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Abstract
The purpose of the present study is to explore the role of static media in textbooks, as defined by
Mayer (2001) in the form of printed images and text, and how these media are viewed and used by high
school science teachers. Textbooks appeared in the United States in the late 1800s, and since then
pictorial aids have been used extensively in them to support the teacher’s work in the classroom
(Giordano, 2003). According to Woodward, Elliott, and Nagel (1988/2013) the research on textbooks
prior to the 1970s doesn’t present relevant work related to the curricular role and the quality and
instructional design of textbooks. Since then there has been abundant research, specially on the use of
visual images in textbooks that has been approached from: (a) the text/image ratio (Evans, Watson, &
Willows, 1987; Levin & Mayer, 1993; Mayer, 1993; Woodward, 1993), and (b) the instructional
effectiveness of images (Woodward, 1993). The theoretical framework for this study comes from
multimedia learning (Mayer, 2001), information design (Pettersson, 2002), and visual literacy (Moore &
Dwyer, 1994). Data was collected through in-depth interviews of three high school science teachers and
the graphic analyses of three textbooks used by the interviewed teachers. The interview data were
compared through an analytic model developed from the literature, and the graphic analyses were
performed using Mayer’s multimedia learning principles (Mayer, 2001) and the Graphic Analysis
Protocol (GAP) (Slough & McTigue, 2013). The conclusions of this study are: (1) pictures are specially
useful for teaching science because science is a difficult subject to teach, (2) due this difficulty, pictures
are very important to make the class dynamic and avoid students distraction, (3) static and dynamic media
when used together can be more effective, (4) some specific type of graphics were found in the science
textbooks used by the participants, in this case they were naturalistic drawings, stylized drawings, scale
diagram, flow chart – cycle, flow chart – sequence, and hybrids, no photographs were found, (5) graphics
can be related not only to the general text but specifically to the captions, (6) the textbooks analyzed had a
balanced proportion of text and graphics, and (7) to facilitate the text-graphics relationship the spatial
contiguity of both elements is key to their semantic integration.
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Chapter 1
Introduction
When high school teachers use visual support in class, they often are not aware in which
ways these visuals are related to the printed text of a textbook (static media) or of the narration
accompanying an animation or a video (dynamic media), and in both cases, but specially in
textbooks, this lack of awareness may lead to less effective teaching.
Only a few years after textbooks appeared in the United States in the late 1800s, pictorial
aids began to be used in the form of charts, tables, maps, graphs, and documents that were not
part of the textbooks but given as supplements (Giordano, 2003). According to Woodward
(1993), since textbooks first appeared in the US, they have evolved greatly including changes
needed to improve their quality, and above all, to satisfy all the parties involved in their
development (teachers, students, parents, principals, selection committees, publishers, and
government officials). Pictures have been an important instructional element for improving the
quality of current textbooks.
There has been abundant research on textbooks that reflect the different views on the
addition of visual support. Two important references on textbooks research found are the review
of textbooks by Woodward, Elliott, and Nagel (1988/2013), and the review of textbooks by
Eckert (2011).
According to Woodward, et al. (1988/2013) the research on textbooks prior to the 1970s
doesn’t present relevant work related to the curricular role and the quality and instructional
design of textbooks. Since then there has been abundant research on the link between textbooks
and curricula (Abd-El-Khalick, Waters, & Le, 2008; Woodward, Elliott, & Nagel, 1988/2013),
1

the dominant role of textbooks in the education of secondary students (Menke & Davey, 1994),
and how dependent teachers are on their use (Chiapetta & Fillman, 2007; Weiss, Banilower,
McMahon, & Smith, 2001; Woodward & Elliot, 1990; Zahorik, 1991).
There is also research on teachers’ attitudes, reliance, and use of textbooks according to
their experience (Calderhead, 1981; Clark & Peterson, 1986; Menke & Davey, 1994; Woodward,
1993) or teaching styles (Zahorik, 1991); also the use of textbooks by students has been amply
reported (Chiapetta & Fillman, 2007; Durkin, 1983; Shannon, 1982). The most comprehensive
and recent of the reports on textbooks found presents a high use of textbooks and a very positive
perception of them by secondary science teachers (Banilower, Smith, Weiss, Malzahn,
Campbell, & Weis, 2013).
Research on the use of visual images in textbooks has been approached from: (a) the
text/image ratio (Evans, Watson, & Willows, 1987; Levin & Mayer, 1993; Mayer, 1993;
Woodward, 1993), and (b) the instructional effectiveness of images (Woodward, 1993).
Learning from words and pictures has been studied among others by Mayer, who
developed his multimedia learning theory (Mayer, 2001, 2005b, 2009), and by 2009, there were
at least 93 experimental comparisons reported by Mayer in his publications (Mayer, 2009).
Regarding the analysis of science textbooks, this is one of the areas with abundant recent
research that has focused on high school level, and has been studying the use of pictures
thoroughly (Anderson & Slough, 2012; Devetak & Vogrinc, 2013; Kesidou & Roseman, 2002;
Slough, Cavlazoglu, Erdogan, & Akgun, 2012; McTigue & Slough, 2010; Slough & McTigue,
2013; Slough, McTigue, Kim, & Jennings, 2010).
As a graphic designer with more than 30 years of teaching experience, I am interested in
knowing how pictures are used in printed media, and more specifically in textbooks, not only for
2

communicational purposes but for learning purposes, and by studying the use of pictures as
static media by high school teachers I think I will obtain a clear insight into these issues.
Despite the abundant research on textbooks I found, many of the studies are
compartmentalized in specific areas, they are experimental, and lack the qualitative data that
could help me understand in more detail the complexities of the use of pictures in science
textbooks by high school teachers. In my search for information on the databases, the qualitative
references were rather scarce so there is an important deficit in this particular area of research.
In a teaching-learning process, the teacher is the constant that remains in school
accumulating experience along a working career while students leave after finishing their
courses. Stake defines the knowledge accumulated in an activity like teaching as professional
knowledge, and according to him what characterizes this knowledge is that the understanding of
how things work varies according to the situation. Professional knowledge relies on personal
experience and those studies with an emphasis on obtaining personal experience through
interviews are considered qualitative (Stake, 2010).
By approaching the present study qualitatively, my intention was to create a narrative that
reflects the interpretations of the participants in the use of static media in textbooks, and to
contextualize these interpretations using their daily school experiences. This study aims to
provide detailed information of a practice that is still not understood in depth to researchers on
the field of graphics in education, therefore facilitating future research that may lead to a better
use of static media by teachers and the improvement of textbooks by designers.
Due to the diversity of research studies found, the terminology varied widely depending
on each author, and since I based my accounts on specific references, the denomination varied
3

from terms like pictorials, pictures, graphics, illustrations, and visual images but referring
basically to the same item.
1.1. Context
Textbooks are one of the most common teaching resources used in the classroom these
days. They adequately cover the special features of an area of study, and their content, design,
function and aesthetic characteristics are supposed to be adapted to the learner’s level and
capacity. As a graphic designer, my search is for a better understanding of how communication
media are used for the purpose of learning. This investigation applies to the specific formal
learning context of schools, and sees both teachers and students as agents using these media in
learning.
The two types of media defined are static media (printed image and text) and dynamic
media (animation and narration). This study focuses on static media, in the form of printed
images and text in textbooks, and how these media are used by high school science teachers.
Textbooks are an important resource for teaching, being characterized at the high school level by
a medium degree of complexity on the content and the written text, and even if these days
images are an important element, high school textbooks present a fairly balanced text-image ratio
while at elementary level books tend to be more image dominant (Pettersson, 2002; Woodward,
1993). A balanced text-image ratio is important in this study for analyzing text and image as
information units and not as separated elements, and therefore facilitating the finding of links
between them.
Images have been present throughout the history of humankind, ranging from pictorial
representations of reality to more complex abstract levels of symbolization. They gained
prominence after World War II with the advent of mass media. In the 1960s, the press,
4

magazines, and television allowed images to reach millions of people in major cities around the
world (Smith, 2005). By the mid 1980s, part of the success of microcomputers was due to the
nature of the Graphic User Interface (GUI), which allowed a “friendly” interaction between the
machine and the user by employing images as commands (Ceruzzi, 2003).
Now in 2015, more than 50 years after audiovisual communications technologies became
increasingly widespread, global civilization has become so image-dependent that no major
communication task can get rid of it. However, the use of media in education seems inefficient
when compared to image use in business and entertainment. This could be caused by the nature
of learning, which implies a complex process of knowledge acquisition (Slavin, 2012) that is
different from the behaviorist approach used in advertising.
In learning, the research on media has been linked in the last 20 years to multimedia
learning and defined as learning from words and pictures (Mayer, 2009). As I indicated before,
the purpose of this research is to focus on static media, specifically how images are used in
textbooks, this approach allowed me to concentrate more on the text-image relationship and not
to engage in a more complex study as would be the case of dynamic media, that would include
sound, animation, video and interactivity.
The present qualitative study consists of in-depth interviews with three science teachers
at high school level that were conducted in the province of Ontario, and also includes the graphic
analyses of science textbooks. Both strategies were based on an analytical model I developed
from the literature found and supplemented by the Graphic Analysis Protocol, a proven
instrument used to analyze pictorials in science textbooks. Ultimately, the data collected
provided a better understanding of the potential role of static media in learning and also shed
5

light on what teachers think about static media when applied to textbooks, and how textbooks are
used in the context of the high school classroom.
1.2. Purpose and Research Questions
The purpose of the present study is to explore, according to the data provided by the
interviews and analyses, the role of static media in learning and how these media in textbooks
are viewed and used by high school teachers.
Teachers use static media mainly in the form of textbooks and current textbook design is
highly structured in form and content as well as instructionally, as is the case with many
textbooks from educational publishers in the USA and Canada. Nevertheless, there is a need for
more research in this field to deepen our understanding of how the textbook is used as a tool for
science teaching. At this point, a review of research on textbooks has found a significant critique
over three issues that are still relevant:
1) Many textbooks are written in over-simplistic prose.
2) Design features are included more for marketing than instructional purposes.
3) Textbooks cover too many topics and concepts too superficially.
(Ravitch, 1987; Sewall, 1988; Tyson & Woodward, 1989)
Due to my academic and professional background, I recognize that the research in
learning from my field has focused more on the practical side of graphic design and may have
lacked the theoretical depth that cognitive research on multimedia learning can provide. On the
other hand, research on multimedia learning has focused specifically on basic research that has
not reached the stage of applied research, thus leaving a theoretical vacuum to be filled.
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The study will address the following research questions:
1) How do secondary school teachers view and use science textbooks in their practice
within the classroom?
2) What are teachers’ perspectives on the role of static media in high school science
textbooks?
3) From the perspective of teachers how do static media in high school science textbooks
improve the textbook quality?
1.3. Theoretical Framework
The theoretical framework for this study comes from Mayer (2001), Pettersson (2002),
and Moore and Dwyer (1994), all of them relevant authors in their own fields (i.e. multimedia
learning, information design, and visual literacy). Since I have found the information from these
areas too compartmentalized, I decided to work on an analytical model that includes principles
from these areas, when related to the use of text and image as means of providing information for
learning purposes.
For this research, I selected static media rather than dynamic media because image and
text in printed material can be studied as a unit of visual language (Horn, 1998). Since the 1960s,
research on visual literacy advocated the importance of visual image in our society (Dondis,
1973; Moore & Dwyer, 1994), and some research on learning using illustrations in textbooks has
concluded that illustrations can have a positive effect on students’ learning as long as they are
related to the text (Levin & Mayer, 1993). Moreover, multimedia learning research has favored
the study of words and pictures together, and the use of static media has been assessed as
positively as dynamic media (Mayer, Hegarty, Mayer, & Campbell, 2005).
7

In teaching, static media is used mainly in the form of textbooks, and as Woodward
indicates, modern textbooks seem to cover all the topics of the subject while they are copiously
and colorfully illustrated (Woodward, 1993). However, we need to deepen the understanding on
how the textbook is used as a tool for teaching and learning especially given the critiques
mentioned above.
Much of the debate in relation to the modern textbook is oriented specifically to image
usage, and while marketing appears to be an important yet not explicit factor for image inclusion,
the use of image has more important functions in textbooks than marketing, for instance,
generating interest, facilitating comprehension, or enhancing recall and transfer of the
information found in a text (Woodward, 1989). The educational rationale that supports the
growing inclusion of images in textbooks is still based on the following:
1. Educators and publishers think illustrations are an important element to motivate
students to learn.
2. Students find the color, movement, and intensity of television, computers, and video so
entrancing that textbooks must mimic these media.
3. Attractive covers, and four-color/full-page photographs and illustrations on almost
every page, are placed to capture student’s interest.
4. Students are reluctant learners.
5. Present day students do not want to learn and cannot learn without the support of
illustrations.
6. Illustrations, when used judiciously, can serve an instructional and motivational
function.
(Woodward, 1989)
8

The research on images in textbooks from an instructional perspective has included: (a)
the text-image space ratio, which is the percentage of the area of a printed page covered by an
image in relation to the text (Evans, Watson, & Willows, 1987; Levin & Mayer, 1993; Mayer,
1993; Woodward, 1993), and (b) the instructional effectiveness of images, which is aimed to
extend knowledge or facilitate the student’s understanding of topics or concepts (Woodward,
1993).
So far, researchers’ attitudes towards the use of images in textbooks have been quite
critical because images have been used in excess (Ravitch, 1987; Sewall, 1988; Tyson &
Woodward, 1989).
For my research I used, (a) Mayer’s learner-centered approach and his multimedia
learning principles, since this is the most evidence based and coherent research work I have
found in relation to image use in learning, and (b) Woodward’s instructional perspective of
research on textbooks, which has considered image as an important instructional element; both
allowed me to know how teachers use textbooks in their practice within the classroom, and
according to them, what the roles of static media are in high school textbooks and how they can
be improved.
Mayer’s learning principles, as they are instructionally oriented, are a useful way of
relating my interest in studying the image in textbooks, with knowledge about how static media
can promote deeper learning through multimedia. As Mayer clearly differentiated static and
dynamic media, I tried to identify the learning principles applicable that are related to static
media in order to use them for the analysis of textbooks. The principles that I found relevant to
apply to static media are: coherence, signaling, spatial contiguity, temporal contiguity,
segmenting, and pre-training modality.
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Visual learning, visual thinking and visual communication are three fundamental
concepts for the study of textbooks. They help us understand the textbook structure and use from
a learning perspective in relation to how printed images are applied. Historically, these concepts
have been linked to visual literacy and, together with visual perception and visual language, are
considered as the basis of a new cohesive theory of visual literacy (Avgerinou & Pettersson,
2011).
Books in general and textbooks in particular are a means of instruction and learning with
specific content that is essentially information. Information is so abundant and complex these
days that it needs to be used efficiently and effectively, which is the goal of information design.
To better understand how high school teachers use static media in textbooks, it is
necessary to approach the study from a wider perspective. In this case, the study will cover an
investigation of some of the theoretical vacuums I have found. To solve this problem, I plan to
support my theoretical framework with information from the three areas of knowledge already
mentioned (multimedia learning, information design, and visual literacy) that, when used in an
integrated manner, can assist in developing a solid theoretical base and an analytical model.
These three areas are related through the use of visual images and text as information for
learning purposes, and are well-known areas of knowledge but they have rarely been used in a
holistic way for analyzing or designing textbooks. Some learning principles and methodologies
are applied to textbook analysis and design, but not in an integrated and systematic way, and as a
result, the attractiveness of a nice colorful image prevails despite the fact that it fails to address
the optimal learning experience, even if it includes a communicational component.
In this study however, I am concerned with optimal learning possibilities and textbooks
have been selected as learning products that include the use of static media.
10

Chapter 2
Literature Review

The present review covers an ample range of studies from the examination of the
textbook itself, its characteristics, development and research, to its use by teachers, including
how science is taught in Ontario, and how important pictorials are for both science teaching and
their presence in textbooks. Regarding pictorials the review also covers the importance of
pictures and related text as static media, Mayer’s multimedia learning principles as a way of
relating pictures and text in learning, and how pictorials have been an important part of the
analysis of science textbooks.
The review of such a range of topics was necessary since the information available from
all these areas have been too compartmentalized within disciplinary boundaries, and studies
relating them holistically seem necessary to find the answers to this specific topic of research.
According to Stake, “each profession has a separate body of knowledge of its own” (Stake, 2010,
p. 13), and most of the studies have been conducted from this perspective.
An initial review of the literature available shows that studies on these topics have been
abundant but unrelated, also that many, specially on multimedia learning and the use of pictorials
in science textbooks, have been predominantly quantitative.
For the Internet search I used Summon, EBSCOhost and Google Scholar as search
engines, with the following keywords: visual learning, visual literacy, visual education, visual
design, audiovisual education, media literacy, media design, multimedia learning, instructional
design, information design, and textbooks.
11

The basic literature I reviewed included books, articles and handbooks, and from this
literature I found specialized journals such as the Journal of Visual Literacy, Journal of
Educational Multimedia and Hypermedia, Journal of Instructional Development, Information
Design Journal, and Visible Language. Also, I found several handbooks including the Handbook
of visual communication, the Cambridge handbook of multimedia learning, the Cambridge
handbook of literacy, the New media literacy handbook, and the Handbook of research on
learning and instruction. There are references to research in multimedia learning (Mayer,
Hegarty, Mayer, & Campbell, 2005; Schnotz & Bannert, 2003), information design (Horn,
2000), visual literacy (Avgerinou, & Pettersson, 2011; Felten, 2008), and textbooks (Britton,
Woodward & Binkley, 2003; Giordano, 2003).

Stake claims that “all ‘systematic’ reviews are conceptual, and all reviews are
systematic, to a certain extent” (Stake, 2010, p. 109). As such, the literature review was
extensive, due to the range of themes to be studied. The information acquired through the
literature review was extensive enough to cover the conceptual needs of the study and provided
responses to any theoretical assumptions that arose.

Multimedia principles are an important part of my theoretical framework. Multimedia can
be understood from different angles, ranging from the technical to the semiotic and the
perceptual (Schnotz & Lowe, 2003). Research on the technical level led to a technology-centered
approach, which generally has failed to reach lasting improvements in education (Cuban, 1986).
Norman has argued for a human-centered technology in which cognitive artifacts are tools that
aid the mind (Norman, 1993). Mayer has studied how multimedia can be used to enhance human
learning using a learner-centered approach that is based on understanding how the human mind
12

works (Mayer, 2009). He has developed a cognitive model in which multimedia learning
principles are presented as learning instructions.
Information design is a discipline that evolved from graphic design. As such, it has a
multidisciplinary platform that is related to the different areas that use information and the
different groups of specialists involved. Horn has defined information design in terms of the
efficiency and effectiveness of the use of information (Horn, 2000, p. 15). Its importance for my
research lies in the fact that, as in any communication medium, static media is composed of
information units (image and/or text) yet this characteristic has not been recognized in
educational research.
Visual literacy is a term credited to Debes in 1969 (Avgerinou & Ericson, 1997). The
concept of visual literacy derived from how the subordinate role of the visual image to text
changed over time to become a dominant element in today’s image saturated world. The need for
a visual “literacy” in order to “read” an image as a text that can be read and interpreted was
envisioned by authors like Dondis in the early 1970s (Dondis, 1973). Currently, educators who
recognize this need use visual images and new media in their classrooms; they give their students
the tools to analyze, interpret, create and compose visual images and messages in their learning
experience (Metros, 2008).
Historically, textbooks in the United States surged in the late 1800s when schools began
to require uniform learning materials (Giordano, 2003). Since then, the need for quality
textbooks has generated a debate between the different parties involved in the publication,
selection and use of these materials. While parents view textbooks as a guarantee of the content
of the course to be covered, teachers view textbooks as an important resource facilitating their
daily teaching. In addition, caught in between, publishers advocated their books and justified the
13

increasing use of images for marketing purposes, while selecting committees in charge of
purchasing textbooks based a great part of their decisions on the amount and quality of the
images presented, and content seeming to cover all the topics of a subject, in a sort of consensus
textbook, trying to please all the parties involved, and covering a wide geographic usage at once
(Woodward, 2003).
This debate has shifted to the modern textbook and specifically to the usage of pictorials,
when marketing appears to be an important yet not explicit factor for their inclusion.
To start with, I present what I gathered from the most influential studies in the field based
on Mayer’s distinction between theory of multimedia learning and static media.
After that I will expand the literature review to include different aspects of textbooks and
other more specific contexts.
2.1. A Learning Approach to Multimedia
During the last 30 years, the term multimedia has been generally associated to computers,
and when focused on designing multimedia-learning environments, the literature has been based
mostly on the practical experience and wisdom of the authors. In another context, multimedia
learning is a field that has been accumulating scientific, evidence-based research since 1995,
with Mayer’s book Multimedia Learning (2001) being a fundamental reference. Another
important publication in the field is The Cambridge handbook of multimedia learning (Mayer,
2005a), which is the first handbook with a comprehensive coverage of research and theory in the
field of multimedia learning. As of 2009, there were at least 69 articles published by Mayer with
other collaborators through these years, in which he has developed his theory of multimedia
learning (Mayer, 2009).
14

In his diverse texts, multimedia has been defined by Mayer as presenting both words
(spoken text or printed text) and pictures (illustrations, photos, animation, or video); and
according to Mayer, multimedia learning occurs when people build mental representations from
words and pictures (Mayer, 2001, 2005b, 2009).
Multimedia is a potentially powerful learning technology that has been approached in two
ways: a technology-centered approach and a learner-centered approach. The technology-centered
approach has failed to lead to lasting improvements in education (Cuban, 1986, 2001), while the
learner-centered approach has tried to understand how the human mind works. Norman has made
the case for a human-centered technology in which cognitive artifacts are tools that aid the mind,
he calls them “technology that makes us smart” (Norman, 1993, p.3), and that is focused to
expand human cognitive capabilities.
The rationale for a theory of multimedia learning is that people learn more deeply from
words and pictures than from words alone (Mayer, 2005c). This is called the multimedia
principle, but just adding pictures to words is not enough to improve learning. A fundamental
hypothesis for multimedia learning, and for my research, is that multimedia instructional
messages must be designed according to how the human mind works. The cognitive theory of
multimedia helps to understand this process by describing how people learn from words and
pictures based on empirical research evidence (Mayer, 2005c). The underlying premise is:
“multimedia designs which are consistent with the way the human mind works are more
effective in fostering learning than those that are not.” (Mayer, 2009, p. 13).
To develop this cognitive theory, Mayer based his work on three assumptions: (a) the
dual channel assumption, states that humans possess separate information processing systems for
visual and verbal representations, and is derived from Paivio’s dual coding theory (Paivio, 1986;
15

Baddeley, 1992); (b) the limited capacity assumption, states that the amount of processing taking
place within each information processing channel is extremely limited (Baddeley, 1992;
Chandler & Sweller, 1991); and (c) the active learning assumption states that meaningful
learning occurs when learners engage in active cognitive processing (Mayer, 2008; Witrock,
1989).
To design a multimedia instructional message, which is a communication containing
words and pictures intended to foster learning (Mayer, 2005c), Mayer proposed seven basic
principles of multimedia learning (Mayer, 2001) which later extended to 12 principles (Mayer,
2009) including: the coherence principle, the signaling principle, the redundancy principle, the
spatial contiguity principle, the temporal contiguity principle, the segmenting principle, the pretraining principle, the modality principle, the multimedia principle, the personalization
principle, the voice principle and the image principle (Mayer, 2009).
The definitions of these principles are:
•

Coherence: people learn better when extraneous words, pictures, and sounds are excluded
rather than included.

•

Signaling: people learn better when cues that highlight the organization of the essential
material are added.

•

Spatial contiguity: people learn better when corresponding words and pictures are
presented near rather than far from each other on the page or screen.

•

Temporal contiguity: people learn better when corresponding words and pictures are
presented simultaneously rather than successively.

•

Segmenting: people learn better when a multimedia lesson is presented in user-paced
segments rather than as continuous units.
16

•

Pre-training modality: people learn better from a multimedia lesson when they know the
names and characteristics of the main concepts.
(Mayer, 2009)
Multimedia instructional principles are determined by the cognitive load theory (Sweller,

2005) which explains that due to the limited processing capacity of working memory, learners
can engage in three kinds of cognitive processing during learning: extraneous, intrinsic, and
germane (Sweller, 2005; Sweller, van Merrienböer, & Paas, 1998). Extraneous cognitive load is
caused by inappropriate instructional designs that by ignoring working memory limits fail to
allocate working memory resources to construct schema and automation, intrinsic cognitive load
is due to the natural complexity of the information to be processed and is determined by levels of
interactivity, and germane cognitive load is caused by effortful learning that results in schema
construction and automation.
While most of Mayer’s research seems to be related to dynamic media (animation and
narration), in my review of the literature I found some texts related to static media and
illustrations in textbooks with important information about their use in supporting learning. An
article presents the case for static media against dynamic media in which through four
experiments, the authors conclude that static illustrations with printed text reduce extraneous
processing and promote germane processing as compared to narrated animations (Mayer,
Hegarty, Mayer, & Campbell, 2005). The other text is related to illustrations in textbooks, and
while the study is not presented as static media, the authors’ conclusions are also relevant to my
study since they conclude that illustrations can have positive effects on student’s learning as long
as they are related to the text (Levin & Mayer, 1993).
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2.2. Textbooks
As indicated in the introduction, textbooks in the United States originated in the late
1800s when schools began to require uniform learning materials (Giordano, 2003). Since then,
and as Woodward (1993) points out, the need for quality textbooks has involved a debate
between the different parties concerned with the publication, selection and use of these materials
(parents, teachers, publishers, and selection committees). Despite the criticism of textbooks as
“consensus” oriented because of marketing reasons, there is without a doubt an educational
rationale for the prevalence of these kinds of books for over 200 years. According to a review of
the research on textbooks from 1930s to 1970s, it doesn’t present relevant work to be considered
(Woodward, Elliot, & Nagel, 1988), while in the 1980s there are references to the quality of
textbooks improving through linguistic and paralinguistic elements (Britton, Gulgoz, & Glynn,
1993), and having positive effects on learning through the use of illustrations (Levin, Anglin, &
Carney, 1987; Mayer, 1989).
As for the research on images in textbooks from an instructional perspective, it seems to
have covered (1) the text-image space ratio (Evans, Watson, & Willows, 1987; Levin & Mayer,
1993; Mayer, 1993; Woodward, 1993), in which the text component is becoming increasingly
short, and (2) the instructional effectiveness of images, which is aimed at extending knowledge
to facilitate the student’s understanding of topics or concepts (Woodward, 1993). In relation to
text-image ratios in textbooks, Pettersson has shown that “approximately one-third to one-half of
the space in science textbooks is devoted to illustrations” (Petterson, 2002). In 1987, Evans,
Watson, and Willows investigated 11, 326 pages in Canadian textbooks and found pictures
covering 60-80% of the pages at the junior level, 50-70% at the intermediate level, and 30-60%
at the high school level (as cited in Pettersson, 2002, p. 245).
18

The research on textbooks shows ample literature on textbooks with studies focusing
from their beginning on their historical development. They also have been investigated by
feminists and minorities rights activists in the 1960s, who advocated for inclusion and equal
treatment in the textbooks of all concerned; by educational psychologists in the 1970s, when they
began to study their learning and instructional implications; and since the 1990s, the research has
been more related to the evolution of printed textbooks into electronic versions or e-textbooks
(McFall, 2005). Also some initiatives have discussed the “future” of the textbook (Cragun, 2007;
McKiernan, G., 2011).
2.3. Textbooks as Objects of Research
When textbooks originated in the United States in the late 1800s, parents began
purchasing the reading texts, the problem was that not all of them had the economic resources to
buy the books, and this situation resulted in an uneven access of the reading materials by the
students until schools began to distribute them for free. As a consequence, school textbooks were
distributed widely and all the students had the possibility of accessing the same material and
were allowed the same opportunities for learning (Giordano, 2003).
From the beginning, textbooks were a fundamental tool for teaching and intrinsically
connected to the way teachers, schools, and governments viewed teaching. A follow-up of the
textbook evolution by Woodward, Elliott, and Nagel (1988/2013) would show how they were
used for specific purposes in specific contexts, and how their production and use were in many
cases economically, ideologically, and politically motivated.
We cannot see textbooks as abstract and isolated teaching tools, on the contrary, a useful
textbook definition must consider the many angles the concept of textbooks bring to the different
parties involved: teachers, students, parents, principals, selection committees, publishers, and
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government officials. The multi-dimensionality of textbooks is manifest in the next definition by
Woodward (1993):
…textbooks attempt to distill and interpret the knowledge and scholarship of a discipline. They
attempt to provide an overview of a field in sufficient breadth and depth that students can begin to
understand what the discipline is about, and the methodologies and scholarship that underpin it.
Thus, textbooks represent what is known about a discipline, modified according to the needs,
knowledge, and maturity of the anticipated audience. Textbooks, then, are a standard resource,
reference, and instructional tool, and so it is not surprising that it is from these instructional
materials that teachers teach and students learn. Across grade levels in U.S. schools, in subjects as
diverse as American History, chemistry, and health, and at various grade levels, the likelihood is
that textbooks are the primary instructional material (p. 115).

The different views on textbooks are reflected also in the way they have been researched.
Woodward, Elliott, and Nagel (1988/2013) traced journal and book titles on textbooks to the late
1800s and presented a very complete review of bibliography and a research guide about
textbooks in the 20th century, concentrating more on the 1975 to 1988 period. The journals and
books were arranged in five large groups and the bibliographic topics overviewed were:
Textbook use and curriculum role, textbook selection, the textbook industry, innovation and
reform efforts, general references, text readability, treatment of ethnic minority groups and
women, subject matter coverage (language arts, mathematics, reading, science, and social skills),
ideology, controversy and censorship, and evolution and creationism.
According to this review, the research on textbooks prior to the 1970s doesn’t present
relevant work related to the curricular role and the quality and instructional design of the
textbooks, and it is not until the end of the 1970s when educational researchers began to study
textbooks, those publishing critiques focused mainly on single issues or problems (Woodward,
Elliott, & Nagel, 1988/2013).
Another important review focused on science education by Eckert (2011) presents a more
actualized literature related to science education, scientific literacy, minorities inclusion, science
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teaching as inquiry, critiques of scientific inquiry, textbooks for science instruction, pedagogical
content, international assessment, journals, and organizations.
2.4. Textbook Development
Over 200 years, textbooks have evolved from the moralistic McGuffey Readers, a graded
series of reading materials for young students that were very popular from the middle 1800s to
the middle 1900s, to the text-driven and colorless pages of the history, geography, and civics
books of that time; and later to the current textbooks containing not only the narrative of the
book but also colorful pictures and graphics, section and chapter exercises, and worksheets and
other materials (Woodward, Elliott, & Nagel, 1988/2013).
By the late 1800s, textbook publishing was immersed in the logic of the market and some
discussion was generated about the conflicting interests of publishers who wanted to make high
profits and simultaneously create effective learning material. When schools decided to purchase
textbooks from publishers and distribute them to students for free, textbooks became more
profitable as a result of an expanded market in which more copies of the textbooks were printed
lowering the costs of production. The free textbooks distribution originated in the free school
movement of the late 19th century that advocated schooling should be free to all children
(Giordano, 2003). The idea according to Tash in1888 was that free schools would not be
genuinely effective if free books were not available to all students (as cited by Giordano, 2003,
p. 3).
Some of the advantages of free textbooks were pointed out by Waterman in 1903 who
argued that they would release the financial burden from parents and while the free textbook
market was very profitable, allowing well produced texts and a variety of titles, some excesses
and dubious practices led to cost increases, and to some state governments (like California and
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Kansas in the United States) to print the books themselves in order to save costs (as cited by
Giordano, 2003, p. 5).
Textbooks have also evolved in their content, from early texts integrating religious
doctrines with classroom materials like the already mentioned McGuffey series (sold from the
1830s and through the 20th Century), to the depiction of patriotism during World War I and II,
or pacifism in stages previous to those wars. They also portrayed liberal ideologies during the
1930s Depression and the Vietnam War protests, and during the 1960s, the National Movement
to Affirm Civil Rights advocated against the racial bias and for the inclusion of racial minority
groups in textbooks. Also in the 1970s, the Women’s Right Movement demanded the elimination
of gender bias in textbooks (Giordano, 2003; Woodward, Elliott, & Nagel, 1988/2013).
One important reason for textbook development has been the need to improve their
quality in content, design, or instructionally, with the inclusion of graphics being fundamental in
all those aspects. The publishers have played a specific role by trying to please all parties
involved and making the needed changes when criticism arose. The need for quality textbooks
has involved a debate between these parties, connected to the publication, selection and use of
these materials; while some parents view textbooks as a guarantee of the content of the course to
be covered, teachers viewed textbooks as an important resource facilitating their daily teaching
(Woodward, 1993). Meanwhile publishers advocated their books and justified the increasing use
of images for marketing purposes, while selecting committees based a part of their decisions on
the amount and quality of the images presented, and content seeming to cover all the topics of a
subject in a sort of consensus textbook, and reaching a wide geographic usage at once
(Woodward, 1993). Decision making appears to be based more on financial grounds than
academic ones.
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Despite the criticism of textbooks as “consensus” based because of marketing reasons,
there is no doubt an educational rationale for the prevalence of these kinds of books. The
educational rationale that supports the growing inclusion of images in textbooks is that educators
and publishers think illustrations are an important element to motivate students to learn for the
following reasons: Students find the color, movement, and intensity of television, computers, and
video so entrancing that textbooks must mimic these media; attractive covers, and fourcolor/full-page photographs and illustrations on almost every page, are placed to capture
student’s interest; students are reluctant learners; present day students do not want to learn and
cannot learn without the support of illustrations; and illustrations, when used judiciously, can
serve an instructional and motivational function (Woodward, 1989).
Since the 1990s, the research on textbooks has been more related to the evolution of
printed textbooks into electronic versions or e-textbooks (McFall, 2005), above all because of
cost considerations. Also some initiatives are discussing the “future” of the textbook (Cragun,
2007; McKiernan, G., 2011) while some studies show that in present conditions, there is not a
significant difference between the use of textbooks and e-textbooks, and despite the fact that
current students are more technologically savvy, students prefer printed textbooks rather than etextbooks (Woody, Daniel, & Baker, 2010).
2.5. Science Teaching in Ontario
While in the United States the debate about whether the evolution theory should be
included in schools is still present, not all states curricula have included this topic officially, to
the point that a Notion of Science (NOS) positioning has been necessary to support science
literacy (NSTA, 2000). In Canada, this issue has been dealt with formally by the provincial
governments regarding public schools, as is the case of the Ontario Ministry of Education
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(OME) which specifically states that in the science curricula grades 9 to 12, scientific literacy for
every school graduate is the overall goal of the programs (Ontario Ministry of Education, 2008a;
and Ontario Ministry of Education, 2008b), and these curricula present a NOS based on a
statement by the Science Teachers Association of Ontario (STAO), a positioning which is similar
to the NSTA positioning in the United States (SCCAO and STAO/APSO, 2006).
More specific goals of the science program are: (1) to relate science to technology,
society, and the environment, (2) to develop the skills, strategies and habits of mind required for
scientific inquiry, and (3) to understand the basic concepts of science (Ontario Ministry of
Education, 2008a; and Ontario Ministry of Education, 2008b).
The Ontario science content for Grade 9 and 10 courses is organized in five strands:
scientific investigations skills and career exploration, biology, chemistry, earth and space
science, and physics; these strands become two for Grade 11 and 12: scientific investigation
skills and content areas. The courses for Grade 9 and 10 are of two types: academic and applied;
these courses become of four types for Grades 11 and 12: university preparation,
university/college preparation, college preparation, and workplace preparation. The Grade 10
academic and applied courses prepare students for particular destination related courses in Grade
11: Biology, chemistry, environmental science, and physics; and in Grade 12: Biology,
chemistry, earth and space science, physics, and science.
These curricula foresee specific roles and responsibilities for students, parents, teachers,
principals and community partners, and some considerations for program planning: Instructional
approaches, health and safety, students with special needs, English language learners (newcomer
students), environmental and antidiscrimination education, critical thinking and critical literacy
in science, literacy, mathematical literacy, and investigation skills (see figure 1 below).
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Figure 1. Ontario chart of science courses, grades 9-12 from the Ontario Ministry of Education
(2008a), The Ontario Curriculum, grades 9 and 10: Science, p. 13.

25

2.6. Textbook Use by Teachers
There is a direct link between textbooks and curricula because the textbook must represent
the content of the course requirements, and in many schools they have taken over the curriculum
supplying not only subject content but also teaching strategies and techniques (Abd-El-Khalick,
Waters, & Le, 2008; Woodward, Elliott, & Nagel, 1988/2013).
There is a wide assumption that textbooks play a dominant role in the education of
secondary students (Menke & Davey, 1994), and that teachers depend on their use for their
teaching (Woodward & Elliot, 1990). Some research has reported 90% of secondary school
teachers using textbooks for classroom instruction and homework assignment (Weiss, Banilower,
McMahon, & Smith, 2001), and in high school biology courses, most students use textbooks as a
central component of the curriculum (Chiapetta & Fillman, 2007).
It is believed that non-experienced teachers tend to rely more on textbooks than
experienced teachers (Woodward, 1993) and despite criticism that they limit teaching creativity
(Giordano, 2003) they are a pervading aspect of school life (Zahorik, 1991). According to
Shannon (1982) students in science spend 70 to 95% of class time using textbooks and are
engaged in textbook related activities up to 70% of instructional time (Durkin, 1983).
Studies related to teachers’ view and use of textbooks have found that some secondary
teachers are unclear or ambivalent about the textbook role in student learning and this attitude is
shaped by the teacher’s experience (Clark & Peterson, 1986). Calderhead’s research on student,
beginning, and experienced teachers found that experienced teachers have more complex
knowledge structures that allow them to anticipate instructional adjustments for optimal learning
(Calderhead, 1981); and the study on pre-service, beginners, and experienced teachers by Menke
and Davey (1994) showed that a degree of teaching experience played an important role in how
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they used textbooks specifically in guiding students in their use. In relation to teaching styles,
Zahorik found that they are closely related to textbook use. He worked with three teaching styles:
coverage, extension, and thinking, being coverage when the acquisition
of content is stressed, extension when the acquisition of content is stressed but activities that
require application are also used, and thinking when the teacher engages students in activities
requiring critical and creative thinking (Zahorik, 1991). Zahorik found that 82% of the teachers
used textbooks, but the frequency of use was related not to the type of teaching style but to the
frequency of use of the style. Coverage was the most used teaching style with textbooks,
extension was used with and without textbooks, and thinking was used more often without
textbooks.
In the most comprehensive and recent of all the studies found, The Report of the 2012
National Survey of Science and Mathematics Education (Banilower, Smith, Weiss, Malzahn,
Campbell, & Weis, 2013) it is indicated that 77% of high school science teachers in the United
States use commercial published textbooks, 52% use only one textbook for their course, and 75%
perceive their textbooks in a range between good (32%), very good (33%), and excellent (11%).
2.7. Image Use in Science Textbooks
Pictorial aids in textbooks were used as early as the 19th century in the form of charts,
tables, maps, graphs, and documents that were not part of the textbook but supplements. These
elements were sold in large packages of visuals that teachers placed on tripods to illustrate the
lesson content for their classes (Giordano, 2003).
The amount of illustrations was gradually increasing in the textbooks because they helped
to exemplify content, but also because they became a tool to advertise the books and made them
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attractive to buy. The specific marketing role of illustrations and their influence in textbooks
selection was severely criticized by Woodward (1989) for contributing to their poor quality.
Research on the use of visual images in textbooks have been approached from: (a) the
text/image space ratio, in which the text component has become increasingly short (Evans,
Watson & Willows, 1987; Levin & Mayer, 1993; Mayer, 1993; Woodward, 1993), and (b) the
instructional effectiveness of images, which are aimed at extending knowledge to facilitate the
student’s understanding of topics or concepts (Woodward, 1993).
In relation to the text-image ratio in textbooks, some research has shown that
approximately one-third to one-half of space in science textbooks is devoted to illustrations
while most of the illustrations do not seem to serve an important instructional function (Levin &
Mayer, 1993; Mayer, 1993; Woodward, 1993). Evans, Watson and Willows (1987) investigated
11, 326 pages in Canadian textbooks and found pictures covering 60-80% of the pages at the
junior level, 50-70% at the intermediate level, and 30-60% at the junior high school level. As we
can see, the prevalence of images was stronger at lower grades while at higher grades the image
ratio was less dominant. In many books of the intermediate or junior high level, pictures
occupied so much space that there was little or no space left for text. The lack of space and the
extensive information included has resulted in compressed and hard-to-read books in some cases
(Pettersson, 2002).
Evans, Watson and Willows (1987) also calculated a frequency index that indicated the
percentage of pages with pictures in textbooks, for instance 90-100% of the pages were found
with pictures for the junior level, 50-70% for the intermediate level, and 30-60% for the junior
high level. Comparisons between old and new textbooks show that the number of pictures and
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the space for these pictures increased (Dimopoulos, Koulaidis, & Sklaveniti, 2003; Pettersson,
2002).
As for the instructional effectiveness of image in textbooks that foster comprehension,
memory, and transfer, Levin and Mayer (1993) proposed seven explanations for illustration
efficacy: Concentrated (focused, with respect to directing a reader’s attention), compact/concise
(“a picture is worth a thousand words”), concrete (the representation function), coherent (the
organization function), comprehensible (the interpretation function), correspondent (relating
unfamiliar text to a reader’s prior knowledge), and codable (the mnemonic transformation
function); and concluded that text illustrations are effective for: (a) understanding or
comprehension of a text passage, (b) remembering specific passage information, and (c) applying
what has been learned in transfer tasks.
There is abundant experimental research on learning from visual media but much of this
research has design, selection, or treatment flaws (Pettersson, 2002). One important exception to
this outlook is the Program of Systematic Evaluation (PSE), developed by Dwyer at Penn State
University in 1965, which by 2007 had become the most comprehensive set of experimental
studies exploring the varied dimensions of cognitive load theory as they relate to the effective
and efficient visual learning environments for different types of educational objectives (Dwyer,
1982-1983).
Pettersson (2002) found that pictures reinforce knowledge when they are as close as
possible to the real experience. A meta-analysis of 74 studies comparing visual-based instruction
to conventional instruction found that students learned slightly more from visual-based
instruction than from traditional teaching but there were no significant differences regarding
school completion, student attitude, or attitude-achievement correlations. However, visuals seem
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very useful in tasks that involve memory and the information received from visuals appears to
remain longer in memory than verbal information (Cohen, Ebeling, & Kulik, 1981).
Illustrations are the basis of visual learning in classroom and include photographs,
diagrams, charts, graphs, drawings, and tables (Cook, 2008). Those images contribute to the
higher level of meaning of the text in the textbook.
Devetak and Vogrinc (2013) state that science is hard to learn, not easy to understand,
and not easy to use in new situations. They also explain that science learning needs the support
of visuals because it comprises abstract concepts that sometimes do not have tangible examples
in reality. An adequate relation between textual and pictorial material is needed in order to
consider a science textbook a good textbook (Devetak & Vogrinc, 2013).
The instructional effectiveness of illustrations requires specific learner characteristics like
appropriate knowledge and reading skills. According to Mayer (1989), students that possess preexisting levels of domain specific knowledge react differently to pictorial models, like the case
of students with high background knowledge, who do not benefit as much as students with low
background knowledge. As for reading skills, students must have adequate basic reading skills to
relate text information to a provided illustration. Students with poor text-comprehension skills
are more likely to benefit more from illustrations than students that are more skilled readers
(Levin & Mayer, 1993).
2.8. Analysis of Science Textbooks
Kesidou and Roseman (2002) recommend that content analysis of educational material
should be led by the learning goals stated in the curriculum. This analysis can be conducted on
three levels: (1) general structure, (2) textual material, and (3) pictorial material. Devetak and
Vogrinc (2013) refer to pictorial materials that visually support the textual material, classified in
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science into two categories, I and II. Category I includes: (1) realistic images, that present reality
according to human optical perception like in photographs or drawings; (2) conventional images,
that are constructed in the most condensed way according to techno-scientific consensus as is the
case in graphs, diagrams, maps, and molecular structures; and (3) hybrid images, that combine
realistic and conventional images. Category II includes: (1) macroscopic images, that present
experimental and natural phenomena at sensory level; and (2) submicroscopic images, that
visualize particular levels of chemical concepts like atoms, ions, and molecules.
In order to evaluate a textbook, didactic principles should be incorporated (in content and
form) to consider it a quality textbook, Devetak and Vogrinc (2013) present nine general criteria
for analyzing quality science textbooks, four specific criteria for analyzing text elements, and
seven specific criteria for analyzing pictorial elements. The pictorial criteria for analysis are: (1)
visuals are of high quality, (2) visuals contain motivational elements, (3) visuals stimulate recall,
(4) integration of visuals and text, (5) different types of visuals, (6) multi-presentational aspect of
the visual, and (7) visuals in activities.
Slough and McTigue (2013) proposed an instrument to study how text and graphics work
together in science textbooks, the Graphical Analysis Protocol (GAP), based on four principles:
(1) graphics should be considered by form and function, (2) graphics should help to build a
mental model of the system, (3) graphics and texts should be physically integrated, and (4)
graphics and texts should be semantically integrated.
The principles enunciated before are supported by abundant research-based information.
Principle 1: Graphics should be considered by form and function. This principle is based on five
classification systems, Levin, Anglin, and Carney (1987) approached through the function of the
graphic, in contrast, Winn (1987), Hegarty, Carpenter, and Just (1996), and Moline (2011) relied
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more on the characteristics of the graphical form, and Vekiri (2002) found common ground
between function and form. Principle 2: Graphics should help a viewer build a mental model of a
system. Through a process of mindful engagement (Salomon, Perkins, and Globerson, 1991) the
viewer creates mental models that are imagistic [sic] (Rapp, 2005) by using diagrams that
highlight parts and processes (Pappas, 2006). Principle 3: Graphics and texts should be
physically integrated. The proximity between text and illustration is based on the spatialcontinuity principle (Mayer, 2001) and eye-movement studies indicate how the reader
continually refers back and forth between the text and the illustration (Hegarty et al., 1996).
Placing a picture before the text may activate background knowledge and existing schema
(Peeck, 1993). Principle 4: Graphics and texts should be semantically integrated. It stressed that
readers need strong prompting to attend to illustrations (Levie & Lentz, 1982).
GAP has been applied to study sixth-grade science textbooks in the state of Texas
(Slough, McTigue, Kim, & Jennings, 2010), a sixth-grade Turkish science textbook (Slough,
Cavlazoglu, Erdogan, & Akgun, 2012), and a comparison of printed and electronic high school
physics textbooks in the state of Texas (Anderson & Slough, 2012). In a study comparing four
sixth-grade science textbooks the authors analyzed the interaction between text and graphical
representations that facilitated text accessibility (McTigue & Slough, 2010).
Being that GAP has been used as a proven graphic analysis method that is also the most
complete found in my review, I based most of the graphic analysis of my study using this
method.
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Chapter 3
Rationale and Method

3.1. Why a Qualitative Study?
A qualitative design was necessary in order to know, from the teachers’ perspectives, the
role of static media for learning purposes in high school science textbooks. As noted in the
introduction the importance of teachers as research participants, and consequently as sources of
data, is based mainly on their cumulative working experience. No quantitative question can
extract the essence of a lifelong career with a simple yes or no answer from an experienced
teacher (Cresswell 2012).
One argument for the choice of a qualitative research method is that when generalization
is not the purpose of the research, or when only one or two segments of a population (in this case
teachers) have a relevant understanding of the research problem, a few cases studied in depth can
provide many insights about the topic (McMillan & Schumacher, 2010). In this case, the data
collected in my study was characterized by its subjectivity because the answers varied from one
participant to another. The individual quality of this information became an asset for the study
since every specific detail was significant, information that repeated or differed was significant,
and even information that contradicted was significant. Emotion and memory were also
important subjective factors that provided experiential understanding or Verstehen (Stake, 2010)
and the descriptions provided by the teachers were abundant in both.
In this study, the data gathering methods consisted of in-depth interviews of high school
science teachers and the analyses of static media in textbooks. The in-depth interviews were in
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my opinion the most suitable method for accessing the teachers’ interpretations and working
experience, and gave me a reasonable amount of information about how teachers understood and
used static media in textbooks. Comparatively, no other method could have provided more
complete information for the teachers’ insights. The interviews provided not only the possibility
of receiving the verbal answers of the participants, but also to detect additional information like
the tone and wording of the answers, and even their body language.
On the other hand, the analyses of static media in textbooks were a necessary supplement
to the teachers’ interviews that provided some insight on how the teachers would recognize the
learning principles of the static media in a double page spread of a textbook chosen by each
participant, both through the teachers’ own analysis and through the GAP analysis I conducted.
These analyses were inherently qualitative, in me trying to identify the elements found in the
double spreads and the relations between pictures and images, differing from previous research
like the one on text/image space ratio that was explicitly quantitative (Evans, Watson, &
Willows, 1987).
3.2. Data Collection Method
The collection of data consisted of (a) interviews with three high school science teachers
about their use of static media in high school science textbooks, and (b) analyses of the static
media in the textbooks used by the teachers who were interviewed.
3.2.1. Site and participants
3.2.1.1. Description
Originally a middle-sized city in Eastern Ontario was selected as a site for the research
and a goal was set to interview up to three teachers (active or retired), who have taught high
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school science courses in grade 9 to 10 during the last five years, and had extensive experience
with textbooks. The in-depth interviews were aimed at lasting approximately 60 minutes.
The teachers were selected using a purposeful sampling strategy. McMillan and
Schumacher describe purposeful sampling as “small groups or individuals who are likely to be
knowledgeable and informative about the phenomenon of interest” (McMillan & Schumacher,
2010, p. 489). Whereas experience certainly was relevant to the selection of teachers, age and
sex were not.
3.2.1.2. Participants’ backgrounds
The original requirements for the interview participants were modified because several
candidates were not eligible for different reasons: A teacher teaching science at elementary and
not high school level, a retired teacher having taught history rather than science, a teacher
interested in participating but unable to attend a 60 minutes interview, and a teacher interested in
participating who cancelled at the last minute due to a sick relative. Having found only one
participant in the initially selected site, I had to extend my recruitment of participants to other
science teachers in other sites and found two willing participants meeting my selection criteria in
a large city in Central Ontario.
The range of science courses taught by the prospective participants was extended from
grade 9 and 10, to grade 11 since one possible candidate was currently teaching science courses
at grade 11. While teaching a specific course was a desirable goal, it seems that teaching courses
at different grades is a common practice in secondary education. In any case opening the range
of the study one grade did not cause any significant difference to the final output.
In the end three candidates were selected: Participant A, a middle-aged teacher who fully
covered all the candidates requirements and provided valuable and abundant data; participant B,
35

a mature non-Canadian teacher with ample teaching experience; and participant C, a young nonCanadian and less experienced teacher.
3.2.1.3. Interviews
All interviews were conducted in public settings in the cities selected as sites, but while
participant A was a current teacher in a Canadian high school, participants B and C were nonnationals whose teaching experience was not acquired in Canada and whose interviews had to be
conducted in Spanish.
Since the characteristics of the participants were not homogeneous, my criteria for
selection (besides availability), was their teaching experience. In this sense, having the
possibility of participants in a varied range of ages provided an interesting opportunity to
confirm what the literature presents about the use of textbooks by teachers regarding their
working experience.
Due to the fact that information provided by participant A was very rich in details (it
covered all the aspects I needed to ask) and his teaching practice was in Canadian schools, I
based most of my findings on this interview and used the other participants’ data in a
supplementary role. In fact, the interview with participant A was the longest of all the interviews,
lasting almost 90 minutes, while the other interviews took less time. The interview with
participant B lasted around 60 minutes (the estimated time), and the interview with participant C
was the shortest of all taking less than 60 minutes.
Each interview was audio-recorded and transcribed verbatim, and the participants were
given the possibility of reviewing the transcript to verify the transcription. The interviews were
semi-structured and intended to be more conversational in order to create a relaxed mood that
allowed the interviewees to comment freely on their teaching experiences.
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The interviews of participant B and C were transcribed in Spanish and reviewed by them
in their native language, after the review, I translated the text to English and asked a revision
from a professional translator.
One problem I found while conducting the interviews was that initially 60 minutes
seemed enough time for an in-depth interview but it proved insufficient when the graphic
analyses had to be performed afterwards. The participants were already tired from the interview
so each graphic analysis had to be swift. Unfortunately no further interview or graphic analysis
sessions could be arranged but short follow-up contacts were possible with participants B and C.
Participants’ interest on the topic and time availability were major issues for conducting the
research.
3.2.2. Textbook static media analysis
For the textbooks static media analysis I asked the participants to bring a textbook of
their choice that they had used previously in their teaching practice and which had them feel
comfortable. I asked them to select a double page spread that they wanted to comment upon for
its interest for this research.
Each teacher was provided with short information about Mayer’s multimedia learning
principles applicable to static media and was asked to identify them on the double page spread
using some tags with the ML principles on them. Participant A indicated he knew about Mayer’s
principles but participants B and C did not know about the principles, however, during the static
media analysis despite participants B and C did not know about them, they could easily
recognize the principles applied on the spread.
From Mayer’s 12 learning principles (Mayer, 2009), I used six principles applicable to
static media: Coherence, signaling, special contiguity, temporal contiguity, segmenting, and pre37

training modality (see previous chapter for definitions). I discarded redundancy, modality,
personalization, voice, and image because these principles included narration, voice, or the
speaker’s image, and therefore were not related to printed media. I also discarded “the
multimedia principle”, a principle too general that covered both static and dynamic media and
therefore was not useful for this analysis.
The analysis of static media from Mayer’s principles provided insufficient data due to the
conditions of the analysis: The double spreads presented only some of Mayer’s principles, and
having only three analyses proved too few, even for a qualitative criteria because in the case of
three participants, the number of pages to be analyzed should be extended, and as for my
experience in this study, I realized that the analyses should have been conducted not as a
supplementary source of information, but as a main source.
Due to these limitations I decided to apply the Graphic Analysis Protocol (GAP) to each of
the double spreads selected by the interviewed teachers, analyzing these spreads myself without
the teachers’ participation. GAP is a method of graphic analysis that has already been used in
science textbooks (Anderson & Slough, 2012; McTigue & Slough, 2010; Slough, Cavlazoglu,
Erdogan, & Akgun, 2012; Slough, McTigue, Kim, & Jennings, 2010). Slough and McTigue
(2013) proposed this instrument to study how text and graphics work together in science
textbooks, GAP is based on four principles: (1) graphics should be considered by form and
function, (2) graphics should help to build a mental model of the system, (3) graphics and texts
should be physically integrated, and (4) graphics and texts should be semantically integrated (see
the literature review).
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Graphical Analysis Protocol (GAP)
Working Definitions and Codes
Part I: Text (At This Point You Code at the Page Level)
Within one chapter, the text structure may show different structures and levels of
interaction.
1. Text Structure:
1. L Linear (the text moves from left to right and top to bottom)
2. NL Non-Linear (the text direction is weblike or circular in organization,
e.g., Space Encyclopedia)
2. Text Reader Interaction:
Coded on a 1–4 scale.
1. Informational/passive voice, transmission model.
2. The text uses the second person (i.e., you) occasionally to sound as if it is
speaking to the reader.
3. The text encourages active reading by requesting that the participant makes
predictions, have reactions, or poses questions.
4. The text encourages the reader to actively participate (e.g., put your hand on
your head).
3. Format of the Page
1. Single page : the graphics were within the boundaries of one page.
2. Folio : the graphics spread across facing pages.
4. Multimedia Proportion
(Looking at a two-page spread) the coders will determine if:
1. Graphics > texts
2. Graphics = text
3. Texts > graphics
Part II: Graphics (Now You Code at the Individual Graphics)
Note About Numbering In the case of multiple graphics, each graphic will be given
a page number and a letter (e.g., 4a, 4b, etc.). The numbering will start at the top left
of the page and continue clockwise.
5. Color:
1. COL color
2. BW black & white
6. Classification of Graphic
1. Photograph. (Only)
2. Naturalistic drawing – All the features of the subject are depicted in detail.
3. Stylized drawing – Graphics are delineated only with their outlines or in
symbolic drawing.
4. Picture glossary – Parts of the pictures are named with labels.
5. Scale diagram – A scale is displayed beside the subject for indicating size,
temp., distance, etc..
6. Flow chart – cycle – Arrows or numbers are marked among stages in a
circular process.
7. Flow chart – sequence – Arrows or numbers are marked to indicate the
stages in a linear process.
8. Cutaway/cross section – Internal parts or process are marked with labels.
9. Maps – Geographic features, like mountains or buildings, are marked to
show spatial relation to others.
10. Tables – Tables are composed of cells, which are the products of rows and
columns.
11. Graphs/histograms – Quantity information is recomposed in the format of
relative graphs.
12. Hybrids – Two or more graphics mentioned above are involved.
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7. Systematicity – (Consider the Words in Labels/Captions)
1. Low – the graphic depicts an isolated unit, not integrated into a larger system.
For example, labels the parts of a machine but not how the parts move.
2. Medium – the graphic depicts some aspect of the system. For example,
there are arrows or labels that demonstrate movement, but there is not a
“before” and “after.”
3. High – the graphic would help viewers build a mental model of a system.
For example, the graphic shows three frames of a time series depicting how
change occurs over time.
Part III: Integration
8. Contiguity
1. Unconnected
2. Distal – on different pages
3. Facing – on the same page spread but different pages
4. Direct – the graphic and text are adjacent
5. Proximal – on the same page
9. Indexical Reference
1. Text does not reference the graphic
2. Text references the graphics (e.g., see Figure 2.1)
10. Captions
1. No captions.
2. Caption identifi es the target of the graphic but does not provide details.
3. Caption provides a description of the graphic with details and associates the
graphic to the main text.
4. Caption actively engages viewer (e.g., asks a question, poses a task).
11. Semantic Relations
How the information in the text and graphic are related:
1. DEC = decorative – adds affective component, does not support text w/
meaning.
2. REP = representational – directly shows what was in the text (add
concreteness).
3. ORG = organizational – adds coherence by putting the information within a
greater scheme. (e.g., a scale diagram compares relative size).
CONNECTION = represents the information in the text and adds new information.
The reader may need to make connections to text. The reader may also
need to use global information needed to make inference on how to interpret
the image and link it to the text.
4. C-1. An image with a score of 1 would be easy to interpret and add some additional
information that would clearly link to the text.
5. C-2. An image with a score of 2 would be relatively easy to interpret, but the
link between the text and the new information would be less concrete. For
example, the caption could use different verbiage.
6. C-3. An image with a score of 3 would add new information, but the image
would require background knowledge and scrutiny to derive its meaning.

Table 1. Graphic Analysis Protocol (Slough and McTigue, 2013).

3.3. Analytical Model of Textbooks
The interview data were compared through an analytic model developed from the
literature I found, this literature was gathered from across different research topics but provided
characterizing concepts that became my model descriptors. I defined 43 descriptors grouped in
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four main areas: characteristics of textbooks, textbooks use by teachers, textbooks use by
students, and use of pictorials in textbooks.

Qualitative Descriptors of Textbooks
Characteristics of Textbooks
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

Textbooks are instructional tools for teaching.
Connected to how teachers, schools and governments view teaching.
In many cases economically, ideologically and politically motivated.
They provide an overview of a field in sufficient breadth and depth that students begin to
understand what the discipline is about.
There is a direct link between textbooks and curricula because the textbook must represent the
content of the course.
In many cases they provide not only subject content but also teaching strategies and techniques.
Specific to grade levels and subjects.
Different textbooks views according to the way they have been researched or taught.
Textbooks have evolved due the need to improve their quality in content, design, or
instructionally.
They are market oriented because they must be selected and purchased by school committees.
Textbooks are distributed for free.
Textbooks are consensual because publishers have tried to please all parties involved (teachers,
parents, selection committees, and governments).
Textbooks play a dominant role in the education of secondary students
Textbooks are inclusive and try to represent all class, racial, sexual groups in a positive way.
Science textbooks must promote scientific literacy.

Textbooks Use by Teachers
16. Most secondary school teachers use textbooks for classroom instruction and homework
assignment.
17. Non-experienced teachers tend to rely more on textbooks than experienced teachers.
18. Some secondary teachers are unclear or ambivalent about the textbook role in student learning
and this attitude is shaped by the teacher’s experience.
19. Experienced teachers have more complex knowledge structures that allow them to anticipate
instructional adjustments for optimal learning.
20. A degree of teaching experience plays an important role in how they use textbooks specifically
in guiding students in their use.
21. Textbooks are used for reading or as a source of content.
22. Textbook use in relation to teaching styles (coverage, extension, and thinking).
23. The frequency of textbook use is the frequency of the teaching style used.
24. Use of commercial published textbooks.
25. Use of only one textbook for the course.
26. Textbook perception as good, very good, or excellent.

Textbooks Use by Students
27. In high school biology courses, most students use textbooks as a central component of the
curriculum.
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Use of Pictorials in Textbooks
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.

Graphics are important elements to improve the quality of textbooks.
They are important elements to motivate students to learn.
Pictorials are used to capture student’s interest.
They help to exemplify content.
A tool to advertise the textbooks and made them attractive to buy.
Text/image space ratio in textbooks.
Instructional effectiveness of images.
Illustrations are effective for text comprehension, remembering specific information, and
applying what has been learned.
Prevalence of images is stronger at lower grades than in higher grades.
Pictures reinforce knowledge when they are as close as possible to the real experience.
Illustrations are the basis of visual learning in classroom and include photographs, diagrams,
charts, graphs, drawings, and tables.
Science learning needs the support of visuals because it comprises abstract concepts that
sometimes don’t have tangible examples in reality.
Students with high background knowledge do not benefit as much from illustrations as students
with low background knowledge.
Students with poor text-comprehension skills are more likely to benefit more from illustrations
than students that are more skilled comprehenders.
Illustrations can have positive effect on student’s learning as long as they are related to the text.
Textbooks (or teachers) must provide adequate instruction to students to read illustrations
(visual literacy) in order to understand better the content.

Table 2. Qualitative descriptors of textbooks.

3.4. Data Analysis and Trustworthiness
The in-depth interviews of the three participants provided abundant data to be coded, the
initial list of codes extended to 20 and were: Teachers’ studies, teachers’ motivation, teacher’s
experience, science teaching, instructional approaches, teachers’ thoughts about textbooks,
curriculum and textbooks, textbooks and pathways, textbook functions, textbook content,
textbook use by the teacher, teacher’s view of students, textbook use by the students, student’s
literacy level, how students access information, pictures in textbooks, static and dynamic media
in textbooks, textbook selection and purchase, textbook assessment by the teacher, future of
textbooks. These codes were grouped into seven categories: Teachers, students, science teaching
and curriculum, textbooks characteristics and assessment, and pictures in textbooks.
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As for emic codes, defined by McMillan & Schumacher like the “participants’ views
coded as words, actions, and explanations that are distinctive to the setting or people” (McMillan
& Schumacher, 2010, p. 371), there is one code that became particularly relevant to the research
that was pathways. This code reflects how teaching is approached at high school level since the
students have to choose from two different paths (or pathways): Academic or applied. High
school courses are organized to prepare students for some of these paths that will lead them to
enter afterwards, either university or college programs, or the workplace. Selecting a pathway
will determine the content, teaching, and how demanding the course will be regarding which one
the student is following.
In relation to the data provided by the interviews and the static media analyses, while
different in nature, these data supplemented each other but also, through my analysis model,
worked for data triangulation.
Triangulation as multiple methods for verifying data (Mathison, 1988) and verbatim
accounts from the interview recordings and transcripts, were my elements to enhance
trustworthiness of the qualitative data. In this case participants were invited to review the
interview transcripts and allowed to make corrections if necessary. Reflexivity defined as a
“rigorous examination of one’s personal and theoretical commitments” (McMillan &
Schumacher, 2010, p. 332) was also a constant resource for searching qualitative objectivity,
which Mathison characterizes as factual observation or observation of facts (Mathison, 1988). In
order to act reflexively, a field journal was used during the period of the interviews.
3.5. Ethics
The teachers involved in the study were given the proper information and consent forms
to sign before becoming participants. All of the actions taken with the teachers were in
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accordance with the ethics guidelines of Queen’s University and the Faculty of Education
(GREB and EREB, respectively), and Ethical Clearance was granted for the study (see Appendix
E on page 99). While the in-depth interviews posed no apparent risk for the participants, ethics
issues were considered carefully throughout the study with confidentiality being the ruling
criteria, and trying to avoid intruding in the participant’s private life (Stake, 2010).
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Chapter 4
Findings

In this chapter I will present the findings of my study after reviewing the data provided
by the interview of the three participants and the graphic analyses of the textbooks spreads
selected by them. I would like to reiterate that I based my report mainly on the data of participant
A (whose working experience was in Canada) and considered the other participants’ data more
as supplements.
While different working settings could be an issue in a quantitative research seeking
generalizing results, in this case different conditions enriched the possibility of the analyses,
specifically in terms of how some characterizations about textbooks are similar or different
among participants.
The sequence of the findings presented in this section are based on the structure of the
analytical model I used, the coding of the interview data, the grouping of these codes into seven
categories, and the graphic analyses performed. After carefully reviewing the data, the topics
listed below appeared relevant as findings and are further developed in the following sections
headings:
• teachers’ working experience
• science teaching, curricula, and textbooks
• pathways
• textbooks, selection, and purchase
• teachers’ thoughts about textbooks and their use
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• texbooks use by students
• textbooks assessment by teachers
• static media and dynamic media in the science classroom
• graphical analysis from Mayer’s multimedia learning principles
• graphical analysis from the Graphic Analysis Protocol
4.1. Teachers’ Working Experience
As an academic background, in addition to teaching degrees, all participants had
undergraduate or degree studies related to science, for example participant A had a masters
degree in Applied Neuropsychology, participant B a BSc in Biopharmaceutical Chemistry, and
participant C a BSc in Biology and a masters degree in Marine Sciences. These backgrounds
were diverse but provided the teachers with basic professional expertise to teach science courses
at the secondary level.
Having conducted universities studies in science, the ways the participants got involved
in teaching were interesting to note, in this case participant A had initially teaching experience
working in a summer camp and it is this experience “in combination with the opportunity to be
in the classroom as a graduate student that led [him] in the direction of teaching”; further,
participant B had, apart of her university studies, previously studied to become an elementary
school teacher and after receiving her BSc “definitely devoted [her]self to secondary education”.
It seems that participant A, looking like a very motivated and committed teacher, entered
teaching in a more casual way than participant B, whose process of becoming a teacher seemed
determined earlier when she decided to be an elementary teacher but whose intention became
stronger after finishing her BSc.
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Interestingly, the three participants covered an ample range of working experience:
Participant A was a mature teacher who began teaching in 1999, and as of 2014, had 15 years of
teaching experience; participant B was a senior teacher who began teaching in 1979, and with 35
years of experience; and finally, participant C, a novice teacher who at the time of the interview
had been teaching for two years.
It is important to note also that teaching careers tend to provide work stability, and once
people enter the teaching profession and acquire seniority, they tend to teach in the same place.
In this case participant A has been working in his current place since 2001, and while the other
participants didn’t mention explicitly when they began to teach in their current school, it seemed
from the narrative of their interviews that they were in stable working environments.
As part of their teaching experience, the three participants mentioned having taught
different subjects along their working years, for example participant A, who is currently teaching
biology, has also taught geography, mathematics, and physical education; participant B, who
taught natural sciences at elementary school, is teaching physics in high school; and participant
C has taught biology, physics, and chemistry (she didn’t mention specifically what subject she
was currently teaching). Despite the specialization of teaching at high school level, opposite to
one teacher teaching several subjects to the same group at elementary level, it seems that
teachers tend to move (or be moved) to teach different subjects along the years, and this mobility
appears to be very characteristic of teaching at this level.
4.2. Science Teaching, Curricula and Textbooks
The Ontario Science curricula from grades 9 to 12 explicitly state that their main goal is
scientific literacy for every school graduate and despite the fact that Canada is not immersed in
the same debate about how science must be taught as is the case in the United States, the Ontario
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curricula reflect the concerns about this issue and present a NOS (Notion of Science) based on a
statement by the Science Teachers Association of Ontario (STAO). On this issue, participant A
reflects on the fact that Canadian schools (unlike the schools in the US) have been able to teach
science based on scientific rather than religious assumptions by saying “in Canada we have been
there for more than a decade” and adding “…the US have lagged behind a little bit with respect
to the way we are delivering the science curriculum”.
In relation to textbooks and curricula, the literature found indicates that there is a direct
link between textbooks and curricula because the textbook must represent the content of the
course and in many schools they have taken over the curriculum supplying not only subject
content but also teaching strategies and techniques (Abd-El-Khalick, Waters, & Le, 2008;
Woodward, Elliott, & Nagel, 1988/2013).
The importance of textbooks as tools for teaching and their relation to the content of the
curriculum is reflected in the interviews when participant B mentions that “textbooks are very
important for covering content”, “there is endless knowledge that we must rush to cover in one
year”, and “to cover a program we need practically to fill them with a lot of information”.
Participant C also says “the books are very fundamental [sic] because they bring, specially these
recent [books], the new curriculum that manage the SEP [the Mexican Ministry of Education]”,
about her emphasis on the curriculum she also says, “what interests me is to comply with the
program and the books for me are basic because we get to the main point required to cover each
session, and we go shortening time and gaining ground to cover everything”. In both cases we
can see the teachers are focusing on covering the content of the curriculum, and to them the
textbook helps to achieve their goal because they assume the textbook content is based on the
official curriculum. As for participant A, he seems not so concerned about content based on the
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curriculum and he uses textbooks more like a supplementary resource rather than a main
teaching tool. His interest is in making the class more dynamic, “in some respects [it] gets
students thinking about science as dynamic rather than static… with respect to teaching science
as a dynamic endeavor, or something that is in flux”.
4.3. Pathways
The term “pathways” was repeated recurrently throughout the interview of participant A.
I identified pathway as a key emic code that determines how the courses are structured in the
Ontario high school science program as well as the characteristics the textbooks must fulfill for
each course.
The Ontario science courses are organized in a way a student can follow two paths:
Academic or applied. Following the academic path will allow the student to continue studying at
university level and following the applied path will allow to pursue college studies or find
workplace placement. Participant A uses the word pathway to designate the “paths” a high
school student may choose in order to go to those places. Only participant A used this term
because the idea of two different pathways doesn’t exist in the Mexican educational system
where the other two participants are employed
A general description of the Ontario high school science program presents science
courses as academic and applied for grades 9 and 10, and more specific subjects offered in
further grades, like biology, chemistry and physics for the academic path, and environmental
science and biology for the applied path at grade 11; finally at grade 12, earth and space science,
biology, chemistry and physics for the academic path, and chemistry, physics, and science for the
applied path.
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Course content and teaching modalities will vary significantly according to the
“pathway” selected by the student, for example, the biology course will be very different if it is
conducted in the academic or applied path at grade 11. In the same way, the design, content, and
use of the textbooks will vary depending on each path (or pathway), in fact different textbooks
are selected for each pathway.
Participant A indicates that applied [or college] pathway textbooks are more picture
driven and they are not for the interested in reading, “they are not going to sit down and subject
themselves to 20 or 25 pages more of text in the name of learning, they want to be engaged
quickly and they want to be engaged in a way that’s meaningful”. On the other hand, this
participant sees the university pathway textbooks more information rich and says that they “tend
to be more dependent on text still low dependent on picture”, and thinks about them and says that
“they did a really good job of generally blending textual elements and graphical elements,
photographs, into something that engages [sic] students, and students can use it to support their
development, and knowledge, skills, within a course context”. He situates the textbook use closer
to the college pathway because he thinks these students are less likely to be engaged in a reading
process, he says about this, “ my feeling with the textbooks are near more towards the applying
pathway students and college pathway students, is that in that case, there is a recognition that
those students are less likely to be engaged in a reading process, that their literacy levels tend to
be lower, their comfort to reading for, to take information from text, is not as strong”.
This teacher is in favor of a textbook that is more information rich than information poor,
and in this sense, less text in a unit may cause difficulties to teach some subjects like, for
example, geometric optics in grade 10. This situation can be inconvenient because “there tend to
be fewer sentences that might be necessary in a paragraph and as a result of leaving some
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information out the paragraph as a whole [it] doesn’t really communicate the information that
[he] would want the student in that pathway to know”. He recognizes that the reduction in the
amount of text by the textbooks companies may be caused by the same assumption, that the
college pathway students are less likely to read, but he speculates that more than the textbooks is
needed when he says that “I feel like those textbooks need to be supplemented in a more
significant way by other resources than the textbooks”.
In the case of this participant, the textbooks are available to the students in a designated
room of the school and this is because, he says, “we found historically that there is less value in
having those textbooks assigned, in having the students able to withdraw them from the school,
versus having a class set in the class at all times”. The college pathway students “have more
difficulties remembering to bring the book from home to school on a daily basis” than the kids in
the academic pathway who tend to be “better at remembering to bring their textbooks on a daily
basis”, so “having the textbooks there when you want to work with them seems to be a more
effective strategy”.
4.4. Textbooks Selection and Purchase
The direct link between textbooks and curricula is the reason that textbooks changes
occur when there is a curriculum review. The next step after updating the content is the
commercialization of the books, and in this case, participant A said that in his 15 years of
teaching, textbooks have changed only once, and he has been working with the current textbooks
for about three years.
As described by participant A, as a curriculum changes, the publishers know the
textbooks must have to change, so they contact the teachers and give them a sample chapter of
51

the new textbook so that the teacher may get a sense of the book. If the teacher is interested, he
can ask for a whole sample of the book.
For the process of textbooks replacement that occurred three or four years ago,
participant A ordered inspection copies for grade 11 and 12 of the university pathway biology
books from the three major publishers (Pearson, Nelson, and McGraw-Hill). He reviewed them
carefully, and listed the attributes he liked and not, and ranked the books from one to three. From
this ranking he made a recommendation submitted to his head of department, all the ranking and
recommendations sent to the different departments by the teachers, were used by the school
board to decide which textbook they were going to purchase.
About the process of purchasing textbooks, participant A said, “we don’t take the
purchasing of textbooks lightly because we know that it’s something that in a given course like,
it happened about once… in fourteen years”.
In the case of participants B and C, their teaching experience wasn’t in Ontario but had
some similarities in relation to the renewal of textbooks. Participant B mentioned that she had the
freedom to choose the more convenient publisher regarding “what better reflect [the teaching]
contents, which are to be concrete, in a particular way so students do not wander about the
knowledge but [it] can be acquired in a better way”. Several publishers approached participant B
(Fernández, Castillo, and Santillana), in the same way as participant C (McGraw-Hill,
Fernández, and Sphinx), in both cases, the participants had to agree with the rest of the teachers
covering the different groups of each subject, and select the adequate book.
Unlike participant A, in whose case the school purchases the books, in the cases of
participants B and C, because they work in a private school, the parents of the pupils are asked to
buy the books, that are sold by the publishers selected in the school facilities.
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While the textbooks selection and purchase are not an academic issue, their direct
relationship to curricula (as mentioned in the literature) can be corroborated in all participants’
cases and the curricula are relevant in the development of any textbook both in content and
instructionally.
4.5. Teachers’ Thoughts about Textbooks and their Use
In the interviews, the participants express their different views about textbook content,
for example in the case of participant A, while content in the textbook is not his main concern
but rather “teaching science as a dynamic endeavor”, he recognizes that the textbooks he uses are
“text rich” or “image rich” according to whether these books are aimed for their use in the
university pathway, or the college and applied pathways. His assessment of the university
pathway textbooks is quite positive as he says, “for me, [for] the university driven student, the
content I think of textbooks generally is good”. Regarding how content needs to change in a
textbook due to new discoveries, he expresses his concern by saying, “one thing I bother about
being a biology teacher is that there is an abundance of new discoveries in the world of biology
every single year”. To him the textbook “is a piece of common literature that we have, we can all
utilize as a jumping point for new learning if we need it to be”.
In relation to content, participant B highlighted some topics that were relevant in her
course like nutrition and the reproductive system. She talked about the many tables presenting
the nutrients that are characteristic of the food, the many proteins, minerals, and carbohydrates,
and being that Mexico is a country with a big problem of obesity, how the students must have
knowledge of what nurtures them most. As for the reproductive system, she says, “first knowing
the parts [is important] and I think the textbook serves enough to indicate location, as well as
function of each of them”.
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The instructional strategies for teaching are based on each teacher’s education model,
participant A describes the old model of education, he says “you know, you had a teacher who
knew a lot of stuff and the idea was that the teacher would use a variety of mechanisms to
communicate what he or she knew, to a group of people who wanted to know that stuff”, and in
which the teacher needed to think, “how am I going to set aside half an hour, or if we are going
to do some reading from the textbook and the answer of questions based on that reading”. So in
his words, the textbook was basic for class teaching. According to him this old model is “still in
use today and for better or for worse”, and as regards his case, says, “is not a model I typically
use”. His view on textbooks based on this model is that they are “tools, for students to use, to
acquire knowledge [he] thinks have probably seen their day in some respect”.
The approach of participant A to science teaching was described earlier as “a dynamic
endeavor” in order to get “students thinking about science as dynamic rather than static”.
Instructionally, he also thinks the primary functions of textbooks (depending on the level of the
course) are “to preview material that the student may find challenging” and “to familiarize
themselves to vocabulary words or conceptual elements of the course before they are presented
within the context of the lesson or the context of a hands-on activity”. Participant A also uses
textbooks as a follow-up to teaching and a resource for problem sets, as part of other pieces of
additional support the students need in their learning, and for his students in grade 11 and 12, “he
tries to mimic the experience they are going to have in university or college more accurately”.
Participant B thinks about textbooks as very helpful “because the kid creates a picture of
the knowledge that [the teachers] are providing”. To her, it is very important that the book “leads
from motivation, first … to get into the subject”, and the teacher had “the concept well defined
so... [as to be] understood by the kids” so “they can learn the easy way, giving them more simple
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words for better learning”. She usually starts her class with an introductory reading, continued by
follow-up questioning, and then a task is given according to the topic of the reading.
Participant C thinks that textbooks are good basic tools because “they serve to not wander
and focus on the point”. She centers on her students attention, and as a young teacher, she often
relies on PowerPoint presentations and YouTube videos (apart from textbooks). As another
teaching strategy she says, “we try to draw schemes because [the students], copy from the book
to the notebook a scheme that may help them to fix even more what we talked about in class”. To
her, experiments are very important in the textbooks, she says, “if we were given perhaps more
tips on how to do more experiments or practices I think the class would be even more dynamic”.
Regarding the assumption that textbooks play a dominant role in the education of
secondary students (Menke & Davey, 1994), and that teachers depend on their use for their
teaching (Woodward & Elliot, 1990), the three participants definitely are under these
assumptions since they use textbooks regularly. Participant A says, “there hasn’t been a course
when I haven’t relied at least in part of this in a textbook”, and for its use “we are not compelled
to use the textbook at all if we don’t see a purpose”. He talks about other teachers not using
textbooks at all, and says “I do have colleagues for whom the textbooks sit on a shelf to collect
dust in certain courses”, and others using them “...as sort of [textbook] worked into the lesson on
a daily basis”. As for his own use of textbooks, he comments, “I would say my approach is
somewhere in the middle”.
For participant B, being in class, the focus on the use of the textbook is “a little more
inspirational at first”, and about its use she says, “I feel I am using textbooks at 70% of their
content”. Participant C, being a new teacher describes how important a textbook is for her and
how much she does use it, “I use it 100% in the classes”, and reiterates, “I [say] a 100, my book
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to the 100, I’m with it, I go with my planning, and my pages, and I finish it”. We can notice from
her wording how emotional her connection is to the textbook she works with.
As for the assumption that non-experienced teachers tend to rely more on textbooks than
experienced teachers (Woodward, 1993), we can see that participant C, the youngest of the
interviewees uses the textbook at 100%, with a high degree of reliance on it. On the other hand,
participant B, who is the eldest and most experienced participant uses her textbook less (70%)
but still is very reliant on it considering that participant A, who is a mature teacher uses his
textbook “in the middle” or using it at approximately 50%. A direct relationship between
experience in teaching and textbook use would suggest that participant B should use the textbook
less than participant A, but this is not the case, and one possible explanation is that the teaching
style of participants B and C is different from the teaching style of participant A. The former
participants are more focused on coverage of content than participant A, who is not only
interested in content but also in activities that require application.
Another possible explanation of the previous discrepancy is that according to Calderhead,
experienced teachers have more complex knowledge structures that allow them to anticipate
instructional adjustments for optimal learning (Calderhead, 1981), which may be the case with
participant A, who is younger than participant B, but seems to manage more complex knowledge
structures and is more eager to make adjustments in class.
4.6. Textbooks Use by Students
Participant B has a keen understanding of her science students (who are equivalent to
grade 9 and 10 in the Canadian System). One important aspect she notices is the difference of the
teaching approach between elementary and secondary school (or high school), since in
elementary school the different subjects are taught by the same teacher to one group of students,
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while in secondary school the different subjects are taught to one group by different specialized
teachers.
This is not a minor observation because at earlier ages the students are less mature in
many aspects but also haven’t developed enough learning skills when “the subject of science is
very difficult for them”. To her “the kids love technology because they are almost fully devoted
to it” but they don’t know how to study it [science] in a practical way”. Her personal experience
is that her students are better science learners as long as they are advancing in their courses, from
one grade to the next, because they are “maturing a little”.
Participant B presents an interesting angle about the students’ expectations when she
says, “they [the students] already know how teachers want them to have their way of learning”,
which is a different approach to a teacher figuring out what and how the students want to learn.
She considers that at age 14 or 15, the kids are more mature and “they know how to work”. At
this age they “know what is asked and almost by themselves, they begin to acquire their
knowledge”.
She places great importance on motivation as a way “to like science”, and again on
several occasions mentions the issue of chronological age and maturity, she says, “because of the
age they don’t take science too seriously” and “they feel the subject of science is a little dull”.
Also, she mentions their parents require them to work (do their homework) or take their classes,
and because of that, she says, “they feel the psychological pressure, he feels someone is forcing
him, he doesn’t come to school [willingly]”.
Regarding textbooks use by students, participant A found the textbooks very useful for
students “for whom English is not their first language because the textbook is more literally
translatable”. He says the school provides online editions of the textbook that can be translated to
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the student’s first language, for it is very important to have the specific vocabulary needed to
learn science, which is very different from the general vocabulary of the English language. He
exemplified the case with students from Hong Kong and China, who need to get the translation
into Mandarin so “they [may be] following the concepts easily without the impediment of
English language instruction”.
Participant A tries to teach the students “not to be reliant on the textbook, either that there
are more ways to access information and the textbook can be one of those ways”. In this sense he
finds that “probably the primary mechanism by which my students initially collect information to
bolster their own learning is through the Internet”.
For class readings, he tries to get the students to read in pairs “[texts] that address specific
curriculum expectations or ideas to be considered in class”.
To access the textbook, at the beginning of the semester each student is assigned a copy
of the book that has to be picked up in a bookroom. The students are free “to take any of the
textbooks home with them or elsewhere in the school with them if they’ve got a study period”
but “at the end of the semester these textbooks are being collected and returned to the
bookroom”.
This strategy is different from the strategy in the schools of participants B and C, where
the students’ parents have to purchase the book.
Either way, one major issue when the students have to carry their textbooks is that they
may forget to bring the book to school, a case mentioned by participant A when he says, “the
student in the pathway [may] have difficulty remembering to bring the book to class on a daily
basis, and sometimes to bring the book from home on a daily basis”, and depending on the
pathways, “the kids in the academic pathway, the university bound group, they tend to be better
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at remembering to bring their textbooks on a daily basis”. This is a situation also mentioned by
participant C, who says “if they don’t bring the book they are not doing the reading”.
To participant A one important factor for the students’ use of textbooks is their literacy
level, he mentions that “certain experiences would suggest that the more literate the student is,
less dependent they are of [sic] a variety of resources” and “the students whom I’m speaking of
are very literate, maybe not a scientific literate, so they need more of a multidisciplinary
approach”. On the contrary, for “the students who tend to, for lack of literacy, perform poorly in
the course, to a certain extent, it almost doesn’t matter [what] a [sic] strategy you use to present
the information” there seems “to be a gap that impedes the students progress that is not related to
the information being presented in a printed form, or in a video form, or a hands-on activity, or
that kind of thing”.
Apart from the students’ literacy level, to participant A, it is very important how students
access information. His view on this regard is that “the way in which a 15 years old student
accesses information today in 2014, is fundamentally and completely different in the way in
which I access information, you access information…”
Some ways to get the information according to him are, “either go in [sic] finding
somebody who knew something about what it was or what is going to be now, or going to the
library and finding a book, and reading a book, and trying to integrate the information within a
book, and you are understanding the world”. But he is very clear that in these days you can tell
the kid, “you have all the information you ever need for your entire life contained within your
pocket, have a smart phone and you have a question and you can find the answer to the question
fairly quickly”.
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Participant A thinks students “enjoy the fact that the textbook doesn’t drive the course”
and “enjoy the fact that the textbook really, is really, a supplement to their learning”. Regarding
students’ use of textbooks, he points out “their use of the textbook more often than not is at their
own discretion”.
4.7. Textbooks Assessment by Teachers
This positive perception of textbooks in the literature is reflected in the three interviews
in which the participants clearly express their ideas about textbooks. Beyond generalities,
participant A bases his assessment on how textbooks have improved in the last 25 years and he
says, “the textbooks that I was exposed to 25 years ago when I was a high school student were
pretty mediocre, tended to be heavy on the text and less heavy on graphics and illustrations”. He
cites the possible cause saying, “I think it was because costs were prohibitive to produce a full
color textbook.”
As for the current textbooks he works with, he says, “I think certainly my experience has
been that there aren’t textbooks that are missing the mark with respect to important concepts in
biology, nor of the textbooks servicing the mark with respect to biology rules and dynamic
science”, and from his own experience, “I think the textbooks that are written for students likely
to pursue university education have significantly improved”.
For participant A his criterion for assessing the textbooks was their usefulness, clearly
there are parts of the books he uses and parts he doesn’t, he says, “probably the most useful
components of the textbooks to me are the content driven chapters”, on the other hand, “there are
parts of the textbooks that I personally never use, for example I don’t use a lot of the
investigations as they exist in the textbook”, he rather uses some investigations “that are
modifications of some of the ideas”. He also doesn’t use the chapter review and the review
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questions, in part “because sometimes feel like ask [sic] the same question over and over and
over again in the name of you know what”, and reiterates his concern, “you ask the question 10
different ways, it really is only one question, so having 139 questions versus out of 40 questions
might be different in terms of their value”.
Regarding content he notes that “in times it is beyond what might, a teacher might expect
the student that is in a given course to know”, and in that case, “to try to compensate by adding
greater numbers of illustration and diagrams, and figures, and tables, and photographs but
sometimes at the expense of what I would define as critical information within a subject area”.
Despite this criticism, participant A thinks “textbooks have recognized the reality of the
dynamism that is science and have tried to keep up with the dynamic nature of science” even if
“as soon as the textbook is written in some respect there are elements that become obsolete”.
Apart from content, he recognizes, “from the graphic standpoint, from a pictures and
illustrations standpoint, given the static nature of the media, I think they do, did a really good
job”. He also praises the three major publishers, but particularly Nelson, “for the amount of
Internet based integration they have done, so the students that are looking to pursue a higher
level of understanding of a concept, do feel their textbooks have leveling steps all out to access
some of those dynamic elements that may be part of one structure”.
When talking about content, participant B points out that she has found mistakes in the
Mexican textbooks, when “sometimes the publisher brings us for review [of the textbooks], and I
have found certain concepts, certain percentages wrong, sometimes even formulas. There are few
but it has been found”. Contrary to participant A, she thinks the questions, the reflections, and
the summary tables are very helpful to the teachers. To her, content must transmit “knowledge
more specific, more summarized, and in a way to a certain point more explainable”. She finishes
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by saying “there is not a book that in my viewpoint was complete in all aspects being asked by
SEP”. Participant C just says, “the textbook that we currently are using, I really like it a lot”.
4.8. Static Media and Dynamic Media in the Science Classroom
The difficulty of teaching science is stressed several times by the participants, as well as
the need to make science “dynamic” in class. One strategy for making the class more dynamic is
the use of graphics as static media (printed pictures and text) and dynamic media (animation and
narration). After interviewing the participants, we can see that there is a connection between both
as they are used in the science class.
One participant that uses graphics extensively, both as static and dynamic media, is
participant C, who is the youngest teacher and the least experienced, and who expressly stated
her reliance on textbooks (and their graphics) but who also used PowerPoint presentations and
YouTube videos in class. To her, it “comes easier with a PowerPoint at some moment to support
the text”, and to keep their attention because “if they were already distracted it returns them to
the lesson and say ‘ahhh good’”, and “[she] can capture them a little more”.
As for pictorials in textbooks, participant C says that “giving pure letters [text] at this
age... it bores them”, “it is very important to have [visual] images” because it “allow us to
understand in a more visual way”. The students “can understand using charts, graphs, pictures
they have in their books” because “they are explanatory graphs and some other images that talk
about the concept”.
Participant B considers that visual images in textbooks help both students and teachers.
Illustrations help the kids to have “a better knowledge of things”, and “illustrating something, to
let them know something by means of an image is very representative…, I feel there is better
learning”. To her, pictorials help “the kid [who] sometimes is not aware of certain concepts and
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observing the image he already can have an idea of what we want him to learn”, and the graphics
are useful “at any given moment when you start to give some definitions, concepts of
something”.
While participant C seems very reliant on textbooks and graphics, participant A had a
very critical view of their use, saying “pictures being an end to themselves, to me are often a bit
superfluous”. However he acknowledges their importance for science teaching, specifically for
biology where “the trend seems to be, to use a picture of something that is microscopic and that
being taken using an electronic microscope, you are seeing a cell structure or a bacteria in a level
of detail that you wouldn’t be able to observe given the technology of the typical high school
classroom”.
Participant A’s goals for using pictures are very clear, “for me the graphic images that are
useful are the ones that demonstrate a connection to a process” and exemplifies his ideas on the
process of mitosis, “I want to see the connection between the graphic in what one actually
observes in a microscope happening in the nucleus of a cell, or in within a cell unit engaged in
cell division”. As a result, “pictures... allow a student to mediate a better understanding of a
process, in a more mediated way than reading two or three or four pages of text on the same
process might allow”.
He is very critical of the excessive use of pictures, particularly in grade 9 and 10
textbooks, “I find that textbooks tend to throw in a lot of pictures that fill space, that particularly
in grade 9 and 10 textbooks, and even more so in the grade 9 and 10 applied pathway textbooks”.
He also criticizes them, saying, “often there’s not a clear connection between a
photograph for example, and the text that surrounds the photograph” in which “the student, more
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often than not, that the student engages [with] in the practice of science, as it looks in a high
school classroom, but not in a way that is clearly connected to a concept”.
Participant A finds illustrations and diagrams as the most useful graphics, and sometimes
photographs “are useful as well as long as the context of the photograph matches the purpose of
the photograph”. Photographs are useful because “there are things that we can only show
students as a result of taking a picture”, for example “you inevitably are going to show some
pictures if the students don’t have an idea of what a sea landscape looks like”. It’s interesting to
note how at higher grades, like senior biology courses, in the grade 12 biology course, “it’s the
graphics and diagrams that really to me are the critical elements, because they are the ones that
are going to help to simplify processes that are not simply applying”.
Participant A has a very clear idea of the relationship between graphics and text and in
what circumstances, “the graphic is the starting point, the text provides the details that the
graphic can’t “, for example, when we are looking for a “complex process like a membrane
transport, a graphic is the effective tool that demonstrates the differences between diffusion and
facilitated diffusion, and active Freon [inaudible], but without the accompanying textual
elements the graphic probably doesn’t provide enough content”. The text and graphics
relationship is also acknowledged by participant B when she says, “the book [the text] leads us
exactly to the image we must take into account”.
Participant A not only uses pictorials in textbooks but also relies on animations because
he understands teaching science as a dynamic process “as opposed to sometimes the static
process that appears to be when you only have the printing resources to work with”. He may start
a class “sometimes on a pair of textbook readings with a YouTube video, with a flash animation,
that will kind of create a multidisciplinary learning approach to developing an understanding”.
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He exemplifies his ideas with the DNA replication process, “so we do DNA replication,
we’ve got a static component of the lesson which is a sort of containment within the textbook,
within we have the opportunity through a hands-on activity in the classroom, plus flash
animations that I feel comfortable with, that I’ve found over the years on the Internet, plus a
couple of YouTube videos that I think address the concept well”, in order for the students “[to]
use, sort of, the development and understanding of DNA replication”.
He is aware that the approach through dynamic media is not operative for all since “they
meet the needs of a student of a certain profile in a way that textbooks don’t”. He thinks “the
strong students, and the students who are comfortable with reading and accessing the information
in printing [sic] form, probably don’t need the additional support of a YouTube video, or a flash
animation, or a hands-on activity to grasp the concept at the level we are trying to teach it”. The
profile of these students are mid-range students, with a performance between 75 and 85 percent,
and with grades in the B plus-minus range “that are more apt to understand the material more
completely than with printing [sic] resources, compared with something more dynamic whether
it’s a video or a hands-on activity with a flash animation, of what happened”.
4.9. Graphical Analysis of Textbooks
4.9.1. Graphic analysis from Mayer’s multimedia learning principles.
The rationale for using Mayer’s multimedia learning principles (Mayer, 2001) is the
understanding among researchers that text and pictorials have a direct instructional relationship,
which means using them together for learning purposes, and many base their framework on these
principles. Using Mayer’s ML principles gives me a solid base to analyze this relationship
through the eyes of the participants.
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The graphics analyzed were conducted on two-page spreads of a textbook selected by
each participant. All analyses were performed after finishing the 60 minutes in depth-interviews,
which caused some difficulties because the participants were already tired and there was little
time left for the analyses.

For his graphic analysis, participant A chose an inspection copy of a biology textbook in
which he identified coherence, signaling, spatial contiguity, temporal contiguity, and segmenting
as the ML principles. He indicated that he was familiar with Mayer’s ML principles and his
previous knowledge facilitated the analysis. The topic of the chapter was “The Cell Cycle” in
which the three phases in which a living cell grows and divides are described. The initial graphic
just at the beginning of the chapter (on the first page) is key to illustrate this process, he
comments that it “ sets the context for the graphic”, and he assigns spatial contiguity and
temporal contiguity to this graphic, which is an interesting decision because he recognizes that
the same graphic is related to the text in space and in time at the same moment. He also found
signaling in the “Interphase” paragraph, he comments that it “addresses a key concept that is
made evident by the graphic (i.e. a cell spends most of its time in interphase)”.)

On the next page, participant A chose segmenting and coherence as ML principles. He
found segmenting in the two paragraphs of text explaining “Prophase” and “Metaphase”, and
coherence in the graphic below Metaphase, in which “graphic does not include details in process,
reading text gives context to the dynamics of the process”. As for this graphic, it doesn’t have
any caption but the participant sees it positively since reading the text gives the context for the
interpretation of the graphic. He also mentions in his commentaries two key elements for his
teaching: Graphics supporting the text and the process as dynamic.
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In the case of participants B and C, both participants indicated they didn’t know Mayer’s
ML principles, however they could perform the analysis without any problem. Participant B
chose a physics textbook, and on the left page of the double spread the graphic was a small
representation of the wavelength of the different radiations constituting light. This small graphic
is illustrating a previous paragraph talking about the electromagnetic spectrum of light. The ML
principle she found was signaling. To the right of this graphic she chose an equation on how to
calculate wavelength representing what is explained in the previous two paragraphs of text. The
ML principles found by participant B in this case are spatial contiguity and temporal contiguity,
which is similar to what participant A indicated in his analysis when he identified simultaneously
these principles, related to space and time.
On the right hand page of the spread, participant B identified signaling and pre-training
for the same graphic in the center, this graphic illustrating the frequency range of
electromagnetic wavelength visible by the human eye. She indicated also that this graphic was
related to the previous text.
Participant C chose a textbook that on the left hand page presents at the top a small
graphic indicating energy consumption by herbivorous and carnivorous animals, this graphic is
linked to a short text on the top in which she identifies signaling, and also linked it to a short text
at the bottom identified as segmenting. In the next section of the page there is a bigger graphic
that she doesn’t consider important for the analysis because it illustrates some follow-up
activities of the topic and didn’t identify any ML principle on them.
On the next page, on the right hand side, she chose two illustrations representing the
cycles of water and carbon, for the water cycle she identified spatial contiguity, and related this
principle to a short text on the left, adding a commentary explaining that she chose that text
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because “it explains the illustration”. For the carbon cycle, she identified temporal contiguity as
the principle and related it to a big paragraph on the left of the illustration.
From the next table, it is interesting to note how as an end result all the ML principles
considered for the analysis were found when the page spreads of the participants were selected
by them without any pre-determined order. From the six principles considered, signaling, spatial
contiguity, and temporal contiguity, were identified by the three participants in their analyses,
and all participants identified spatial contiguity and temporal contiguity on the same page of their
respective analyses (see table on Appendix F, p. 100).
4.9.2. Graphic analysis from the Graphic Analysis Protocol.
As mentioned before the Graphic Analysis Protocol was used as a supplement to the
previous analysis based on Mayer’s ML principles. GAP gave me the possibility of analyzing the
use of graphics and texts in the textbooks in a more holistic way.
GAP is based on four principles: (1) graphics should be considered by form and function,
(2) graphics should help a viewer build a mental model of a system, (3) graphics and texts should
be physically integrated, and (4) graphics and texts should be semantically integrated; it is
constituted in three parts: (1) text, (2) graphics, and (3) integration; and includes 11 listings: (1)
text structure, (2) text reader interaction, (3) format of the page, (4) multimedia proportion, (5)
color, (6) classification of graphic, (7) systematicity, (8) contiguity, (9) indexical reference, (10)
captions, (11) semantic relations (Slough & McTigue, 2013).
Some relevant characteristics I found in the participants' textbooks through the GAP
analysis are that in part I (Text), for text reader interaction (2) all textbooks’ texts are written in
an informational/passive voice, transmission model, which is consistent with the needs of
formality of a school science book, however in books of participants B and C some additional
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text was included to encourage the students’ more active reading through questions, or a more
active participation through further exercises. In the case of the book of participant A the
attention was more focused on the adequate comprehension of the text and the graphics were
aimed at fulfilling this purpose.
Another interesting issue is the multimedia proportion (4), for which two of the
participants’ textbooks (A and C) presented the same graphics-text ratio (50%-50%), while the
textbook of participant B presented more text than graphics indicating a text-oriented spread, or
at least, a balanced text-graphic spread.
In relation to part II (Graphics), it is worth noting that all the textbooks are in color, and
as for the type of graphics found (6), no photographs were included in any of the double spreads.
The textbook of participant A presented two flow charts, one representing circularly, a cell cycle
(A40-a) and one representing in a sequence, the stages of a cell cycle (A41-b), there is also a
stylized drawing (A41-c) and a naturalistic drawing (A41-d) representing the chromosomes in
some phases of mitosis.
In the textbook of participant B there are two small hybrid graphics (B176-a and B177-b)
combining pictographic representations and scale diagrams in a double spread that was more text
driven than graphic driven. The graphics of the textbook of participant C were one very simple
scale diagram (C34-a), two hybrid graphics representing cycles through naturalistic drawings
(C35-b and C35-c), and a hybrid graphic representing a circular process through naturalistic
drawings (C34-d).
All graphics were arranged in a high systematic (7) way, in which those graphics were
oriented to build a mental model of the system.
69

Part III (Integration) showed that all graphics presented proximal contiguity (8) because
they were on the same page of the corresponding text and close to it. In the indexical reference
(9), text is referenced to graphics, and captions (10), varied from identifying the graphics without
providing details to providing details and associating them with the main text. As for the
semantic relations (11), all graphics are representational because they directly show what is in
the text (see table in Appendix G, p. 101). Bellow I provide a summary of the interviews, GAP,
and ML principle analyses.

Participant A

Participant B

Participant C

35 years

2 years

50%

70%

100%

Extension

Coverage

Coverage

1.Teachers’ experience
15 years
2.Textbooks use by teachers

3.Teaching style

4.Assessment of textbooks
• Positive
• “A really good job”

• Positive

• Positive
• “I really like it a lot”

• Motivational
• “To like science”

• Dynamic
• “To capture their attention”

• Textbooks

• Textbooks
• PowerPoint presentations
• YouTube videos

5.Teaching science
• “A dynamic endeavor”
• “To access information”
6.Using static and dynamic media
• Textbooks
• YouTube videos
• Flash animations

7.Type of graphics used in textbooks (GAP)
•
•
•
•

Naturalistic drawing
Stylized drawing
Flow chart – cycle
Flow chart - sequence

• Hybrids: Picture glossary and scale
diagram
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• Scale diagram
• Hybrid: Naturalistic drawing and
flow chart - cycle

8.Type of text used in textbooks (GAP)
• Informational, passive voice
• Graphics = text

•
•
•
•

Informational, passive voice
Active reading
Active participation
Text>graphics

•
•
•
•

Informational, passive voice
Active reading
Active participation
Graphics = text

9.Text-graphic integration (GAP)
• Proximal
• Text references the graphics
• Caption identifies the graphic but
provides no detail
• Representational

• Proximal
• Text references the graphics
• Caption describes the graphic in
detail and associates to main text
• Representational

• Proximal
• Text references the graphics
• Caption identifies the graphic but
provides no detail
• Caption describes the graphic in
detail and associates to main text
• Organizational

10.Multimedia learning principles (Mayer)
•
•
•
•
•

Coherence
Signaling
Spatial contiguity
Temporal contiguity
Segmenting

•
•
•
•

Signaling
Spatial contiguity
Temporal contiguity
Pre-training modality

•
•
•
•

Signaling
Spatial contiguity
Temporal contiguity
Segmenting

Table 3. Summary of the interviews, GAP, and ML principles analyses.
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Chapter 5
Discussion

The extensive use of textbooks in high school science courses (Calderhead, 1981;
Chiapetta & Fillman, 2007; Clark & Peterson, 1986; Durkin, 1983; Menke & Davey, 1994;
Shannon, 1982; Weiss, Banilower, McMahon, & Smith, 2001; Woodward & Elliot, 1990;
Zahorik, 1991), particularly by inexperienced teachers (Woodward, 1993), and its positive
perception among them (Banilower, et al., 2012) was reaffirmed by the data supplied by the
participants.
One main reason for this positive perception in the case of science textbooks is the role of
pictorials as elements to exemplify content, motivate students to learn, and capture their interest
(Woodward, 1989, 1993), they help to include abstract concepts that sometimes do not have
tangible examples in reality (Devetak & Vogrinc, 2013), and above all, the effect of pictorials is
that they are important elements to improve the quality of textbooks.
As noted by Devetak and Vogrinc (2013), science is hard to learn, not easy to understand, and
not easy to use in new situations. Teaching science in high school is a difficult task and a main
goal is to teach complex subject content to young students within a context of science formality,
and its teaching may be very challenging. This issue is acknowledged by the three participants
interviewed, and because of the difficulties in teaching science, all of them use pictorials as a
resource for their teaching. We have to remember that textbook use is closely related to teaching
styles: coverage, extension and thinking, being coverage when the acquisition of content is
stressed, extension when the acquisition of content is stressed but activities that require
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application are also used, and thinking when the teacher engages students in activities requiring
critical and creative thinking (Zahorik, 1991).
Participant B says that “the subject of science is for them [the students] very difficult”,
and it is very clear that using pictures in her class “leads from [sic] motivation, first …[for us] to
get into the subject” and are helpful “because the kid creates a picture of the knowledge [the
teachers] are providing”. She is aware that the students “feel the subject of science is a little dull”
and places great importance on getting students “to like science” through motivation.
Participants A and C are also aware of this issue and try to get their classes to be dynamic, but
the ways of making their classes dynamic vary since their teaching model and styles are clearly
different. Participant C works within a more traditional model while participant A does not,
being the teaching style of participant C is coverage while the teaching style of participant A is
extension.
Participant A describes his science teaching as “a dynamic endeavor”, trying to get
“students thinking about science as dynamic rather than static”. Part of the dynamics of science
is how fast content changes these days, and in the interview, participant A worries about the
abundance of new discoveries that makes teaching science difficult and a textbook obsolete “as
soon as the textbook is written”. He uses textbooks instructionally for previewing content, for
familiarizing the students to new vocabulary and concepts, and as a follow-up of the class. To
him the most important instructional issue is how students access information, and as he says,
they can find information by asking “somebody who knew something”, or going to the library
“and finding a book”, or telling a kid to “have a smart phone” so that “he will find the answer
quickly”. He is especially interested in getting the students thinking and for this does not rely on
textbooks.
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In order to make their classes dynamic, both participants A and C use not only pictures as
static media, but also as dynamic media. Participant A may start a class with a pair of readings
with YouTube videos or flash animations, and participant C may use PowerPoint presentations
or YouTube videos. It is important to note that in both cases static and dynamic media are used
not as media excluding each other but as media that complement each other. Participant C uses
static and dynamic media extensively, and being that she is the youngest and less experienced
teacher, it “comes easier with PowerPoint at some moment to support the text”.
As it has been said, text and graphics are more effective for learning when they are
related (Levin & Mayer, 1993; Mayer, 2001) and all participants interviewed agree with this
assertion, participants B and C do not say it explicitly but they put a lot of their attention on how
text and graphics are related in order to be more effective in their classes, and participant A is
very specific about this relationship when he says “the graphic images that are useful are the
ones that demonstrate a connection to a process”.
Regarding graphics in science textbooks, GAP offers a very complete list of graphics that
can be found in them: (1) photographs, (2) naturalistic drawings, (3), stylized drawings, (4)
picture glossary, (5) scale diagram, (6) flow chart - cycle, (7) flow chart – sequence, (8)
cutaway/cross section, (9) maps, (19 tables, (11) graphs/histograms, and (12) hybrids.
In my graphic analysis using GAP (see table in the Appendix G, p. 101), the graphics I
found were: Naturalistic drawings, stylized drawings, scale diagram, flow chart – cycle, flow
chart – sequence, and hybrids; hybrids were picture glossary – scale diagram and naturalistic
drawing - flow chart – cycle. It is interesting to note that no photograph was found in any of the
double page spreads of the participants’ textbooks, and a possible reason for this absence is that
photographs are from their origin realistic, and because of this characteristic it is difficult to use
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them to represent abstract concepts or as in science is very common, microscopic scenes. In this
sense participant A talks about a trend in biology to use microscopic images, taken by an
electronic microscope, that helps seeing a cell or a bacteria “in a level of detail that you won’t be
able to observe” in a high school classroom.
Contrary to photographs, naturalistic drawings and stylized drawings seem more useful to
illustrate concepts in a science textbook since you can adapt the characteristics of the drawing to
the concept to be represented. Scale diagrams, flow charts – cycle, and flow charts – sequence
are helpful because they represent features like scale and process, and are not limited only to
represent a subject. Hybrid graphics are useful to illustrate more complex information that
requires different combined features that only one graphic cannot represent.
Regarding the text analyzed in the double spreads, some interesting elements I found
from my GAP analysis are that the texts of all participants are written in an informational/passive
voice following a transmission model, which is a writing style suitable for a science textbook.
The texts of participants B and C also include parts encouraging active reading and participation.
The writing style is very important to establish the character of the publication and therefore how
solid the information is.
A brief analysis of the text-image ratio identified in GAP as the multimedia proportion,
identifies that the textbooks of participants A and C have a balanced proportion between text and
graphics, while the textbook of participant B presents more text than graphics. Textbooks that are
graphics balanced or text dominant seem more adequate to science teaching according to
participant A, who says, criticizing, “pictures being an end to themselves, to me are a bit
superfluous”, and in some books there is an excessive use of pictures, particularly in grade 9 and
10 textbooks, and more in the applied pathway textbooks.
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I have found that the integration of text and graphics can be analyzed very thoroughly
through GAP. Because of the presence of graphics and text on the same page in all cases
(proximal), the relation between graphics and the general text (indexical reference) may be
different from the relation between graphics and their captions. As in the case of the indexical
reference, in all the textbooks of the participants, my analysis showed that the text was
referenced to the graphics so there was a direct connection between them. There was however,
some questioning by participant A, who said that many times “there’s not a clear connection
between photographs, for example, and the text that surrounds the photograph”. On the contrary,
participant B says that “the book leads us exactly to the image we must take into account”.
As for the relationship between graphics and captions, in the book of participant A, the
captions identified the target of the graphics but didn’t provide more details, while in the books
of participants B and C, the captions provided details of the graphics and associated them to the
text. However, in the analysis of his textbook through Mayer’s ML principles, participant A
comments favorably that while the “graphics do not include details”, the “reading text gives
context to the dynamics of the process”.
The semantic relations of text and graphics show that the textbooks of participants A and
B are representational because the graphics directly show what is in the text, while the textbook
of participant C is organizational because the graphics add coherence by directly putting the
information within a greater scheme or represent the information in the text and add new
information (connection).
Also from the relation between text and graphics, the analysis using Mayer’s ML
principles (see table on Appendix F, p. 100) showed that signaling, spatial contiguity, and
temporal contiguity were present in all textbooks analyzed while coherence was present in the
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book of participant A, segmenting in the books of participant A and C, and pre-training modality
in the book of participant C.
At this point, the presence of certain learning principles in the books seems arbitrary or
casual and establishing a relation of cause-effect goes beyond the reach of this study, however
there is a rationale to explain why the spatial and temporal contiguity principles, and the
signaling principles were found in all the books chosen by the participants.
Mayer’s definition of the multimedia learning principle indicates that people learn more
deeply from words and pictures than from words alone (Mayer, 2001). This definition stresses
the importance of both, words and pictures acting together at the same time. In this sense the
spatial or temporal contiguity of text and graphics reflect the need of both elements to act
together in space and time in order to facilitate deep learning.
Signaling may be a recurrent principle because it is an instructional element teachers use
frequently in the classroom, and in textbooks, it helps the teacher to point out to certain parts of
the book to be noticed. It seems there are two moments to this signaling, one is the moment of
the publisher, editor or designer, who decides what elements are to be used and where, to draw
the attention of the reader; the other moment is when the teacher calls the attention of the student
to certain parts of the book that may seem relevant.
This leads to one key characteristic of the use of textbooks that the teacher directs
students to what to look at in the textbook most of the time, and in this sense, he directs what
pictures to look at. Despite the fact that students may have initial readings in class or follow-up
readings at home without the teacher directing them, for the main topics in class the teacher
regularly directs what to look at and when.
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The pre-training modality principle is not present in all books analyzed but participant A
uses this principle intensively in his classes, because he thinks the primary functions of textbooks
are the preview of challenging material and familiarizing to new vocabulary or concepts.
To participant A, one key factor for the students’ use of textbooks is their literacy level.
He sees a threshold where without basic literacy skills the student won’t be able to benefit from
any multimedia resource used during the course. However he also acknowledges that students
going the college pathway will benefit more from textbooks that are “more picture driven”, while
students going the university pathway will be using “information rich” textbooks, more
dependent on text and less dependent on pictures. He situates the use of textbooks closer to the
college pathway because the students are less likely to be engaged in a reading process.
The existence of different kinds of textbooks for the same grade and subject at high
school level due to different pathways in the curricula to be chosen by the student, is a situation
not discussed when analyzing textbooks but is so important that it will determine if a textbook
will be picture-driven or information-driven, and if it will be aimed at a less-literate or a moreliterate student. A research study conducted under any different situations from the previous one
will lead to very different results depending on whether the textbook chosen is for a university or
college pathway and therefore text-driven or picture-driven.
We must also acknowledge that textbooks have been evolving from their origins to our
present days. This evolution of textbooks has been criticized as economically motivated by
publishers, and as seeking consensus that is problematic because the publishers have tried to
please all parties involved, but the end result is that the literature found and the research
participants agree on a positive assessment of the textbooks we examined. Textbooks have
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reached a high level of inclusion and quality in which pictures have been important elements for
this review.
As a result, the participants think about textbooks, their pictures, and more specifically
their static media in very favorable terms, and use them extensively as a consequence.
As for the research questions, while the answers may seem obvious beforehand, an
important goal of this study was to create a narrative of the use of static media by high school
science teachers that provided answers from them as research subjects, and whose main asset
was their cumulative teaching experience, therefore contributing valuable qualitative data that
previous quantitative research may have been unable to provide:
1. How do secondary teachers view and use science textbooks in their practice within
the classroom?
The teachers interviewed use textbooks variably according to their teaching experience
and teaching style, the less experienced teacher, in this case participant C tended to use
textbooks more than the more experienced participants. Participants B and C with a
coverage teaching style tended to use textbooks more than participant A with an
extension teaching style. All participants make a positive assessment of textbooks,
consider them important tools to conduct their classes because the content is connected to
the curriculum, and find instructional features that facilitate their teaching.
2. What are teachers’ perspectives on the role of static media in high school science
textbooks?
The roles found are to illustrate content that may be sometimes abstract or can’t be seen
under normal conditions in a classroom. Static media help to motivate students to learn
and to capture their interest. To be effective they must be related semantically, spatially,
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and temporally. There may be different textbooks for the same subject at the same level
according to which pathway the student chooses, the college pathway textbooks are more
image-rich while the university pathway books are more information-rich. Teachers use
textbooks and their graphics with a usefulness criterion.
3. From the perspective of teachers how do static media in high school science
textbooks improve the textbook quality?
One important characteristic of textbooks is that they have been evolving along the years
and at this point graphics are used thoroughly in relation to text to improve quality, while
minor errors can be found, publishers try to find and correct those errors therefore
textbooks are constantly improved upon. The interviewed teachers are very satisfied with
the quality of the graphics as resources for their teaching. One unforeseen situation in the
use of static media is that they are used in conjunction with dynamic media in the daily
teaching of science in order to make the class more dynamic. Rather than improving
graphics, participant A pointed out how textbooks have been integrating with the digital
media, connecting more to the Internet, and evolving to what is called an e-textbook.
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Chapter 6
Conclusion

The purpose of this study was to explore the role of static media in learning, and how this
media in textbooks are viewed and used by high school science teachers.
To fulfill this purpose I focused first on finding out how textbooks can be objects of
research and teachers may be participants in research, in order to know more about the nature of
textbooks and how they were viewed and used by high school teachers. To study static media, I
focused on the nature of pictures or graphics, their relation to text as static media, and their
graphic analysis through Mayer’s ML principles and GAP.
In my opinion the collection of data through in-depth interviews seemed appropriate
despite the difficulties in finding participants. The qualitative data gathered provided interesting
elements about the use of static media by secondary science teachers which in my opinion helped
to have a deeper understanding of the issue.
The graphic analysis seemed limited by using only Mayer’s ML principles but became
more complete after using GAP as a supplement. It is important to note that the ML principles
analysis was a participant’s task after the interview, and the GAP analysis was performed by the
researcher.
Some important points I reached as a conclusion are:
(1) The difficulties to teach science, as acknowledged in the literature and by the
participants, resulted in pictures becoming important instructional elements for teaching because
they exemplify content, motivate students to learn, and capture their interest (Woodward, 1989,
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1993). They also help unpack abstract concepts that sometimes do not have tangible examples in
reality (Devetak & Vogrinc, 2013), and as participant A points out, they can represent subject
topics that can not be viewed in the classroom under normal conditions as in the case of
microscopic images.
(2) As for the participants, one goal of their teaching was to make the class “dynamic”,
because the nature of the subject (science) was dynamic, as participant A points out, but also
because of the difficulties for its teaching it was necessary to keep the attention, interest, and
motivation of the students. Pictures have been important for this purpose and have been used
both as static and dynamic media.
(3) When talking about media, the underlying assumption is that texts and pictures have
to work together to be instructionally effective. There is also the realization that static and
dynamic media may be used together in order to be more effective. In this study, the interviews
of participant A and C clearly show how they use dynamic media like PowerPoint, YouTube
videos, and flash animations for their teaching (usually at the beginning of the class), as well as
textbooks readings including the supporting pictures provided in them both in class and at home.
We tend to see both media as separated but in this study we can realize that both media are used
by the participants in their daily teaching in the classroom as media supplementing each other,
rather than isolated elements.
(4) Analyzing pictures as static media using Mayer’s ML principles and GAP, I have
been able to go over from general abstract premises, to specific particularizations that provided a
greater insight into how static media is thought about and used by the participants. According to
GAP, the graphics found in the participants’ textbooks were of the type of naturalistic drawings,
stylized drawings, scale diagram, flow chart – cycle flow chart – sequence, and hybrids, all of
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them covering specific functions to illustrate the content of the text, and with different levels of
abstraction in relation to the difficulty of the text. No photograph was found in the analysis and
no graphic was unrelated to the text, and despite the fact that the number of textbooks analyzed
was limited, we can assume from all the data gathered (including the literature review), that
current textbooks are produced very carefully and graphics are generally placed in relation to
text. Unrelated graphics are the exception and not the rule.
(5) Talking about a text-graphics relationship, graphics can be related to the general text
or to their captions. The general text is written in all the books in an informational passive voice
style, which is consistent with what a formal science textbook may need in high school, but in
cases of participants B and C, the text also included some parts encouraging active reading and
active participation. All the general texts were referenced to the graphics. Captions identified the
graphics but in some cases provided more detail and specific references to the text, the semantic
relations between text and graphics in cases of participants A and B were representational, and as
for participant C, the graphic was organizational because it put content within a greater scheme.
(6) The multimedia proportion showed that the textbooks of participants A and C had a
balanced proportion of text and graphics (% text = % graphics) while the book of participant B
was more information-rich than graphics-rich (text > graphics). This is consistent with a more
serious approach to science teaching privileging information to graphics, or at least a balanced
approach. In the case of participant A, there is not enough information to assume what pathway
his textbook is for, but in a more extensive study, knowing this circumstance could be very
helpful to identify the characteristics of the book more easily.
(7) To facilitate a text-graphics relationship, the spatial contiguity of both elements is key
to their semantic integration, in all the cases, graphics were located on the same page of the text.
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The spatial contiguity of text and graphics were also identified through Mayer’s ML principles,
showing in the analysis that in all textbooks, spatial contiguity and temporal contiguity were
present. The contiguity factor shows that text and graphics not only have to be related
semantically but they have to be also spatially and temporally related.
Apart from providing a narrative for the use of static media in textbooks, the present
study was intended to provide also a context for their use. In this sense it is important to note
how embedded textbooks are in the current educational system and how some factors like
pathways or the publisher’s role directly influence the quality of the textbook or the number of
graphics included.
Finally, participant A summarizes very emotionally how important textbooks are for his
teaching: “If textbooks weren’t a perfect vehicle to learning, then I probably wouldn’t think of a
living doing what I’m doing”.
Limitations
The present research has been designed as qualitative and its main goal was to explore
particularly how static media is understood and used by high school teachers in their science
textbooks. As I didn’t find any previous studies on this issue with characteristics similar to my
research, my intention was to provide an initial view centered on specific experiences of the
participants that are limited in number but rich in descriptions. There is no interest on my part to
extend the conclusions of this study to any kind of generalization without further research using
the appropriate methods.
There were also some limitations regarding the time spent for the in-depth interviews of
the teachers and the static media analysis they had to perform afterwards. While 60 minutes
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seemed a reasonable time for an in-depth interview, the static media analysis added another 30
minutes to the session that became too exhausting for the participants.
Since the present study provides basic information about the issues under scrutiny, future
research may focus directly on more complete graphic analysis from participants.
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APPENDIX A
Interview Questionnaire
1. When did you start teaching?
2. Have you taught a high school science course grade 9 or 10 during the last five
years? How important is the Notion of Science (NOS) for you class.
3. Have you used textbooks for your teaching practice in science courses?
4. What textbooks have you used?
5. How effective do you feel those textbooks have been as supporting resources in your
teaching practice?
6. Did you use the pictures in any of the textbooks and how? What do you think the
pictures provided to the textbook?
7. What type of graphic representation/image has been most useful?
8. How text is related to those images? Is there any instructional relation between them?
9. How useful do you think they were to students?
10. Can you indicate a part of the textbook that you have found more useful and why?
11. How can the textbooks you have used be improved regarding the content, the use of
images, or the instructional structure?
12. Is there anything else you would like to tell that wasn’t asked?
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APPENDIX B

Recruitment Notice

“HOW STATIC MEDIA IS UNDERSTOOD AND USED
BY HIGH SCHOOL SCIENCE TEACHERS”

3 participants on a research about textbooks
in high school science courses are needed:

Must be teachers that have taught high school science courses in grade 9 or 10
during the last three years and has medium to extensive experience in the use of
textbooks in class.
Miguel Hirata is conducting this research under the supervision of Dr. Marie J. Myers in the Department
of Education at Queen’s University in Kingston, Ontario.
The purpose of this research is to explore the nature of static media (printed image and texts) for learning
purposes and determine how this media is viewed and used by high school science teachers. The research
is twofold; it consists of interviews with three high school teachers in Ontario who have experience in the
use of science textbooks as well as the analysis of their textbooks. There are no known physical,
psychological, economic or social risks associated with this study.
I am inviting you to participate in an interview of 60 minutes in which you will have the
possibility to share your experiences on the use of textbooks in your teaching practice.
If you are interested in receiving a letter of information, please contact me at
m.hirata@queensu.ca
This study has been granted clearance according to the recommended principles of the Canadian ethics
guidelines, and the policies of Queen's University.
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APPENDIX C
Letter of Information
“HOW STATIC MEDIA IS UNDERSTOOD AND USED
BY HIGH SCHOOL SCIENCE TEACHERS”

Miguel Hirata is conducting this research under the supervision of Dr. Marie J. Myers in the Department
of Education at Queen’s University in Kingston, Ontario.
What is this study about? The purpose of this research is to explore the nature of static media for
learning purposes and determine how this media is viewed and used by high school science teachers. The
research is twofold; it consists of interviews with three high school teachers in Ontario who have
experience in the use of science textbooks as well as the analysis of their textbooks. There are no known
physical, psychological, economic or social risks associated with this study.
Is my participation voluntary? Yes. Although it would be greatly appreciated if you would answer all
of the questions as frankly as possible, you should not feel obliged to answer any material that you find
objectionable or that makes you feel uncomfortable. You may also withdraw at any time from the
interview with no effect on your standing in school.
What will happen to my responses? Your responses are confidential; only the researcher will have
access to this information. The data may also be published in professional journals or presented at
scientific conferences, but any such presentations will use general findings and will never breach
individual confidentiality. You will be asked after the transcription of the interview to check thoroughly
the information related to your interview and confirm if you agree with it. If you are interested in the
findings of this study, you are entitled to a copy of the results.
Will I be compensated for my participation? No, there is no monetary compensation or any other kind
of compensation.
What if I have concerns? Any questions about participating in the study should be directed to Miguel
Hirata at 613 767 7378 or Dr. Marie J. Myers at 613 533 3032. Any ethical concerns about the study
should be directed to the Chair of the General Research Ethics Board at chair.GREB@queensu.ca or 613
533 6081.
This study has been granted clearance according to the recommended principles of the Canadian ethics
guidelines, and the policies of Queen's University.
Again, thank you. Your interest in participating in this research study is greatly appreciated.
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APPENDIX D
Participants Consent Form
“HOW STATIC MEDIA IS UNDERSTOOD AND USED
BY HIGH SCHOOL SCIENCE TEACHERS”

Name (please print clearly): ________________________________________

1. I have read the Letter of Information and any of my questions have been answered to my satisfaction.

2. I understand that I will be participating in the study called How Static Media is Understood and Used
by High School Science Teachers. I understand that this means that I will be interviewed in one
session lasting 60 minutes.

3. I understand that my participation in this study is voluntary and I may withdraw at any time.
I understand that every effort will be made to maintain the confidentiality of the data now and in the
future. Only the researcher and his supervisor will have access to this data. The data may also be
published in professional journals or presented at scientific conferences, but any such presentations
will use general findings and will never breach individual confidentiality. If I am interested in the
findings of this study, I am entitled to a copy of the results.

4. I am aware that if I have any questions, concerns, or complaints, I may contact the grad student
Miguel Hirata, m.hirata@queensu.ca; the project supervisor, Dr. Marie J. Myers at 613 533 3032,
myersmj@queensu.ca; the Head of the Department of Education at 613 533 6222; or the Chair of
the General Research Ethics Board (613 533 6081) at Queen’s University.
5.
I have read the above statements and freely consent to participate in this research.

Signature: _____________________________________ Date: _______________________
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APPENDIX E
GREB Ethics Consent Letter
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APPENDIX F
Multimedia Learning Principles Graphic Analysis

Multimedia Learning Principles
(Mayer, 2009):
Coherence
People learn better when extraneous
words, pictures, and sounds are
excluded rather than included.
Signaling
People learn better when cues that
highlight the organization of the
essential material are added.
Spatial Contiguity
People learn better when
corresponding words and pictures are
presented near rather than far from
each other on the page or screen.
Temporal Contiguity
People learn better when
corresponding words and pictures are
presented simultaneously rather than
successively.
Segmenting
People learn better when a multimedia
lesson is presented in user-paced
segments rather than as continuous
units.
Pre-training Modality
People learn better from a multimedia
lesson when they know the names and
characteristics of the main concepts.

Participant A

Participant B

Participant C

Yes

No

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

No

Yes

No

Multimedia learning principles identified by the participants on their textbooks graphic analyses (Mayer, 2001).
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APPENDIX G
GAP Analysis

Graphical Analysis

Participant “A”

Participant “B”

Participant “C”

Protocol (GAP)

(Main)

(Reference)

(Reference)

L

L

L

1

1, 3 and 4

1, 3 and 4

1

1

1

2

3

2

1

1

Part I: Text

1.Text Structure

2.Text Reader
Interaction

3.Format of the Page

4.Multimedia
Proportion

Part II: Graphics

5.Color

1
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A40-a = 6

C34-a = 5

6.Classification of

A41-b = 7

B176-a = 12-4-5

C35-b = 12-2-6

Graphic

A41-c = 3

B177-b = 12-4-5

C35-c = 12-2-6

A41-d = 2

7.Systematicity

C34-d = 12-2-6

3

3

3

5

5

Part III: Integration

8.Contiguity

5

9.Indexical Reference

2

2

2

10.Captions

3

2

2

11.Semantic Relations

2

2

3
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APPENDIX H
Participants’ ML Graphic Analysis

Participant A
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Participant B

104

Participant C
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