separation Index (PSI) and
Item Separation Index (ISI). PSI shows how well a test can distinguish high level and low
level test takers. A PSI lower than 0.8 indicates that the test may not be sensitive enough
to students’ ability levels (Linacre 2002). ISI shows how well test takers can separate the
items used in the test (Liu 2010). If the ISI lower than 0.9, then the sample may not be
large enough to confirm hierarchy of item difficulty (Linacre 2002). The two indices are
determined by the ratio of true standard deviations to error standard deviations in item
measures and person measures, respectively. If the ratio is greater than 1, it means that
true variance is greater than error variance and the bigger the ratio, the more reliable the
measures (Wright and Stone 1999). These indices can be converted to a Cronbach’s
alpha, a measure of internal consistency, from 0 to 1 (Liu 2010). As a rule of thumb, a
Cronbach’s alpha coefficient between 0.7-0.8 is regarded as an acceptable reliability, 0.80.9 is regarded as good reliability, and greater than 0.9 is regarded as an excellent
reliability (Field 2013). The PSI of MUT was 2.02, which is equivalent to a person
reliability coefficient of 0.8. The ISI was 1.84, which is equivalent to an item reliability
coefficient 0.78. This result shows that the MUT is a reliable measurement.
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Validity of MUT
In a Rasch model, the Item Fit Statistics is an indicator of the test’s validity
(Linacre 2002). Item Fit Statistics shows how accurately each test item measures the
construct of the test through mean square residual (MNSQ) and the standardized mean
square residual (ZSTD) (Bond and Fox 2007). MNSQ and ZSTD of test items within an
acceptable range means that the test item is valid to measure the construct. The MNSQ
shows the degree of randomness based on the difference between the observed response
patterns and the predicted response patterns (Linacre 2002). The ZSTD also shows the
degree of randomness, however it is a normalized t score of the residual (Liu 2010).
The Rasch Model also provides Infit and Outfit statistics: infit MNSQ, out
MNSQ, infit ZSTD, and outfit ZSTD. Infit means information-weighted fit which is
“sensitive to the pattern of responses to items targeted on a person and sensitive to the
pattern of person close to the items” (Bradley and Sampson 2006 p.30). Outfit means
outlier-sensitive fit. It is “more sensitive to responses to items with difficulty far from a
person, and vice-versa” (Linacre 2002 p.878). For example, Infit statistics weighs more to
those responses that are close to the probability of 50:50, whereas the Outfit statistics do
not weigh over all persons (Liu 2010). Commonly used criteria for the item fit statistics
are within the range of 0.75 to 1.33 for Infit and Outfit MNSQ, and -2.0 to 2.0 for Infit
and Outfit ZSTD (Linacre 2002; Liu 2010).
Table 4.1. shows the Item Fit Statistics of the MUT. Based on the criterion above,
all the fit statistics of MUT items were within the acceptable range, meaning that all the
items are appropriate for measuring students’ LP on map understanding.
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Table 4.1. Item Fit Statistics of the MUT
Item

Outfit
MNSQ

Infit
ZSTD

MNSQ

ZSTD

Orientation

1.06

1.7

1.07

2.0

Distance

0.84

-1.5

0.85

-1.5

Location

0.91

-1.4

0.92

-1.2

Map Projection

0.97

-0.7

0.99

-0.3

Scale
Contour Lines

0.86
0.85

-1.7
-1.2

0.87
1.02

-1.8
0.4

In LP studies, the Item Characteristic Curve (ICC) is used to verify the validity of
the developed measurement tools (Seong 2013; Maeng, Seong, and Jang 2013; Maeng
and Lee 2015). ICC is a table showing the correlation between the test takers’ ability and
the correct answer rate. By analyzing the shape of curves in the table, a researcher can see
whether the items properly measure what it is intended to measure. The ConstructMap
program generated an ICC by converting the test takers’ probability of a correct response
and the item difficulty to a logit score. Figure 4.2, 4.3, 4.4, 4.5, 4.6 and 4.7 show ICCs of
the MUT, and each curve shows characteristics of each measurement item.
In Figure 4.1, The x- axis of the ICC represents test takers’ proficiency in logit
values. The y- axis shows the probability of making a certain selection based on the
difficulty of each developmental level. In the legend, p(0) represents the lowest level,
level 0, and p(4) represents the highest level, level 4. The curve of p(0) shows that; the
probability of choosing the level 0 in the question item is high when a respondent’s
ability is low; and the probability decreases as the respondent's ability increases. On the
other hand, the curve of p(4) shows that the probability of choosing the level 4 increases
as the respondent's ability increases. For example, in Figure 4.1, a student at the
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proficiency of -1.5 is most likely to show level 1 understanding because the probability of
choosing level 0 (p (0)) is about 0.31, level 1 (p(1)) is about 0.55, level 2 (p(2)) is about
0.12, level 3 (p(3)) and level 4 (p(4)) are both about 0.
ICCs also can show the Thurstonian threshold, which is the log value of a
respondent's ability when the probability of the respondent to select a certain level of
choice is greater than 0.5 (Wu and Adams 2007). In Figure 4.1, for example, the
intersection of the p(4) curve and the probability 0.5 on the y axis is approximately 1.8
logit on the x axis, so this is the Thurstonian threshold value of level 4. In the Rasch
model, when a respondent has 0.5 probability to choose a given level of answers, the
respondent's ability is consistent with the difficulty level of these answers. In other
words, for the choices that represent developmental level 4, when a respondent’s ability
is about 1.8 logit, the probability to choose this level’s answers is 0.5. This means that the
difficulty of level 4 choices is 1.8 logit. Therefore, if a respondent's ability is higher than
1.8, a level 4 choice becomes an easy question, whereas it becomes a difficult question
for respondents whose ability is lower than 1.8 logit.
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Figure 4. 1. ICC of an Example Question Item

Among the five curves in the ICC, the intersections of two adjacent curves
(known as step points) represent transitions from the previous developmental level to the
next level (Ji and Chae 2000; Wu and Adams 2007). These step points can separate the
developmental levels and this study could distinguish students’ developmental levels
based on these step points. The validity of tests can be identified by examining the shape
of the curves. The ICC of a valid test item clearly shows that the higher the students'
abilities, the higher the probability of belonging to a higher developmental level (Seong
2013).
A well-designed LP test should be able to distinguish students’ developmental
levels based on students' responses (Seong 2013). Figure 4.1 shows an ICC for one item
in the pilot test. In this graph, the level 3 choice does not have the highest selection
probability at any point on the x-axis. Students with abilities of approximately 0 - 1.4 are
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most likely to choose level 2 answers, and students with abilities of 1.4 or higher are most
likely to choose level 4 answers immediately without going through level 3. In this case,
the choice of level 3 is likely to be unattractive to students. There is a possibility that
choices representing levels 2 and 4 are too specific or logical relative to choices that
represent level 3, and because of this students' choices can be distorted. Therefore, in this
case, the test developers should reexamine the test to see if it is well designed and
structured (Seong 2013).

Figure 4.2. ICC for Question Item 1. Orientation

In Figure 4.2, ICC for Orientation, students who have the abilities that
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approximately range between -1.6 and -0.8 are at level 1, between -0.8 and 0.4 are at
level 2, between 0.4 and 1.3 are at level 3, and higher than 1.3 are at level 4. This shows
that this item is suitable for measuring students’ developmental stages in Orientation,
because it clearly shows a pattern that the higher the students' ability, the higher the
probability of belonging to a higher development level.

Figure 4.3. ICC for Question Item 2. Distance

In Figure 4.3, ICC for Distance, students who have the abilities that
approximately range between -1.8 and -1.1 are at level 1, between -1.1 and 0.3 are at
level 2, between 0.3 and 1.6 are at level 3, and higher than 1.6 are at level 4. This result
also shows that this item is suitable for measuring students’ developmental stages in
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Distance.

Figure 4. 4. ICC for Question Item 3. Location

In Figure 4.4, ICC for Location, students who have the abilities that
approximately range between -2.6 and -1.4 are at level 1, between -1.4 and 0.5 are at
level 2, between 0.5 and 1.4 are at level 3, and higher than 1.4 at level 4. This result also
shows a pattern where the higher the students' abilities, the higher the probability of
belonging to a higher development level, meaning that this item is suitable for measuring
students’ developmental stages in Location.
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Figure 4. 5. ICC for Question Item 4. Map Projection

In Figure 4.5, ICC for Map Projection, students who have the abilities that
approximately range between -1.4 and 0.1 are at level 1, between 0.1 and 1.7 are at level
2, between 1.7 and 2.7 are at level 3, and higher than 2.7 at level 4. This result
apparently shows that the higher the students' abilities, the higher the probability of
belonging to a higher development level. This item is suitable for measuring students’
developmental stages in Map Projection.

88

Figure 4. 6. ICC for Question Item 5. Scale

In Figure 4.6, ICC for Scale, students who have the abilities that approximately
range between -2.3 and -0.3 are at level 1, between -0.3 and 0.7 are at level 2, between
0.7 and 2.0 are at level 3, and higher than 2.0 at level 4. This result also shows that this
item is suitable for measuring students’ developmental stages in Scale.

89

Figure 4. 7. ICC for Question Item 6. Contour Lines

In Figure 4.7, ICC for Contour Lines, students who have the abilities that
approximately range between -2.4 and -0.6 are at level 1, between -0.6 and 1.1 are at
level 2, between 1.1 and 2.3 are at level 3, and higher than 2.3 at level 4. This result also
shows a pattern that the higher the students' abilities, the higher the probability of
belonging to a higher development level, meaning that this item is suitable for measuring
students’ developmental stages in Contour Lines.
By examining ICCs for the MUT items, it was found that all the items of MUT
were acceptable measures of students’ developmental levels on map understanding. It
clearly shows that the students with higher ability are more likely to choose higher level
choices.
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Summary for Research Question 1
The first objective of this study is to develop a reliable and valid assessment tool
to measure students’ LP on map understanding. This objective was accomplished through
the MUT development process explained in the method chapter and the first part of the
results and discussion chapter: specifying a construct that set a hypothesized LP,
developed test items based on the LP, and tested the reliability and validity of the MUT.
To develop an assessment tool to measure students’ LP on map understanding,
first the knowledge and skills related to map understanding were extracted from 21
previous studies about map learning and spatial abilities as well as geography curriculum
in Korea. Next, a hypothesized LP was developed by categorizing the knowledge and
skills into six map elements: contour lines, distance, location, map projection, orientation,
scale. Then, initial test items were developed based on the hypothesized LP. After review
of the items, the initial assessment tool was pilot tested for revision. After revising the
test items, the main test was conducted. The gathered data was coded with values from 04, and then analyzed using Rasch model which provides evidence of reliability and
validity for the test.
The PSI was found to be 2.02, the ISI was found to be 1.84, meaning both
reliability coefficients were in the acceptable range. All the Item Fit Statistics for test
validity were within the acceptable range of 0.75 to 1.33 for Infit and Outfit MNSQ, and 2.0 to 2.0 for Infit and Outfit ZSTD. ICCs for the MUT items also showed that all the
items of the MUT were acceptable measures of students’ developmental levels on map
understanding.
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Research Question 2:
Are there any common processes of map understanding among students?
If so, what concepts and map elements are easy and simple to understand and which ones
are relatively difficult and complex to understand?

The second objective of this study is to identify students’ LP on map
understanding in Korea. The developmental sequence of the knowledge and skills related
to map understanding was examined using Wright Map, which simultaneously shows the
difficulty of the knowledge and skills related to the map understanding and proficiency of
students. Additional characteristics of LP on map understanding were examined using the
distribution of students' response to the MUT and Differential Item Functioning (DIF)
analysis.

The Developmental sequence of the Knowledge and Skills Related to Map
Understanding
The ConstructMap program generates a Wright Map, which is a diagram based on
calculated student proficiency and the probability of choosing an answer in each OMC
item. Not only does the Wright Map show the distribution of students’ proficiency, but it
also displays the difficulty of developmental levels that were suggested by the
hypothesized LP. Wright Map provides a diagram of the frequency distribution by
placing the difficulty of the test items on the same measurement scale as the ability of the
test takers (Kennedy et al. 2008; Maeng, Seong, and Jang 2013). Items, developmental
levels, and Thurstonian thresholds are displayed. This map helps to distinguish the level
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of item choices and individual respondents. In addition, it is used as a basis for
identifying students' actual LP (Maeng, Seong, and Jang 2013). This study analyzed
elementary, middle, high school, and college students’ map understanding using the
Rasch model. Wright maps for each grade group (3rd, 5th, 7th, 10th, and college students)
were created to show students' understanding and development process. Since the LP of
each group was examined using the same test, it is easy to compare how the difficulty
level of the item choices and developmental processes vary per the group.
Figure 4.8, Figure 4.9, Figure 4.10, Figure 4.11, and Figure 4.12 are the Wright
Maps for each grade group. The Wright Maps are organized as two vertical
histograms. The left side shows students and the right side shows item choices that
represent the students’ developmental level. The left side of the map shows the
distribution of the measured proficiency of the candidates from “most able” at the top to
“least able” at the bottom. Numbers at the left side of the map (-3, -2, -1, 0, 1, 2, 3, 4) are
logit values that were calculated by students’ proficiency and item difficulty. Each "X"
represents the number of students. The students at the top of the map have the highest
proficiency in map understanding, and those at the bottom of the map have the lowest
proficiency in map understanding. The “-----” line on the left side of the Wright Map
shows students’ average proficiency.
The Thurstonian threshold at the right top of the map refers to test takers’ logit
value when the probability of choosing a certain answer is 0.5. This value represents the
difficulty of an item choice. In other words, the items on the right side of the map are
distributed from the most difficult, at the top, to the least difficult, at the bottom. In figure
4.8, the level 4 choice in “Map Projection” item is the most difficult, and the level 1
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choice in “Location” item is the easiest concepts for students.
Note that a higher level of understanding which possesses a difficulty beyond the
student’s current ability does not indicate that it is impossible for the student to
eventually learn this knowledge. Even if there is a large gap between a student's ability
and a level of understanding, this gap can be closed through appropriate instructions and
learning activities.

LP on Map Understanding for 3rd Graders
Figure 4.8 is a Wright Map that shows 3rd grade students’ LP on map
understanding. The LP of 3rd graders serves as a lower anchor in this study. In geography
curriculum of Korea, students learn about the basic elements of maps and how to read
maps for the first time when they are in the 4th grade. 2nd and 3rd graders do draw
neighborhood maps as a classroom activity; however, the purpose of this activity is not to
learn how to read and draw maps (Ministry of Education 2015), but to develop students’
sense of place in the area where they live. Therefore, students in grades 1-3 do not learn
how to read maps in detail.
3rd grade students’ proficiency in map understanding, converted to a logit unit, is
mainly in the rage of -2.4 to 0.8. The students’ average ability is approximately -1. Based
on the Wright map in Figure 4.8, the students can understand all level 1 knowledge and
skills in the hypothesized LP. In other words, the students have the very basic level of
knowledge and skills related to maps. When the students see a map, they can identify
points on the map and express their relative positions in simple locational terms such as
left, right, and in front, but they can scarcely understand the concepts of scale and contour
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lines. However, the students can easily compare relative scale, such as which maps have
been reduced more and which maps are more detailed.
These results bolster the previous findings that children at the ages of nine can
follow directions using right, left, forwards, and in a circle (Blades et al. 1998; Boardman
1983) but lack understanding of scale (Liben 2008; Uttal 2000) and map projection
(Battersby and Janelle 2009). Some results were not consistent with previous studies.
Boardman’s (1983) reported that students at this age are able to plot four cardinal
direction. However, in this study, students have difficulties in plotting the four cardinal
directions. Also, Kastens and Liben (2010), reported that nine years old children are able
to understand Euclidian concepts, but students in this study have difficulties in
understanding Euclidian concepts.
A possible reason that students in this study could find landmarks on the map and
easily express the relationship between the points in simple locational vocabulary is
because these concepts are not only relatively simple, but also due to students having
already done these activities in their second and third grades. Also, since students’
textbook use the three - dimensional map with a background color that indicates
elevation, it seems to be easy for the students to compare the relative altitude in other
maps using their background color (Lee 2007). Although 3rd graders have learned the
concept of length and how to measure it in their 1st and 2nd grade mathematics classes,
they still do not fully understand units of length and various ways to measure it.
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Figure 4.8. 3rd Grade Students’ Wright Map for Map Understanding
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Judging from the large gaps between the actual ability level of the 3rd graders and
the required ability to understand maps in the curriculum, it seems to be inappropriate for
students in this period to be taught the concepts of maps projection (such as map
distortions and types of map projection), scale (such as calculating actual area or distance
in maps using scale), and contour lines (such as imagining the shape of actual land by
looking at contour lines in maps).

LP on Map Understanding for 5th Graders
5th grade students’ proficiency in map understanding are mainly in the rage of -2.0
to 1.4. The average ability level of the 5th grade students is about -0.2, which is higher
than the average of the 3rd grade, -1.2.
Based on the Wright Map in Figure 4.9, general 5th grade students can understand
all level 1 knowledge and skills in the hypothesized LP, and about half of 5th grade
students can understand level 2 knowledge and skills, except in map projection and
contour lines. In addition, a small number of students reached level 3 understanding in
orientation, distance, and scale. Most students did not reach level 4 understanding in any
of the concepts. In other words, when the students see a map, they can find points on the
map, express relative positions between them using simple locational terms and the four
cardinal directions, and measure straight line distances between points and convert these
into actual distances.
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Figure 4.9. 5th Grade Students’ Wright Map for Map Understanding
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However, in grade 5, students do not understand concepts of eight and more
cardinal directions, latitude and longitude, how to calculate altitude based on contour
lines, nor the calculation of actual area and distance using scale. This result is not
consistent with some findings from previous studies. Boardman (1983) reported better
results in understanding eight or 16 cardinal directions, calculating the average gradient
between two points on a map, and calculating approximate areas on maps using scale.
Figure 4.9 is a Wright Map that shows 5th grade students’ LP on map
understanding. Students’ development in map understanding is not only due to the
students’ natural growth and learning in geography classes, but also because the lessons
studied in other subjects have matured and new concepts have been learned (Hwang
2015; Shim 2005). For example, 5th graders could easily measure distances between
points on a map because their understanding of the length concept and the ability to
measure length were mastered in other coursework, after their 3rd grade year. By learning
about multiplication, division, and ratios between the 3rd to 5th grades, students were able
to convert the distance on the map to the real-world distance.
Still, even for 5th grade students, the concepts of map projection (e.g., map
distortions and types of map projection, scale, such as calculating actual area in maps
using scale) and contour lines (e.g., imagining the shape of actual land by looking at
contour lines in maps) are difficult to understand. When comparing the difference
between the ability level of the 5th graders and the required ability to understand these
more advanced concepts and skills, it becomes clear that it would be more effective to
teach these concepts in higher grades.
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LP on Map Understanding for 7th Graders
7th grade students learned about the elements of maps and how to read maps in 4th
grade, then learned about the world's major continents, major countries by continent,
world maps, globes, and the concept of latitude and longitude in the 5th and 6th grades.
However, the main learning objectives at the 5th and 6th grade were to learn about human
life and the natural environment of the world, instead of learning how to read maps or
map elements again in greater detail. The test results of the 7th grade students who
participated in this study represent the proficiency in map understanding for the students
who had finished the elementary school geography curriculum and did not learn about
maps in the middle school geography curriculum yet.
Figure 4.10 is a Wright Map that shows 7th grade students’ LP on map
understanding. 7th grade students’ proficiency in map understanding is mainly in the rage
of -1.8 to 1.4. The average ability level of the 7th grade students is -0.21, which is similar
to the average of the 5th grade students.
Based on the Wright map in Figure 4.10, the 7th grade students can understand all
level 1 knowledge and skills and about half of students can understand level 2 knowledge
and skills except for level 2 map projection. In addition, a small number of students
reached level 3 understanding in orientation, distance, and scale. Level 4 understanding
possessed concepts and skills were still difficult for 7th graders. That is, 7th grade students
can identify locations on a map, measure distance, and describe relative positions using
four cardinal directions. They can compare the relative scale between maps and use
background color to compare relative altitudes between points in a map.
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Figure 4.10. 7th Grade Students’ Wright Map for Map Understanding

These results are consistent with findings from previous studies (Liben and
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Downs 1993; Blades and Spencer 1987). However, in grade 7, students have difficulties
in understanding concepts of eight or more cardinal directions, latitude and longitude,
map distortion, identifying altitude using contour lines, and calculate actual area using
scale. Differences between findings from previous studies and result of this study were
found in areas such as understanding the concepts of eight and more cardinal directions
(Boardman 1983).
The 7th grade students had difficulty in calculating actual area represented on a
map, even though they learned about the concepts of area, proportion, and ratio in their
5th and 6th grade mathematics classes. Although it is possible to measure the distances
between points on a map and convert these values to the actual distance by understanding
the concepts of ratio and multiplication, it is more difficult for these students to calculate
area using the actual distances that they have measured. In order to help students fully
understand the contents of the lessons and to familiarize them with the related skills the
subsequent curriculum should provide students with the chance to repeat and master the
contents and functions related to the contents.
In the 7th grade, the difference between students’ proficiency level and the
required ability to understand level 4 knowledge and skills was very large. This means
that it would be developmentally inappropriate for 7th graders to learn level 4 knowledge
and skills or requires highly meticulous teaching strategies, such as devising appropriate
examples and activities to help students understand the concepts.
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LP on Map Understanding for 10th Graders
10th grade students learned about the map elements and how to read maps in the
elementary and the middle school geography curriculum, but they did not learn it in the
high school curriculum. The test results of the 10th graders represent the degree of
proficiency on map understanding of the students who have finished the elementary and
middle school geography curriculum. The 10th graders learned world maps, as well as
latitude and longitude in a chapter that deals with the knowledge and skills about maps in
the 7th grade.
Figure 4.11 is a Wright Map that shows the 10th grade students’ LP on map
understanding. The 10th grade students’ proficiency in map understanding is mainly in the
rage of -0.6 to 2.2. The average ability level of the 10th grade students is about 0.8, which
is much higher than the average of 7th grade students (- 0.2). Based on the Wright Map in
Figure 4.11, the 10th grade students can understand all level 1 and almost all level 2
knowledge and skills in the hypothesized LP. About 50% of 10th graders can understand
level 3 knowledge and skill in orientation, distance, and scale. Level 4 understanding still
possessed difficult levels of concepts and skills for almost all 10th grade students.
The 10th graders can identify locations on a map, measure distance, and describe
relative positions using four cardinal directions and latitude and longitude. They can also
compare the relative scale between maps, and can use the background color to compare
relative altitudes between points on a map. Half of the students were able to measure
winding distance on maps, calculate actual distance on maps using scale, and compare
relative elevations of point on maps using contour lines.
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Figure 4.11. The 10th Grade Students’ Wright Map for Map Understanding
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Only 5% of 10th graders can interpret most of the information displayed on maps
such as eight and more cardinal directions, latitude and longitude, and various forms of
world maps. In addition, they can measure distance between points on a map, and then
calculate their actual distance. They are also able to identify elevation and calculate
average gradient on a map using contour lines. These results are different from
Boardman’s study (1983) based on his experience as a teacher. According to his article,
most of the 10th graders have the all knowledge and skills stated above. This difference
might be due to the different curriculums and instructions that the each group of students
have had (Glaser 1984; Alonzo and Gotwals 2012).
Even though the 10th grade students had difficulty in understanding level 3 and 4
knowledge and skills, the differences between a students’ proficiency levels and the
required ability to understand the level 3 and 4 knowledge and skills were not very large.
The reason for this improvement could be attributed to not only the natural growth in the
students’ intelligence but the increased linguistic and mathematical knowledge required
for map understanding. Students could also have substantial time to apply what they have
learned while experiencing various maps in other subjects (Shim 2005).

LP on Map Understanding for College Students
College students’ LP serves as the upper anchor in this study. As they finished all
geography curriculum in the elementary, middle, and high schools, their proficiency level
shows how well the Korean geography curriculum fosters students’ ability to understand
maps.
College students’ proficiency in map understanding is mainly in the rage of -0.2
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to 3.0. The average ability level of the students is about 1.4, which is the highest ability
level when compared to the 3rd, 5th, 7th, and 10th grade students. Based on the Wright Map
in Figure 4.12, the college students can understand all level 1 and 2 knowledge and skills
except for level 2 map projection. Average college students can identify locations on a
map, measure straight and winding distance, calculate actual distance between points in a
map, and describe relative positions using eight cardinal directions and latitude and
longitude. They can also compare the relative scale between maps, and can use the
background color and contour lines to compare relative altitudes between points on a
map.
Similar to the result of 10th grade students, about half of students have level 3
knowledge and skills for distance, location, and scale. Level 4 understanding was still
difficult to achieve. About half of students can understand the concept of eight cardinal
directions, calculate actual distance in maps using scale, and compare relative elevations
of point on maps using contour lines. Only 12% of students could achieve level 4 in all
concepts but map projection. College students’ proficiency is definitely higher than 10th
graders, however about 54.7% of college students still did not reach level 3 and 4
understanding even after finishing the entire curriculum related to map understanding.
This result is different from the studies that I have reviewed for the hypothesized LP
(e.g., Boardman 1983; Liben and Downs 1989; Mohan and Mohan 2013).
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Figure 4.12. College Students’ Wright Map for Map Understanding
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The LP on map understanding in Table 4.2. was obtained by analyzing students’
proficiency and the difficulty of abilities related to six map elements using Wright Maps.
There was no difference between the hypothesized LP and the identified LP in the order
of developmental stages in each map element, but a difference was found in the ability of
students in the proposed LP. The knowledge and skill descriptions in black text in Table
4.2 are those with no changes in difficulty between the hypothesized LP and the
identified LP. The descriptions marked in red proved to be more difficult than assumed in
the hypothesized LP and those in blue proved to be easier than assumed in the
hypothesized LP. Using this information, we can develop a curriculum aligned with
students’ developmental stages and establish appropriate learning strategies.
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Level 1

Difficulty

Level 2

Difficulty

Level 3

Difficulty

Level 4

Difficulty

on colors in a map

• Infer elevation based

contours on a map and
estimate heights
between contours

• Read heights from

gradient between two
points on a map

• Calculate the average

from contour patterns
such as valley, hill,
ridge

• Identify relief features

Contour Lines

Location

distance on a map
(A is closer than B
from C)

• Measure relative

distance between two
fixed points on a map

• Measure straight line

distances on maps

• Measure winding

of distance by relief
(ups and downs) on
surface

locations of objects
using before, behind,
in front of, to the left
of, etc.

• Describe the relative

using landmarks near
them

• Express their locations

maps using latitude
and longitude

• Give locations on atlas

of location difference
between points

• Understand differences • Understand the effect

Distance

Table 4.2. The Identified LP on Map Understanding among Korean Students

left, right, forwards, in
a circle, etc.

• Follow directions using

map as south and top
of a map as north

• Regard bottom of a

directions NESW

• Plot the cardinal

the compass

• Plot the eight points of

Orientation

drawn using Mercator
projection are accurate
and acceptable

• Regard only maps

there are many ways to
draw a world map, and
various types of maps
are used depending on
the purpose of use

• Understand the fact that

all projections cause
distortions in varying
degrees

• Understand the fact that

characteristics of
popular map
projections

• Understand

Projection

of large and small
scale maps.

• Understand the features

straight line distance
between two fixed
points in a map using
scale bar

• Calculate approximate

distance between two
fixed points on a map
using scale bar

• Calculate winding

areas on maps using
distance measures in a
map

• Calculate approximate

Scale

Characteristics of Korean Students’ LP on Map Understanding
Continuous Development of Students’ Map Understanding
Students' ability in map understanding develops steadily. Figure 4.13 shows
students’ average proficiency on map understanding by grade. Students’ proficiency is
gradually developed from 3rd grade to college students; however, the developed
proficiency stagnates in 5-7 grade. According to the Cognitive Development Theory by
Piaget (1952), 5th graders are in the Concrete Operational Stage and a child’s thought
processes become more mature. 7th graders are in the Formal Operational Stage and a
student is capable of hypothetical and deductive reasoning and thinks about abstract
concepts. In other words, students' thinking ability is greatly developed in the period from
5th grade to 7th grade. However, the stagnation of ability development on map
understanding means that there is a high probability of problems existing in the learning
process of students. In the 5th or 6th grade, students learn world maps and latitude and
longitude, but it seems that it is not enough for students to recall what they have been
taught about maps in the past.
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Average Proficiency of Students
2
1.5
1
0.5
0
-0.5
-1
Average
Proficiency

3rd

5th

7th

10th

College

-0.84

-0.22

-0.16

0.85

1.43

Figure 4.13. Average Proficiency of Students in Map Understanding

Common Sequence of Learning and Simple and Complex Concepts
Analysis of the results reveal that there is a sequence of learning that students
commonly experience. Also, the abilities related to map elements can be categorized into
simple concepts and complex concepts according to difficulty levels. The sequence of
learning for students' map understanding progresses from a simple ability located at the
bottom of the Wright Map to a more complex ability located at the top of the map. In
other words, students tend to acquire a concept with a lower level of difficulty before
acquire a concept with a higher level of difficulty. Abilities related to Orientation,
Distance, and Location are relatively easy to learn, and the abilities related to Scale,
Contour, and Map Projection are relatively difficult for Korean students. These results are
similar to those found in previous studies about students' map understanding (Battersby
and Janelle 2009; Boardman 1983; Liben 2008; Mohan and Mohan 2013; Walker 1980).
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Table 4.3 and Figure 4.14 clearly show which map elements are easy and difficult
to understand. The difficulty for each map element was estimated based on the
proficiency revealed from the student assessment tests. The higher the logit value in
Table 4.3 and Figure 4.14, the more difficult the question was for each participant grade
group, and vice versa. Map Projection (0.81) has the highest level of difficulty, and the
concepts increase in ease as follows: Contour line (0.11), Scale (0.06), Distance (-0.38),
Location (-0.51), and Orientation (-0.57).

Table 4.3. Differential Item Functioning (DIF) Measures for Each Item and Each Grade
DIF Measures
Participant
Groups

Q1.
Q2.
Orientation Distance

Q3.
Location

Q4. Map
Projection

Q5. Scale

Q6.
Contour
Lines

3rd

-0.17

-0.09

-0.13

0.75

0.36

0.33

5th

-0.43

-0.31

-0.26

0.90

0.33

0.30

7

th

-0.71

-0.37

-0.42

0.82

0.05

0.18

10th

-0.73

-0.55

-0.76

0.91

-0.12

0.03

College

-0.72

-0.63

-0.58

1.03

-0.13

-0.02

Total

-0.57

-0.38

-0.51

0.81

0.06

0.11
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DIF Measures for Each MUT Item
1.2
1
0.8
0.6
0.4
0.2
0
-0.2
-0.4
-0.6
-0.8
-1
Q1.

Q2. Distance

Q3. Location

Orientation
3rd

Q4. Map

Q5. Scale

Projection
5th

7th

10th

Q6. Contour
Lines

College

Total

Figure. 4.14. Differential Item Functioning (DIF) Measures for Each Item and Each Grade

Map understanding abilities that are easy to learn include those that simply read
what is on a map, whereas the difficult ones involve deducing things that are not clearly
revealed based on what is shown on the map. According to Postigo and Pozo (2004),
graphicacy can be classified into three levels: Explicit Information Processiong, Implicit
Information Processing, and Conceptual Information Processing. Explicit Information
Processing refers to the ability to interpret information that is evident on a map, such as
finding a location of Korea on a world map or plotting north on a map. Implicit
Information Processing means finding out information that is not explicitly displayed on
maps through reasoning. This requires a higher level of thinking than explicit information
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processing. An example of the implicit information processing is estimating climate
characteristics of an area based on latitude and longitude. Conceptual Information
Processing means extracting information presented in a map or a graph, and then
combining the learner's prior knowledge to understand locality or interpret geographic
concepts. An example is to infer possible reason to explain population movement after
looking at maps showing population movements in an area.
Abilities in Orientation, Distance, Location correspond to the Explicit Information
Processing which require simple thinking processing. On the other hand, abilities in
Contour lines correspond to the Implicit Information Processing which is more difficult
than Explicit Information Processing. The development of abilities related to contour
lines do not typically occur right after the initial learning about contour lines but after the
students' thinking skills have become more mature. Level 3 and level 4 competencies in
contour lines are related to the spatial ability of, Perspective, which is to imagine actual
appearance based on contour lines presented on a map. In general, the capability of
perspective is not fully mature in 3rd and 4th grades but after 5th grade (Newcombe and
Frick 2010). Therefore, when teaching about contour lines, it is necessary to organize the
learning sequence and teach the related concepts appropriate at various students’
developmental stages.
Learning about Scale is more difficult than other content due to a lot of
prerequisite knowledge and skills. This is particularly true because scale-related abilities
are closely related to the acquisition of mathematical knowledge and skills (Shim 2005).
Students learn about maps in the 3rd or 4th grade but their ability related to scales is not
well developed because students do not yet understand the mathematical concepts
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associated with scale during these grades, ratio, proportional formula, distance, and area.
Since these mathematical concepts and skills are commonly learned in grade group 5-6, it
is difficult to fully acquire the scale-related skills. When learning about scales in grade
group 3-4. Therefore, concepts related to scale would be more effective to learn in higher
grades than the grade group 3-4.
Geography education researchers in Korea pointed out that the difficulty in
learning scale among Korean students can be attributed to learning the concept too early
and memorization-based evaluations (Kim 1988; Lee 2007; Kim and Kim 2009). When
students learn concepts that are higher than their developmental level, they tend to
memorize the concepts rather than to understand them (Lee 2007). The memorizationbased evaluation system also makes students merely memorize contents related to scale
rather than learning and acquiring necessary knowledge and skills (Kim and Kim 2009).
In addition, activities focusing on mere calculations hinder students understanding of the
essential principles of scale (Kim 1988).
It was found that Korean students had the most difficulty in learning map
projections. Map projection is a difficult concept even for adults (Anderson and
Leinhardt 2002), as it is closely related to complicated formula that transform geographic
features from three dimensions into two dimensions. However, the main reason why
Korean students are having difficulties in learning map projection is that Korean students
do not learn about map projection concepts in their geography classroom. However, it is
important to understand map projections and related concepts so that the public can
understand and use the contents of web-based maps and digital globes in modern society
(Demirci, Karaburun, and Kilar 2013).
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Misconceptions on Map Understanding
Based on the student response, two major misconceptions about map
understanding were identified. Although misconceptions are not intended to be learned,
they are part of the developmental processes that are often encountered in the learning
process. Therefore, the LP study examines the misconceptions that students may have by
including it in the hypothesized LP (Duschl, Maeng, and Sezen 2011).
In this study, level 2 of Orientation and level 1 of Map Projection represent
common misconceptions related to map understanding (Table 4.4). The first
misconception is to think of the bottom of a map as south, and the top the map as north.
When a map is not presenting an orientation compass, the top of the map is north and the
bottom is south. However, there were about 29.3% of students considered the bottom of
the map to be the south and the top to the north when an orientation compass was
presented. In order to prevent and break this misconception, teachers should clearly point
out and continuously emphasize that cardinal directions should be plotted by considering
the orientation compass presented in maps when they teach the concepts of orientation.
There were about 33.6% of all students who participated in this study have a
misconception that Mercator maps are the only accurate maps. Korean students are
mainly exposed to world maps which use the Mercator projection (Kim 2013), and
compare the sizes of the continents and countries with the Mercator map used in their
classroom (Ministry of Education 2015). However, they do not learn about map
projection concepts, such as the shape of the world being distorted depending on how the
map is drawn, and the Mercator projection has a severe distortion of shape and area as it
goes to higher latitudes. For this reason, students are more likely to have the
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misconception that the world presented in Mercator maps is a true representation. In
order to prevent this misconception and enable students to acquire accurate knowledge,
the concept of map projection should be included in the curriculum, as teachers are
required to develop strategies to prevent students from misconceptions or break
misconceptions that students already have.
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Table 4.4. Distribution of Students’ Ability on Map Understanding by Each Question Item
(Unit: %)
3rd

Q1. Orientation

Q2. Distance

Q3. Location

Q4. Map Projection

Q5. Scale

Q6. Contour Lines

Lv 0
Lv 1
Lv 2
Lv 3
Lv 4
Lv 0
Lv 1
Lv 2
Lv 3
Lv 4
Lv 0
Lv 1
Lv 2
Lv 3
Lv 4
Lv 0
Lv 1
Lv 2
Lv 3
Lv 4
Lv 0
Lv 1
Lv 2
Lv 3
Lv 4
Lv 0
Lv 1
Lv 2
Lv 3
Lv 4

5th

23.9
25.6
37.2
11.1
2.2
19.2
32.2
27.5
19.7
1.1
9.4
23.9
55.6
10.3
0.6
27.8
41.7
25.6
4.4
0.3
16.9
41.2
21.1
19.4
1.4
14.7
38.2
37.8
8.5
0.8

7.7
22.6
28.0
33.9
7.7
10.7
25.6
32.7
27.4
3.6
4.2
19.6
53.6
20.8
1.8
11.9
42.3
39.3
6.0
0.6
12.7
43.0
20.7
21.2
2.4
8.9
41.1
38.5
10.2
1.3

118

7th
9.2
23.8
28.7
28.1
10.3
6.9
17.5
36.4
30.9
8.3
4.0
23.2
39.3
26.9
6.6
25.8
29.8
37.0
6.3
1.1
5.2
20.9
42.4
26.9
4.6
5.6
26.6
39.4
24.9
3.4

10th
2.0
13.8
25.9
33.1
25.1
0.6
7.8
34.6
34.3
22.8
0.6
6.9
16.1
44.4
32.0
7.8
32.0
31.1
22.5
6.6
3.5
22.5
38.9
22.1
13.0
1.2
19.2
38.9
29.5
11.2

College
0.4
3.4
25.1
29.7
41.4
0.4
2.3
27.4
34.2
35.7
0.4
7.6
27.8
27.8
36.5
6.5
24.0
39.9
21.3
8.4
1.2
22.1
26.2
24.3
26.2
1.1
17.3
36.7
27.0
17.9

Total
9.4
18.2
29.3
26.1
17.0
7.7
17.0
31.8
29.2
14.3
3.9
16.4
37.4
26.4
15.8
17.1
33.6
33.6
12.2
3.4
8.1
31.3
28.6
22.7
9.4
6.5
28.6
38.3
19.5
7.1

Summary for Research Question 2
The LP of the students revealed through the MUT shows that students share a
common developmental sequence in map understanding. The sequence is the same as the
common developmental process assumed in the hypothesized LP. In the hypothesized
LP, it is assumed that the ability related to each map element is classified into level 1 to
level 4 according to the degree of difficulty, and that students acquire the abilities
gradually from level 1 to level 4. Similar developmental sequence was observed in the
Wright Map derived from the MUT data.
However, the difficulty in the abilities related to each map element did not
completely match the hypothesized LP and the actual LP. For example, it was predicted
that the difficulty of what was identified as ability level 3 in contour lines, “Calculate the
average gradient between two points on a map”, was difficulty level 3, but it was found
that the actual difficulty was level 4. Also, related to distance concepts such as
“Measuring straight line distance between two fixed points on a map”, “Measuring
winding distances on maps”, and “Understanding differences of distance by relief (ups
and downs) on surface” were expected to have difficulties of level 1, level 2, and level 3
respectively; however, the actual difficulties were one level higher than expected. These
results indicate that a curriculum that are designed based only on teachers’ experience,
conventional wisdom, and research results with small numbers of samples cannot
accurately reflect the actual students’ developmental process.
This study showed difficulty differences among map elements, and gave
information about which map elements were easy and difficult to learn. According to the
Rasch Model analysis, Orientation was the easiest map element to understand, and the
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elements experienced increases in difficulty in order of Location, Distance, Scale,
Contour Lines, and Map Projection. The difficulty of abilities related to map projection
were especially high when compared to other map elements.
Analyzing the difficulty of each ability related to the map elements, I found that
abilities students can easily learn require only the ability to simply interpret what is
clearly displayed on a map. On the other hand, the ability to infer information that is not
clearly visible on a map using information provided by the map (such as abilities relate to
contour), ability that require a lot of previous knowledge and skills (such as abilities
related to scale), and ability that has never been learned (such as abilities related to map
projection), are more difficult to understand.
Two misconceptions that large numbers of students have were observed in this
study. The first misconception is to think of the bottom of a map as south, and the top the
map as north. The second misconception is a belief that the Mercator maps are the only
accurate map. Teachers are required to develop strategies to prevent students from
misconceptions or break misconceptions that students already have.
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Research Question 3:
How will the identified LP inform curriculum revision and refinement so it can align with
students’ developmental status?

The third objective of this study is to evaluate current geography curriculum in
Korea based on the identified LP in map understanding. The curriculum in Korea
provides not only the basis for authoring textbooks used by students, but it also gives
information about what teachers should be teaching students. Therefore, in order to
maximize the learning effect, a well-structured curriculum that reflects students'
developmental stages is needed (Duncan and Hmelo-Silver 2009; Duschl, Maeng, and
Sezen 2011). It is also essential to verify that the curriculum is aligned with the student's
learning progression in order to design the well-structured curriculum (Weiss 1998).
In this section, I report whether and how the present Korean geography
curriculum reflects LP on map understanding as identified in this study. The result tells
us how geography curriculum in Korea could be revised to help students learn about
maps more effectively. The result can show an example how LP research can be used to
develop or revise a curriculum in order to improve education.

Map understanding in Current Geography Curriculum in Korea
The Social Studies curriculum in Korea, which is a subject that geography is
belongs to, aims to cultivate the qualities that students need to be a democratic citizen. To
do this, students are required to develop creative thinking, critical thinking, problem
solving, decision making, communication and collaboration skills, and information
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utilization ability (Ministry of Education 2015). Map understanding is a skill-related
content and is the basis for acquiring problem solving abilities, decision making abilities,
communication and collaboration skills, and information utilization abilities (Shim 2005).
Currently, the most recent curriculum in Korea is the 2015 Revised Curriculum, which
was introduced in 2015. This curriculum was applied to 1st and 2nd grade students in 2017
and will be gradually applied to grades 3-12 from 2018 to 2020. The 2015 Revised
Curriculum presents the learning objectives for each unit, then briefly describes the
elements that students should study in each unit, teaching and evaluation methods, and
notes. The learning objectives, teaching methods and notes, evaluation methods and notes
related to map understanding in the 2015 Revised Curriculum were examined to see what
Korean students learn in regards to map understanding.
As shown in Table 4.5, Korean students learn map related concepts for the first
time, in their 1st or 2nd grade year, in Intellectual Life subject in the 2015 Revised
Curriculum. The statement "Observe the neighborhood and illustrate it as a picture" in the
unit "The neighborhood" is the only learning objective related to map understanding in
the 1-2 grade group. The purpose of this activity, however, is not to learn the map
elements by drawing a village map, but rather to let students remember the images of the
neighborhood. The note in the curriculum clearly states "Do not over-emphasize drawing
of neighborhoods, but emphasize students' understanding of the whole neighborhood."
Therefore, the first-time students truly learn about maps is in 3-4 grade group. Students
learn about map elements and map understanding in the 3rd or 4th grade, according to the
judgment of their school. The curriculum defined basic map elements as orientation,
symbols and legends, scale and contour lines, and states that students will learn basic
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concepts of maps and the ability to read maps. A note for teaching in the curriculum also
states that it is important to avoid activities that simply calculate distances or areas when
teaching contents about scale, and to aim at getting a sense of approximate distance and
area using the scale presented on maps. It emphasizes the ability to read the information
represented by the various elements of the map together, rather than understanding each
map element separately.

Table 4.5. Scope and Sequence in Map Understanding in the Curriculum of Korea
Grade Group

1-2
3-4

5-6

7-9
10-12

Map Understanding Contents
• Drawing a village map.
• Learning about map elements (orientation, symbol, scale, and contour

lines) and how to read maps.
• Learning concepts of world map and globe, latitude and longitude
• Exploring continents, oceans, and major countries in maps.
• Exercising map reading
• None

In the curriculum for grade group 5-6, students learn how to use world maps and
globes, and use various maps to identify and compare locations, sizes, and ranges of
major continents and countries in the world. A note for teaching in the curriculum states
perceptional distortion of the world and countries by using a planar world map and a
globe at the same time. This seems to be about the area or shape distorted by map
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projection methods, but there is no detailed description of what kind of perceptual
distortions can occur and how to avoid them.
In the curriculum for grade group 7-9, there is a learning objective related to map
understanding, which aims to "develop the ability to read maps by identifying the
locations, terrain, and population of the countries represented on various maps." The note
for teaching emphasizes not only learning the location of continents, oceans, countries,
mountains, deserts, etc., but also understanding the differences in human life due to
differences in latitude and longitude.
The curriculum for grade group 10-12 does not directly describe learning
objectives for map understanding. However, the notes for teaching in Integrated Social
Studies, Korean Geography, and World Geography curriculum recommend a teaching
strategy that uses various materials such as maps, charts, and photographs to stimulate
students' interest.
As shown above, the curriculum for map understanding is very simple in Korea.
The curriculum in Korea emphasizes that students experience various maps when they
learn geographical knowledge. However, after learning map elements and how to read
maps in the 3rd or 4th grade, there is little opportunity to learn specifically about the map
itself. This shows that the geography curriculum in Korea does not reflect map
understanding as an important concept. Event though, contents dealing with map
understanding are sequenced independently and have a hierarchy of learning, the
curriculum regards map understanding as simple and minor content, and merely a tool to
interpret physical and human environment in a region.
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The Identified Learning Progression on Map Understanding of Korean Students
Even though various knowledge and skills are hierarchical and differentiated in
the concept of map understanding, this concept is taught only in one independent unit of
lower grades without a sequence. Figure 4.15 is a Wright Map showing difficulty of
ability levels and the students' developmental levels related to the understanding of six
map elements. In previous chapters, the Wright Maps were presented separately to show
the characteristics of each grade group.
The Figure 4.15 is a Wright Map for all participants in order to illustrate the
difficulty of the ability levels related to the map elements for all students. The mean logit
value for proficiency of all students was 0.21, slightly higher than the average of the item
difficulty (0.0). The four blue lines represent the average proficiency logit value of each
grade group in map understanding, and also show that the students' proficiency improves
as the grade increases (3rd grade: -0.84, 5th grade: -0.22, 7th grade: -0.16, 10th grade: 0.85:
College students: 1.43). If the student's proficiency value is higher than a difficulty of
knowledge or skill level, it means that students can easily learn the knowledge or skill,
and the higher the gap between the difficulty value and students’ proficiency, the more
difficult it is for students to learn.
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Figure 4.15. Wright Map for Total Respondents (3rd Graders to College Students)
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In the case of 3rd graders with average abilities, level 1 knowledge and skills can
be easily learned except for level 1 map projection. In general, 5th graders have enough
ability to learn all level 1 knowledge and skills, as well as the level 2 knowledge and
skills for location and direction. There is little difference in abilities related to map
understanding between the 7th and the 5th graders. 10th graders can easily understand all
level 1 and level 2 knowledge and skills except for level 2 map projection. College
students with average proficiency can easily learn all level 1, level 2, and level 3
knowledge and skills except for level 3 of contour lines, but may have difficulty learning
the level 4 knowledge and skills for all the map elements. In addition, Figures 4.14 and
4.15 show that the concepts of orientation, distance, and location are relatively easy while
scale, contour lines, and map projection are difficult for students.
The ability to understand maps can be divided into the Explicit Information
Processing, which interprets information that is evident on a map, and the Implicit
Information Processing, which is an ability to find out information that is not explicitly
displayed on maps through reasoning (Postigo and Pozo 2004). The level 1 and level 2
knowledge and skills of map understanding, such as measuring distance and plotting
directions on maps, correspond to the Explicit Information Processing in most cases.
Level 3 and level 4 knowledge and skills, such as imagining actual land shape by looking
at contour lines on maps, and inferring climate differences after recognizing differences
in latitude and longitude, correspond to the Implicit Information Processing in most
cases. In order to fully master the Implicit Information Processing, students must possess
a firm understanding of the Explicit Information Processing (Postigo and Pozo 2004), and
participants in this study showed that students learn the Explicit Information Processing
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more easily than the Implicit Information Processing. Therefore, learning the lower level
of knowledge and skills belonging to the Explicit Information Processing in earlier
grades, and learning the knowledge and skills corresponding to the Implicit Information
Processing in later grades, can be an effective way to acquire map understanding.

Alignment of Curriculum with the Students’ Learning Progression
Examining whether the curriculum reflects students' developmental stages is one
of tests that must be performed to evaluate a curriculum. The evaluation of curriculum is
an essential activity to create better curriculum, and it can be evaluated through various
methods by analyzing how the curriculum is structured to achieve a certain goal (Scriven
1974: Tyler 1981). This is accomplished through evaluation of internal validity of the
curriculum, which assesses how valid the learning objectives and contents of the
curriculum are, and evaluation of external validity, which assesses how well learning
objectives are achieved and should be done (Scriven 1974). The evaluation of internal
validity contains evaluating whether the purpose of the curriculum is appropriate,
whether the learning objectives are appropriate, whether the contents and processes
proposed to achieve the learning objectives are appropriate, and whether the current
circumstances implement the curriculum properly. Identifying whether the curriculum is
aligned with the students’ developmental stage is essential to assess whether the learning
objectives are appropriate and whether the contents and processes proposed to achieve
the learning objectives are suitable (Weiss 1998; Scriven 1974).
The authors of the curriculum of Korea state that the curriculum is studentcentered for enhancing students’ autonomy and creativity, and that the curriculum intends
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to improve quality of learning by presenting key concepts students should learn in
accordance with their developmental stages (Ministry of Education 2015). However,
students' progress in map understanding is not reflected in in the curriculum. After
comparing the identified students' LP with the present curriculum about map
understanding, I found that the current curriculum of Korea, in relation to map
understanding, does not fully reflect the actual progress of students in two aspects.
First, the curriculum is not well-sequenced by students’ learning progression. It is
important to arrange the elements of learning well to improve the learning ability of
students, through consideration of when and what to teach (Tyler 1981). However, the
content of map understanding is very concentrated in the 3-4 grade group in the current
curriculum, and the knowledge and skills related to map understanding are not properly
arranged according to the developmental process of the students.
Table 4.6 shows when the knowledge and skills related to map understanding are
being taught in the curriculum of Korea. Most of the knowledge and skills related to map
understanding are concentrated in grade group 3-4, and map projection is not covered in
the curriculum. After drawing a neighborhood map in the 1st or 2nd grade, students do not
learn any other concepts related to maps, and when the students are in 3rd or 4th grade, the
students learn about map concepts such as map elements, and how to read maps. Among
the knowledge and skills related to map understanding, knowledge and skills
corresponding to difficulty level 3 or level 4 are often difficult for high school students
and college students. However, in Korea's curriculum, these difficult contents are
intensively learned in the grade group 3-4. Since in 5th or 6th grade there is little
opportunity for students to learn higher-level knowledge or skills related to map
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understanding beyond learning about the concept of world maps, globes, and longitude
and latitude. They just perform activities to find continents and countries on maps while
learning world geography.
In addition, after learning about maps in certain grades, it is difficult to maintain a
sense of graphicacy, as students mainly learn concepts which are less related to
geography or map understanding, such as history, economy, and politics. This makes it
difficult for students to understand maps, which makes them often lose interest, and
therefore impeded the development of graphicacy (Lee 2007). Because of this, it is
necessary to design a curriculum with connectivity between elementary, middle, and high
school level. The basic concepts related to map understanding should be learned in lower
grades, and higher level knowledge and skills should be learned in the upper grades to
improve the efficiency in map learning.
Second, learning objectives and contents presented in the curriculum are too
abstract. Although the importance of map understanding has become increasingly
significant in contemporary society (Bednarz, Acheson, and Bednarz 2006; Demirci,
Karaburun, and Kilar 2013), it is only very briefly explained how and what concepts to
teach related to map understanding. For example, despite students learning the most of
their knowledge and skills related to map understanding in the 3rd or 4th grade, the
curriculum describes learning contents and objectives in a sentence that states “Based on
the understanding of basic elements of map, students use geographical information in
local map for real life.” (Ministry of Education 2015). There is no statement in the
curriculum for 7th and higher grades related to map understanding. However, it is very
important to make clear and specific statements in the curriculum about what to teach for
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students (diSessa 2008), because it is a basic objective of curriculum development to set
the level of knowledge and skills that are required for students to live in modern society
and to create proper learning activities. Also, if the curriculum does not explicitly state
what to teach, teachers have to make their own decisions about it, but this can be a
burden for the teachers.
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3-4
Grade
Group

5-6
Grade
Group

7-9
Grade
Group

10-12
Grade
Group

• Measure straight
line distance
between two fixed
points on a map
(Lv2)

• Measure winding
distances on maps
(Lv3)

Distance

• Infer elevation
based on colors in
a map (Lv1)

• Measure relative
distance on a map
• Read heights from
(A is closer than B
contours on a map
from C) (Lv1)
and estimate
heights between
contours (Lv2)

• Calculate the
average gradient
between two
points on a map
(Lv4)

• Identify relief
features from
contour patterns
such as valley,
hill, ridge (Lv4)

Contour Lines

Orientation

• Express their locations • Plot the eight points of
using landmarks near
the compass (Lv4)
them (Lv2)
• Plot the cardinal
• Describe the relative
directions NESW (Lv3)
locations of objects
• Follow directions using
using before, behind,
left, right, forwards, in
in front of, to the left
a circle, etc. (Lv1)
of, etc. (Lv1)

• Give locations on atlas
maps using latitude
and longitude (Lv3)

• Understand the effect
of location difference
between points (Lv4)

Location

Table 4.6. Grade Groups in which Knowledge and Skills Related to Map Understanding are Learned
Projection

• Understand the features
of large and small scale
maps (Lv1)

• Calculate approximate
straight line distance
between two fixed
points in a map using
scale bar (Lv2)

• Calculate winding
distance between two
fixed points on a map
using scale bar (Lv3)

• Calculate approximate
areas on maps using
distance measures in a
map (Lv4)

Scale
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Not
Presented

1-2
Grade
Group

Contour Lines

• Understand
differences of
distance by relief
(ups and downs) on
surface (Lv4)

Distance

Location

Projection

• Regard only maps drawn using
Mercator projection are accurate
and acceptable (Misconception)

• Understand the fact that there
are many ways to draw a world
map, and various types of maps
are used depending on the
purpose of use (Lv3)

• Regard bottom of a map • Understand characteristics of
as south and top of a
popular map projections (Lv4)
map as north
(Misconception)
• Understand the fact that all
projections cause distortions in
varying degrees (Lv4)

Orientation

Table 4.8. Grade Groups in which Knowledge and Skills Related to Map Understanding are Learned (Continued)
Scale

Summary for Research Question 3
After comparing Korean geography curriculum and Korean students’ LP on map
understanding, I found two limitations in the current curriculum. The geography
curriculum in Korea is not well-sequenced by students’ learning progression. The
contents of map understanding are very concentrated in only the 3-4 grade group in the
current curriculum, and the knowledge and skills related to map understanding are not
properly arranged according to the developmental process of the students. Scale and
contour lines, which are highly difficult map elements, are learned with other map
elements in the 3-4 grade group. Moreover, knowledge and skills related to map
projection, which have become increasingly important in recent years, are not taught.
This makes it difficult for students to understand maps, often causing the loss of interest,
impeding the development of graphicacy (Lee 2007). Therefore, it is necessary to design
a curriculum with connectivity between elementary, middle, and high school levels. The
basic concepts related to map understanding should be learned in lower grades, and
higher level knowledge and skills should be learned in the upper grades to improve the
efficiency of map learning.
Second, learning objectives and contents presented in the curriculum are too
abstract. What and how to teach concepts related to map understanding are only briefly
stated. For example, despite students learn the most of their knowledge and skills related
to map understanding in the 3rd or 4th grade, the curriculum describes learning contents
and objectives in a sentence which states “Based on the understanding of basic elements
of map, students use geographical information in local map for real life.” (Ministry of
Education 2015). Learning objectives must be specific and clear so that learning
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strategies can be set to achieve those goals (diSessa 2008).
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V. CONCLUSIONS AND FUTURE RESEARCH

Conclusions

Recently, geography education researchers in the U.S. have been interested in LP
research, which is one of the principles of curriculum development in science education
as LP research can help develop an effective curriculum that is well-aligned with
students' developmental processes. Geography education researchers interested in LP
research argue that it is necessary to develop appropriate methodologies that can identify
students’ LP on key geographic concepts and to accumulate empirical data about how
students understand key concepts in geography through LP research. This study is one of
the first attempts to respond to the request for empirical LP research by geographic
education researchers.
Map understanding is one of the core competencies in geography, which is
becoming increasingly important in modern society where geospatial technology is
widespread. This study investigated the LP on map understanding of 1,486 elementary,
middle, high school and college students in Korea. The three research questions of this
study are:
1) What kinds of tasks and assessment items are appropriate and effective for
measuring a student’s level of understanding on maps in order to identify
the LP?
2) Are there any common processes of map understanding among students? If
so, what concepts and map elements are easy and simple to understand and
which ones are relatively difficulty and complex to understand?
3) How will the identified LP inform curriculum revision and refinement so it
can align with students’ developmental status?
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In order to identify the LP, firstly, I set up a hypothesized LP on map
understanding based on the results of previous studies. Next, I developed the MUT, a test
to measure actual LP for students map understanding, based on the hypothesized LP. The
MUT item was revised after a pilot test. The main test results generated quantitative
information, such as Item Separation Index, Fit Statistics, and Item Characteristics
Curves that show the reliability and validity of the test. The indices suggested that the
MUT is a reliable and valid tool for measuring students’ LP on map understanding. This
process, so far, is the answer for the first research question that can be a model to develop
an assessment tool to identify students’ LP in other areas.
The identified LP on map understanding is the answer to the second research
question. It showed a common developmental sequence in Korean students’ map
understanding. The sequence follows the common developmental process assumed in the
hypothesized LP. However, the degree of difficulty of the abilities related to each map
element did not completely match the hypothesized LP and the actual LP. For example, it
was predicted that the difficulty of the contour lines skill to “Calculate the average
gradient between two points on a map”, was level 3, but the actual difficulty turned out to
be level 4. These results show that a curriculum designed based solely on teachers’
experience, conventional wisdom, and research results with small numbers of samples
cannot accurately reflect actual students’ learning process.
While analyzing students’ LP, useful insights to develop an effective curriculum
were found, such as students’ misconceptions related to map understanding, simple
concepts and complex concepts to learn, and average level of students’ proficiency. In
this study, I found two misconceptions that Korean students have in relation to map
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understanding: the belief that the upper part of a map is unconditionally north and that
only maps in the Mercator projection are correctly drawn world maps. These
misconceptions are caused by students' individual experiences, educational environment,
implicit curriculum, and wrong teaching activities (Bampton 2012; Modell, Michael,
Wenderoth 2005). It is not easy to know what misconceptions students often possess.
Orientation was the easiest map element to understand, and the difficulty increased in the
following order: Location, Distance, Scale, Contour Lines, and Map Projection. This
result is similar to the findings of previous studies about students map learning. However,
this study clearly showed how difficult to acquire the abilities related to map elements are
for students by presenting the difficulties of map elements and students’ ability with logit
values.
Analyzing the difficulty of acquiring each ability related to map elements, I found
that the abilities that students can easily learn require the capability to simply interpret
what is clearly displayed on a map. On the other hand, ability to infer information that is
not clearly visible on a map using information given by the map (such as abilities related
to contour), abilities that require a lot of previous knowledge and skills (such as abilities
related to scale), and ability that have never been learned before (such as abilities related
to map projection), are more difficult to understand.
Answers to the third research question were found by comparing the identified LP
and current geography curriculum in Korea. There are two limitations in the current
design of the Korean geography curriculum. First, the geography curriculum in Korea is
not well-sequenced to students’ learning progression. The contents of map understanding
are very concentrated in only the 3-4 grade group in the current curriculum, and the
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knowledge and skills related to map understanding are not properly arranged according to
the developmental process of the students. Scale and contour lines, which are more
difficult for the 3-4 grade group are still taught in the 3-4 grade group. Moreover,
knowledge and skills related to map projection, which has become increasingly important
in recent years (Harvey 2008; Ishikawa 2013), are not taught. These make it difficult for
students to understand maps, often causing a loss of interest, and may contribute to
misconceptions (Lee 2007) Therefore, it is necessary to design a curriculum with
connectivity between elementary, middle, and high school level.
Second, learning objectives and contents presented in the curriculum are too
abstract. What map understanding concepts to teach and how to teach them are only
briefly stated. For example, the curriculum states “Based on the understanding of basic
elements of map, students use geographical information in local map for real life.”
(Ministry of Education 2015), which is the only learning objective that is stated in a
chapter for map learning. Learning objectives must be specific and clear so that learning
strategies can be set to achieve those goals (diSessa 2008).

Implications for Stakeholders

The results from this study are meaningful and useful for curriculum developers
and geographic education researchers who are interested in the LP research.

Curriculum Developers
For curriculum developers, the study results provide useful insights to the design
of a curriculum better-aligned with students’ developmental processes. The most
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important thing is to present learning contents that are suitable to students’ developmental
stage in a sequential manner so that the level of students' ability and the difficulty of
learning contents do not greatly differ. Concepts related to orientation and location are
relatively easy, whereas map projection, contour lines, and scale are harder to understand.
This study also empirically confirmed that it is much more difficult for students to
deduce information embedded on a map than to simply read the map. Concepts which are
easy for students and do not require previous knowledge to understand should be taught
in lower grades, and concepts that have high difficulty and require previous knowledge
should be taught in higher grades. It is also necessary to design a sequence of learning by
taking into consideration when the learning elements closely related to map
understanding, such as length, proportional, multiplication, width, and calculation, are
taught in other subjects.
Second, making what to teach clear is also an important factor to consider when
designing a curriculum. Korean curriculum states learning objectives in an abstract way
such as "understanding of basic elements of map", "knowing basic contents and usages of
various types of spatial data", rather than explicitly identifying what concept or content
should be learned. Learning objectives must be specific and clear so that learning
strategies can be set to achieve these goals (diSessa 2008). Therefore, the concepts and
skills related to map understanding should be clearly articulated in the curriculum.
Third, the curriculum should clearly present misconceptions related to the
contents of learning, so that teachers are able to establish strategies to solve or prevent
misconceptions. If the curriculum gives examples of misconceptions that are likely to
occur when students learn about maps, teachers can be aware of the misconceptions that
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students may have. Then the curriculum would help teachers to develop teaching and
learning strategies, materials, and activities that can prevent students from
misconceptions or break misconceptions that students already possess.
Fourth, contents related to map projections should be included in the curriculum.
The need for learning map projections has increased in recent years. The development of
the internet and web-based maps has increased the chances of publicly made maps, and
the number of distorted maps mistakenly made by the public, who do not have sufficient
knowledge of maps, has increased enormously (Hallisey 2005). Therefore, it is very
important to understand the distortions caused by different projection methods in order to
properly interpret and understand the information on maps we frequently encounter in
everyday life (Battersby and Kessler 2012).
In addition, students should be taught map projection to accurately understand the
contents of the curriculum. Korean students are mainly exposed to world maps drawn by
the Mercator projection (Kim 2013), and comprehend the sizes of the continents and
countries based off of this projection (Ministry of Education 2015). However, they do not
learn about properties of map projections, such as the shape of the world being distorted
depending on how the map is projected. Nor do they learn that the Mercator projection
has a severe distortion of shape and area as it goes to high latitudes. For this reason,
students are more likely to have misconceptions such as believing that only maps drawn
in the Mercator projection are correct, or that North America is bigger than Africa. In
order to prevent these misconceptions and enable students to acquire accurate knowledge,
the contents of map projection should be included in the curriculum.
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Academic Geography Education Researchers
The results of this research provide an empirical LP on map understanding, an
important area for geographic literacy. Geographic educational researchers have
emphasized the importance of research based on learners’ developmental stages,
especially LPs (Bednarz, Heffron, and Huynh 2013) and the accumulation of the
information (Solem, Huynh, and Boehm 2014). The findings of this study will serve as a
basis for further discussion and research on this topic.
The process of this study to identify LP can be used as a detailed example that
shows how to conduct empirical LP research. Researchers who are interested in LP will
be able to revise the process of this study, setting up hypothesized LP, development of
assessment items, data collection, data analysis, and derivation of LP, and then apply it to
identifying LP in other key geography concepts.

Future Research
This study examined Korean students’ LP on map understanding. As students in
other countries such as the U.S., Chile, and China learn about maps with different
curriculums, students in each country may have different LPs on map understanding.
Comparing this LP with that of other countries would provide a good chance to
accumulate information about LP in map understanding.
An important characteristic of LP research is that it is an iterative process to
identify a more precise LP. In other words, a process of identifying a hypothesized LP Developing instruments to measure students’ LP, Conducting tests, and Identifying an
empirical LP - should be continued iteratively to create more precise LPs. Future studies
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need to continue the iterative process to identify more accurate students’ LP on map
understanding based on the results of this study. Research identifying LPs on key
concepts in geography such as the central place theory and landform processes, using the
research methods applied in this study, will help to accumulate students’ LP data in
geography.
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APPENDIX SECTION

APPENDIX A

A List of Literature Reviewed in This Study to Describe a Hypothesized LP for Map
Understanding
Author
Bartz, B. S. (1970)

Title

Journal

Maps in the Classroom

Journal of Geography

Battersby and
Janelle (2009)

Area Estimation of World Regions and the
Projection of the Global-Scale Cognitive Map

Annals of the
Association of
American
Geographers

Blades, M. and C.
Spencer (1986)

Map Use by Young Children

Geography

Blades, M. and C.
Spencer (1990)

The Development of 3 to 6 Year-Olds' Map
Using Ability: The Relative Importance of
Landmarks and Map Alignment

Journal of Genetic
Psychology

Graphicacy and Geography Teaching

Book

The Development of Graphicacy: Children's
Understanding of Maps

Geography

Map Interpretation Instruction in Introductory
Textbooks: A Preliminary Investigation

Journal of Geography

Kastens, K. A. and
L. S. Liben (2007)

Eliciting Self Explanations Improves
Children's Performance on a Field-Based Map
Skills Task

Cognition and
Instruction

Kastens, K. A. and
L. S. Liben (2010)

Children's Strategies and Difficulties While
Using a Map to Record Locations in an
Outdoor Environment

International Research
in Geographical and
Environmental
Education

Kim, K. and
Y. Kim (2009)

A Study of the Improvement of Graphicacy for
Elementary and Secondary Map Education:
Based on the Application of Solo Taxonomy
Model for Graphicacy Test

Journal of the Korean
Cartographic
Association

Lee, K. (2007)

Analysis of the Problems of the Maps and the
Map Skills in Social Studies Texts of
Elementary School

Journal of Geographic
and Environmental
Education

Boardman, D.
(1983)
Boardman, D.
(1989)
Gillen, J., Liza S.,
M. C. Henry, and
J. Green (2010)
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Author
Liben, L. S. and
R. Downs (1989)
Liben, L. S. and
R. Downs (1993)
Liben, L. S. (2008)
Lobben, A. K.
(2007)
Matthews, M. H.
(1984)
Maxim, G. W.
(1997)
Park, S., H. Kim,
and E. Lee (2009)
Schuit, W. (2011)

Shim, S. (2005)

Song, U. and
J. Lim (2006)

Title

Journal

"Understanding Maps as Symbols: The
Development of Map Concepts in Children." in
Book Chapter
“Advances in Child Development and
Behavior”
Understanding Person-Space-Map Relations:
Cartographic and Developmental Perspectives
Understanding Maps: Is the Purple Country on
the Map Really Purple?
Navigational Map Reading: Predicting
Performance and Identifying Relative
Influence of Map-Related Abilities
Cognitive Mapping Abilities of Young Boys
and Girls
Developmentally Appropriate Map Skills
Instruction
An Analysis of Students' Graphicacy in Korea
Based on the National Assessment of
Educational Achievement from 2005 to 2007
A Method for Teaching Topographic Map
Interpretation

Developmental
Psychology
Knowledge Quest
Annals of the
Association of
American
Geographers
Geography
Childhood Education
Journal of the Korean
Geographical Society
Journal of Geography

The Development of Skill-Oriented Learning a
Map: Focused on Learning a Scale in
Elementary School

The Journal of The
Korean Association of
Geographic and
Environmental
Education

The Process of Learning Picture-Maps for
Fostering the Ability of Perceiving Spaces

The Journal of The
Korean Association of
Geographic and
Environmental
Education
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APPENDIX B

Map Understanding Test (MUT)

Demographic, Geographic, and Academic Background Questions:

• Gender : □ Female / □ Male

• Current City of Residence :

• Grade Level : □ 3rd graders □ 7th graders □ 10th graders □ College students

- If you are a college student, please answer the questions below
∙ What grade are you in? □ Freshman / □ Sophomore / □ Junior / □ Senior
∙ Are you a geography major? □ Yes / □ No
∙ Have you ever taken a cartography or Geographic Information System (GIS) or
map reading course?

□ Yes / □ No
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Map Understanding Questions:

1. Figure 1 is a map showing an area. Read the following statements related to the map, and please
select all that you think are right.

Figure 1

① Jeongseon County Office is located in the north of the hospital.
② The hospital is on the right side of Jeongseon Market.
③ The hospital is located in the southeast of Jeongseon Market.
④ The library is located to the south of the facilities listed on the map.
⑤ No statement matches my opinion or have no idea.
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2. Figure 2 is a map showing an area. Read the following statements related to the map, and
please select all that you think are right.

Figure 2

① On the map, Danyang County Office is located more than 2cm away from Danyang-Eup Office
② If you walk along the road from Danyang Middle School to Danyang High School, like path
“A” the total travel distance on the map is about 4~5 cm
③ The distance from Danyang Middle School to Danyang Elementary School is closer than the
distance from Danyang Middle School to Sangjin Elementary School.
④ If you walk along the red line from Sports Center to Sledding Slope, the actual walking
distance is longer than the red line because of the elevation of the ground.
⑤ No statement matches my opinion or have no idea.
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3. Figure 3 is a world map. Read the following statements related to the map, and please select
all that you think are right.

Figure 3

① Time in Korea is faster than Turkey because Korea is located farther away to east from the
coordinated mean time line compared to Turkey.
② Korea is located between China and Japan.
③ The upper part of Korea is in contact with the continent, and other sides are surrounded by sea.
④ In the map above, Korea is located within a range of 30-45 degrees north latitude and 120-135
degrees east longitude.
⑤ No statement matches my opinion or have no idea.
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4. Table 1 below shows the area of countries around the world. Consider whether the areas listed
in this table are accurately reflected in the following two world maps. Next, select all of the
following explanations about these maps that you think are right.
Table 1
Rank

Country

Area (㎢)

1

Russia

17,075,200

2

Canada

9,984,670

3

USA

9,826,630

4

China

9,596,960

5
..

Brazil
..

8,511,965
..

12

Greenland

2,166,086

13
..

Saudi Arabia
..

2,149,690
..

Figure 4
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Figure 5

① The world map in Figure 5 is not a wrong map, and both maps above can be used, depending
on the purpose of the map.
② Figures 4 and 5 are maps drawn by distorting one or more elements of each country's shape,
distance, area, and orientation.
③ It is better to use the map in Figure 5 rather than Figure 4 to compare the relative sizes of the
countries in the world.
④ The map in Figure 4 is the only accurate world map without any distortions on shape, area,
or distance.
⑤ No statement matches my opinion or have no idea.
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5. Figure 6 and 7 are maps showing an area. Read the following statements related to these maps,
and please select all that you think are right.

Figure 6

Figure 7
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① In Figure 7, the straight line distance (A) from Gangjin-eup office to Gangjin public
health center is about 300m.
② Both Figure 6 and 7 represent the same region, but Figure 7 details the narrower region.
③ In Figure 7, when moving along the B route from the Gangjin library to Gangjin-dong
elementary school, the actual distance traveled is about 800m.
④ If the width of figure 12 is 10cm and the length is 7cm, the actual area shown in figure 12
is 2.8 ㎢
⑤ No statement matches my opinion or have no idea.
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6. Figure 8 is a map showing an area. Read the following statements related to these maps, and
please select all that you think are right.

Figure 8

① The point A on the map is located lower than the point B.
② The darker the background color of the map, the higher the height of the ground.
③ The slope of the E-F point is gentler than the slope of the G-H point on the map.
④ As you walk along the line from point C to point D, you will see an uphill slope at first and then
a downhill slope.
⑤ No statement matches my opinion or have no idea.
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