United Arab Emirates University
Scholarworks @ UAEU

Theses Electronic Theses and Dissertations

11-2015

Assessment of Scientific Graphical Literacy of 10th
Grade Students in Al-Ain Educational Ofhice,
United Arab Emirates

Sarah Elheir Elhassan Hamad

Follow this and additional works at: https://scholarworks.uaeu.ac.ae/all theses

Part of the Curriculum and Instruction Commons

Recommended Citation

Elhassan Hamad, Sarah Elheir, "Assessment of Scientific Graphical Literacy of 10th Grade Students in Al-Ain Educational Office,
United Arab Emirates” (2015). Theses. 204.
https://scholarworks.uaeu.ac.ae/all theses/204

This Thesis is brought to you for free and open access by the Electronic Theses and Dissertations at Scholarworks@UAEU. It has been accepted for

inclusion in Theses by an authorized administrator of Scholarworks@UAEU. For more information, please contact fadl. musa@uaeu.ac.ae.


https://scholarworks.uaeu.ac.ae?utm_source=scholarworks.uaeu.ac.ae%2Fall_theses%2F204&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.uaeu.ac.ae/all_theses?utm_source=scholarworks.uaeu.ac.ae%2Fall_theses%2F204&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.uaeu.ac.ae/etds?utm_source=scholarworks.uaeu.ac.ae%2Fall_theses%2F204&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.uaeu.ac.ae/all_theses?utm_source=scholarworks.uaeu.ac.ae%2Fall_theses%2F204&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/786?utm_source=scholarworks.uaeu.ac.ae%2Fall_theses%2F204&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.uaeu.ac.ae/all_theses/204?utm_source=scholarworks.uaeu.ac.ae%2Fall_theses%2F204&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:fadl.musa@uaeu.ac.ae

United Arab Emirates University
College of Education

Department of Curriculum and Methods of Instruction

ASSESSMENT OF SCIENTIFIC GRAPHICAL LITERACY OF 10™
GRADE STUDENTS IN AL-AIN EDUCATIONAL OFFICE,
UNITED ARAB EMIRATES

Sarah Elheir Elhassan Hamad

This thesis is submitted in partial fulfillment of the requirements for the degree of

Master of Education (Curriculum and Instruction)

Under the Supervision of Dr. Hassan Hamad Tairab

November 2015



Declaration of Original Work

I, Sarah Elkhaier Elhassan Hamad, the undersigned, a graduate student at the United
Arab Emirates University (UAEU), and the author of this thesis entitled “Assessment
of Scientific Graphical Literacy Of 10" Grade Students In Al-Ain Educational
Office, United Arab Emirates”, hereby, solemnly declare that this thesis is my own
original research work that has been done and prepared by me under the supervision
of Dr. Hassan Hamad Tairab in the College of Education at UAEU. This work has
not previously been presented or published, or formed the basis for the award of any
academic degree, diploma or a similar title at this or any other university. Any
materials borrowed from other sources (whether published or unpublished) and
relied upon or included in my thesis have been properly cited and acknowledged in
accordance with appropriate academic conventions. | further declare that there is no
potential conflict of interest with respect to the research, data collection, authorship,
presentation and/or publication of this thesis.

Student’s Signature: Date:




Copyright © 2015 Sara Elkhier Elhassan Hamad
All Rights Reserved



Advisory Committee

1) Advisor: Dr. Hassan H. Tairab
Title: Associate Professor
Department of Curriculum and Methods of Instruction

College of Education

2) Co-advisor: Dr. Ali Khalfan Al-Nagbi

Title: Associate Professor
Department of Curriculum and Methods of Instruction

College of Education

3) Member: Dr. Qasim Al-Shannag
Title: Associate Professor
Department of Curriculum and Methods of Instruction

College of Education



Approval of the Master Thesis

This Master Thesis is approved by the following Examining Committee Members:

1) Advisor (Committee Chair): Dr. Hassan H. Tairab
Title: Associate Professor

Department of Curriculum and Methods of Instruction
College of Education

Signature Date

2) Member: Dr. Ali Khalfan Al-Nagbi

Title: Associate Professor

Department of Curriculum and Methods of Instruction
College of Education

Signature Date

3) Member: Dr. Qasim Al-Shannag

Title: Associate Professor

Department of Curriculum and Methods of Instruction
College of Education

Signature Date




This Master Thesis is accepted by:

Dean of the College of Education: Professor Bernard Oliver

Signature Date

Dean of the College of the Graduate Studies: Professor Nagi T. Wakim

Signature Date

Copy of

Vi



vii

Abstract

The purpose of this study was to investigate the scientific graphical literacy level
of the 10" grade science students, and explore the extent to which students at 10"
grade have the essential skills to process and interpret visual scientific graphs in the
private and public schools in Al Ain educational Zone. This study was exploratory
survey design in which an attempt was made to explore student understanding of
scientific graphs. A Graphical Literacy Test was developed for this study to evaluate
the student ability to interpret, and construct graphical information. 125 grade10™
science students participated in the present study. Sixty two of them were female and
the rest (63) were male students. Out of the sample, 95 of the students were from

public schools.

The result showed that students have better performance in graph interpretation
than graph construction; students exhibited graph interpretation misconception
related to graph “visual perception”, “graph recognition”, and “reading multiple
graphs; misconception related encoding Information into a line graph, and
mathematical knowledge of graph construction. There was a statistically significant
association between 10" grade student graphical literacy and their level of graph
interpretation, and graph construction. Female students significantly outperformed
their males in graph literacy level, graph interpretation performance, while both

female and male students showed poor performance in graph construction.
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Based on the findings reported in the present study, the present study have
educational implications for curriculum planners and developers, science teachers,
and students in relation to how to adequately develop graphical literacy in students.
Based on the findings reported in the present study, more research studies are needed
to further explore students’ difficulties with graphical skills and how graphical

literacy is developed by students.

Keywords: Scientific graph, scientific graphical literacy, misconceptions, UAE.
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Chapter 1: Introduction

1.1 Background

In recent years the goals of science education have shifted toward cultivation
of scientifically literate students with competencies and inquiry skills that can
match the demands of the 21% century. Most recently the next science generation
standards have affirmed this shift ,(AAAS,2015) This focus on the development of
scientific inquiry skills is intended to help students acquire higher-order level of
thinking skills and competencies needed for the evolving and changing societies.
Furthermore, it was assumed that getting the right balance of scientific literacy will
allow students to use their knowledge and skills in different situations and
accordingly, make the effective and responsible decisions. To cope with the
demands of the ever changing world students must have the competence skills of
data management and data handling. One aspect of data management and data

handling is the ability to read and interpret graphical information.

Scientific graphs are effective visual tools in representing scientific data.
They are tools that present information in concise and clear ways that allow
meaningful understanding of information. The visual representation of information
simplifies the understanding of complex quantitative information, and successfully
delivers understanding better than any other format (Burke, 2007). Scientific graph
interpretation and construction are two skills that play a great role in understanding

science and other social sciences (Roth and Bowen, 2001, p. 159). In the digital age
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the student ability to read and construct graphs is not only useful to achieve
curricular goals of science education but also to understand issues related to
everyday life such as medical reports, financial data, and sports related data in the

media.

According to Dreyfus and Eisenberg (1990) reading and constructing
scientific graphs is a complex task. In order for students to interpret graphs they
must have the ability to read and communicate meanings of the information
presented in these graphs. Furthermore, they must have the interpretation skills such
as organizing data, finding the relationship between these data, and identify patterns
in the presented variables. Moreover, graph interpretation is also affected by the
visual characteristics of the graphs, and to the degree to which students are familiar
with different forms of graph visual representation. Previous research findings such
as those of Freedman and Shah (2002), and Shah (2002) suggested that not only the
visual characteristics affect student ability to construct, or interpret graphs, but also
the nature and the quality of student’s prior knowledge and proficiency in the

numerous skills of graph literacy.

Therefore, it can be said that aspects such as visual characteristics, graphical
literacy learners’ prior knowledge, and whether students have the skills to process
graphs are among the factors that impede graphical understanding. Graph visual
characteristics, such as format, colors, and data organization, etc. were also found to

greatly influence student ability to interpret and obtain the meanings from the
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graph. Understanding of the graphical information is also affected by individual
prior knowledge, such as the prior knowledge of the content presented in the graph,
or the knowledge of the reasoning skills needed to interpret the graphical

information.

United Arab Emirates has undergone numerous educational reforms in order
to prepare students to cope with the demands of the 21*' century. With the emphasis
on the knowledge-based economy and data management, science education at the
United Arab Emirates emphasizes the need to develop graphical literacy skills and
recognizes the need to prepare students with the right balance of knowledge and
skills (ADEC, 2010). Previous research findings related to graphical literacy
suggested that UAE students do not have the necessary skills to interpret and
construct scientific graphs (Tairab and Al-Nagbi, 2004). They found in their study
that students struggled with questions that require drawing conclusions and
interpretations from given scientific graphs. Furthermore, the researchers found that
ability to construct scientific graphs was way behind the ability to read them. The
authors recommended further studies to investigate the possible reasons of lack of
graphical literacy among UAE students. Given the importance of graph
interpretation and construction as critically needed skills, and previous findings

related to UAE context have given emphasis and motivation to this study.



1.2 Statement of the problem

In order to make sure that the stated goal of education in UAE of having
scientifically literate citizens are achieved, it is important to explore how students
approach scientific graph interpretation and construction. To cope with the demands
of the ever changing world, students not only need to acquire scientific knowledge
but they must be able to apply this knowledge in different conditions as critical
thinkers. In today’s science education students are supposed to have analysis skills
such as graph understanding and communicating the relationships included in
graphs. In addition, if students acquire higher level of thinking skills and master the
processes skills they will become productive citizen in the society, and they will
have better life. The problem of this study is to investigate student’ level of graphical
literacy, and the difficulties associated with understanding of graphs. Given the
emphasis placed by Abu Dhabi Educational Council (ADEC) in developing and
design curriculum that meet the needs of the Abu Dhabi children. In addition, the
focus of ADEC’s vision for teaching and learning is that students should be able to
think critically and communicate effectively and succinctly using high levels of
knowledge. This study is valuable, and will be worth investigating how much
students in ADEC should know and be able to do with problems involving graph
interpretation and construction. Therefore ADEC focuses on higher order thinking
skills, analysis, synthesis and effective communication — essential skills for success

in the 21% century.



1.3 Purpose of the study

The purpose of this study is to investigate the graphical literacy level of the
10™ grade students, and explore the extent to which students at 10" grade have the
essential skills to process and interpret visual scientific graphs in the private and
public schools in Al Ain office. Specifically the study focuses on the following

purposes:

to identify graphical literacy level of 10" grade science students;

=

2. identify possible misconceptions possessed by 10™ grade science students
regarding the graphical literacy;

3. to compare 10™ grade science student graphical literacy at the level of
interpretation and construction; and

4. to compare 10" grade science students’ graphical literacy according to

student gender.

1.4 Research Questions

Research questions are essential parts that frame the research path (Gay,
Mills, and Airasian, 2011). Research questions represent the core of any research,
and the issue that researchers are genuinely curious about. The research questions of
this study tried to explore the level of scientific graphical literacy of 10™ grade
students in Al Ain in UAE. Specifically the study attempts to find answers to the

following questions:



1. What are the graphical skills 10™ grade science students have?

2. What are the possible misconceptions possessed by 10" grade science
students regarding the graphical literacy?

3. Are there any statistically significance relation between 10™ grade science
students’ graphical literacy and their level of interpretation and construction?

4. s there any statistically significance differences in graphical literacy related

to student gender.

1.5 Significance of the Study

Graphs are powerful tools and have great impact on people daily life
activities, such as understanding graphical representation of information presented in
the media, weather news, advertisements, health and environmental reports, political
advertisement, and stock market. The significance of graphing literacy in science is
showed by the emphasis placed on graphing proficiency in many science curriculum
projects according to Berg and Smith, (1994); Padilla (1986). Graphs are used to
summarize large amount of quantitative information in simplified way (Brasell,
1990; Garvin, 1986). Furthermore, to understand the science concept and to have the
skills of scientist, students need to be able to deal with graphs comfortably (Rogers,
1995). It is important therefore to identify the level of graphical literacy among
students and examine factors that may impede the development of such literacy.
Recent curricular reforms in ADEC advocated the development of student skills in

area related to data management and handling. Specifically they are focusing on
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higher order thinking skills, analysis, synthesis and effective communication —

essential skills for success in the 21% century.

From these perspectives, the significance of this study can be related directly
to curriculum planners and developers, science teachers, and students. The study
outcomes will contribute to curriculum planner via providing them with clear
analysis of the student level in scientific graph interpretation, and construction, and
by identifying the type of difficulties encountered by the students, therefore; it is
expected that the study findings will guide the curriculum planner to show more
emphasis integrating the need of the basic science processes skills such as observing,
inferring ,analyzing and predicting in the curriculum building . Moreover teachers
will adapt their teaching styles, and method to suit the new climate of scientific
inquiry. Furthermore, throughout their teaching they will determine student’s needs,
which can be addressed during the next stage of study, and will significantly help
and support the curriculum development to enhance students graph developing

skills.

It is expected that the results of this study may help curriculum planners and
developers, science teachers, and students to make the development plan that focus
on graphic literacy instruction through integrating these skills in the curriculum, or
by focusing on the teachers professional development activities that might impact

students learning.



1.6 Limitation

The area covered in this study is relatively small (Al-Ain city) consisting of
limited number of schools, which will certainly affect the results obtained. As a
result the sample performance in graphical tasks used in this study may not reflect
the true abilities of the students of the whole ADEC schools. The sample involved in
this study has had relatively little formal instruction about graphical literacy science.
This can be seen from the current science curricular taught at this grade level where
by the practice of scientific graphs is limited informally to fulfilling and achieving
related learning activities, rather than explicit instruction in scientific graph. As a
result, it would be difficult to interpret what the results of this study may imply for

students with more experience with graphical skills.

Another limitation that can affect the outcomes of the present study is the
response of students regarding the participation in answering the test. The conclusion
to be drawn from this study is based on participants’ responses and as such the
authenticity of responses collected to a large extent will influence the findings.
Finally, this study has focused only on limited number of public, and private schools
in Al-Ain educational zone due to time frame and other logistical circumstances, and
therefore the ultimate findings must be interpreted within this context of these

schools only.



1.7 Delimitation
This study is limited to selected sample of 10™ grade science students in Al-
Ain who followed ADEC curriculum. The data collected during the academic year

2013-2014 using a specifically developed graphical literacy instruments.
Operational definition of terms

Scientific graphs: Are formats used to display scientific data, or to illustrate
information that is difficult to describe with text, in textbooks and other popular print
or electronic media (Shah, Mayer and Hegarty 1999; Renshaw, Finlay, Tyfa and

Ward 2004; Shah and Hoeffner 2002; VVan Tonder and De Lange 2002).

Graphical literacy : Refers to the ability to construct, produce, present, read and
interpret charts, maps, graphs, and other visual presentations and graphical
inscriptions (Readence, Bean and Baldwin, 2004). Graphical literacy according to
Tonder (2010), is used to mean the ability to represent construct, produce, present,
read and interpret charts, maps, graphs, and other visual presentations and graphical
forms. Furthermore, graphical literacy has many definitions and can be explained as
the ability to understand an image or a graph and basing this understating on the

knowledge of different visual element and the ability to think.

Assessment of graphical literacy: Is defined in this study as evaluating students

ability to interpret and construct scientific graphs using a specific test.
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Graph interpretation ability: The term was defined in the literature as the ability to
obtain meaning from graphs, created by others or by themselves, and as a

fundamental skill that essential for all students in their everyday life (Glazer, 2011).

Graph construction ability: The term graph construction ability was defined by
Brasell (1990:72) as the ability to present data into graphical format using specific
skills, including the ability to select the appropriate graph form, identify the relation
between, choosing the appropriate axis, drawing and scaling axes, plotting points on
graph from provided data, titling the graph and annotating a graph. In this study the
term graph construction ability is used to denote the ability to graph any type of

data, with the appropriate from of graph.

Test of graphing skills (TGS): The Test of Graphing skills (TGS) was specifically
and systematically developed to evaluate the student ability to interpret, and

construct graphical information.
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Chapter 2: Literature Review

2.1 Introduction

This chapter presents and reviews major findings of related previous studies
that investigated the area of constructing and interpreting graphs. In particular the
reviewed literature illustrated the knowledge about graphs definition, importance,
comprehension of graph, graphical literacy, graphing skills, the difficulties
associated with graph interpretation, and the studies that investigated the science

student graphical skills in the context of United Arab Emirates (UAE).

2.2 Conceptual Framework

This study is grounded on the constructivism learning theory and the Ausubel’s
meaningful learning theory, which argued that learners are able to construct their
knowledge and understanding, through relating the new information with their
existing or prior knowledge. Within this framework, the development of graphical
literacy is viewed as personal engagement of the learner with graphical information.
Therefore, the degree of involvement is largely influenced by the amount and quality
of the learner interaction with the graphical information. Learners are expected to
actively engage in trying to make sense of graphical information Furthermore, this
study relied also on Ausubel’s meaningful theory (1968) who suggested that learning
vary from highly rote learning to highly meaningful learning. According to
Ausubel’s theory learner are able to construct their meaningful learning or their

understanding by assimilating the new information with the prior knowledge
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(Ausubel, 1968). In graph interpretation or construction students need to use their
prior knowledge to construct their meanings and understanding for graphical data. In
fact, students are actively engaged in reading the presented data and relating them to
their previous experience to conclude their understanding. Moreover, this study is
also based on how visual representations are more effective in delivering
understanding, and speeding up recognition and retention of the information.
Ormrod (1998) has illustrated three forms of meaningful learning which are
elaboration, organization and visual imagery. Visual imagery is another effective
strategy that is more effective than language, i.e. often easier to cognitively ingest
and manipulate information presented in a visual display (Dansereau, and Simpson,
2009). Therefore, graphs are visual representation of large or detailed amount of
guantitative data in abbreviated format that easier to understand. This study
investigates the student’s proficiency and deficiency in interpreting and constructing
graphs. Furthermore, it highlights the major factors that influence their abilities in

interpreting graphs.

2.3 What is a scientific graph?

According to Readence, Bean and Baldwin (2004) graphical literacy is
defined as the ability to construct, present, interpret, and read charts, maps, graphs,
and other visual demonstration and graphical representation. Graphical literacy is
also used to denote the ability to communicate, analyze, and generate meanings from
the quantitative information. Moreover, graphs as a scientific concept have been

defined in researches studies as (Renshaw, Finlay, Tyfa and Ward, 2004; Shah,
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Mayer and Hegarty 1999; Shah and Hoeffner 2002; Van Tonder and De Lange
2000). Tonder (2010) defined graphs as visual representation of scientific data, or to
clarify difficult information with text, in textbooks and other popular or print or
electronic media. In addition, graph is also termed chart, which is defined as
“drawing depicting the relation between certain sets of numbers or quantities by a
series of dots, lines, etc., plotted with reference to a set of axes” (Collins English
Dictionary, 1991. 674). Wenner (2009) defined scientific graphs as visual
representation of numerical systems and equations. Other researchers defined graphs
as data summarization techniques, which are quickly convey information enabling

fast and accurate data extraction (Fischer ,2000; Hink, Eustace, and Wogalter,1998).

Given the various perspectives and definition of graphs in previous research
studies, it is clear that all the researchers agree on the notion that scientific graphs
are tools that provide clear and concise meanings from complex set of data, and
hence they can be regarded as tool that help learner simplify massive data into

meaningful information.

2.4 Why scientific graphs are important?

Kali (2005) described scientific graphs as a powerful tool that give people
summarized descriptions about quantitative data and even categorized data. Graphs
are important in the daily life of all individuals, to interpret different finding about
the sports game, medical reports, cosmetics statistics, .etc. Graph reading skills are

important for adult, either in their professional jobs as educators in teaching science
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or in their general daily events. Similarly, graphs are important for students to
interpret scientific data, and even to understand it (Jackson ,1993). Furthermore,
graph’s importance can be summarized as the fact they are robust in summarizing
data from large amount of data into abbreviated and obvious visual representation
(Garvin,1986; Brasell, 1990). According to Rezba (1998) graphs reflect information
in simplified form that can be interpreted very easily.

Brasell (1990) and Stannard and Williamson (1991) suggested that, graph
can provide a wide, and clear description of the relationship between the measured
data. Graphs are important factor that help student in using their knowledge and
apply in graphical form that lead to their understanding of abstract form that are
difficult to grasp directly (Gattis and Holyoak, 1996). Likewise, Wenner (2009)
claimed that graphs help visual learners to visualize the relationship of one bit of

data to another, so they will be able to translate them into meaningful knowledge.

2.5 Scientific graph comprehension

Pinker (1990) described graph comprehension as the process of the
understanding and extracting information from graph. There are different
mechanisms or techniques that help readers of graphs to read and interpret the
information from them. The most important factor that help graph interpreter is the
familiarity with visual characteristics of the graphs. Being able to understand the
visual characteristics of graphs will that help readers to figure out the meanings from

the graphs.
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2.6 Visual characteristics of scientific graph
Cara, Wendy and Arthur (2008) indicated that graph reading is highly
influenced by the degree of variation and complexity of the presented data.
Moreover, they suggested that graphs data should be clearly illustrated for readers to
be interpreted easily. Therefore, they directed to an important point that the designer
of the graph should consider making the graphs understandable to the users, and
make it easy to understand the represented data. The successful graph
comprehension is based on the type of the graph and, the visual characteristics of
graph (Cara, Wendy and Arthur, 2008). Graphs have many characteristic such as the
scales, axis orientation, the gridlines, the legend, and the dimensions whether three
or two dimensions, the colors, and the backgrounds. Those characteristics can affect
the quality of the graph and the information displayed. For instance, using legends
and labeling in a graph will really help the readers in refreshing their memories and
retrieving the intended data and information that are concluded by the graph.
Another characteristic is the background; when a background picture is added to the
graph it might hinder the vision and impair the performance as it could make it
difficult for the reader or the user of the graph to read the graph and it will require
more search as the background will reduce the contrast between the targeted
information and the background information. The use of dimensions will enhance
the graph and therefore will draw readers’ attention to the graph while a 3-D graph
can result in alteration of the data which will eventually result in an incorrect

comprehension of the presented data (Cara, Wendy and Arthur ,2008).
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2.7 Studies related to scientific graphs comprehension

Glazer (2011) showed from previously reviewed literature that graph
comprehension involves three main processes: Firstly graph readers need to
recognize visual array and the important visual features (such as a curved line). In
addition, interpretation of visual information is influenced by the graph visual
characteristics and the way data is presented (Bertin, 1983; Carpenter and Shah,
1998; Clevel,1985;Kosslyn, 1989; Pinker, 1990). Secondly, according to Bertin
(1983), Kosslyn (1989), and Pinker (1990) graph interpreters must relate the visual
features to conceptual relations that are represented by them. Moreover, the ability to
derive conceptual relation from the visual representation appears to be influenced by
several factors, such as the outcome of graph comprehension and the ability to map
between the visual representations, which are also affected by the reader graphing
skills. The third process is the viewer ability to associate between quantified concept
and the determined function (Bertin, 1983).

Cara, Wendy and Arthur (2008) stated in their study that the scientific graph
comprehension requires the consideration of many elements and factors in the graph
designing process such as; task requirement, data features, graph characteristic and
users’ characteristic. These factors are interrelated as they cannot be untangled, and
they reflect the reading process which makes the graph reading sophisticated as these
factors are interacted with each other (Cara, Wendy, and Arthur, 2008). Furthermore,
they claimed that the graph constructor has to consider the targeted readers and users

of the graph by considering different human factors when designing the graph. One
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factor is the physical and the perceptual characteristic of the user that requires
designer to do many reading tests by displaying the graph for some of the
representative users to ensure that the graph designing is going in the right track
(Cara, Wendy, and Arthur, 2008). User task requirement can be specified by
particular point in the graph, comparing the values that are included in the graph,
trends reading and trends comparison ( Cara, Wendy, and Arthur , 2008).
Additionally, they illustrated that some of the tasks might ask for deriving particular
values from the quantities shown in the graph, another task might ask for extracting
and understanding the relationship between the chart elements or variables.
Moreover, they indicated that the ideal graph helps the graph users in finding their
task requirements by reducing the dependence on the users’ information via using
the direct labeling rather than requiring them to compare the graph legend with the
graph content. Finally, they presented that complexity of the presented data can
affect the comprehension of the graph like the number of variables, lines displayed,
the trend of the line drawn i.e. up and down movement and the number of the data

points.

2.8 Scientific graphical literacy

Tonder (2010) conducted a quantitative study using cross-sectional method
to study third-year biology classes graphical literacy, which represent the ability to
construct, produce, present, read and interpret charts, maps, graphs, and other visual
presentations and graphical forms. The writer talked about the dual-coding theory

which says presenting information in verbal and visualized form has greater impact
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in retaining and memorizing the information presented, therefore, combining a text
with a graph makes it easier to retrieve the information and enhance learning skills.
He also affirmed that visualization tools are really important in the problem solving
of daily activities. Tonder (2010) defined graphs as visualization tools such as
physical and molecular models, photographs, micrographs, pictures, diagrams,
metabolic maps, graphs and animated visuals, collectively known as external
representations. These tools particularly graphs illustrate information in a visual
form, and it is valuable in making the students using their cognitive abilities and
stimulating them to build mental images that helps them in understanding and
retaining information. Constructing such visual forms requires skills and experience
in a particular field of knowledge and these skills are called visual literacy.

Visual literacy has many definitions and can be explained as the ability to
understand an image or a graph and basing this understating on the knowledge of
different visual element and the ability to think. Generally, visual literacy is the
ability to communicate with pictures but the graphical literacy is ability to
communicate with graph (Andre, 2010). Nowadays graphs and visual presentations
are required more than the need for reading and writing. Shah and Heffner (2002)
stated that the graph reader are impacted by their interpretation of the data and this
can be affected by the reader beliefs and expectations ,and the students has to know
that graphs are not only a tool for information delivery.

Glazer (2011) indicated that data presented in graph improved in multiple

contexts and mainly into context reading and enquiry. In inquiry individuals have to
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understand data and make their own investigations of the data presented and
interpret it in order to report their own findings. In the everyday reading context that
is needed for the scientific literacy the readers are not actually engaged in an
investigation of the data but they only have to understand the data and the logic
behind it. Generally, scientific graph used for interpretation can be found
everywhere in the textbooks or in the newspaper. As mentioned before graph
interpretation is the ability to understand graphs and it is a basic fundamental skill

needed in the everyday life.

2.9 Student misconceptions associates with graph interpretation

Although scientific graphs are viewed as important tools that aid
comprehension of scientific content, many research studies have shown that students
often experience difficulties in understanding graphical information. For example,
Glazer (2011) stated there are challenges concerning graph interpretation as reading
graph is not that easy task, thus the experts or the designer of the graph has to design
the graph to be meaningful for the students and the users of the graph by considering
the users knowledge and expertise. Student difficulties are categorized into different
areas such as the slope and the height confusion, interval and point confusion,
envisioning graphs as pictures or maps, and visualizing a graph as constructed of
separated points. Usually slope and height confusion happen when the student or the
graph reader replace the height with slope values and this might be considered as an
obstacle for identifying the pattern changes when graphing the variables against

time. Confusion of interval point happens when the graph reader focuses on single
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points rather than the interval just like what happens when a comparison of two
populations’ growth is done. Moreover, considering graph as picture or map rather
than representation of the relationships between different variables. Additionally,
considering that a graph is constructed from discrete points for instance, when the
graph reader reads the graph as separated points by counting the actual number of
points in graph which make it difficult for them to understand the meaning of the
graph. Another mistake is to connect between the points rather than applying the
convenient line trend i.e. when drawing a straight line in the case of linear data.
Furthermore, some of the difficulties with graph interpretation consequence from the
volume and the amount of the data presented in the graph or the format that is used

to present the graph (Glazer, 2011).

Padilla (1986) revealed that there is gradual development in graph
construction and interpretation from the 7™ to 12" grade with exceptions related to
11™ grade. Berg and Phillips (1994) found that students in higher grades have more
logical thinking to construct and read graphs. likewise , Wang, Wei, Ding, Chen a ,
Wang a and Hu (2012) found that student’s graphing skills enhance as they move
from one grade to a higher grade. Wang, Wei, Ding, Chen, Wang and Hu (2012)
showed that there is variation among elements related to graph information such as
explicit, tacit, and conclusive information. In addition, they illustrated that students
in higher grades are more capable to identify the explicit information. They attribute

this to the students learning development due to their continuous exposure to more
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graphs and different types of graphs which provide them with more experience and
more understanding of the nature of graphing process.

Increasing of student’s logical thinking will influence students’ knowledge
and problem-solving skills. Moreover, this will affect both student’s ability in
reading the graph and using the information in the graph. As a result of identifying
the characteristics of student’s graphing skills in each age clear dynamics on how to
develop effective ways to emphasize on their abilities can be concluded.

Leinhardt, Zaslavsky, and Stein (1990) in their extensive review in
mathematics education on functions, graphs and graphing used the term
misconceptions and classified students’ difficulties in this area into four kinds of
categories:(1) confusing the slope and the height, (2) confusing an interval and a
point, (3) considering a graph as a picture or a map and (4) conceiving a graph as
constructed of discrete points. Although this study dealt with mathematical
discipline it points to the importance of graphical literacy where by it shows the
importance of having graphical literacy by students across discipline.

Friel, Curcio, and Bright (2001) identified three main components of graph
comprehension; these components show a progression of attention from local to
global features of a graph: (a) To read information directly from a graph, one must
understand the conventions of graph design; (b) to manipulate the information read
from a graph, one makes comparisons and performs computations; and (c) to
generalize, predict, or identify trends, one must relate the information in the graph to

the context of the situation. Shah and Heffner (2002) claimed that the x—y trends can
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lead to incomplete interpretations of data when the data are complex for example
multiple lines on a display representing a third variable.

Tairab and Al Nagbi (2004) claimed that difficulties with interpretation were
relied to students’ lack of the needed strategies to read graphs correctly such as
understanding of the problem context, prior knowledge of the different forms and

types of graphs.

2.10 Student misconceptions associates with graph construction

Previous research studies have also shown that science students show
difficulties related to scientific graph construction. For example , Padilla (1986) in
his examination of the line graphing ability of middle and high school students found
that of the 625 students tested only 46% could correctly assign the variables. Other
studies suggested that school students in the USA were unable to determine which
variables from a data set are relevant to the task or how to assign the variables to the
appropriate axes , and they showed a tendency to place time on the x-axis when
plotting graphs, regardless of the data set provided” (Brasell, 1990: 80).

Tairab and Al-Nagbi (2004) in their study of 94 10" grade biology students
from two different contexts, one in Brunei and the other in the United Arab
Emirates, found that some students could not see the relationship between the
dependent and independent variables and how they should be plotted on the axes,
and hence they were unable to construct graphs.

Kali (2005) in his reviewed literature described a number of studies that

identified problems in constructing graphs, by both secondary and tertiary level
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students (Berg and Smith, 1994; Brasell and Rowe, 1993; Mevarech and
Kramarsky, 1997; McDermott, 1987; Padilla,1986). The difficulties were related to
drawing, labeling and scaling axes, constructing a line of best fit/interpolating,
failure to graph the relevant variables, failure to understand whether to obtain
information from the slope or height of the graph, The “graph-as-picture”
misconception picture of the event” phenomenon, Determining the x and y
coordinates and plotting points.

Tonder (2010) mentioned that the difficulty in understanding a graph is not
just a result of the characteristics of the graph or the graphic design elements but is
also affected by how these characteristic and features interact with the reader
knowledge and the visual characteristics of the graph, such as color and the format
of the graph either two- or three-dimensional graphs.

In addition, Tonder (2010) found that students displayed notable deficits in
graphical literacy capabilities. Problems with graph comprehension identified were
finding ratios between data, identifying dependent and independent variables,
interpreting slope and height changes on a curved graph, identifying and interpreting
scale, using a second y-axis and multiple sources of information.

Shah and Hoeffner (2002) claimed that the potential readers of the graph also
affect how the graph is constructed. For instance; if the graph viewer has high prior
knowledge about the information would be presented in the graph then no matter
how the graph is constructed then it would be easier to reader to understand as the

prior knowledge of information assists in graph comprehension. Difficulties
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surrounding graph reading and understanding graphs are many and one of the
fundamental difficulties is to read the graph as a picture not as a quantitative
representation of the information, another problem is the difficulty in identifying the
graph slope, height, intervals and points and concentrating on the X-Y trends. One
more point is the number of the information covered by the graph would increase the
complexity of the graph. There are many challenges that represent obstacles when
presenting data just like determining the medium of data display and whether to use
table, graph or text. another challenge is how to design the material or the data to be
displayed in a clear and understandable form. For the data to be effectively
constructed the designer of the visual presentation has to identify the goals to present
this information. Other challenges are showing data in an inadequate and inaccurate
manner (e.g. using a bar graph instead of a line graph or not starting the y-axis at
zero) and obscuring data (e.g. leaving in the grid or using a double axis graph with
different scales). Furthermore, presenting data in a misleading way just like what
happens by the advertising industry and the financial consultants. The general
consensus is that the use of additional or non-informative features in a graphic
display should be kept to a minimum as it is often unhelpful and distracting. The
graphic theorist Tufte (1983) introduced the data-ink ratio concept which explains
how the number of elements in a graph can be reduced without losing any
information (Fischer, 2000; Bracey, 2004; Few, 2004). The goal of the graph
designer, then, is to maximize the data-ink ratio without eliminating the necessary

elements required for effective data communication (Few, 2004). Data ink can be
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described as the core of a graphic display — non-erasable and necessary for
communication (Few, 2004). Non-data ink is an additional, usually irrelevant,
feature of a graphic display used to make it more attention-grabbing for the viewer
(e.g. hard-to-read elaborate fonts, colorful or more shading and a pseudo third

dimension) (Bracey, 2004).

2.11 Gender differences in scientific graphical skills

Research studies dealing with gender differences pointed to inconsistent gender
differences when it comes to science achievement in general and graphical literacy
in particular. However, there seems to be scarcity of previous research findings
related to graphical literacy. Recent findings of TIMSS (TIMSS, 2011) found that
there were significant differences in the average science scores of males and females
of UAE student’s science performance. However, these differences were not in
graphical literacy. Nevertheless the study of Lowrie, and Diezmann (2009) reported
that boys outperformed girls on complex levels of graphical decoding suggesting a
superiority of male students over their counterpart when it comes to scientific
graphical literacy. More research findings are needed in this area to concretely and
reliably draw conclusion about the gender differences related to scientific graphical

literacy.

2.12 Studies related to UAE/regional context
In the context of United Arab Emirates (UAE) there is only one research that

examined 10" grade student’s science graphical skills, and their abilities to read and
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construct graphs. Tairab and Al Nagbi (2004) explored student’s ability to interpret
and construct graphical information, and the factors that may affect the process of
graph interpretation and construction. Tairab and Al Nagbi (2004) found that
secondary science students don’t have the essential skills to interpret and construct
graphical information. They suggested that more emphasis must be provided in the
form of systematic instructional to highlight and integrate the needed graphical skills

in the science curriculum.

Due to the inadequate studies done in the area of graphical literacy in the
UAE context, more studies are needed to widely explore the students graphical
abilities, investigate the areas of student’s deficiency, find the reasons behind these
deficiencies, and provide practical and significant solutions that will enhance the

teaching and science learning practices.

2.13 Summary of reviewed research

This chapter provided expanded literature review that explored the area of
student’s graphical skills. The reviewed literature tackled different aspects related to
scientific graphical literacy, such as the definition of scientific graph, the importance
of graphs, graph comprehension , student misconceptions that are associated with
graph interpretation, and focused on the studies related to UAE/regional context.
Firstly, scientific graphs are defined as visual representation of scientific information
that provide clarifications and trends related the represented information in simple

way. Secondly, the importance of the scientific graphs which was described by
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Lemke(2005) in the context of science education objectives which aims to prepare
students to think in a scientific way. Students who have the essential skills of
graphical literacy have most analytical skills that will help them to think critically
and enable them to analyze, judge , infer, and become good decision makers. Kali
(2005), showed that graphs are powerful tools that give people summarized
descriptions about quantitative data and even categorized data. Moreover, graphs are
important in the daily life for both gender male and female, to interpret different

information such as sports game, medical reports and cosmetics statistics.

Thirdly, the studies about graph comprehension showed that the process of
comprehending graph is affecting by different factors such as understanding the
visual format of the different graphs. Visual characteristics of graphs can affect the
quality of the graph and the information presented in the graph. For example,
Graph’s scales, axis orientation, the gridlines, the legend, and the dimensions
whether three or two dimensions, the colors, and the backgrounds, these
characteristics plays a significant role in helping graph reader to interpret the graph.
In addition, graph comprehension involve three main processes, graph readers need
to recognize visual array and the important visual features, graph interpreters must
relate the visual features to conceptual relations that represented by them , and the

viewer ability to associate between quantified concept and the determined function

Fourthly, the reviewed literature showed that students might have various

misconceptions related to graph interpretation and construction. Student’s
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difficulties with graphical information were categorized into different areas such as
the slope and the height confusion, interval and point confusion. According to the
findings student age and grade affect their ability to read graphs, so when they are in
higher grades they are more capable to think logically, and tend to read scientific
graphs easily. Additional findings about student’s misconception in graph
construction are the challenges that represent obstacles when presenting data just
like determining the medium of data display whether to use table, graph or text.
Another challenge is how to design the materials data to be displayed in a clear and

understandable form.

Finally the reviewed literature revealed that there is inadequate number of
studies in relation to UAE context. Only one study was conducted in UAE/regional
context that investigated 10" grade student’s science graphical skills, and their
abilities to read and construct graphs (Tairab and Al Nagbi, 2004). This study
addressed the student’s ability to interpret graphical information, to represent
graphical information, factors that impacted the process of graph reading and

constructing among secondary school science.

Given the scope and the coverage of previous research studies dealing with
scientific graphs, particularly in UAE context this study is designed to fill the gab
mentioned in the literature and contribute to context-related finding particularly to
UAE. It has become clear from the reviewed studies that students encounter learning

problems related to graph interpreting and constructing scientific graphs. Hence, it is
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anticipated that the findings of this study may highlight such learning problems, and
suggest further steps needed to be taken by educators to improve shaded learning

areas of scientific graphical interpretation and construction.
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Chapter 3: Methodology

3.1 Overview of the chapter

This chapter presents information related to the research methodologies used
to answer the research questions related to student graphical skills, deficiency in
their graphing interpretation and construction, and the reasons behind these
deficiencies. The chapter begins by providing detailed description about the context
of the study, the processes used in the sampling and population selection, the
development of the instrument used to collect the data about this research, the
research design, procedure, and the data analysis techniques used to provide

meanings to the collected data.

3.2 Context of the study

The context of this study was the 10™ grade science students of Abu Dhabi
Education Council (ADEC) schools both public and private schools of the city of Al
Ain and their science curriculum. Education in Abu Dhabi is organized into two
main categories: public schools and private schools .ADEC public schools range
from kindergartens to secondary school. The core learning years (from Grade 1-12)
are divided into three cycles. There are currently around 185 private schools, and
257 public schools in Abu Dhabi Emirate. 10" grade students are categorized as
Cycle Three student which include students from Grades 10 through 12. The
findings of the present study pertain to the context of Al Ain city, and ADEC

curriculum and the general philosophy and vision of ADEC authority in relation to
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preparing students to be able to function effectively in the society. Scientific graphs
in ADEC science curriculum are generally regarded as a supplementary aiding tool
in teaching science. Furthermore, graphs are being taught separately in math
curriculum, without taking in to consideration the scientific process in manipulating
the graphical information. Therefore, the science curriculum followed by ADEC has

no explicit instruction about scientific graphs.

3.3 Participants

The sample of this research is a representative sample of 10" grade students.
They were conveniently selected for this study. Convenience sample is the one that
fulfill the requirement of the research (Gay, Mills, and Airsian, 2011). The sample
also meets the predefined criteria placed for this research such as language of
instruction, nationality, and the curriculum provided. The sample of this study was
selected according to their availability, and willingness of teachers to involve their
students in the study. Altogether 125 grade10™ students participated in the present
study. Sixty two of them were female and the rest (63) were male students. Out of
the sample, 95 of the students were from public schools, while the remaining 30
students were from private schools. Furthermore, 115 students came from Arabic
background and Arabic language is their first language, while 10 students come from
English background and English is their first language. Among the sample,
91students were UAE nationals, and 34 were from other nationalities. Table 1

presents demographic information about the sample.
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Table 1: Participant’s Demographic Information

Student Gender Total
Male Female

Student UAE National 47 44 91
Nationality Non UAE 16 18 34
School type Public 49 46 95
Private 14 16 30

Firs Language  Arabic 57 58 115
English 6 4 10

Total 63 62 125

3.4 Instrument

A Graphical Literacy Test was developed for this study to evaluate the
student ability to interpret, and construct graphical information. The Test of
Graphing skills (TGS) was specifically and systematically developed in three main
phases including item development phase, establishment of test psychometric
properties (validity and reliability) phase, and preparing the test in its final form

phase.

3.5 Item Development Phase |

The aim in item development was to map the content of the test and to
identify areas related to the scientific graphs. The result of this phase was the
identification of the following content areas:

1. Interpretation of given graphical data
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2. Interpretation of key elements of graphical data related to physical
knowledge

3. Extracting qualitative information from quantitative data

4. Interpretation of simple trends in graphs

5. Construction of graphs from tabular data of different graphical

representation

Based on the above mapping, a content specification was drawn to outline the
essential domains related to interpretation and construction of graphs. Essential
domains such as reading key features from graphs, reading simple trends in graphs,
mathematical computation skills, comparing information from two graphs, reading
global trends in scientific graphs, and extracting qualitative information from
guantitative information.
The content of the questions were selected from the 10" grade curriculum, and from
previous questions used in international assessments such as the International
General Certificate of Secondary Education (IGCSE). The questions covered
different graphical literacy skills of reading and interpretation of graphs. At the item
development phase, 17 multiple choice questions with 4 answer options were
developed. The questions covered different scientific areas taught in 10" grade such
as force, velocity, and ecology. The examination questions were developed to focus
mainly in graph construction and interpretation. The questions covered different
types of graphs such as line, bar, and pie graph. Table 2 provides description of

specification of the content from which the questions were drawn, how many
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questions under each category, the skill covered by each question, and they type of
graph used. All graphs depicted in the questions were drawn using Microsoft Excel
and imported into the test set up in Microsoft Word.

Finally two versions of the test questions were developed- the first one was in
English and was used in the private schools and the second version was in Arabic

which is an exact translation of the English version, and was used in the public

schools.

Table 2: Table of Specifications of Test Content

Category Question  Skills Graph type
Interpretation Q2, Q5, Reading key features Line, Pie,
Q8, Q12  from graphs
Q3, Q16, Reading a simple trend in Line, Bar
Q17 graphs
Q9, Q11, Reading key features Line graph
Q13 from graphs, Free-body
physics knowledge. diagram
Q10 Basic reading of tables, Line graph
graphs constructing, and
mathematical operations.
Q14, Q15 Extracting qualitative Line graph
information from
quantitative information,
and Comparing
information from two
graphs
Construction Q1, Q4, Constructing of graphs Line, Pie,
Q6, Q7 from tabular data Bar
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Following the construction of the test items, the instruction on how to take

the test as well as the collection of biographical information from the sample were
decided. The demographic details requested from the students are nationality, school
type, and instruction language. The second part of the test consists of the questions
that are used to evaluate student performance in both graph interpretation and

construction literacy.

3.5.1 Establishment of test validity and reliability phase

Test validity and reliability are important constructs of any instrument to be
used in educational research. According to Gay, Mills, and Airsian (2011) for an
instrument to be valid it must measure what is supposed to measure. They also
described the term face and construct validity as a way to measure the instrument
content and alignment of construct validity. Therefore, face validity is being used for
instrument screening procedure of the test question. They also suggested that an
instrument to be used to gather information it’s not enough to be a valid test only,
but it must be a reliable instrument. Reliability on the other hand is something to do
with the consistency of the results collected by the instrument. Gay, Mills, and
Airsian (2011) defined reliability as the degree to which a test consistently measure

whatever what is measuring.

3.5.2 Establishing the validity of the TGS

In order to evaluate the face and construct validity of the developed TGS test,

it was distributed to 5 science educators to review and evaluate the capacity of this
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instrument in measuring the student’s abilities in graph interpretation and
construction. Additionally, they reviewed other aspects that often contribute to test
validity such as whether the wordings of the questions were written in a clear and
organized way. The panel of educators provided their feedback, and
recommendation for brief modifications in the design, and the wording of some
questions of the test. All suggestions offered by the panel of reviewers were
incorporated in the final version of the questions. For example, the panel of
reviewers suggested reformatting of the demographic information, restating some

questions, and correcting spelling mistakes in some of the questions.

3.5.3 Establishing the reliability of TGS

A Pilot study was conducted for the purpose of assessing the consistency of
the test through administering the test to a small sample of 10" grade students. The
pilot study provided evidence to look at the suitability of the test in terms of
consistency and the time needed to complete the test as well as a general reference
for procedures to enhance instrument administration with the main sample of the

study.

In the pilot study, the questions were distributed to 20 10" grade male and
female students not participating in the main study. The aim of this pilot study was
to establish the extent to which the questions can assess consistently what they were
developed to assess. Following the administration of the questions to the pilot

sample, the data collected were analyzed using SPSS to calculate the Cronbach‘s
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alpha value. Internal consistency (reliability) of the instrument was found to be 0.72.
An internal consistency coefficient (alpha) of 0.72 or higher is generally accepted as
an indicator of acceptable reliability based suggestions offered by George and
Mallery (2003), where > 0.9 . Excellent, > 0.8 . Good, > 0.7 . Acceptable, < 0.6.
Questionable, >0.5 . Poor, and < 0.5 . Unacceptable., p. 231).Therefore, the
graphical literacy test GTS is considered reliable, and it can be considered a fair and
precise measurement of graphical literacy. Following the reliability analysis, one
item (item 3) was deleted to increase the reliability. The final version of the test

therefore consisted of only 16 questions. (See Appendix 1)

3.6 Design

This study is exploratory survey design in which an attempt was made to
explore student understanding of scientific graphs. The exploratory research is used
in identifying a problem, and it helps in specifying the research design. Gay, Mills,
and Airsian (2011) suggested that this type of research help in determining the data
collection methods that are needed to answer exploratory research questions to

establish understanding about existing phenomena.

3.7 Procedures

After the preparation of the test and logistical administrative issues, 150
copies of the test were distributed to private and public schools. A total of 125 were
completed by students and prepared for marking. Exam papers were given to the

science department in the school. Then the test was scheduled during a regular
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science class, which took about 45 minutes. The science teacher supervised students

during the test, and described all the test procedures.

3.8 Data Analysis

Collected responses were analyzed using SPSS software to establish
statistical data appropriate to the research questions such as means, standards
deviations, standard errors of measurement, t-test, and Pearson product correlation in
order to answer the research questions. In response to the first research question,
descriptive statistics means, standard deviations, and the range were used to present
student responses to the test questions regarding graph interpretation and
construction level exhibited by students. For research question 2, frequency
distributions were used to help identify possible misconceptions possessed by 10"
grade students regarding the graphical literacy. The frequency distribution method
provides quantification as to which option the students chose, and it specify in each
question the frequency of students choosing the wrong options instead of the correct
one. This strategy helps to quantify the level of misconceptions possessed by
students. Furthermore, for research question 3 was answered by performing Pearson
product moment correlation to identify any significant associations between the two
aspects (interpretation and construction) of graphical literacy. Finally, research
question 4 was answered using t-test to indicate any statistically significant
differences between the performances of students based on their gender via

comparing the means using independent t-test.
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Chapter 4: Results

4.1 Overview

This chapter presents the analysis of the collected data in order to answer the

research questions that are mainly concerned about the following:

1.

2.

What are the graphical skills of 10" grade students?

What are the possible misconceptions possessed by 10" grade students
regarding the graphical literacy?

Is there any statistically significance association between 10" grade
student graphical literacy and their level of interpretation and
construction?

Are there any statistically significant differences at (o < 0.05) between
the performances of students in graphical literacy that are attributed to

student gender?

The chapter presents answers to the first question by identifying the graphical

literacy of the 10™ grade students in particular their performance in both

interpretation and construction skills that are measured in the TGS. In addition, this

chapter describes possible misconceptions possessed by 10" grade students

regarding the graphical literacy. Furthermore, attempts were made to provide

answers for question 3 and 4 by providing comparison of the graphical literacy at the

level of interpretation and construction, and literacy according to student gender.
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4.2 Q1: What are the graphical skills 10" grade students have?

Table 3: Means and Standard Deviation of Graph Interpretation

N Range  Minimum Maximum Mean Std.

Deviation
Test Total 125 13.00 3.00 16.00 9.95 2.880
Score
Total -~ of 1,0 1100 1.00 1200 826  2.490
Interpretation
Questions
Total - of o0 400 .00 4.00 1.69 945
Construction
Questions

The graphical literacy skills at the levels of interpretation and construction were
presented in Tables 3 above. The table shows that for the whole test, the mean score
was 9.95 out of possible 16. The table also shows that when the questions were
presented separately for each skill (i.e. interpretation and construction) students
performed relatively better in the interpretation questions (M = 8.26) of a possible
score = 12 compared to the construction questions (M = 1.69) of a possible score of

(4). Overall scores are visualized in Fig. 1 below:
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Means and Scores of Graph Interpretation and construction

14
11.9

12
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g °
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Total score Mean Interpretation Construction
Questions Mean Questions Mean

Figure 1: Means and Scores of Graph Interpretation and Construction

To further gain insights into student responses, questions related to each
graphing skill were separately analyzed. Table 4 presents student responses to

questions related to the skill of interpretation.
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Table 4: Student Responses to Graph Interpretation Questions

Q Student response N=125
Correct % wrong %
2 102 81.60 23 18.40
5 117 93.60 8 6.40
8 100 80.00 25 20.00
9 101 80.80 24 19.20
10 24 19.20 101 80.80
11 105 84.00 20 16.00
12 86 68.80 39 31.20
13 104 83.20 21 16.80
14 49 39.20 76 60.80
15 49 39.20 76 60.80
16 105 84.00 20 16.00
17 91 72.80 34 27.20

As can be seen from Table 4, there are 12 items that examined different
interpretation skills. Among the graphical interpretation the features assessed were
reading key features of line and Pie charts,( Questions 2, 5, 8, 12, 16, &17),
recognizing simple trends of line graphs (Question 3) , reading key features and

recognizing physical knowledge of graphs (Questions 9, 11, & 13), and extracting
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qualitative information from quantitative information and comparing information
from two graphs (Questions 14 & 15).

Examination of the results presented in Table 4 suggest that student generally
performed better in the interpretation with higher percentages of correct responses
recorded for questions 2, 5, 9, 8, 11, 12, 13, 16, and 17, indicating that students were
able to interpret key features of information presented in these graphs and recognize
the properties of these graphs. On the other hand, questions 10, 14, and 15 were
found to be the most challenging questions in the interpretation section, as only
about 19.20% to 39.20% of the students managed to correctly answer these
questions. These questions were designed to assess ability of students to extract
qualitative information from quantitative information, and to compare information
between two graphs.

Table 5 presents information on the questions that deal with graphical literacy

related to the construction skill.

Table 5: Student Responses to Graph Construction Questions

Student response  N=125

Q

Correct % Wrong %
1 61 48.80 64 51.20
4 33 26.40 92 73.60
6 103 82.40 22 17.60
7 14 11.20 111 88.80
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In regard to graph construction Table 5 showed that question 1 evaluated the

skill of basic construction of tables and line graphs. In this question more than half
of the students (51.20%) wrongly answered the question. Question 4 evaluated the
skills of basic construction of a pie chart. In this question almost two third of the
students wrongly answered this question, a result that may suggests weakness in this
area of graph constructing. In addition, question 6 also evaluated the skills of basic
construction of tables, graphs, and mathematical knowledge of a bar chart. This
question was the easiest one as 82.40% of the student’s answers were correct.
Question 7 evaluated the skills of basic construction of tables, graphs, and
mathematical knowledge of a bar chart. This question was the most challenging as
88.80% of students answers were wrong. Although questions 6 and 7 both measure
students’ ability to construct bar graph, the conceptual demands of the two questions
are different. Question 6 evaluated student’s ability to encode numerical data into
bar graph, using mathematical prior knowledge of how to represent positive and
negative numbers in the Y- X axis. While question 7 examined student’s skills in
plotting bar graph using physical prior knowledge of the relationship between
gravitational force on the earth, and on the moon. Table 5 shows that students exhibit
a relatively low knowledge of graph construction compared with graph

interpretation.
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4.3 Q2: What are the possible misconceptions possessed by 10" grade students
regarding the graphical literacy?

Based on answers to the questions about the level of graphical literacy of 10"

grade students at the interpretation and construction levels, a number of

misconceptions about graph interpretation and construction emerged. Table 6

presents conceptual analyses to the misconceptions assessed by the questions.

Table 6: Conceptual Domains of Graph Interpretation and Their Associated
Misconceptions
Concept Misconception Questions
1. Recognizing  visual
characteristics and

basic features of a 281012
Visual perception graph
and graph recognition 2. Rel_atlonshlp between 5111617
variables
3. Physical property of a 913
graph
4. Inferring and
Reading multiple extracting graphical
o . 14,15
scientific graphs Information from

multiple graphs

The test questions related to the graph interpretation focused mainly on two
major conceptual domains which are the visual perception and/or graph recognition,
and reading multiple graphs. The visual perception and/or graph recognition consist
of the basic skills of graph reading including (1) recognizing visual characteristics,
and basic features of a graph, (2) relationship between variables, and (3) physical

property of a graph. Recognizing the visual characteristics, and basic features of a
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graph, reflect that a student is able to identify x-y axes, identify the graph scale, and,
identify x and y coordinates of a point. Table 6 shows that questions (2, 8, 10, and
12) assessed student’s level in recognizing visual characteristics, and basic features
of a graph whereas recognizing the relationship between variables was evaluated by
questions (5,11,16, and 17). Recognizing the relationship between variables was
defined as the ability of the student to identify whether an item is a constant or a
variable, identify whether an item is a dependent or independent variable, and
determine how variables are related to each other (Tonder, 2010).0n the other hand,
awareness of the graph’s physical property, which denotes the ability to understand
or consider a graph as a representational model rather than a typical picture or a map
was assessed by questions 9 and 13. Previous research findings suggested that this is
evident when students are not able to treat the graph as an abstract representation of
relationships and consider it as a literal picture of a particular situation
(Hadjidemetriou and Williams, 2002; Janvier,1998; Leinhardt,1990). For example
when students were presented with a distance versus time graph consisting of
increasing and decreasing lines they described the graph as something similar to
“climbing a mountain”, (Kerslake, 1981).

The ability to interpret multiple forms of graphs was also assessed using
questions 14 and 15 of the graphing skill test. This form of graph interpretation
focuses on the ability to extract information or infer them from multiple graphs. resul
of the overall item analyses presented in Table 7, which reflect varying responses

from students. Detailed analysis of these responses were presented in tables 8-11.



Table 7: Analysis of Student Responses to Interpretation Questions

Q

11

12

13

14

15

16
17

Concept Tested

Reading key features
from Line graph graphs
Reading key features
from Pie chart graphs

Reading key features
from Line graph graphs
Reading key features
from graphs, physics
knowledge[Line graph]
Basic reading of Tables
,graphs constructing, and
mathematical operations.
Reading key features
from graphs, and physics
knowledge.

Reading key features
from Line graph graphs
Reading key features
from graphs, and
knowledge of line graph
Extracting qualitative
information from
quantitative information,
and comparing
information from two
line graphs

Reading a simple trend in
bar chart graphs

Options
A B C D
11.20 5.60 *81.60 1.60
0.00 3.20 2.40 *94.40
400 9.70 *80.60 5.60
1.90 *82.10 7.30 5.70
19.50 3.30 *62.60 14.60
*
320 4.80 84.70 7.30
12.80 11.20 *36.80 39.20
7.20 3.20 *83.20 5.60
12.80 11.20 36.80 *39.20
19.40 16.10 25.00 *39.50
1.60 8.90 *85.40 4.10
570 1390 5.70 *74.60

* Indicates correct answer of the question

47
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Table 8: Recognizing Visual Characteristics and Basic Features of a Graph

Question % of Wrong Answers
Q2 18.40

Q5 5.60

Q8 19.30

Q12 63.20

Q16 14.60

Q17 25.30

Table 8 describes percentages of students who demonstrated misconceptions
related to visual perception, and graph recognition. In particular, recognizing visual
characteristics and basic features of a graph. Question 2 was a line graph that
evaluated student’s ability to read basic information from graph, knowing the visual
basics of a graph, and identifying x-y coordinates of a point plotted in graph. In
question 2, 18.40 % of students were unable to correctly answer this question
suggesting that they were unable to recognize the visual characteristics of the graph.
Question 8 was also a line graph that examined student’s level in reading basic
information from the graph. As shown in Table 8, 19.30 % of the students lacked the
skills of recognizing x-y axes, locating a point in the graph, and ability to extract
information from the graph. In addition, question 12 was a line graph that studied
student’s capability to understand basic feature of graph. The percentage of wrong

answers was 63.20%, which indicates that students have deficiency in the skills of
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visual characteristics and basic features of a graph. Finally, questions (16, 17) were a
bar graph that represents Food Source of Vitamin C in different elements. These
questions examined student’s ability to extract basic information from the graph. In
question 16 only 14.60% wrongly answered the question, which shows students are
lacking the concept of extracting basic information from the graph from a bar graph.
Moreover, in question 17 (25.70%) of the students wrongly answered this question.
Apparently students were unable to quote the correct information from the graph, as
they couldn’t relate the height of the bar with its value. Therefore students who
wrongly answered the question were lacking basic skills of reading information from
bar graph. Question 17 was a bar graph that represents the level of vitamin C in
different food source, students were asked to read which food source has the lowest
Vitamin C level. Most students opted for options A and C indicating inability to
correctly relate the mathematical information along the Y axis to its correct position,
resulting in choosing the wrong answer. Overall misconceptions related to visual

perception, and graph recognition are visualized in Fig. 2 below:
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Recognizing Visual Characteristics And
Basic Features of a Graph
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Figure 2: Misconceptions Related Recognizing Visual Characteristics and Basic

Features of a Graph

Table 9: Relationship Between Variables

Question % of wrong Answers
Q10 37.40
Q11 15.30

Visual perception of the graph was assessed by Q10 and Q11. Table 9 shows
student conceptual problems with the visual perception, and graph recognition
related to the relationship between variables. More than the third of students were
unable to determine the dependent and independent variable, distinguish between
constant and variable, relate variables to each other, and describe the nature of the

relation between variables such as increasing, decreasing, and constant.
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Q 11 was graphical representation of gravitational force acting on a balloon,

and describes the relationship between all the forces acting on the balloon. Students
were asked to figure out which is the gravitational force acted on the body. As
presented in Table 9 above 15.30% of students was the percentage of the students
who wrongly answered this question, suggesting that they were unable to recognize
variables plotted in the graph. Misconceptions related to relationship between

variables are visualized in Fig. 3 below:

Relationship Between Variables

37.4

40
35 4
30 -
25 4
20 15.3
15 A
10 A

Mean

Q10 Ql1
B % of wrong Answers

Figure 3: Misconceptions on Relationship Between Variables
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Table 10: Student Response to Questions Related to Physical Property of a Graph

Question % of Wrong Answers
Q9 14.90
Q13 16.00

Table 10 Shows the misconceptions related to understanding physical
property of a graph. Questions 9 and 13 focused on measuring student’s ability to
read key features from a line graph, using physics knowledge. Question 9 was a line
graph that describes motion of a cat and when this cat was at rest.14.90% of students
wrongly answered this question, indicating that these students are lacking the needed
skills to read a line graph , locating variables from the graph , relating dependent
and independent variables , and concluding meaning of the numerical data
represented in the graph. In addition, it indicates that students had the tendency to
consider a graph as a typical picture or a map rather than a representational model.
Question 13 on the other hand was a line graph that describes the motion of a ball.
16.00 % of the students answered this question wrongly, demonstrating that students
have difficulty in recognizing the physical property of a line graph, and they were
not able to treat the graph as an abstract representation of relationships. Graph

misconceptions related to physical property of a graph are visualized in Fig. 4 below:
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Questions Related to Physical Property of a Graph
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Figure 4: Graph Physical Property Misconceptions

Table 11:Inferring and Extracting Graphical Information from Multiple Graphs

Question % of Wrong Answers
Q14 60.80
Q15 60.50

Table 11 shows the questions that evaluated students ability to infer and
extract graphical information from more than one graph plotted in the same graph. In
particular the questions focused on the ability to retrieve trends and draw
conclusions from the graph. In both questions 14 and 15 more than 60% of the
students were unable to infer and extract information from the graph, suggesting that
students were having difficulties in the area of conceptual graphical literacy related
to inferring and extracting information from multiple graphs. Misconceptions related
to Inferring and Extracting Graphical Information From Multiple are visualized

below:
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Inferring and Extracting Graphical Information From Multiple
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60.65
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Figure 5: Inferring and Extracting Graphical Information from Multiple

Student misconceptions related to graph construction

Four questions (1, 4, 6, & 7) were used to evaluate student’s abilities to
construct graphs. These questions focused on encoding information into line, pie,
and bar graphs. In each type of graph there are specific skills needed to construct the
graph. According to Brasell (1990) in order to construct a line graph, the student
should be capable of assigning dependent and independent variables to the correct
axes, drawing and scaling axes, plotting points on a graph from data provided, and
constructing a line of best fit. Moreover, for constructing a pie or a bar graph, prior
knowledge of math is needed to create proportions of the represented data. In
addition, for plotting bar graph, students should have the mathematical knowledge to
represent discreet information, and understanding of how to plot negative and
positive numbers. In Table 12, construction questions were grouped based on the

skills needed to construct each graph.
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Concept Misconception Questions
e Assigning dependent and Q1
independent variables to the correct
Encoding axes.
Information e Drawing and Scaling axes
into line. e Plotting points on a graph from data
provided
e Constructing a line of best fit
Mathematical e Mathematical _knowledge of pie Q4,
knowledge  of graph cons_tructlon.
Mathematical knowledge of bar Q6,Q7

graph

construction

graph construction.

Table 13: Analysis of Student Responses to Construction Questions

Q1
Q4

Q6

Q7

Concept Tested

Constructing of a

line graph

Constructing of , Pie

chart.
Constructing,
mathematical
knowledge, of
chart
Constructing,
mathematical
knowledge, of
chart

Options

A% B% C% D%

*49.20 18.50 27.4 4.80

27.70 *58.00 12.60 1.70
and

11.20 *82.40 4.80 1.60
Bar
and

*11.80 42.00 26.90 14.00
Bar

* Correct Response

Table 13 shows the frequencies of the selected response for each question.
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Question 1 examined student’s abilities to construct a line graph. As
presented in Table 13, only 49.20 % of students correctly answered the question,
with more than 50% were found to have alternative understanding which suggests
the presence of misconception. Student’s responses to question 1 reflected their
misunderstanding in determining dependent and independent variables correctly,
scaling the graph, locating variables in the graph, and creating best fit line graph.
Only 49.20% were able to correctly recognize independent and dependent variables
and scale the graph. The rest of the students exhibited misconceptions related to
inability to scaling of graphs (option B and C) and plotting the points (Option D).
Table 14, represents the calculated percentages that indicate the level of
misconceptions in each question. Table 14 below summarizes the possible

misconceptions in light of the percentage of the wrong answers in each question.

Table 14: Conceptual Difficulties Associated with Graph Construction

Misconception Question % of wrong answers

Encoding Information into a line Q1 50.70
graph (recognizing the variables, Y-X
axes; and plotting points)

Q4 42.00

Mathematical knowledge of graph Q6 17.60
construction
Q7 83.20
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Table 14 suggests that students have difficulties associated with the ability to
encode information into graphs as over 50% of the student displayed alternative
understanding of the concept of graph construction. Those students who selected the

wrong answers lack the skills to construct a line graph.

Mathematical knowledge of graph construction necessitates that learners
should use mathematical knowledge to figure out how to correctly draw graphs.
Question 4 evaluated student’s ability to use mathematical knowledge to construct a
pie chart. As shown in Table 14, 42% of the respondents wrongly answered the
question, demonstrating their deficiency in handling mathematical data and numbers
and encoding them into pie graph. Similarly, Question 6, and 7 were concerned with
assessing student’s ability to construct bar chart. From Table 14, it can be said that
17.60% and 83.20% of students have selected the wrong answer for questions 6 and
7 respectively, suggesting that students were unable to use mathematical knowledge
to handle numerical data and encode them into bar graph. Conceptual difficulties

associated with graph construction are visualized in Fig. 6 below:
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Conceptual Difficulties Associated with
Graph Construction
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Figure 6: Conceptual Difficulties Associated With Graph Construction

4.4 Q3: Is there any statistically significant association between 10" grade
student graphical literacy, their level of graph interpretation, and graph

construction?

In order to answer the research questions about the possible significant
association between student’s ability to interpret and construct graphs, and their level
of graphical literacy, Pearson correlation was performed to examine the association
between student’s ability to construct graphs, interpret graph, and their graphical

literacy level.
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Table 15: Correlation of Students’ Graphical Literacy and Their Level of

Interpretation and Construction

Construction Total Interpretation Total Total Score
Mean 1.69 8.26 9.95
Interpretation - .
Total 25 - .95
Construction Total - 257 54"
Total
Score(graphical 54" 95™ )

literacy)

% P <0.001).

As shown in the Table 15 significant correlation between the construction
level and the interpretation level was found (r = .25, n = 125, P < 0.05). On the other
hand, there is a positive significant correlation between the construction level and
the total level (r=.54,n= 125, P < 0.00 ) indicating that knowledge of construction
is closely associated with the graphical literacy, and this strong correlation between
construction and the total signifies that the relationship of the knowledge of
construction contribute more to understanding of graphs, and construction skill

contribute more to graphical literacy of students than to interpretation. Likewise,

interpretation also contributes to graphical literacy more than to construction skill
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judging by the size of their. From the Table 15 above a strong positive correlation
between the interpretation level and the graphical literacy level is concluded (r = .95,
n =125, P < 0.00 ). These findings suggest that both interpretation skills and
construction skills are related to each other. Knowledge of interpretation can
contribute to knowledge of construction, and also knowledge of construction can

contribute to knowledge of interpretation.

45 Q4: Are there any statistically significant differences between the
performances of students in graphical literacy that are attributed to
student gender?

To answer the research questions related to testing the significant differences
between students according to their gender, an independent-samples t-test was

conducted to compare 10" grade performances in graphical literacy.
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Table 16: Summary of Statistics And T-Test Values of Students’ Performance

According to their Gender

Test Gender Mean STD t-value Sig.
Male 9.30 2.77

Total score o nale oo 211 580  0.00
. Male 6.90 2.49

Interpretation

Questions Female 964 157 -7.36 .00
. Male 1.65 .83

Construction

Questions Female 1.72 1.06 -44 .66

As show in Table 16 significant differences in the overall total scores of
males students (M = 9.30, SD = 2.77) and females students (M = 11.90, SD = 2.11)
was found suggesting that females students have significantly outperformed their

males counterparts (t = 5.80, P < 0.000).

Student responses to interpretation and construction items were also
compared in terms of gender. Table 16 showed that there is no statistically
significance difference between males and females students when it comes to
constructing graphs. Both group of students managed to obtain low score in this area
of graphical literacy (M=1.65, SD=.83 and M=1.73, SD=1.06) for male and female
students respectively. However, a statistically significant difference between males

and females with regard to male and female student’s performance in graph
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interpretation was observed (t =7. 37, P < 0.000) in favor of females suggesting that
female students once again performed significantly better than their males
counterparts. Summary of statistics and t-test values of students’ performance according to

their gender are visualized in Fig. 7 below:
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Figure 7: Summary of Statistics and T-test Values of Students’ Performance

According to their Gender

4.6 Summary

The purpose of this study was to investigate the graphical literacy of 10"
grade students. This chapter presented the analysis of the four research questions
and, they are : (1) What are the graphical skills 10 grade students have?, (2) What
are the possible misconceptions possessed by 10" grade students regarding the
graphical literacy?, (3) Is there any statistically significance association between 10"
grade student graphical literacy and their level of interpretation and construction?,

and (4 )Are there any statistically significant differences between the performance
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of students in graphical literacy that are attributed to student gender?. Different
statistical approaches were used to analyze each question. Question 1 was analyzed
using descriptive statistics means, standard deviations, and the range to present
student’s responses to the test questions regarding graph interpretation and
construction level. The analysis of Question 2 using frequency distribution reflected
that students generally performed better in graph interpretation than in graph
construction.  Moreover, the possible misconception analysis showed the
misconceptions related to graph interpretation and, graph construction. Graph
interpretation misconception domains were ‘“visual perception” and “graph
recognition”, and “reading multiple Graphs”. Furthermore, the graph construction
misconception that were found are encoding information into a line graph, and
mathematical knowledge of graph construction. Question 3 was analyzed using
Pearson correlation, which indicates that there is a significance association between
10™ grade student graphical literacy and their level of graph interpretation, and
graph construction. Finally question 4 were analyzed using Independent t-test, which
indicated the following findings: (1) female students have significantly outperformed
their males in graph literacy level, (2) there is no statistically significance difference
between males and females students when it came to constructing graphs (3) , and
female students performed significantly better than their males in graph

interpretation.
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Chapter 5: Discussion

5.1 Overview of the chapter

This chapter discusses the findings presented in chapter 4 within the
context of the current literature. First the chapter presents discussion related to the
research questions outlined in chapter 3, and provides attempts to propose
recommendations for policy makers and curriculum planners. Also, suggestions for
future research studies related to the concepts and the context of this study will be

presented.

5.2 Q1: What are the graphical skills 10" grade students have?

The findings indicated that generally 10™ grade students have deficiency in
graphical literacy. Their performance in the assessed two main skills (interpretation
and construction) varied, yet it showed better performance in interpretation rather
than construction. The findings presented are similar to the findings described by
(Bowen, and Roth 2005; Bulbul 2012; Kilic, Sezen, and Sari 2012; Kimura 1999;
Leinhardt 1990; NCTM 2000; Tairab and Al Nagbi 2004; Uzun, Sezen 2012)

Uzun, Sezen, Bulbul (2012) reported similar findings that student’s
performance on interpreting tasks was found to be better than their performances on
modeling and transforming tasks. He pointed out that students can read graphs and
extract information from graphs but they have problems in constructing new graphs.
This can be possibly due to the fact that interpretation is easier, while graph

construction involves complex cognitive processes as the cognitive demand required
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to construct graphs is much higher than those involved in interpretations (Tairab and
AL Nagbi, 2004).

Leinhardt (1990) suggested that graph interpretation is easier than graph
construction because modeling and transforming include building new graphs and
constructing requires more competencies than interpreting. Tairab and Al Nagbi
(2004) also reported that students found graph interpretation much easier than graph
construction. However, other researchers showed that students experience more
difficulties with graph interpretation when they have not been actively involved in
data generation (Roth, 1996). On the other hand, Falk (1971) related graphical
literacy development to Bloom’s taxonomy levels. Falk (1971) suggested that a
student should be able to construct graphs at the comprehension level and should be
able to interpret graphs if he/she is operating at the application level.

The analysis of student’s responses showed that many students can read and
interpret key features of different types of graphs such as line, bar, pie graphs easily.
The abilities to interpret key feature of scientific graphs were very clear in the basic
reading questions that needed direct reading from the graph. As a result indicated
that students were able to interpret key features of information presented in these
graphs and recognize the properties of these graphs. Therefore, this can be classified
as basic interpretation level. Beyond interpreting basic feature of scientific graphs,
students apparently were unable to use complicated cognitive processes to solve the
questions. In fact, they were able to locate answers directly from the graph (Table 5).

Those findings are similar to Kimura’s (1999) findings, which indicate that students
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can extract qualitative information from quantitative information. Obviously they
were able to extract trends, and describe relationship between variables when they
were asked to interpret graphical information. Student ability to qualify information
from the graph can be classified as higher level of graph interpretation (Kimura,
1999), which involve moderate cognitive abilities to solve the question. From this
perspective it seems that these findings support the idea that students often use
qualitative information to advance their interpretative graphical skills.

Furthermore, the findings of the present study support the NCTM’s report
stated that graph interpretation can be divided into three main levels: (1) elementary
comprehension level which focuses on extracting specific data points from a graph.
In this level, the desired information is explicitly represented in the graph and the
graph reader is required only to locate and read the specific data point. (2) An
intermediate level of understanding is characterized by finding trends and
relationships in the data. (3) advanced comprehension level which requires
extrapolation from the data and analysis of relationships expressed in the data such
as generalizing to a population, making a prediction about an unknown, a
comparison of trends and observing groupings. Elementary level is supported by the
finding, as students can read and interpret key features of different types of graphs
such as line, bar, pie graphs easily. Moreover, students can be classified as
intermediate level, were they show ability to extract trends, and describe relationship

between variables when they trying to interpret graphical information.



67

Difficulties associated with graph construction reported in the present study
were also documented in previous research studies. Uzun, Sezen, Bulbul (2012)
reported that students exhibited difficulties with graph construction. Their deficiency
in construction of different types of graphs such as line, pie, and bar graphs was
explained by the fact that students don’t have enough skills to construct graph
(Bowen, and, Roth, 2005). Kilic, Sezen, and Sari(2012) supported this findings, and
indicated that students deficiency was due to their lacking of the needed skills.
Students lack the strategies needed to make graph, such as understanding the
purpose of plotting the graph, classifying the variables to be plotted, recognizing the
relationship between the variables, and having needed prior knowledge for plotting a
specific graph (Leinhardt,1990).

In the context of the present study, it seems that lack of systematic instruction
is related to these findings. The limited emphasis of teaching graphs in the
curriculum, and the lack of mastering the skills for interpreting and constructing
different types of graphs have contributed to less mastering of the graphical skills.
Kilic, Sezen, and Sari (2012) revealed in their study that the inadequacy of
graphing skills extended to pre-service teachers, to reflect the fact that problems with
graphical literacy is complex and extend beyond school children. This echo calls by
science education researchers for increased attention to graphical instruction to help
students become literate in practices related to the interpretation and, construction of
graphs (Roth, 2002). Glazer (2011) suggested that besides the display characteristics

of the graphs, peoples’ knowledge of the content of graphs and their graphical skills
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impact their interpretations of the data and it has a greater influence on novice graph
viewers’ interpretations.

The finding also showed that the interpretation process level can be classified
according to the task requirements. Levels are varying, according to the complexity
level involved in the task. Interpretation levels can be described as basic
interpretation level which involve direct reading from the graph, intermediate level,
which involve extract qualitative information and relating variables, and advanced
interpretation level which, involve trends comparison, and derive conclusions

(Kimura,1999; NCTM, 2000).

Difficulties in graph construction on the other hand were attributed to the fact

that students do not have enough skills to construct graph (Bowen and Roth, 2005).

5.3 Q2: What are the possible misconceptions possessed by 10" grade students
regarding the graphical literacy?

The findings presented in chapter 4 showed that students possessed a number
of misconceptions related to the development of the concepts of interpretations and
construction of scientific graphs. These findings are similar to the findings described
in previous research studies (Friel, Curcio, and Bright 2001; Hadjidemetriou and
Williams 2002; Janvier 1998; Kerslake 1981; Leinhardt, Zaslavsky, and Stein 1990;
Padilla 1986; Shah, and Heffner 2002; Tairab and Al Nagbi 2004; Kali 2005;

Tonder 2010; Uzun, Sezen, Bulbul ,2012).



69

The findings of this study revealed that the students have difficulties related
to graph interpreting and graph constructing. Apparently they exhibited
misconceptions related to visual perception and graph recognition, which focuses on
(1) Recognizing visual characteristics and basic features of a graph, (2) Relationship
between variables, and (3) Physical property of a graph.

In addition, this study revealed that students have misconception on reading
multiple graphs which involve inferring and extracting graphical information from
multiple graphs. The study findings reflect that students were unable to read the
graph correctly, and this is attributed to their inability to recognize basic features of a
graph, such as identifying x-y axes, graph scale, and identifying x and y coordinates
of a point. Leinhardt, Zaslavsky, and Stein (1990) used the term misconceptions to
classify students’ difficulties in graph interpretation. Leinhardt, Zaslavsky, and Stein
(1990) reported that students exhibited inability to relate variables to each other,
identify whether an item is a constant or a variable, identify whether an item is a
dependent or independent variable, and determine how variables are related to each
other. The findings reported in the present study seem to support those reported by
(Leinhardt, Zaslavsky, and Stein, 1990). Tonder (2010) stated that problems with
graph comprehension identified were: finding ratios between data; identifying
dependent and independent variables; interpreting slope and height changes on a
curved graph; identifying and interpreting scale; using a second y-axis and multiple
sources of information; working with reciprocal values of data; and extracting

information from a graph without first critically examining the y-axis (zoom
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graph‘confusion). Students also did not incorporate their own prior knowledge or
understanding into the construction of reasonable responses; instead they stated
relationships in the data or incorporated creativity. The findings of the present study
clearly showed that students were unable to understand physical property of graph as
described in Table 10. In order for students to realize physical property, they need to
consider a graph as a representational model rather than a typical picture or a map.
Apparently students were unable to apply graphical interpretation skills correctly
because they just looked at the graph and considered it as a without considering the
actual representation of the graph, and how variables are related to each other. These
findings therefore support previous research findings that suggest students are not
able to treat scientific graphs as an abstract representation of relationships and
consider it as a literal picture of a particular situation (Glazer 2011; Hadjidemetriou
and Williams 2002; Janvier 1998; Kerslake, 1981; Leinhardt 1990). Kerslake (1981)
claimed that when students were presented with a distance versus time graph
consisting of increasing and decreasing lines they described the graph as something
similar to “climbing a mountain”.

Glazer (2011) showed in his review of literature about challenges with graph
interpretation that in science and mathematics curricula, graphs are distinguished for
their difficulties. Glazer (2011) stated the following problems are often encountered
by students when dealing with scientific graphs: (1) confusing the slope and the
height; (2) confusing an interval and a point;(3) considering a graph as a picture or a

map; (4)conceiving a graph as constructed of discrete points; (5) constructing an
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understanding of graphs presented during classes appears to be a particularly
difficult task; (6) the tendency to sketch graphs that always pass through the (0,0)
point; (7) the amount of information that is presented in the graph, which means the
complexity of the presented information presented in a graph can also influence
graph reading performance and comprehension. The number of variables, such as the
number of lines displayed in a line graph, the number of trend reversals in a line (i.e.,
the up and down vacillations of one line), and the number of individual data points
influence interpretations of graphs (Carpenter and Shah, 1998); (8) difficulties with
graph interpretation that result from inappropriate choice of graph format or visual
features such as color, size, aspect ratio, scale and legend/labels; (9) an emphasis on
x-y trend might lead to incomplete interpretation; (10) difficulties with interpretation
of complex line graphs such as those of three dimensional graphs or those that
require a series comparison; and (11) teachers’ experience with teaching scientific
graphs that might be a barrier to the implementation of meaningful practice in
graphing competence (Glazer, 2011). Kali (2005) reported that students have graph
interpretation difficulties relayed to how to determine coordinates and describe
relationships. Furthermore, Kali (2005) found that students have difficulties in
reading and interpreting data from multiple graphs. Interpretation of multiple graph
as reported in Table 11 found to be the most challenging tasks. This deficiency can
be explained by the complexity of reading the data, reading between the data, and

reading beyond the data. Shah and Heffner (2002) claimed that the x—y trends can
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lead to incomplete interpretations of data when the data are complex (for example,
multiple lines on a display representing a third variable.

The difficulties with interpretation may very well be explained by the fact
that students lack the needed strategies to read graphs correctly such as
understanding the context of the problem, and lacking the prior knowledge of the
different forms and types of graphs. Tairab and Al Nagbi (2004) stated that
deficiency in graph reading can be attributed to student’s inability to read graphs in
the proper way. Friel, Curcio, and Bright (2001) identified three main components of
graph comprehension that showed progression of attention from local to global
features of a graph: (a) To read information directly from a graph, one must
understand the conventions of graph design; (b) to manipulate the information read
from a graph, one makes comparisons and performs computations; and (c) to
generalize, predict, or identify trends, one must relate the information in the graph to

the context of the situation (Friel, Curcio, and Bright, 2001).

The findings reported in the present study found that misconceptions of
Graph construction were related to how to encode information into different graph
format such as : (1) Assigning dependent and independent variables to the correct
axes; (2) Drawing and Scaling axes; (3) Plotting points on a graph from data
provided; and (4) Constructing a line of best fit. Difficulties in modeling and
transforming data into graph may be explained by the fact that students were unable
to assign variables to the proper axis, and to plot data correctly (Uzun, Sezen, and

Bulbul ,2012).
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Furthermore, students showed difficulties in constructing different types of

graph, and modeling data into line graph , bar graphs, and pie graphs. They were
also unable to decide independent and dependent variables, and to assign them
correctly in their axes. Furthermore, the inability to encode information is also
related to the inability of drawing, scaling, and plotting points correctly. Padilla
(1986) examined the line graphing ability of middle and high school students and
found that out of the 625 students tested only 46% could correctly assign the

variables.

These findings were similar to those reported by Tairab and Al-Nagbi (2004)
that some students could not see the relationship between the dependent and
independent variables and how they should be plotted on the axes.

The present study may explain the difficulties students have in constructing
graphs in relation to the lack of prior mathematical knowledge to handle numerical
data and encode them into graphs. In particular the ability to manipulate negative
and positive numbers, and assign them correctly in the right axes. Based on this
findings, it can be generalized that student prior knowledge about graph content,
graphing skills, and the related subject matter content may influence graph reading

as well as graph construction.

Kali (2005) in his review of literature described a number of studies that

identified problems in constructing graphs, by both secondary and tertiary level
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students (Berg and Phillips, 1994; Berg and Smith, 1994; Brasell and Rowe, 1993;

McDermott 1987; Mevarech & Kramarsky, 1997 Padilla 1986;).

In summary, the findings of the present study seem to be in line with most of
the previous findings that students often experience difficulties with understanding
scientific graphs. Difficulties are often described in terms of inability to recognize
variables in scientific graphs, and inability to determine how variables are related to
each other. Also, inability to identify ratios between data, interpreting slope and
height changes on a curved graph; identifying and interpreting scale; using a second
y-axis and multiple sources of information; working with reciprocal values of data;
and extracting information from a graph without first critically examining the y-axis
(zoom graph‘ confusion). It is clear that the findings are also pointing to the fact that
students did not incorporate their own prior knowledge or understanding into the
construction of reasonable responses; instead they stated relationships in the data or

incorporated answers from their own imagination.
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5.4 Q3: Is there any significance relation between 10" grade student graphical

literacy and their level of interpretation and construction?

The findings of the present study in regard to the graph interpretation and
construction showed that there was a statistically significant correlation between the
ability of the students to construct and their ability to interpret graphical information.
The findings also showed significant correlations between both interpretation and

construction abilities , and the overall graphical literacy level.

These findings suggest that knowledge of graph interpretation is more likely
to influence knowledge of graph construction. If students master skills of
interpreting graph it is likely that it will help their effort to construct and transform
graphical information. Mevarech and, Kramarsky (1997) described that graphing
involves both interpretation and construction, and that they are interrelated process.
With regard to the association between construction and interpretation of graphical
information on one hand and their overall graphical literacy, Leinhardt, Zaslavsky,
and Stein (1990) described the relationship between graph interpretation and,
construction. They noted that interpretation does not require any construction,
construction often builds on some kind of interpretation. In addition, If students have
enough skills to construct such as recognizing X-Y axis, relation between dependent
and, indent variable, plotting coordinates, correctly scale the graph; the interpretation

and reading basic information from the graph will be easy for them .



76

5.5 Q4: Is there any association with 10" grade graphical literacy and gender?
The findings of this question suggested both male and female student
performed moderately in the graphical skill tests. Furthermore, female students
significantly outperformed their males in graph literacy level, showing better
understanding and less misconceptions in the interpretation of graphs. However,
there were no statistically significant differences between males and females

students when it comes to construction of graphs.

The findings reported in the present study showed that female students
significantly outperformed their males counterparts in their overall graphical
literacy performance and graph interpretation level, as described in Table 16. These
findings are similar to other findings such as those described by TIMSS (2011) and,
Lowrie, and Diezmann (2009). TIMSS (2011) revealed that there were significant
differences in the average science scores of males and females of UAE student’s
science performance, although these differences were not in graphical literacy
alone. Lowrie, and Diezmann (2009) on the other hand reported that boys
outperformed girls on complex levels of graphical decoding. However, the present
study found that there were no differences between male and female students in
regard to graph construction performance. Apparently both groups managed to have
low performance in graph construction due to the lack cognitive abilities and skills
needed to construct graphs among both group of students. As mentioned previously
graph construction requires the presence of these cognitive abilities and the skills to

conceptualize information depicted in data and transform them into graphical
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information. Although the finding pointed to differences between boys and girls,
more researches are needed to specifically isolate the source of differences in

performance.

5.6 Implications for Practice:

Graphs recently become a part of our daily practices because of their use in
all media such as newspapers, magazines, medical report, and etc. Furthermore,
graphs are powerful tools to represent and summarize information in easy readable
visual representation. Graphs are effective tool for data summarization, and trends
verification. However, the process of analyzing graphical data and communicating
meanings represented in the graph are considered intellectual scientific skills.
Therefore, the findings reported in the present study have educational implications
for curriculum planners and developers, science teachers, and students. The
development of any plan that focus on graphic literacy instruction through
integrating these skills in the curriculum, or by focusing on teachers professional
development activities so that they become able to deliver the significance
knowledge about graphs. The study highlighted student’s difficulties and deficiency
in graph interpretation and construction that need to be taken into consideration
when reviewing and developing science curricular. Science curriculum developers
need to consider the levels of graphical literacy of students in the curriculum to

enhance and improve student’s graphical literacy. Moreover specific professional
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development plans may need to be developed and implemented to help science

teachers to better understand how students deal with and develop graphical literacy.

5.7 Recommendation for the future studies:

Based on the findings reported in the present study, more research studies are
needed to further explore student’s difficulties with graphical skills and how
graphical literacy is developed by students. The following recommendation can

therefore be suggested.

Research studies that explore graphical skills included in the science curricular,

and how is integrated to help students develop their graphical literacy.

» In order to gain detailed insights into explanations for the performance
differences in graphical literacy exhibited by males and females in this study,
the identification and addition of more items that reveal performance
differences would strengthen the present study.

» Research studies related to how teachers deal with the graphical skills in
earlier stages in the schools are needed to establish knowledge base of
students in relation to graphical literacy.

> Science teacher’s graphical literacy level can also be investigated to make

sure that intended curricular goals are implemented.
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» Additional research studies could be conducted to investigate the effects of
different teaching methods and learning environments on students’ ability to

interpret and construct graphs.
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Test of Graphing Skills (TGS)



Instructions for students who will take this test:

The Test of Graphing skills (TGS) is made up of three parts, student’s

demographic information, test questions, and survey

Read the entire question carefully, and then select the appropriate answer

Don’t select more than one answer

The test consists of 13 pages and 16 questions

The time for the exam is one hour

You may use the calculator if you wish to do so

Attempt all the three parts of this test

Student’s Name: Gender:
Nationality : UAE National Non-UAE National
Type of school : Public Private

Effective language : Arabic English

Part 1: Demographic Information




Part 2: (Test Questions)

Draw a circle around the letter that you think represents the correct
answer.

Q1: A stretched spring of overall length 50.0 mm is hung from a
support, as shown in figure below. Different loads are placed on the
spring and the extension is measured each time. Using the values of the
loads, and the measured extension, which of the following graphs will
probably be the best line graphs?

The extension for the different load are given in the table below

[ ]

Load /N Extension /mm
0.0 0.0
1.0 10.0 50.0mm
2.0 20.5
3.0 310 0 e
4.0 41.0
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Q2: The plot below describes the acceleration (increase in speed) of the
skier at various heights above the bottom of the hill.
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The acceleration of the skier at the height of 350 is ------------
a. 6.2m/s° b. 7.0m/s* c. 7.4m/s d. 4.2m/s



Q3: A young athlete has a mass of 42 kg on a day when there is no wind,
she runs a 100 m race in 14.2s the sketched graphs below (not to scale)

shows her speed during the race

e The acceleration of the athlete during the first 3 seconds is?

a. 0.37 m/s? b. 0 m/s® c. 24 mis? d 2.7 m/is?



Q4: Which of the following pie chart below represent information in the

table of land and percentage table?

Kind of Land Use Percentage of Land

Grassland and rangeland 29
Wilderness and parks 9 9
Urban 2
wetlands and seserts 3
Forest 30
Cropland 17
other land 10
Percentage of Land B Percentage of Land A

g l% Jand and fand

W Grassland and rangeland BWildemessand parks9

B Wildemess and parks 9 W Urban

HUrhan Wwetlands and seserts

W Forest
Betlandsand seserts

uForsst W Cropland
Ores
W other land

N Cropland
W other land
A. B
Percentage of Land C Percentage of Land D
B Grasslend znd rangeland B Grassland and range land
B Wildemess and parks3 BWildenessand parks 8
HUrhan HUrhan
Betlands and seserts Wetlands and seserts
B Forest W Forest
N Cropland H Cropland
W other land Hother land
c D.



Q5: The pie graph below represent the composition of the Earth‘s

Crust:
Elemental Composition of Earcth's
Crust
Potassium Titagium All remaining
204 1%
Sodium 1%
Calcuim 2%
4%
Iron
6%
Aluminum
8%
e The percentage of the Magnesium Elements in the Earth’s
Crust is?
A. 46% B. 28% C. 1% D. 2%



Q6: The table below shows the melting points and boiling points of four

substances:

Substance Melting point /°C Boiling point/ °C

A -203 -17
B -25 -50
C 11 181
D 463 972

Which of the following graph represent the information in the table?

1200
1200
1000
1000 .
500 600
600 a0
400 200
200 0 —
| —— | e S
0 -200
A B C D -400
B Melting point °C W Boiling point / °C B Melting point C W Bailing point/ °C
Bar Chart C
120 Bar Chart D
1000 600
800 400
600 200
0 —
o w : .
200
I 400
- w0
-200 A B C
-400 1000
-600 -1200
 Melting point /C W Bailing paint / °C ¥ Metting point [*C W Boiling point / °C




Q7: The table shows the mass and weight of objects on Earth. What is
the mass and weight of the objects on the moon, if the moon's

gravitational attraction is one sixth that of earth?.

. Weight | Mass
Objects (N) (ko)
A 42 420
B 70 42
C 84 42
D 42 70

Which of the following is the bar graph that represents the weight and

the mass of the objects in the moon?

.
Bar ChartA Bar Chart B
450 450
400 400
350
350 00
0 250
150 200
200 150
150 100
100 50
50 0
0 A B C D
A 8 ¢ o welght(N) B Mass(ke]
W Weight (N] B Mass (kg)
Bar Chart D
700
Bar Chart C o
00 500
100 40
300
0
A 8 c 00
100 -
200 o
A B C D
-300
@ B weight(N] B Mass kg)
500




Q8: The time required to make a trip of 100.0 km is measured at

various speeds according to the graph below:

Speed versus Time
£4 N\
£
g2 \\
8o
E O 20 40 60 80 100
- Speed (km/h)

e What speed will allow the trip to be made in 2 hours?
A. 20.0 B. 40.0 C. 50.0 D. 90.0
km/h km/h km/h km/h

Q9: According to the graph below, during which interval is the cat at
rest?

Motion of a Cat
4.0
=
2 3.0
=
E
-
g 2.0
5
L)
=
1.0
=
0.0
0.0 5.0 10.0 15.0 20.0
Time (s)

A. 0.0-50s B. 5.0-10.0 C. 10.0-15.0 D. 15.0-20.0
S S S



Q10: The graph below describes the motion of a cyclist:

Velocity (m/s)

o 2.0 4.0 6.0 8.0 10.0
Elapsed time (s)

e The acceleration of the cyclist is --------------=--=--=----—-

A. constant B. Decreasing C. Increasing D. zero

Q11: In the free-body diagram shown below:

e Which of the following is the gravitational force acting on the
balloon?

A. 1520 N B. 950 N C. 4050 N D. 5120 N

10



Q12: The graph below shows the world population in (billions)

against time, what is the population during 17 century (1800)

World Population Growth

& =
5=
Waorld 4 ,:
Population ]
{billions) K -E
2 4
|4
:Tf” ¥ T | ¥ T T L L ] 1
1100 1200 1300 1400 1500 1400 1700 1800 1900 2000
Year
A. 500 B. 1 million C. 1 billion D. 2 hillion
thousand

Q13: The graph below describes the motion of a ball. At what point
does the ball have an instantaneous velocity of zero?

Maotion of Ball Moving on Ramp
+

1 E

[ -
&0 C
i i
A £
Time

A A B. B C. C D. D
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Q14 and Q15 related to the graph below.

340 1 0.4
S | e g
2 ‘ — 0.2 3
9 5 320 jie / b
o= / o
S E N A / — 0.0 g
§8300_ --“"_‘f\"/\\’ (OD
T @ 1T ] —-02 3
8 s - /\ / 3
c 2 _ /,_.\\_/ |1 <
S~ 280 L 04 ~
© ——=-CO -4 =

260 — — T:emlp)er?tur:a L _ 06

U T l T T I
1860 1820 1920 1950 1980
Year

Q14: The conclusion drawn from the graph is
A. The concentration of CO; in the atmosphere from 1860 to
1995.
B. The change in average global temperature since 1995.
C. That the concentration of oxygen in the atmosphere has
increased since 1860.

D. That global warming is linked to the greenhouse effect.

Q15: Refer to the illustration above. According to the graph,

A. From 1900 to 1950, the average global temperature constantly
increased.

B. The concentration of CO, in the atmosphere increased at the same
steady rate from 1920 to 1980.

C. The concentration of CO, and the temperature were the same in
1900.

D. CO; in the atmosphere and temperature have increased since 1980.

12



Q16 and Q17 belongs to the following graph:

Food Source of Vitmin C (mg per serving )

OO0O0O00000000
m987654321

Suinias 194 Sw

"u9azoJ} sead ueaJn

T MeJ 0}ewo|

“MEJ JOMO[JI[NeD)

“pax00d a8qqe)

dno /T dnojiue)

“/€ 92In[ ojewo]
“3AY yniRdio
3nouds sa|ssnig
/T Saluagmelis
“T/T Pe%002 122049
+Z/T 4addad usaun

winipaw T 1Ny 1M1y

*92Inf 1nJy adeun
~32In[ Sueip

“¥/€ @21n[ a8uelQ

dn) z/1 4addad pay

Food Source

Q 16: What is the highest value of vitamin C level?

90

93

50

89

Q 17: Which food source has the lowest Vitamin C level ?

A. Red pepper %2

B. Spinach cooked ¥ cup

C. Tomato Raw 1 medium cup

D. Green Peas frozen

13
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Urban
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Forest

Sl 30
Cropland

Ll 550 ol HY) 17
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Byetlands and seserts ¥ Farest
N Forest B Cropland
orest
Bother land
N Cropland
W other land
Percentage of Land C Percentage of Land D
BGrassland and range and B Grassiand and rangeland
BWildemessand parks 9 BWidemessand parks 3
BUrban BUrhan
Bwetlands and seserts Byetlands and seserts
HForest H Forest
B Cropland Cropland
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Food Source of Vitmin C (mg per serving )

mg Per serving

Food Source

(Vitamin C) Comaildl Jaa loi o8 La:16 Il

A. 89 B. 50 C.

93 D.

90

(Vitamin C ) Comaildl s siaua (5l o 5 5500 G2 #1300 jaa sala:17 Jism

Red pepper Y2

Spinach cooked ¥z cup

Tomato Raw 1 medium cup

13

Green Peas frozen

A

.B

.D
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