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ABSTRACT

Designing a Multimodal Pedagogical Model in Gifted
Education: Impacts on Representational Competence of
Teachers of Gifted

Muhammet Davut GUL

Department of Mathematics and Science Education

Doctor of Philosophy Thesis

Supervisor: Prof. Dr. Bayram COSTU

The current study is an educational design research on the design, implementation
and evaluation a differentiated pedagogy (called Multimodal Pedagogical Model)
which is aimed at improving representational competence skills of teachers of
gifted (ToG). It was aimed to describe design process of the model and

developmental process of ToG during and after the intervention.

Participants were chosen by convenience sampling. The six teachers voluntarily
accepted to participate. Two of them are male, four of them are female. Data were
collected through multimodal representations designed by the teachers, the
interpretations made by them to their representations, the discussions made on
designs and model during classrooms, and the interviews realized with
participants and experts. Data obtained from artefacts were analyzed according to
the analytical frameworks improved by the researcher. Interviews and discussions

were analyzed qualitatively through content analysis.

At the end of the micro cycle 1 and 2, findings showed that teachers gained

abilities of identifying, but they were not qualified at selecting/designing and
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evaluating multimodal representations. At the end of the micro cycle 3 and 4,
findings revealed that teachers were able to design different types of multimodal
representations, but also they were able to identify different types of intermodal
mechanisms, and for what purposes they designed. At the end of the micro cycle
5, results indicated that teachers were able to identify and analyze adequacy of
multimodal representations, they were also able to criticize to what extent the
representation reflects the intermodal relations pointed. Briefly, these parameters

showed that teachers can be called as representational competent.

At the end of the educational design research, the MpM and its design principles
revealed as a result of all these iterations in a solid structure/a desirable design.
Findings revealed that applying the MpM and its principles improve

representational competence skills of ToG.

Keywords: Gifted education, multimodality, teacher training, representational

competence, educational design research
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OZET

Ozel Yetenekliler Egitiminde Cokmodlu Pedagojik Model
Tasarlama: Ozel Yeteneklilerin Ogretmenlerinin Temsil
Yetkinlikleri Uzerine Etkileri

Muhammet Davut GUL

Matematik ve Fen Bilimleri Egitimi Boliimii

Doktora Tezi

Danisman: Prof. Dr. Bayram COSTU

Mevcut calisma, 6zel yeteneklilerin 6gretmenlerinin temsili yetkinlik becerilerini
gelistirmeyi amaclayan farklilastirilmis bir pedagojinin (Multimodal Pedagojik
Model olarak adlandirilan) tasarimi, uygulanmasi ve degerlendirilmesi iizerine bir
egitim tasarimi arastirmasidir. Bu calismada, modelin tasarim siireci ve miidahale
sirasinda ve sonrasinda 0zel yeteneklilerin 6gretmenlerinin becerilerinin gelisim

siireci detayl bir sekilde betimlenerek ortaya konmaya calisilmistir.

Katilimcilar uygun orneklem yoluyla secilmistir. Alt1 6gretmen goniillii olarak bu
arastirmaya katilmay1 kabul etmistir. Bunlardan ikisi erkek, digerleri kadindir.
Veriler, her dongiide 6gretmenler tarafindan tasarlanan temsiller, temsillerine
yaptiklar1 aciklama ve yorumlar, tasarim ve model {izerine yapilan tartismalar,
katiimcilar ve uzmanlarla gerceklestirilen goriismeler yoluyla toplanmustir.
Katilimcilar tarafindan tasarlanan c¢okmodlu metinlerden elde edilen veriler,
arastirmaci tarafindan gelistirilmis olan analitik ¢ercevelere gore analiz edilmistir.

Gortismeler ve tartismalar icerik analizi yoluyla nitel olarak analiz edilmistir.
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ilk yinelemenin sonunda, bulgular o6gretmenlerin tanimlama becerileri
kazandiklarini, ancak cokmodlu temsilleri tasarlama/se¢me ve degerlendirme
konusunda yeterli olmadiklarini gostermistir. Ikinci yinelemenin sonunda,
bulgular 6gretmenlerin yalnizca farkli tiirlerde ¢okmodlu temsiller tasarlama
becerilerine sahip olmadiklarini, ayni zamanda tasarladiklari intermodal
mekanizma tiirlerini ve hangi amaclarla tasarladiklarin1 da belirlediklerini ortaya
koymustur. Uciincii yinelemenin sonunda elde edilen sonuclar, 6gretmenlerin
sadece cokmodlu temsillerin yeterliligini tespit edip analiz etmekle kalmayip, ayni
zamanda temsilin isaret edilen intermodal iligkileri ne Olclide yansittigini
elestirdiklerini gostermistir. Ayrica ne tiir iliskiler ve metin tutarlili1 nitelikleri
kullanmalar1 gerektigi konusunda akranlarina tavsiyelerde bulunabildiklerini
ortaya koymustur. Kisaca bu parametreler 6gretmenlerin temsili yetkin olarak

adlandirilabilecegini gostermistir.

Egitim tasarimi arastirmasinin sonunda, tiim bu mikro dongiiler sonucunda MpM
ve tasarim ilkelerinin son hali ortaya konmustur. Bulgular, MpM ve ilkelerinin
uygulanmasinin  O6gretmenlerin temsili yetkinlik becerilerini gelistirdigini

gostermistir.

Anahtar Kelimeler: Ozel yetenekliler egitimi, cokmodluluk, 6gretmen egitimi,

temsili yetkinlik, egitim tasarim arastirmasi
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INTRODUCTION

1.1 Literature Review

1.1.1 Characteristics of Gifted

Gifted individuals differ from peers due to their high level cognitive improvement
(Renzulli, 1978). They have abilities of encoding complex information fast in a
comprehension process (Clark, 2008), recognizing and constructing causal and
correlational relationships between concepts (Say1 & Demir, 2016), experiencing
deep learning -self motivated to learn- and acting independently (Say1 &
Yurtseven, 2021). They are committed to a task in high motivation by paying
attention and internal control (Renzulli, 2003). They have exceptional memory,
rich and extraordinary imagination, and extensive vocabulary (Miedijensky,
2018). Gifted students have a high curiosity and enjoy a high level and challenging
learning process (Syafril, Yaumas, Ishak, Yusof, Jaafar, Yunus, & Sugiharta, 2020).
They are active and creative in problem solving and able to transfer their learnings
into new situations (Altintas & Ozdemir, 2012; Betts & Neihart, 2017; Vogelaar &
Resing, 2018).

VanTassel-Baska (2011) claims that there are three basic characteristics of gifted
learners. These are: (1) precocity, (2) intensity-refers to being able to focus on or
concentrate on longlasting duties that fascinates them, (3) complexity-refers to
being able to engage in higher order thinking, handle with complex ideas, and

enjoy challenging activities.

Apart from these, their characteristics can be coded as followings: prominent in
various fields of any subject, high self-perception and attitude, high self-concept,
high self-esteem, and advanced moral judgment and sensitivity (Davis, Rimm, &
Siegle, 2014; Demir, 2021; Renzulli, Siegle, Reis, Gavin, & Sytsma-Reed, 2009;
Renzulli et al., 2013; Sak, 2010; Tortop, 2018).
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Unlike his colleagues, Francoys Gagne (2004, 2010) differentiates giftedness and
talent in identifying gifted individuals. Giftedness (G), on the one hand, refers to
having untrained outstanding natural abilities in at least one ability domain such
as in mental realms (intellectual, creative, social, and perceptual skills) and the
physical realms (muscular and motor skills). On the other hand, talent (T) refers
to transforming the natural abilities into the systematically developed
competencies in any particular field of human activity. He states that giftedness is
evolved to talent through developmental process (D) (like a structured program
which leads to improvement in any skills of giftedness) facilitated by the action of
two types of catalysts intrapersonal (I) (such as self-awareness, motivation, and
volition) and environmental (E) (such as social and cultural factors, parent, peers,

and talent development programs) (Gagne, 2015).

The present study adopts Gagne’s perspective on defining giftedness and talent in
designing a talent development model which called as a Multimodal Pedagogical

Model (MpM).
1.1.2 Gifted Students’ Learning Needs

Gifted children are sitting in their classrooms without their abilities being noticed
and their needs met. Most of them get bored easily, and they are waiting for non-
gifted peers to learn concepts that they learned one year earlier because of their
precocity (Davis et al., 2014). They find the classroom environment intolerable so
they do not want to attend classroom activities. They enjoy and look for
challenging teaching materials and process, and problem solving during the
teaching process (Phillips & Lindsay 2006; Sayi & Yurtseven, 2021; Subotnik,
Olszewski-Kubilius, & Worrell 2011; Taber, 2007). Over repetition of basic ideas,
over generalized explanations, inadequate details, and lack of challenges result in
boredom which leads to decrease in motivation (Taber, 2014). Gagne (2010) also
indicates that a learning environment which lacks of proper challenging activities
and content bring about ennui in gifted students. Furthermore, he states that their
intrinsic motivation for learning is decreased when they are exposed to an

unchallenging instructional process.



The other problem faced by gifted students in school is teacher ineffectiveness
while meeting the instructional needs of them (Mammodow, 2019). Students’
views in his study indicated that their teachers lack pedagogical knowledge about
appropriate instructional accommodations that propose a learner sufficient

challenge.

Briefly, the problems encountered by students can be classified into three
categories: boredom, lack of challenge, and teacher ineffectiveness. The last one
brings about ill designed learning activities, and then since these activities do not
provide sufficient challenge, they cause boredom, disengagement and decrease in
motivation. All problems trigger each other. Thus, many scholars have a
consensus that there are strong needs about designing differentiated pedagogy,
differentiated teaching and learning activities with opportunities for advanced
levels, activities and materials which propose challenges and engage students
attention, curiosity, and creativity (Hobden, Hobden, Douglas, & Hardman, 2012;
Housond, 2016; Mammadov, 2019; Stott & Hobden, 2016; Tabber, 2014; Ulger
& Irving, 2019; VanTassel-Baska, 2011).

At this point, firstly, researchers provided some curriculum models in a broad
framework, such as School-Wide Enrichment Model (Reis & Renzulli, 2009),
Autonomous Learner Model (Betts & Kercher, 2009), Purdue Three-Stage
Enrichment Model (Moon Kolloff, Robinson, Dixon, & Feldhusen, 2009),
Integrated Curriculum Model (VanTassel-Baska, 2009), and The Grid: A Model to
Construct Differentiated Curriculum for the Gifted (Kaplan, 1986, 2009).

Secondly, similar to the curriculum recommendations above, but with a narrower
scope, some researchers proposed talent development models, such as Renzulli’s
Enrichment Triad model (Renzulli, 1977), Tannenbaum’s Star model
(Tannenbaum, 1983), Piirto’s Pyramid model (Piirto, 2000), Gagne’s
Differentiated Model of Giftedness and Talent (DMGT) (1985, 2004, 2010), and
Subotnik and Jarvin’s SP/A model (Subotnik & Jarvin, 2005).

All these models indicate that two main elements should be emphasized in order

to meet the needs of the gifted students while differentiating their teaching and
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learning process. The former is about differentiating by acceleration which refers
to moving faster through academic content via compacting curriculum. The
process results in advanced placement by getting credit from higher grade classes.
The latter is about differentiating by enrichment which refers to providing
students with greater depth and breadth in specific subjects via more diverse

educational experiences (Davis et al., 2014).

Enrichment is a strategy that in instructional process is realized through adapting
the component of content, process/product, and learning environment regarding
the readiness, interest and learning profile of students (Tomlinson, 2005;
VanTassel-Baska & Stambaugh, 2006). Enrichment can be diversified in four
distinct ways (Gagne, 2007). The former is enrichment density that refers to
compacting the curriculum content, simlar to Renzulli’s model (Renzulli, 1979)
and Rogers’s curriculum condensation (Rogers, 2001). The latter is enrichment
in difficulty which means presenting more challenging and complex questions and
activities in the content of compact curriculum. The third is enrichment in depth
which enable students to learn detail of given topic, like Renzulli’s Type III
research projects (Renzulli, 1979). The last one is enrichment in diversity that

pertains to the introduction of short topics not found in regular curriculum.

Enrichment in content stratum should be designed to appeal to interests of gifted;
should include advanced and deep content (theories and generalizations) beyond
the prescribed curriculum; should be exposed students to a variety of fields and
topics of study in depth; should provide students with engaging in conceptual
exploration; should direct students to think on more complex ideas (Reis &

Renzulli, 2003, 2009; Taber, 2007, 2014; VanTassel-Baska & Wood, 2010).

Process/product stratum emphasizes on integrating teaching methods and
embedded activities in order to improve gifted students’ higher order thinking
skills such as creative thinking and problem solving (Reis & Renzulli, 2009). In
this step, students should be encouraged to criticize their thinking and learning.
Teachers should also present intellectually challenged activities with

differentiated teaching methods which center students’ learning experiences



around major complex issues (VanTassel-Baska & Stambaugh, 2006; VanTassel-
Baska & Wood, 2010). In this process, students should experience an appropriate
level of challenge by being permitted to work at their own rapid pace (Tomlinson
& Jarvis, 2009). Such a challenge like an inquiry approach should direct students
to be in charge of their learning, to independent and self-directed learning with
proper scaffolding provided by the teacher (Taber, 2007). In this way, students
can play the role of active investigators who use the skills of analyzing,
synthesizing, and evaluation, and also explore new ways of thinking. As stated by
Taber (2014), enrichment in teaching methods and processes enable students to
encounter stimulating problems which lead them to be involved in in-depth

discussions.

The last issue is about the learning environment. It should be arranged in a way
that students feel safe and supported while learning (Tomlinson & Jarvis, 2009).
Properties of learning environments can be stated as follows: be flexible and open
to new ideas; encourage investigations, questioning and discussion; prompt
Bloom’s high level cognitive skills (analyze, synthesise, and evaluate); encourage
student independence (Van-Tassel-Baska & Hubbard, 2016). The learning
environment should be goal oriented and make gifted students self-regulated (de

Corte, 2013).

Depending on the nature of a lesson, enrichment can be realized in a broad range
-from concrete to abstract, simpler to more complex, less independece to greater
independence, more structured to more open, and slower pace to faster pace-
(Tomlinson, 2001). Teachers should have capabilities of adjusting these different

dimensions with respect to students’ need and readiness.

In the context of this study, within the terms of Gagne’s DGMT, the researcher
proposes a pedagogical model as an environmental catalyst in order to improve a

specific talent called representational competence.

Based on the perspective adopted, participants experience a developmental
process (D) in which they attend systematically planned a sequence of teaching

and learning sequences as environmental catalysts in order to gain competence or
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expertise. While the researcher conduct this process, he identifies target
population, then determines specific learning goals, and content and activities of
the developmental intervention (Moon & Rosselli, 2000). The researcher starts
process providing participants with access to a systematic program which includes
proper teaching and learning activities in a specific learning format. Then, he
pursues development progress of participants’ competence by analyzing their

learning products with analytical tools during the developmental process.
1.1.3 Characteristics and Needs of Teachers of Gifted

The key to the success of any instructional program is about the teacher, so
effectiveness of a teacher in gifted education has become a pertinent consideration
for scholars (Miedijensky, 2018). In gifted education, teachers are expected to be
aware of emotional and cognitive needs of the gifted student (VanTassel-Baska &
Stambaugh, 2006). Teachers in gifted programs are demanded to be epistemically
more advanced than teachers in general education programs (Coleman, 2014a).
Renzulli (2011) and Miedijensky (2018) stated that ToG should have an ability to
employ differentiated teaching methods that improve higher order thinking skills
of gifteds. Those teachers who should have a high level proficiency in the subject
they taught, and they are qualified to enrich the subject and teaching process.
They should have skills of organizing teaching activities according to their
students’ learning styles, and then providing appropriate methods to meet the
needs of them (Altun & Serin, 2019). Some researchers also indicated that ToG
are demanded to be skilled in teaching higher order level thinking, providing
students to gain autonomy in their learning process, and designing challenging
teaching materials that encourages these skills (Chan, 2011; Davis et al., 2014;
Yuen & Westwood, 2004). They should be inclined to encourage students to make

independent research.

Studies showed that teachers have awareness about preparing a teaching and
learning environment which demands students to use higher order cognitive skills
including analysis, synthesis, and evaluation (Taber, 2007, 2014). However, they

have no qualifications about realizing these requirements (Reis, 2009), and a few



of them had advanced certification about these issues (Chan, 2011). They have
not been enabling challenging teaching process and materials to the gifted
students, since they are stuck to teacher-centered, textbook based, and
examination oriented teaching (Yuen, 2004). Thus, a differentiated pedagogy is
required to design in order for teachers to gain these above mentioned skills. These
needs are also emphasized by different researchers. For example, Coleman (2014
a, b), Hong, Green and Hartzell (2011), and Dilekli (2017) indicated that special
learning environments including enrichment and differentiation should be
prepared. This type of environment should enable them to comprehend both the
theoretical and practical aspects of being a teacher of gifted. Moreover, VanTassel-
Baska and Hubbard (2016) stated that ToG should be instructed regarding
content, content pedagogy, and teaching strategies in order to provide instruction
which challenges students, and improves creative, artistic, and scientific thinking

skills of them.

Yet, few efforts were found in literature regarding these concerns (Chan, 2011).
Hence, there is a requirement for ToG to attend a different pedagogical approach
which aims to improve their skills mentioned above. In this way, teacher
effectiveness would be realized, and then the problem of boredom and lack of
challenge would be overcome. Teacher educators should embed proper
pedagogical approach into in-service or pre-service programs. These approaches

should provide teachers to experience different teaching approaches.

In this context, the researcher aims to design a pedagogical model for ToGs
considering the elements of enrichment in order to improve their representational
competence skills. Before designing the model, needs analysis was realized
through literature reviews, interviews, and examining participants’ teaching
materials. After problems and needs were defined, the researcher looked for
possible solutions, and then determined theoretical and practical principles of the
model, its learning and teaching process, and its activity types. The investigations
revealed that multimodality and multimodal approach to teaching and learning
offer lots of opportunities to enable a differentiated pedagogy for gifted education.
These are explained in the following titles.
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1.1.4 A Differentiation Approach: Multimodality

The study proposes multimodality as a differentiation approach for gifted
education because of the following reasons. The ways of how knowledge is
constructed by orchestration of different and complementary modes (image,
written and spoken text, gesture and etc.), represented and disseminated have
become inseparable parts of meaning making, learning and teaching in the last
decades. It is due to the claim that new educational technologies changed
dispositions towards access to information, knowledge construction, and their
representations (Mayer & Moreno, 2003). These tools provided greater facilities
for designing, disseminating and accessing to different forms of texts which
include more detailed definitions and representations of knowledge (Kress &
Selander, 2012; Tang, 2016). Advanced educational technologies enabled various
mediums in which different modes can be integrated in order to design
representations in specific ways. Approach to knowledge construction and their
representations changed from paper-based pedagogical texts towards a greater
use of multimodal representations via the digital media (Bezemer & Kress, 2008).
Texts are now presented and constructed multimodally, expanding from linguistic
texts to include different images and image types, such as diagrams, infographics,
simulations and etc (Kress, Jewitt, Ogborn, & Tsatsarelis, 2001; Qiuping, 2019).
These texts are coherent and meaningful combinations of modes, hence they are
called as multimodal representations (Airey & Linder, 2009). Representations, in
here, refer to tools that used for organizing complex information, and help readers
to comprehend complex subjects by presenting knowledge in a meaningful

coordination between modes (Tang, Won, & Treagust, 2019).

In this respect, multimodality examines how meaning is constructed and
represented by combining various modes in multimodal representations. It guides
us to comprehend how teachers and students make meanings through
orchestration of various modes within and across representations during teaching
and learning process (Airey & Linder, 2009; Kress et al., 2001). It investigates and
answers the main premise of multimodality is that the ways in which the concepts
in teaching materials represented by designers (teachers) determine, shape and
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impact what is to be learned, how it is to be learned, and the teaching process

(Jewitt, 2008).

Apart from the basic opportunities offered by multimodality to the instructional
process, multimodal studies guide us in designing challenging teaching materials
from simple (that is, texts that appeal to low-level cognitive processes) to
advanced (appeal to high-level cognitive processes) by bringing together different
modes for gifted students who are bored and do not care when information is
presented in a uniform way. Moreover, these studies provide guidance on how to
design pedagogical texts for different instructional purposes (paying attention,
providing participation, increasing motivation, preparing a discussion
environment, putting students in an inquiry process, enabling interactivity,
promoting higher order thinking levels of designing, analysing, and evaluating) in
the classroom. These studies also enlighten us how to construct and present
knowledge creatively and constructively in various ways. Since multimodal texts
that convey information appear with animation, simulation, diagram, infographic,
virtual laboratories and similar tools, multimodality sheds light on how the modes
in these teaching tools should be integrated for serving different instructional

purposes.

The above-mentioned claims have been drawn from many studies on
multimodality (Forey & Polias, 2017; Gebre & Polman, 2016; He & Forey, 2018;
Jaipal, 2010; Kress et al., 2001; Lemke, 1998; Qiuping, 2019; Tang, 2016; Tang,
Delgado, & Moje, 2014; Tytler, Prain, Hubber, & Waldrip, 2013; Xu, Ferguson, &
Tytler, 2020; Yeo, Lim, Tan, & Ong, 2021). These studies can be classified into
following categories: analysis of teaching materials (mentioned in analytical
framework part), impacts on learning-meaning making-understanding,
knowledge construction, realization of classroom discourse and communication,
and representational competence. In the following sections, these issues will be

addressed.



1.1.4.1 Learning-meaning making-understanding

In this study, learning, meaning making and understanding are considered as
parallel terms in terms of meaning because learning a new concept refers to

understanding what the concept means (Novak, 2010).

In this context, many researchers investigated the impacts of multimodal
representations on learning (Aagaard & Lund, 2013; Airey & Linder, 2009;
Andersen & Munksby, 2018; Atilla, Gunel, & Biiylikkasap, 2010; Buccholz & Pyles,
2018; Gunel, Kingir, & Aydemir, 2016; Hoban & Nielsen, 2010; Hubber & Tytler,
2017; Jewitt, 2008; Kay, 2011; Keles, 2016; Leijon & Lindstrand, 2012;
McDermott & Hand, 2015; Sivle & Uppstad, 2018; Unsworth, 2006; Xu, et al.,
2020; Yeo, et al, 2021). Findings of these studies revealed that there is a consensus
between researchers. That is, multimodal representations had positive impacts on
learning concepts. For instance, Atilla et al. (2010) indicated that applying
multimodal writing to learn activities, which encourage students to use more than

one mode develop a deeper understanding of scientific concepts.

Kay (2011) stated that using multimodal web based learning tools which include
computer based simulations have positive impacts on students’ ability to learn key
concepts in science classrooms. McDermott & Hand (2015) reported that using
multimodal writing tasks encourages students to integrate different modes, and
this effective integration made by students improved their conceptual
understanding. Gunel et al. (2016) found that scaffolding students’ awareness and
understanding about multimodal representations by giving homework such as
writing tasks, and realizing classroom discussions about the form and function of
the modal representations affected the learning process and the perceptions of
students. Keles (2016) also stated that students understand scientific information
deeply, since multimodal representations involve a more detailed level of

explanations and descriptions with visuals modes in the text.

In another study, Andersen and Munksby (2018) stated that organizing activities
among the students about affordances of different modes, making practical

experiments by using representations to show data, and designing digital

10



multimodal representations strengthened concept learning. Buccholz and Pyles
(2018) found that multimodal representations enabled students to make meaning
in multiple ways. Xu et al. (2020) indicated that learning the lever principle is
provided effectively when students are engaged with orchestration between a
variety of representational modes. The processes of translation and transduction
across/between modes and their integration enabled students to interpret and
predict patterns of balance. Moreover, Yeo et al. (2021) pointed out that using
activities of multimodal representations like image to writing approach improved
conceptual understanding of the students on the subject of temperature and heat.
At the end of their study, they hypothesized that semantic and semiotic work done

together advances conceptual understanding.
1.1.4.2 Knowledge Construction

Recent studies on multimodality also revealed that the approach had positive
impacts on the process of knowledge construction (Hubber, Tytler, & Haslam,
2010; Jewitt, 2008; McDermott & Hand, 2013; Oz & Memis, 2018; Prain & Tytler,
2012; Sivle & Uppstad, 2018; Taber & Akpan, 2017; Tang, Tan, & Yeo, 2011;
Waldrip, Prain, & Carolan, 2010)

Jewitt (2008) found that different modes of representation encourage students to
construct knowledge in different ways. The epistemological shaping of knowledge
is ultimately impacted by choice of mode. In another study, Tang et al (2011)
analyzed how students construct knowledge when they are exposed to multimodal
elements that constitute the concept of work-energy. They examined in detail
three parts of discussions among a group of students. They concluded that
students constructed knowledge through the orchestration of four distinct modes:
language, diagrams, mathematical symbolism, and gestures, since each mode has
different affordances. McDermott and Hand (2013) advocated that exposing to
and engaging in multiple modes encourage students to be more creative and

constructive in the process of developing and creating scientific ideas.

In the study of Wilson and Bradbury (2016), they pointed out that multimodal

representations provide opportunities to readers to construct knowledge in a way

11



of analysis and evaluation of various sources and then finally synthesise their
understandings. Taber and Akpan (2017) stated that orchestration of modes to
transfer multiple meanings encourages readers to reject a single interpretation of
the concept in knowledge construction. Oz and Memis (2018) stated that using
multiple modes provided students to describe and construct the same concepts in
different demonstrations representationally, figuratively, experimentally, and
mathematically. Sivle and Uppstad (2018) indicated that, since each mode has
different affordances in expressing meaning, synergistic impact of modes’
integration in knowledge construction lead to a complex whole that can represent

more aspects of a phenomenon than each mode can reveal.
1.1.4.3 Discourse

In parallel with knowledge construction, lots of studies have conducted on
examining discourse in the classroom (Acher & Arca 2009; Airey, & Linder, 2012;
Fernandez-Fontecha, O’Halloran, Tan, & Wignell, 2019; Fredlund, Oliveira,
Rivera, Glass, Mastroianni, Wizner, & Amodeo, 2014; Marquez, Izquierdo, &

Espinet 2006; Pozzer-Ardenghi & Roth, 2007; Tang, 2016)

Marquez et al (2006) analyzed how classroom discourse is realized in teaching of
the water cycle. They claimed that representations are critical components of the
description of a teacher’s discourse. They also stated that four modes —speech,
visual, gesture, and written text- work in co-operative ways to construct
meaningful discourse. During teaching water cycle, while speech presents the
temporal and sequential characteristics of phenomenon, visuals contribute to the
establishment of functional mechanisms and spatial characteristics through
diagrams and arrows. In the same way, while gesture revives the system by
pointing, speech helps identifying and describing. They said that organizing all
modes in a coherent way performed by the teacher enables fluency in classroom
discourse. Oliveira et al (2014) investigated how teachers perform reading alouds
in science. They simply pointed out that read aloud does not only include text
delivery. In order for conveying meaning in text, teachers use different types of

gestures and visual representations while realizing discourse. The discourse can
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be classified in two categories: multimodal description and multimodal
explanation. The former refers to deploy descriptive symbolism with indexical
gesturing (spatial aspect of multimodal representations-like locating the position
of objects). The latter refers to use explanatory symbolism and iconic gesturing
(imagery for the unimaginable-like making shapes with hands and fingers to

visualize light captured by human retina).

In another study, Tang (2016) examined a series of nanoscience lessons on the
particular nature of state of matter; he concluded that classroom discourse is
realized through the co-deployment of verbal, visual, and gestural mode. Fontecha
et al (2019) indicated that by means of multimodal representations like
sketchnotes transform abstract meanings in the scientific article into concrete
forms and unpack condensed ones. In this way, the complicated form of

specialized discourse reduces.
1.1.4.4 Representational Competence (RC) Skills

RC skills are about (1) selecting the best suited representations for teaching a
concept, (2) being able to criticizing, comparing, and justifying the adequacy of
representations for various task, (3) the ability to transform one representation to
another flexibly, (4) being able to design new representations by constructing
intermodal relations between modes, (5) the ability to identify and analyze
features of representations, (6) being able to understand form and functions of
different representations and the conventions and traditions presented in multiple
modes, (7) the ability to use multiple modes to conceptualise and communicate
about concepts, (8) being able to overcome problems designing and using
representations, and using representations to advocate claims, make inferences,
and make predictions (diSessa, 2004; Gilbert, 2008; Halverson & Friedrichsen
2013; Kozma & Russell, 2005; Nitz, et al., 2014; Stieff, 2011). These skills are
necessary for teachers of gifted students to select, design and evaluate challenging

teaching materials.

There have been many studies in the literature about RC and how students or

teachers can improve RC through multimodality (Botzer & Reiner, 2007;
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Chandrasegaran, Treagust, & Mocerino, 2008; Danish & Phelps, 2011; diSessa,
2004; Kohl & Finkelstein, 2006; Kozma & Russell, 2005; Linebarger & Meier,
2016; Mishra, Clase, Bucklin, & Daniel, 2018; Nitz, Ainsworth, Nerdel, & Prechtl,
2014; Patwardhan & Murphy, 2017; Stieff, 2011; Stieff, & Desutter, 2021;
Waldrip, Prain, & Hand, 2010; Wilson & Bradbury, 2021). For instance in the
study of Kohl and Finkelstein (2006) found that focusing on using diverse
multimodal representations in physics teaching improves RC of students. Botzer
and Reiner (2007) indicated that encouraging learner generated representations
about magnetic fields resulted in growth in RC. The study of Danish and Phelps
(2011) revealed that exposing students to a set of inquiry and representational
activities during two one-hour-long sessions per week, for a total of 19 sessions,
led students to develop new representational practices including an understanding
of the content, how to represent it, and how to assess representations of it. In
parallel with Danish and Phelps, the study of Stieff (2011) showed that using
multimodal representations like simulations and animations in the subject of
matter, supported the development of RC. Patwardhan and Murphy (2017) stated
that using method of Reciprocative Dynamic Linking which enables students to
apply switch over among types of multiple representations (verbal-textual,
symbolic-mathematical, visual-graphical, and actional-operational) led to
improvement in RC in the subject of Signals and Systems from Electrical

Engineering program.

On the contrary, Nitz et al (2014) stated that although teaching photosynthesis
including potentially rich opportunities for participants to integrate
representational aspects improved content knowledge, a slight development (5%)
in RC was realized. In the same way, Chandrasegaran, Treagust, and Mocerino
(2008) indicated that although explicit instruction was made on the use of
macroscopic, submicroscopic, and symbolic representations, Grade 9 students had
experienced challenges in designing appropriate representations and converting
representations between each of them. In parallel with previous research, Waldrip
et al. (2010) reported that during multimodal units of force and matter, students

faced challenges about how best to represent concepts. Stieff and Desutter (2021)
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clearly showed in their study that, applying drawing activities by emphasizing on
novel representations and their use of representations (novel or provided in the
curriculum), the students did not demonstrate improvement on the selected

representational competence measures.

Apart from the titles mentioned above, studies on multimodality revealed that, it
improved students’ engagement with materials presented, science concepts and
ideas (Fernandez-Fontecha et al., 2019; Kay, 2011), provided students meta-
reflect on their representations (Andersen & Munksby, 2018), developed the
readers’ interest and attention (Keles, 2016), enabled a more active student
participation (Kim, 2017), enhanced their ability to solve problems and high-level
cognitive activities (Cromley, Snyder- Hogan, & Luciw-Dubas, 2010; Donnelly,

2010).
1.1.4.5 Problem Statement Regarding Multimodality

The problems encountered when embedding multimodality into the instructional

process are presented in the following titles.
e Teaching Method

The current digital world is enabling teachers to design new representations in
new ways; however, teachers have problems in comprehending how students
learn in the digital world and how they teach them in the multimodally rich
environment (Andersen & Munksby, 2018). Teaching in a traditional perspective
is not effective to embed multimodal representations into classroom settings
(Reiser, 2013). Gilbert and Justi (2016) found that even if teachers have
opportunities to engage students in representational design, they insist on using
traditional ways of teaching. Moreover, Tomlinson (2013) indicated that although
teachers are aware of the need for multimodality in classrooms, they tend to

sticking what they know.

Researchers (e.g. Kalantzis & Cope, 2020) indicate that one of the deepest
problems encountered in the digital environment is that teachers have difficulty

in adopting new teaching approaches to the new settings by using its opportunities
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such as a semiotically rich environment (Lim, 2020). The other point is that
teachers do not adequately address how the various modalities students encounter
are related to the semantic bonds between related concepts, and they do not know

how to deal with this (Yeo et al., 2021).
e Poorly designed texts

Failure to implement multimodality causes significant problems in the classroom
environment like designing noncoherent texts which means there are no or few
referential connections between the components of text leads to
misunderstandings and misconceptions in teaching process (Catley, Novick, &
Shade, 2010; Ge, Unsworth, & Wang, 2017). These types of texts result in
misleading meaning that correctly prevents understanding (Eilam, 2013; Tang &
Moje, 2010). For instance, Ainsworth (2006) indicated that if the image cannot
associate with the written text regarding meaning, readers would experience to
form coherent meaning. Freitas and Castanheira (2008) found that contradictions
between the modes of teachers’ speech and visual image in the textbook bring
about misconceptions in biology classrooms. Ge, Unsworth, Wan, and Chang
(2018) claimed that designing poor intermodal relations between image and text
leads to noncoherent mental representations, since meaning making or knowledge

construction is realized through structuring mapping between representations.
e Designing multimodal representations

Although there have been lots of studies on exposing individuals to design
multimodal representations, many scholars found that participants had
experienced difficulties in using and combining modes (Danielsson, 2013;
Daniellsson & Selander, 2016; Kuo, Won, Zadnik, Siddiqui, & Treagust, 2017;
Rappoport & Ashkenazi, 2008; Stieff, 2011; Tang & Moje, 2010; Tang et al.,
2014). Prain and Waldrip (2006) examined Grades 4 to 6 students’ use of
representations and found that many students needed more scaffolding in
designing different representations. The study of Stieff (2011) showed that from
middle school through university in physical science courses, students

encountered the challenges while establishing coordination between their
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conceptual understandings and external representations of those phenomena. In
the topic of optics, Kuo et al. (2017) indicated even if students are taught about
explicit knowledge about multimodal representations, many students did not

answer the questions by using representations regarding ray diagrams.

Research also pointed out that teachers’ choice of modes is often implicit and
unintentional. Studies indicated that teachers were not aware of the appropriate
orchestration of multimodal representations (Keles, 2016; Tang, 2016; Tippett,
2011; Tytler, 2007; Unsworth, 2006). Moreover, research has shown that teachers
have difficulties in combining visual and verbal modes in a meaningful way
(McDermott & Hand, 2010; Waldrip & Prain, 2012). Zangori, Forbes, and Biggers
(2013) stated that constructing multimodal scientific explanations is challenging
for teachers. While teachers have a conscious knowledge about properties of
written language modes, they have no conscious knowledge about affordances of

other modes, and how these integrate (Myhill, Lines, & Watson, 2012).
¢ Digital tools

The digital environment has rapidly changed our perspective in designing
representations, the screen has taken over the role of textbook, and visuals and
other modes other than written text have been started to use predominantly while
constructing knowledge through representations (Bezemer & Kress, 2008; Kress
& Selander, 2012; Lim, 2018). The facilities of new digital media have emerged
some questions like how should teachers or students combine modes on screen to
convey knowledge about the concepts taught or learned (Jewitt, 2008), since
orchestration of modes and media of dissemination have critical impacts on
meaning making and learning (Kress, 2003). These new text types—called as
multimodal representations- and new environments demand teachers and
students to be aware of, identify, select, design, and evaluate multimodal
representations in order to understand representational and communicative
potential of different modes and how they interact in digital media. These
concerns also impact directly how teaching and learning resources should be

designed and distributed (Chan & Unsworth, 2011; Daniellsson & Selander, 2016;
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Selander, 2007). Hence, Lim (2011) indicated that new skills should be improved
in this increasingly interactive digital media enabled multimodally rich

environment.
e Instruction - analytical framework

The problem is how to guide students and teachers to design coherent-
orchestrated-embedded multimodal representations and how to evaluate these
types of representations whether they are integrated. The former should be dealt
with designing a pedagogical model (Ainsworth, 2008). The latter should be
handled with improving an analytical framework. Studies showed that more
research is required to design a comprehensive analytical framework that could
be applicable in a variety of educational context in order to reach an agreed-upon
measure of RC (de Vries & Lowe, 2010; Prain & Hand, 2016; Prain & Tytler, 2012;
Tippett, 2016).

Apart from the titles mentioned above, two problems have also been investigated
in literature. The former, in order to improve RC of teachers or students, and
applying multimodal representations in teaching and learning process, meta-
textual discussions are required. However, studies show that these types of
discussions are scarce in classroom settings (Daniellsson & Selander, 2016). The
latter is that, whether studies indicate the importance of applying multimodality
due to all of those reasons, multimodality is not part of education programs or of
science curricula around the globe except Sweden where they integrate
multimodal applications to science literacy in primary school. Recent research
points out this shortcoming (Berry, Friedrichsen & Loughran 2015; Jaipal 2010;
Patron, Wikman, Edfors, Johansson, & Linder, 2017; Prain 2009).

In order to cope with these problems and using gains provided by multimodality,
it is clear that students at all levels need to learn the metalanguage (grammar) of
the multimodal representations rather than knowing only types of modes (e.g.
image, text) (Kress & van Leeuwen, 1996). These needs are also explicated by
numerous scholars (Ainsworth, 2008; Andersen & Munksby, 2018; Hubber,
Tytler, & Haslam, 2010; Keles, 2016; Lim, 2018; Lim & Hung, 2016; McDermott
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& Hand, 2016; Qiuping, 2019; Tippett, 2011). As stated by McDermott and Hand
(2016), realizing cohesive piece of communication and a full understanding of
any concept require students to be able to use an assortment of modes. In parallel
with the previous statement, Lim (2018) indicated that students must have
awareness about affordances of modes and know how these work together in
coherent ways to realize effective communication and the process of meaning
making. Hubber et al. (2010) claimed that a strong understanding of how to
represent and use concepts are accompanied with comprehending and combining
different representational modalities. Andersen and Munksby (2018) advocated
that thinking and behaving scientifically requires students to have the ability to
explain concepts in possible forms and to transform representations flexibly
between them, so they have to understand the forms, functions and conventions

of modes.

Before being able to equip students with those qualifications, there is one premise
that should be accomplished. It is to enable teachers to have these qualities. That
is, teachers (pre or in services) must understand the nature of multimodal
representations (Shannon, 2014). They must know how to select, design and
assess multimodal representations in order to equip their students with the skills
necessary, so there is a strong corresponding need to build these skills in teachers
(Lim, 2018). As indicated by Patron et al. (2017), teachers need (1) a semiotic
awareness, (2) representational competence for design, and (3) use of meaning
making affordances. Teachers should be aware of how to construct multimodal
representations between modes and how to combine various types of images with
texts (Xu et al., 2020). It is apparent that first teachers should be equipped with
the abilities of being aware of, identifying, and selecting best suited multimodal
representations regarding the subject in focus. Finally, they should have
qualifications in abilities of designing and assessing multimodal representations.
Briefly, they should have representational competence skills. RC can be described
as: “...the full range of capabilities that students (and others) have concerning the
construction and use of external representations....[It] includes the ability to

select, produce and productively use representations but also the abilities to
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critique and modify representations and even to design completely new

representations. (diSessa & Sherin, 2000, p. 387).”

All in all, studies revealed that teachers have problems in comprehending how
students learn science in the digital world and how they teach them in a
multimodally rich environment (Andersen & Munksby, 2018; Gilbert & Justi,
2016). Research also pointed out that teachers’ choice of modes are often implicit
and unintentional. Studies indicated that teachers did not aware of the
appropriate orchestration of multimodal representations and intermodal relations
(Keles, 2016; Prain & Waldrip, 2006; Tytler, 2007; Tippett, 2011; Tang, 2016;
Unsworth, 2006). Moreover, research has shown that teachers have difficulties in
combining visual and verbal modes in a meaningful way (McDermott & Hand,
2010; Waldrip & Prain, 2012). Zangori et al. (2013) stated that constructing
multimodal scientific explanations is challenging for teachers. While teachers have
a conscious knowledge about properties of written language modes, they have no
conscious knowledge about affordances of other modes, and how these integrate

(Myhill et al., 2012).

At this point, in order to investigate possible methods to embed multimodality into
instructional process, and to examine their impacts on RC, the researcher first
reviewed the literature comprehensively. He found that scholars reached a
consensus that multimodality requires somewhat different pedagogy, but there is
no agreed upon idea on how it should be designed (Cope & Kalantzis, 2015; Kuo,
et al., 2017; McDermott & Hand, 2013; New London Group, 1996; Nam & Cho,
2016; Selander & Kress, 2012; Tolppanen, Rantaniitty, & Aksela, 2016). The
review identified three interrelated methods: How of pedagogy (New London
Group, 1996), Design by learning (Cope & Kalantzis, 2015), and Design for
learning (Selander & Kress, 2012).

How of pedagogy and Design by learning approaches are proposed by the
researchers as a pedagogy of multiliteracies in which multimodality is embedded
into teaching and learning process in literacy. Both of them include similar

contents regarding how to integrate multimodality to the teaching and learning
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of the literacy. Design by learning has made more specific and clear the
pedagogical sequences of how of pedagogy approach. It converted the title of
situated practice into experiencing which proposes preparing a learning
environment based on what the students become familiar and unfamiliar. It
renamed the process of overt instruction in the first approach as a conceptualizing
in which the learner become active conceptualizers who learn metalanguage of
different modes. It re-stated the critical framing part more clearly as analysing that
aims to provide the learners with critical perspective towards their multimodal
texts. How of pedagogy has explained this step in a general way as standing back
and looking critically what the learners have learned in the context learning
occurred. The last step of transformed practice is re-explained by Design by
learning as applying that the students put what they have learned before into

different contexts.

Although the third approach -Design for learning- does not express how to
integrate multimodality into the teaching process, it provides guidance on how
the multimodal learning process takes place and how to design it. The main aim
of this model is to enlighten design activity, formation and transformation of
knowledge in learning sequences as students engage in tasks such as problem
solving, knowledge construction, and sign production activities. It makes a
theoretical mapping on how the learning process takes place by using different

modes and media tools in the learning process.

This draws attention to the fact that constructing knowledge within the mode and
transforming it between the modes plays an important role in the design of the
learning process, since, in the digital world, knowledge is no longer something
that is consumed by users, but something that is produced. At this point, design
refers to the construction and communication of knowledge using modes and
media tools. Design deals with changing trends in social, economic, semiotic and
technological towards information and knowleeedge. Based on these changes, it
tries to explain the learning environment and how the learning process takes place
with a design process. The concept of “Learning Design Sequences” is a way of
emphasizing the activities of creating and transforming knowledge by looking
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closely at both modes and media in meaning making and learning, and activities
and processes of interpretation and design. The sequence starts with designing a
learning environment by the teacher based on the institutional norms, curriculum,
and available learning sources. In this step, the teacher informs students about
key concepts, the idea of the activity, what is demanded by them as a learning
product, and how the product will evaluate. In the second step of these sequences,
the learner seeks information, and forms and transforms information to the his or
her own learning product (a typical representation) by way of using modes and
mediums. At the end of the sequence, the learner presents the learning product,
and discuss with peers and teacher regarding the product depended on the criteria
of judgment, revises the product, and then the teacher provides a summative

assessment.

Even if rest of them (apart from those threes) did not propose any method about
how to embed multimodality into pedagogical process, they brought some insights
about the content and activity types of model. These threes and additional studies
inform the current study about the components and theoretical and practical
principles of Multimodal Pedagogical Model (MpM) which explains detailly how
human mind works, how learning occurs, how to learn with multimodal

representations realizes, and how the teaching should be (Chapter 3).

At the end of the review, it was concluded that there is a need to design a
comprehensive pedagogical model regarding multimodality by making
collaboration with in-service teachers and experts in order to improve their RC

skills.

1.2 Objective of the Thesis

The study aims to design a teaching and learning activity sequences (pedagogy)
model for ToGs considering the elements of enrichment in order to improve their
representational competence skills. In other words, within the terms of Gagne’s
DGMT, the researcher proposes a pedagogical model as an environmental catalyst
which acts through the developmental process in order to develop a specific talent

called representational competence. Hence, at first, a Multimodal Pedagogical
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Model with theoretical and practical design principles for gifted education was
constructed through educational design research. The model aims to provide
teachers of gifted with differentiated teaching method, content, activities, and
materials since their students demand challenging tasks which engage their
attention and curiosity, trigger higher level thinking skills, and provide
independence in learning. The present study claims the significance of this aim
because of the following reasons. (1) Gifted students experience boredom in the
classroom environment due to lack of challenging teaching and learning activities,
over repetitions of basic ideas, over generalized explanations, and inadequate
details. And, in a study conducted in Turkey, gifted students stated that these
problems originated from teacher ineffectiveness (Mammodow, 2019), so it seems
that teachers of gifted students to overcome such an issue. Research suggested a
strong need for designing differentiated pedagogy which propose differentiated
challenging teaching activities and materials that engage gifted students’
attention, curiosity and creativity, prompts higher order thinking skills (Hobden,
Hobden, Douglas, & Hardman, 2012; Housond, 2016; Mammadov, 2019; Stott &
Hobden, 2016; Tabber, 2014; Ulger & Irving, 2019; VanTassel-Baska, 2011). (2)
Although many researchers pointed out this need, few efforts were found in

literature (Chan, 2011).

A differentiated program to teachers of gifted in such a multimodally rich
environment was designed due to the reasons mentioned detailly in the
introduction part. To summarize these reasons, first, new instructional
technologies and also the digital world changed dispositions towards access to
information, knowledge construction, and their representations. Moreover, these
tools enabled greater opportunities for designing and disseminating various forms
of teaching materials as multimodal representations (e.g. animation, video,
simulation, and etc.). In other words, multimodal based pedagogical
representations replaced the dominance of paper based pedagogical texts via the
prevalence of educational technologies (Jewitt, 2008). Thirdly, multimodal
studies enable to design challenging teaching materials from simple (that is, texts

that appeal to low-level cognitive processes) to advanced (appeal to high-level
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cognitive processes) by integrating different modes for gifted students who are
bored and do not care when information is presented in a uniform way. Fourthly,
studies indicated that designing and presenting these multimodal representations
to the students considering intermodal relations and patterns of text coherence
provide unique pedagogical opportunities ranging from improving attention,
interest, motivation, engagement, and interaction to enhancing higher order
thinking skills and creativity. However, research reveal that teachers had problems
in selecting and designing multimodal representations regarding challenging
teaching materials and pedagogical purposes (Andersen & Munksby, 2018;
Danielsson, 2013; Daniellsson & Selander, 2016; Kuo, et al, 2017; Rappoport &
Ashkenazi, 2008; Stieff, 2011; Tang & Moje, 2010; Tang et al., 2014;). That is,
they lack RC skills. Hence, the problem arises here about how to guide students
and teachers to design coherent-orchestrated-embedded multimodal

representations, or in other words how to equip them with the skills of RC.
1.3 Original Contribution

At this point, from both national and international perspective, the study
contributes to the literature of gifted and multimodal research by proposing: (1)
a pedagogical model with theoretical and practical principles which aims to act as
an environmental catalyst in a developmental process in order to improve RC skills
of ToGs; (2) Awareness-Recognize-Design-Evaluation (ARDE) that is a new
approach to learning with multimodal representations; (3) Cattell Horn Carroll-
Based Multimodal Generative Learning Approach which tries to explain how
learning with multimodal representations occurs, which cognitive parts take active
roles, and clarify how cognitive load on the working memory can be decreaesed
or increased through strentegtening or weakening interacction between modes;
(4) analytical frameworks that guide researchers and teachers to examine
intermodal relations and text coherence attributes in multimodal texts, and to

design these types of multimdoal artefacts.
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1.4 Research Questions

1. How does designed Multimodal Pedagogical Model (MpM) improve

representational competence of teachers of gifted students?

a. To what extent do teachers identify and aware of intermodal relations

between modes and attributes of text coherence?

b. To what extent do ToG identify differences between monomodal texts
regarding attributes of text coherence and differences between

multimodal texts concerning intermodal relations?

c. Which criteria do teachers use when selecting multimodally rich

representations at the end of the MpM?

d. How do teachers design intermodal relations between image-text and

aspects of text coherence at the end of the MpM?

e. To what extent do teachers assess intermodal relations and text

coherence attributes of multimodal representations at the end of MpM?

2. What problems do teachers encounter when constructing intermodal

relations image-text and text coherence?

3. What are their views and perceptions about multimodal representations

and the MpM?
1.5 Limitations and Assumptions
Among the limitations of the study, the followings can be listed:
e The implementation period is limited to one term.

e The implementation of MpM was carried out online due to the Covid-19
pandemic, which caused difficulties in offering instant feedback and

organizing group work.

e Participants have little experience in using online tools and instructional

technologies.
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Due to lack of funding, the tools for designing representations could not be

presented to the participants.

Instructional technologies offered have inherent limitations, which may

have influenced teachers' designs.

Since the participants are in-service teachers, it can be seen as a limitation
that they cannot allocate enough time and concentrate on tasks due to the

intensity of their own teaching responsibilities.

Assumptions can be listed as follows:

It is assumed that all of the teachers had a sufficient background on the
subject content of the activities at the secondary school level in order to

complete the requirements

It is assumed that the participants do not receive support from anyone, as
the designs are not made in one-on-one, face-to-face, physical
environments. To confirm that this is not the case, discussions about the

designs were conducted.
It is assumed that they answer the questions in the interviews honestly.

Although they are in different regions, it is assumed that the participants
faced the same difficulties in terms of accessing the Internet, using
instructional technologies, taking time, and concentrating while designing

the activities.
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2

THEORETICAL FRAMEWORKS

2.1 Systemic Functional Theory

Systemic Functional Theory (SFT) focuses on understanding and evaluating the
meanings in the context in which they are used. SFT claims that potential
meanings of semiotic sources are presented in system networks and also
metafunctionally organized. Within the scope of SFT, semiotic resource refers to
a resource used for meaning making such as language and image. Meaning has an
expression and content plane in which systems operate within a network on them

in order to realize metafunctions (Halliday, 1978; Lim, 2011).

Systemic is a key term in SFT, and implies centrality of the system network
framework to represent available potential meanings of semiotic resources (Lim,
2011). The system offers a set of options including an entry condition,
paradigmatic choices, and syntagmatic selections. That is, meanings are
constructed, interpreted, and exchanged as a network of available interlocking
options (Halliday, 1994). This shows that choice of meaning maker is a
foregrounded factor in SFT (Halliday, 1978; Lim, 2011), so Halliday (1994)
expresses this situation as “systemic theory is a theory of meaning as choice, by
which language, or any other semiotic system, is interpreted as networks of
interlocking options”. The phenomenon of ‘choice’ is further elaborated by Kress
(1993, 2009) as a term of ‘interest’ of the sign-maker. He claims that the meaning
making process is motivated by interests. He defines interest as “the articulation
and realisation of an individual’s relation to an object or event, acting out of that
social complex at a particular moment, in the context of an interaction with other
constitutive factors of the situation which are considered as relevant by the

individual” (Kress, 1993: 174).
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2.1.1 System Network

SFT clarifies both paradigmatic choices and syntagmatic relations. It models the
semiotic resource as a system of interrelated options. Meaning is realized through
exchanging by choosing available options. These interrelated sets of options are

called as the system network. A simplified system network is shown in Figure 2.1.

The system network enlightens the present study in accounting for intermodal
(intersemiotic) relations between semiotic resources of image and text (written
text). It manifests all types of semantic relations provided by integration of image
and text modes. For instance, the entry condition here proposes two sets of
options: interdependency and logico-semantic relations. Intermodal relations in a
multimodal representation can be defined in terms of interdependency and logico-
semantic relations. That is, relation in these options can be either equal or unequal
and either concurrence or complementarity. For example, if ‘equal’ is chosen, the

relation can be designed further ‘independent’ or ‘complementary’.

» Independent

/, Equal —/
/ \ .
/ Complementary
Interdependency
ot P Y \
f’ \ » IMage subordinates text
/ \
/ \A Unequal
/
s Text subordinates image
/
Image-Text
Intermodal Relations
\ » Concurrence
\ /
\ /
\
& Logico Semantic «
Relations \

A\

& Complementarity

Figure 2. 1 An example of system network
2.1.2 Function

SFT is concerned with the meanings made in the semiotic resource through the
paradigmatic choices and syntagmatic relations around functions (Halliday,
1985/1994; Halliday & Matthiessen, 2013; Lim, 2011). This means that meaning

has functions in social context. In other words, semiotic resources have meaning
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potentials that are not only represented in the system network but also they are
organised metafunctionally. They have three metafunctions: (1) Ideational
meaning which is used for constructing the nature of events, including the objects,
participants, and circumstances in order for making sense of human experience
(Halliday, 1978, 2008; Halliday & Matthiessen, 2013). It focuses on the
“knowledge”. (2) Interpersonal meaning which is used for enacting social
relations, identifying how the semiotic resource positioned the learner in relation
to knowledge. (3) Textual meaning refers to arrange ideational and interpersonal
meaning in a coherent text. Since the significant part of the present study pertains
to teach ToGs to design different levels of multimodal representations regarding
ideational metafunction during a multimodal pedagogical model approach,
comprehending ideational meaning guides constructing activities of the MpM with

respect to this metafunction.
2.1.3 Dimension

The system network and metafunctions enable a specific dimension in order to
examine and understand architecture of the semiotic system: the cline of

instantiation (Qiuping, 2019).
2.1.3.1 The Cline of Instantiation

Instantiation integrates the system and the context. The former defines the
relation between the instance pole and the potential pole. The instance pole refers
to observable and selected instances of meaning making in any kind of text
(monomodal or multimodal). However, the potential pole refers to all possible
meanings provided by the semiotic system (image or language system). That is,
the potential pole enables all sets of options to the meaning-maker/sign-maker,
and s/he constructs the instance pole according to his or her choices. Thus, the

semiotic system is related to texts through instantiation.

The latter is located above the semiotic system, and called “a higher-order semiotic
system” (Matthiessen, Teruya, & Lam, 2010). Similar to the semiotic system, the
context also includes instance pole (context of situation) and potential pole

(context of culture). Context of culture consists of all particular instances of the
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overall system in a social culture. Context is realized by three variables: (1) field
involves human experiences and social activities (ideational meaning), (2) tenor
covers relationships between participants and participants-texts (interpersonal
meaning), (3) mode handles with role of semiotic system in the context (textual
meaning) (Halliday, 1978). Therefore, realization occurs between the semiotic
system and context. Whereas context of culture is realized in any semiotic system,

context of situation is realized in mono or multimodal text.

Briefly, as shown in Figure 2.2, the semiotic systems provide all possible meaning
potentials with sub-potentials to the meaning maker in culture of context, then
the meaning maker constructs an instance pole in context of situation by choosing
according to his or her motivated interest, and finally realization occurs. In other
words, meanings are conveyed to someone else through intrasemiotic meaning-
making, and at last intrasemiotic meanings are interacted to realize intersemiotic

meaning making.

What the researcher is particularly interested in this study is to understand the
realization of multimodal texts, how multimodal texts are realized via image and
language systems. This perspective provides us the opportunity of viewing a
multimodal text as a product and a process where first ideational meanings are
organized internally between semiotic systems, and then externally the product is

designed as a representation (multimodal text).
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Figure 2. 2 The cline of instantation process
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2.2 Social Semiotics

Social semiotics is improved based on the studies of traditional semiologist Charles
Sanders Peirce. He tried to investigate the nature of signs and representations and
stated that “a representation is an object which stands for another so that an
experience of the former affords us a knowledge of the latter” (Peirce, 1873, p.
62) and “a sign is an object which stands for another to some mind” (Peirce, 1873,
p. 66). Finally, he concluded that there is a triadic relationship between objects,
signs, and their interpreted meanings, as shown in Figure 2.3. That is, meaning is
realized through the interactions of these three components, and every new
interpretation of a new sign re-activates a new interplay of this triad. A sign
signifies something (a key idea or explanation) about the object (or referent) to
someone (the learner). Elements of the sign construction process according to this
model; the object of meaning (the phenomenon / concept / subject to be taught /
signified), how it is shown (sign, representation, signifier) and the interpretation

left by the sign in the mind (interpretant).

INTERPRETANT

SigN < 2 OBJECT

PEIRCE'S TRIADIC RELATIONSHIP

Figure 2. 3 The triadic relationship

For example, in science, flow-chart depiction of energy refers to sign or signifier,
energy operation examples on objects in the world refers to object or signified,

and the scientific idea of energy refers to interpretant (Lemke, 2003).
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Based on the traditional semiotics, Hodge and Kress (1988) elaborated and
replaced some notions of it and they improved the theory of social semiotics. They

stated that:

“Traditional semiotics likes to assume that the relevant meanings are frozen
and fixed in the text itself, to be extracted and decoded by the analyst by
reference to a coding system that is impersonal and neutral, and universal
for users of the code. Social semiotics cannot assume that texts produce
exactly the meanings and eftects that their authors hope for: it is precisely
the struggles and their uncertain outcomes that must be studied at the level
of social action, and their effects in the production of meaning (Hodge &

Kress, 1988, p. 12).”

They advocated that traditional semiotics excluding the social context in which
signs are constructed, and evolved continuously. They emphasized that two key
concepts should be taken into consideration: meaning maker and social context.
And then, they replaced ‘sign’ with ‘semiotic resource’ because “it avoids the
impression that what a sign stands for is somehow pre-given, and not affected by
its use” (van Leeuwen, 2005, p. 3). van Leeuwen identifies semiotic resource as
follows: “Semiotic resources are the actions, materials and artifacts we use for
communicative purposes, whether produced physiologically — for example, with
our vocal apparatus, the muscles we use to make facial expressions and gestures
— or technologically — for example, with pen and ink, or computer hardware and
software — together with the ways in which these resources can be organized.
Semiotic resources have a meaning potential, based on their past uses, and a set
of affordances based on their possible uses, and these will be actualized in
concrete social contexts where their use is subject to some form of semiotic regime

(van Leeuwen, 2005, p. 285).”

Hodge and Kress (1988) also criticized the other traditional semiologist Saussure’s
notion of arbitrary relationship between signified and signifier, they asserted that
the relation between signified and signifier is motivated by the interest of the

meaning maker. Thus, they proposed the theory of social semiotics.
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Social semiotics accounts for the socially, culturally, and historically constructed
meaning of semiotic systems (e.g., language, images) (Bezemer & Jewitt, 2010).
Social semiotics is a generalized theory improved to comprehend how human
beings use different semiotic systems to make meanings in any social context
(Halliday, 1978; Lemke, 1990; Tang, et al., 2014; Tang, Ho, & Putra, 2016). Three
key components are integrated to construct the theoretical underpinnings of social

semiotics: semiotic system, text, and choice.

Semiotic system refers to accumulation of socially shaped signs which are
improved and used by a particular community as resources for making meaning
(Bezemer & Jewitt, 2010; Bezemer & Kress, 2010; Serafini, 2011; Tang, et al.,
2019). Each semiotic system has an evolutionary character, that it is evolved
regarding the interests and communicative needs of society in order to make
certain meanings demanded in that community (Halliday, 1978; Kress & van
Leeuwen, 2006). Semiotic system in the present study refers to grammer of image
system, text system, and image-text system. Whereas a semiotic system is a whole
set of options in system network, a textis an instantiation of intended meaning in
a specific context. The text in this study pertains to monomodal texts including
just image or text, and multimodal text involving image-text. The system and the
text have mutual and dialectical relationship in which while the semiotic system
limits and affords possible meanings in text, in turn constructed text determines
new boundaries of system network. The last term of choice clarifies how a
meaning-maker selects semiotic sources while instantiating intended meanings in
a particular community. Within the terms of this study, the choice refers to how a
participant selects a particular semiotic system in order to desing a mono or
multimodal text. The choice is impacted by two main factors. The first is due to
limitations and affordances of semiotic system itself. This situation determines
what meanings could be made or not. The second factor is interest of meaning-
maker who determines how to express what he or she is mind through selecting
apt and salient features from a semiotic system (Kress & van Leeuwen, 2006).

Shortly, analysing these choices and interests can show how a meaning-maker
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construct an aspect of reality in a particular way using the semiotic systems (Tang

et al., 2019).

This theory assumes that meaning making is about one's reconstruction and
recontextualization of semiotic resources (Hodge & Kress; 1988, Lemke; 1990;
Thibault, 1990). Social semiotics theory is concerned with meaning, it states that
meaning is born in the social environment and with social interaction. Therefore,
according to this theory, society is the creator of meaning and semiotic sources
(Hodge & Kress, 1988). Social semiotics examines meaning within the framework
of "text" and "context" by considering the social processes of meaning. In other

words, meaning making is realized when we connect things to the context.

Lemke (1990) elaborated the concept of ‘context’ and stated that there are three
kinds of contexts in social semiotics. (1) Syntagmatic context deals with the
sequence and the structure of any semiotic system. (2) Paradigmatic context refers
to possible relations between similar contexts. (3) Indexical context concerns
actions in the particular community which has a specific discourse such as actions

in the classroom environment.

Social semiotics also concerns meaning makers who use socially generated various
languages which could be non-scientific or scientific (Hodge, 2009). In brief,
human beings make meanings by using social tools and transfer their
understanding of the world with various representations by the media of
dissemination. These representations reflect the meaning makers’ conceptual,
cognitive, and affective ‘inner’ world. At this point, social semiotics analyze
transferred representations in order to examine the production of discourse in

social and cultural contexts (Hodge, 2009).

Meaning is formed by a set of intermodal relations selected from a network of
options offered by modes in different contexts. The situation emphasizes the
importance of the designer who play active roles in selecting most appropriate
signifier for the signified. Under this scope, it can be claimed that the relation
between twos (signifier-signified) couldn’t be viewed as arbitrary, it is a conscious

process. Signs/semiotic sources/modes are impacted by the interest of the sign
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maker. That is, a teacher or a student selects appropriate signifier and signified,
and integrates them intentionally by designing teaching and learning products

according to his or her interests.

Preferring one mode to another emerges the question of what motivates a
designer’s selection of mode. Kress (1993) answered this question with the

concept of ‘interest’ as follows:

“Interest is the articulation and realization of an individual'’s relation to an
object or event, acting out of that social complex at a particular moment,
In the context of an interaction with other constitutive factors of the
situation which are considered as relevant by the individual (Kress, 1993,

p. 174).”

The concept of 'interest' is defined as the designer's relationship to the social
context of representational production, which includes the potentials of modal
resources offered by the context. Thus, social semiotic alters the perspective from
the modal system to the process of meaning making (signs). The term ‘interest’
conceptualizes the relation between signifier and signified as an evidence of the
characteristics of the designer. The representation is an outcome of the complex
interaction of the designer's “physiological, psychological, emotional, cultural, and
social origins (Kress, 1997, p. 11)”. For instance, a multimodal representation

manifest a teacher’s pedagogical approach applied in the classroom environment.

Halliday (1978, 1985) claimed that meaning making system and the grammar/the
metalanguage provided by the system presents infinite options in order to combine
components of the signifying stuff, the resources of the system, people's use of
these resources, and finally new signifiers and signified. In parallel with Halliday,
Kress (1997) indicated that each use or design of new representation results in
altering the affordance of the signifier to mean. Each signifier are continuously

remade in the process of meaning making.

The sign motivated by the interest of the designer emphasizes the significance of
providing various kinds of semiotic sources that are available to the designer to

select from. These sources are inherently connected with the context in which the
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designer experiences the world. In each process of meaning making, new
signs/semiotic sources/representations come into fore, and this situation change

both the metalanguage and the components for meaning making.
2.3 Multimodality

Multimodality is a terminology used in social semiotics has improved in response
to paradigmatic changes in social and semiotic landscapes over the last few
decades (Jewitt, 2008; Jewitt, Kress, Ogborn, & Tsatsarelis, 2001; Kress & van
Leeuwen, 2002; Shannon, 2014). These changes include two main dimensions,
on the one hand, image is replacing the long dominance of writing, and on the
other hand, the medium of screen is taking over the role of the medium of the
book (Selander, 2008). Image and the medium of screen became the central
sources of communication (Bezemer & Kress, 2010). The new dominant ones have
made profound impacts on arrangements for meaning making (Kress, 2003). In
this context, multimodality claims that (1) meanings are made through multiple
semiotic sources, of which language is only one (Kress & van Leeuwen, 2002).
Namely, language is only one part of representation and communication. Modes
never exist alone in a text. (2) Meanings are socially and culturally constructed by
assemblage of semiotic sources. As Jewitt (2008) indicated, for something to be a
semiotic resource, it should be a socially and culturally shaped outcome. (3) And,
finally, the meaning-making process is about representation and communication,
which often coexist but have distinct focuses (Bezemer & Jewitt, 2010; Kress,
2010). Representation refers to the meaning the designer desires to show, whereas
the communication deals with the interest of the recipient. That is, multimodality
concerns with representations and communication processes including more than
one semiotic source, for instance image, gesture, gaze, posture, spoken words, and
writing (they are called as mode from now on) (Daniellson, 2016). Since
multimodality views meaning beyond spoken and written language, it addresses
the question of how modes are integrated to make meaning (Jewitt, 2003, 2008).
It examines how human beings make meanings through orchestration of various

modes within and across representations during communication (e.g., Airey &
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Linder, 2009; Jewitt, et al., 2001; Lemke, 1998). In this context, Jewitt (2008)
indicated that each mode has dynamic and fluid characteristics in meaning making

process, rather than static skill replication and use.

Apart from these, Zhang (2013) stated that the purpose of a multimodal approach
is not to investigate what each mode means in text, rather the point should
examine “the complexity of interlinked communicative modes or the intensity of
a specific mode or several modes employed by the social actor” (Norris, 2004, p.
104).

Multimodality has different meanings in different contexts (Lim, 2011). It has
been defined as phenomenon (O’Halloran, 2011; Scollon & LeVine, 2004), a
domain of enquiry (Kress & van Leeuwen, 1996,/2006; Kress, 2009; Bezemer &
Jewitt, 2009) and an analytical approach (Jewitt, 2008; O’Halloran, 2007).
Multimodality is a phenomenon because all life we experience consists of
multimodally rich environments, digital and real world. Multimodality is a domain
of inquiry because it provides improving theories and approaches specific to a
multimodal study (O’Halloran, 2011). Multimodality is an analytical approach
because it enables investigating the full range of meaning in a multimodal
ensemble, helps and guides researchers in the collection and analysis of

multimodal texts (Jewitt, 2009).

Multimodality has three distinct terms explained in the following titles: mode,

modal affordance, and multimodal representations.
- Mode

Modes can sometimes be considered as sensory modes like taste, smell, touch,
hearing, and taste, because we experience the world multimodally (Tippett,
2011). However, specifically, within the perspective of social semiotics, a mode
more often is defined as historically, culturally and socially formed and organized
for achieving representational and communicational needs (Kress, 2003, 2009).
Namely, mode is an organized set of semiotic resources in sign systems, it is used
for articulating meaning (Jewitt, 2008). Writing, spoken words, image, gesture,

and pose can be accepted as a mode, because each one has different organizational
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structures in order to convey socially shaped meanings (Kress, 2009). As
O’Halloran (2011) stated that mode is used to describe language, image, gesture,
and etc which orchestrate across sensory modalities (visual, aural, tactile...) in
multimodal discourses, events, and texts. Each mode has distinct semiotic
resources for articulating meanings. For instance, image mode includes colour,
icon, symbol, layout, diagram, and etc. Written mode involves punctuations,
letters, words, sentences; spoken mode also has semiotic resources of intonation.
Human beings use a certain grammar systematically, while making meaning
within the mode mentioned. Since each mode has distinct attributes in terms of
meaning potential it offers, the orchestration of different modes creates a meaning
(called as multiplying of meaning) which is greater than the sum of the meaning
in each mode (He & Forey, 2018). This originates from the terminology of modal

affordance.
- Modal Affordance

Modal affordances refer to the perspective that each mode has potentials and
limitations for meaning making (Selander & Kress, 2010). Since each mode has
specific logic, grammer, and regularized sets of semiotic sources, modal
affordance can be described as which parts of meaning can be easily and most
appropriately realized, expressed, and represented easily by which mode (Jewitt,
2003). This issue arises the question of what mode is best for, what arrangements
are best for given its social context. In this regard, multimodality plays a critical
role in investigating the affordances and potentials in the different modes as well
as how they integrate coherently in their joint co-deployment (Lim, 2011). In
other words, it examines functional specialisation of modes to understand
meaning multiplied (Kress, 2003), and it states that understanding whole
meaning presented by multimodal texts or actions requires to comprehend modes’
own inherent set of rhetorical devices because of the fact that all modes are

carrying a part of the message only (Shannon, 2014).

As stated above, different modes propose quite different potentials for meaning

making in a multimodal text or action. Simply, for example, the semiotic resources
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of writing mode (punctuation, letters, bolding, or highlighting) offer different
potentials for meaning making, as do the sources of speech (intonation, pause, or
volume) too. When meaning makers orchestrate both of them, the new meaning
arises. While writing and speech mode can be convenient for naming phenomena,

the image can be used to illustrate, and the gesture can be used to enact things.
- Multimodal Representations

Representation can be described as a device used to symbolize a type of
information or an idea via conceptualization of an item in a certain mode
(Andersen & Munksby, 2018). They are used for communication purposes.
Representation brings meaning and form together to carry meaning in a certain
context and situation (Kress, 2010). Meaning is realized in the content plane,
where mode is used according to logic of grammar systematically, regularized sets
of semiotic sources, and its own inherent set of rhetorical devices. However, form
is realized in the expression plane, where the content plane is operated (Lim,
2011). Integrating meaning and form requires a motivated transformational
process which is impacted by creators’ choices and interests (Jewitt, 2013). As
Kress (2009) indicated, representation can be viewed as motivated when form and

content are embedded.

Representations can be classified ranged from monomodal text (the form of a
written text, a graph which includes symbols, a diagram) to multimodal text
(infographics, simulation, animation) (Lemke, 1990). Any multimodal text or
representations were described as an interwoven combination of various modes
(Airey & Linder, 2009; Andersen & Munksby, 2018), at this point, multimodality
claims that interweaving modes requires a design (Bearne & Wolstencroft, 2007)
because transfering the message across can be achieved through a meaningful
integration. In this design process, at first, a representation acts as a prompt, and
then a designer tries to interpret and understand the meaning of the
representation inwardly by designing in mind. Finally, the designer creates
another representation outwardly (multimodal representation) in order to show

his or her understanding, thus multimodal communication occurs (Kress, 2009).
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2.3.1 Theory of Learning: Design

Based on the SFT, social semiotics theory and multimodality, the learning
approach of the Multimodal Pedagogical Model proposed in the study is explained

by the term of ‘design’ in the following statements.

It is clear that the definition of learning needs to be re-defined in this age of
increasingly growing virtual environments and new types of communication, since
the digital world changed dispositions towards access to information, knowledge
construction, and their representations (Mayer & Moreno, 2003). It also provided
greater facilities for disseminating and accessing different forms of texts which
include more detailed definitions and representations of knowledge (Kress &
Selander, 2012; Tang, 2016). These changes mean that new communicative
patterns do not rely on verbal text only, visual text and other modes also play
crucial roles in communicating and disseminating information. Communication is
realized in a wider variation of forms than earlier (Akerfeldt, 2014). That is,
communication occurs with the integration of simultaneous aid of different modes

and medium of disseminations (Kress, 2010).

These processes and tools show that learning is a matter of communication
(Jewitt, 2008; Kress & Selander, 2012). This communication process consists of
three basic elements. The first is the message itself. The second is the medium that
conveys the message. The third is the sender (teacher) who transmits this message
through modes that can be perceived by five sensory organs. Viewing learning
from this perspective requires a semiotic perspective to understand learning
processes (Fredlund, Airey, & Linder, 2015). This semiotic perspective is based on
Peirce's (1931) triadic model and the social semiotic perspective (Halliday, 1978),
which assumes that meaning is filtered from context. This process consists of (1)
the concept or process itself learned, (2) how this concept or process is
represented or demonstrated, and (3) the learner's interpretation, which is the
concept or the structure of the process that the student has designed in his mind.
Social semiotic theory, on the other hand, assumes that this meaning is context-

specific, and thus learning takes place through context.
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Elements of learning process according to this model; the object of meaning (the
phenomenon /concept /subject to be taught), how it is shown (sign,
representation) and the interpretation of the sign. That is, meaning is not
conveyed, it is redesigned in the learner's mind (re-construction and re-

contextualization) (Figure 2.4).

Phenomemon

Process
of
Learning

Interpretation Representation

Context

Figure 2. 4 Process of learning

At this point, Lemke (2003) stated that disciplinary meaning making practices also
can be explained by a triadic account of how signs have meaning. For instance,
there is a triadic relationship between a flow-chart depiction of energy
(representation), examples of operation of the energy (phenomenon), and the
scientific idea of energy (interpretation). Each interpretation re-activates new
interplay of this triad, because meaning making is a continuous process. These
repetitions are not copies of teacher’s representation, it is a new one, transformed
one. This means that all activities performed by learners for comprehending
concepts include representational work in which cognitive and representational
sources are used to understand concepts that are new to them. It is a re-iteration
process. As Lemke (2003) and Peirce (1910) pointed out that learning is “the
process and outcomes whereby students come to understand how to interpret and
construct scientific meanings, processes, and reasoning procedures using the

representational conventions of this subject?”

From the perspective of social semiotic approach to multimodality, these aspects
of communication bring new approaches to learning. At this point, the social
semiotic approach has been provided as an advanced theory of learning (Kress &

Bezemer, 2016). Learning is now seen as a multimodal communication, and this
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is conceptualized within the terminology of ‘multimodal design’, ‘design’, ‘design

theory of learning’ (Kress & Selander, 2012).

Design studies are a new and expansive approach in the last few decades
depended on social semiotic and multimodal theories (Forsling, 2019; Selander,
2008; Selander & Kress, 2010; Sheridan & Rowsell, 2010; West & Kempe, 2010).
Design theory accounts for understanding multimodal orchestration of linguistic,
visual, audio, gestural, and spatial meaning (Jewitt, 2008). Design theory
concerns issues related with communicative affordances in the digital
environment and how these affordances impact the conditions for learning. Design
theory states that learning is a process in which a designer (teacher or student)
uses a set of options available in system networks, given information and given
representations, then transforms them into new representations (Kress &
Selander, 2012). Learning here can be described as a process of interpretation and
representation construction (Selander, 2008). The process of learning requires the
transformation of meaning from one form of text to another (Kress, 2012). In a
collaborative classroom environment, students together with teachers reconstruct
their understanding of subject content into new representations (Forsling, 2019).
Teachers’ coherent, embedded, and meaningful designs encourage, stimulate, and
motivate students to be more competent in designing their own representations.
Designer uses existing products and artefacts in new ways concerning new
situations, new problems, or demands. In other words, designers participate in
actively remaking the messages (teacher’s written, spoken words, multimodal
representations) given in the classroom environment. Then, the designer adapts
given representation in other context or problem situations (Jewitt et al., 2001).
Hence, the notion of design refers to an active and dynamic process of learning
where representations in different mediums are elaborated, and where re-
configuration and re-contextualization of new representations occurs (Kress,
2000; Selander, 2008). At this point, learning can be identified as increased
capacity to design new recognizable representations by intended context or
subject area, in other words having abilities of designing new canonical

representations, it is a transformational process (Selander, 2008). Design does
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not only refer to constructing an external representation, it firstly takes place in

the human mind, internal representation (Russell, 2015).

Design theory provides different perspectives to the learning process different
from the notion of Piaget (concept building), and the notion of Vygotsky (social
constructivist approach). The new paradigm accounts for learning with the
designer’s sign production and meaning making by way of modes and media

(Selander, 2008).

The design process is realized through the relationship between Available Designs
(existing representations, signs, modes, and etc), Designing (process of
transformation), Redesigned (transformed representations, in other words new
Available Design) (New London Group, 1996). Available design simply refers to
the resources of Design including grammars of all semiotic systems such as
language, image, and gesture. It also consists of the meaning potentials of the
modes and the new meanings that emerge with their integration because the
meaning potential of multimodal text is greater than the meaning provided by the
sum of modes. Designing refers to the process of transforming available designs
in order to shape a new meaning, make new use of old materials. It involves re-
representation and re-contextualization. All processes encountered with available
designs are called designing. For instance, reading, writing, drawing, seeing, and
listening are all productive activities, forms of Designing. The outcome of
Designing is defined as Redesigned, a new meaning, a transformed representation.
It is not a simple integration of available design, it is a new and unique product so
it is also called as a new available design, a new meaning making choice. From
this perspective, the students’ designs, artefacts, and representations can be seen

as one kind of their learning.

All these conceptualizations took into consideration, the ways of how knowledge
is represented, the chosen mode, and their orchestration are crucial factors of
learning in design theory (Jewitt, 2008; Selander & Kress, 2010; Leijon &
Lindstrand, 2012). Thus, the multimodality gains importance because it

investigates semiotic affordances within and among modes, the designer’s

43



interests, choices, context, and audience (Kress, 2000, 2003). It also provides a
metalanguage which means a language for talking about meaning making

interactions between modes.
2.3.2 Learning with Multimodal Representations - ARDE

How learning occurs with multimodal representations in the Multimodal
Pedagogical Model is re-stated with a new approach called as ARDE (Awareness,

Recognize, Design, and Evaluation) (Figure 2.5).

Studies showed that learning with representations (LwR) is a complex field of
study (Prain & Tytler, 2012; Tippett, 2016), and needs an exploratory framework
which addresses and enlightens different dimensions of it (Ainsworth, 2006;
Tippett, 2011). Although there are some existing models (e.g. DeFT (Ainsworth,
2006), IF-SO (Waldrip et al., 2010), and RCA (Prain & Tytler, 2012)) which
account for parameters of LwR, still there is a requirement for a comprehensive
framework. It is due to that DeFT focuses on learning from representations rather
than LwR, IF-SO emphasises the teacher, not all designers (meaning makers), RCA
seems most comprehensive one since it clarifies three dimensions of meaning
making: semiotic, epistemic, and epistemological (Tippett, 2016). However, it
fails to explain (1) how to know form and function of different types of
representation, (2) how to integrate form, function, and domain, (3) how the
design should be, (4) and how the epistemic authority (teacher) in the classroom
should evaluate about adequacy and competency of representations. For these
reasons, from the perspective of multimodal social semiotic approach, design
theory of learning, and cognitive approaches referenced in this study, new models
are needed on LwR. The study proposes a new LwR approach considering the

following dimensions.
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Learning with Multimodal Representations
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Feedback

Re-de(ign_/

Awareness

Figure 2. 5 Learning with multimodal representations
Awareness

The first step of LwR is to gain awareness and sensitivity about modes and their
interactions -called as intermodal relations-, so the designer (the teacher) should
arrange activities and dialogues among the designers (the students) that will
improve awareness about potentials and limitations of modes and their

interactions in each representation (Andersen & Munksby, 2018; Lim, 2018).

These activities should initiate negotiations on, (1) how and what modes are used
in a specific subject area, (2) which mode is best suited for accomplishing different
semiotic, epistemological, and cognitive demands, and (3) how and what kind of
intermodal mechanisms are used and should be used in the construction of
explaining a phenomenon (Jewitt et al., 2001). For instance, students are asked
to identify the differences within monomodal texts including only one mode like
written language or image, then they are asked which text helps them to
comprehend the content better. Afterwards, teachers distribute multimodal texts
which have different level of intermodal mechanisms, and ask first students why
and which one (monomodal or multimodal) is better to understand the idea
presented, and second ask students how modes are integrated, do they dependent

or independent, in what ways they complement each other (Linebarger & Meier,

45



2016; McDermott & Hand, 2016). Throughout this step, students gain awareness
about why and how it is important to represent a concept with multimodal

representations.
Recognition

In this step, teachers should introduce underlying principles in designing coherent
multimodal representations which decrease cognitive load. To do this, they should
emphasize on (a) number of representations, (b) form and functions of modes,
(c) how information is distributed among modes, (d) how they are orchestrated
(Ainsworth, 2006). Finally, before designing, (e) they should design a
representation construction process which challenges students to apply these

principles.

During the recognition process, students should understand that decreasing the
number of representations seems wise due to limited capacity of working memory
and to minimise split attention effect. Teachers should make explicit instruction
about the form and function of modes if they start a novel representation which is
crucial to understand the topic (Waldrip et al., 2010). Students should understand
how the function of mode is realized by its form. Thus, students recognize
meaning making toolkits in reasoning, questioning, explaining, and
communicating, and they comprehend what is possible to tell or not with the
affordances of modes (Lim, 2018), how a representation presents and encodes
information (Ainsworth, 2006). Students should understand how information is
distributed among modes which can complement or constrain each other.
Instructors should introduce different types of intermodal mechanisms
(concurrence and complementarity) via multimodal representations. They range
from decorative ones to interpretational ones. These mechanisms provide students
with the metalanguage of representations. All these parameters play a crucial role
for guiding refinement of representation work which will be realized finally
(Tytler & Hubber, 2016). Representational work should pose representational
challenges in which students come across the problematic nature of phenomena

or an ill structured problem (key concept of topic), and then try to design an
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explanatory representation that has similarities with canonical representations.

This is the last step of Recognition that initiates the design process.
Design

When the designer faces representational challenges which encourages them to
investigate and extend their ideas in new contexts, a problematized issue demands
them to design a multimodal representation to overcome it (Waldrip et al., 2010).
In this case, the designer integrates modes considering affordances of modes and
intermodal mechanisms in order to create reasonable claims (McDermott & Prain,
2016). In this design process, the designer should be encouraged to produce their
own representations and hands-on activities should be applied about the topic
under investigation whether in real or digital environment (Tippett, 2011).
Hands-on activities should provide strong perceptual and experimental contexts
and engage students’ agency (Tytler & Hubber, 2016). That is, these contexts
should pay attention to students’ interests, values, and personal histories and
perceptions which activates working memory properly. Students are directed to
make interaction between content and form in multimodal representations, and
how the orchestration of different modes can lead to arising coherent meaning,
and thus realizing the intended aims (Lim, 2018). Students are asked to make
translation and transduction within and between modes. The process can be
planned from domain general to domain specific, and from simple to complicate

according to students’ expertise.

In brief, design is a process which emphasizes conceptualisations of the form of
semiotic products (modes) (Kress & van Leeuwen, 2001, p. 21). The

conceptualization may be realized internally or externally.
Evaluation

Teachers evaluate usefulness, adequacy, and competence of particular multimodal
representations presented (Tippett, 2011), then give feedback to students, and ask
them to re-design their external representations. Teachers are realized this process
via analytical frameworks for text coherence and intermodal mechanisms

proposed in this study.
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2.3.3 Teaching Process

Teaching process of the Multimodal Pedagogical Model is explained with respect
to Peirce’s triadic relationship between sign, object, and interpretant, Robert’s
(1996) trialogue, and considering the parameters of social semiotic theory:

semiotic system, text, and choice (interest).

Since the study claims that learning is a design, explains how to learn with
multimodal representations, the aim of explaining teaching process is to describe
how the learning processes should be organized as a teaching process by adapting
models of New London Group (1996), Robert’s (1996) trialogue, Designed by
Framework (Cope & Kalantzis, 2015), and Design for Learning (Selander & Kress,
2012). In other words, it explains how the teaching process is formed according

to learning steps and how learning occurs mentioned before.

The study argues for the teaching process within the same scopes of New London
Group, but just making some adaptations from studies of Cope and Kalantzis

(2000, 2015), Selander and Kress (2010, 2012), and Lim (2018).
Experiencing

Immersion of learners in a semiotically rich environment and meaningful practices
is provided by the teacher in this step. That is, the teacher presents diverse
available designs based on the world of learners' designed experiences and the
new ones they do not encounter before (Jewitt, 2008; Lim, 2018). Available
designs should be builded on familiar and unfamiliar ones which are scaffolded
by teachers (Cope & Kalantzis, 2015). Available designs may include defined and
prefabricated curricula (textbook, exercise book etc) and also may involve more
sophisticated and complicated ones considering the expertise level of students

(Selander, 2008).

The step can be called the preparation phase of the teaching process, because, in
a sense, the teacher designs the learning environment and processes of learning
first internally (theoretically), and then externally (practically) according to

his/her interests. The designer determines activities of forming and transforming
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knowledge, informs students about key concepts of the subject, the expected

product, and judgment criteria (Selander, 2008).
Conceptualizing

This phase starts with a representational challenge presented by the teacher, the
challenge includes a task —according to students’ interests- wherein students are
encouraged to accomplish more complex tasks than they can accomplish on their
own. Thus, this situation leads to collaboration between teacher and student, and
makes both of them active. During the collaboration, students gain conscious
awareness about teacher representation and the use of metalanguages which refer
to inner and intermodal mechanisms within and between modes (New London
Group, 1996). Teachers’ coherent multimodal representations motivate and

encourage students in accomplishing complicated tasks (Forsling, 2019).

Overt instruction is a crucial pedagogical strategy in which students are taught
and recognized design elements, systematic knowledge about analytical
vocabulary in meaning making, and how modes are orchestrated in constructing

multimodal representations (Cope & Kalantzis, 2015; Jewitt, 2008; Lim, 2018).
Critical Framing

The students create their internal design first by analyzing teacher curated
representations and then by transforming the known representations to new ones
to the current contexts wherein problem is situated, using metalanguage that they
become aware of. Moreover, students reflect on their conceptual understanding,
designing, and design (Kress & Selander, 2012). In this step, students integrate
new schemas with existing schemas in long term memory by internalizing. That

is, critical framing includes two basic steps: analyzing and internalizing by design.

Critical framing is a basement for transformed practice because this process helps
designers frame their growing mastery in designing, analyzing, conscious control,

and understanding.
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Transformed Practice

In this process, students are denaturalized and made strange what they have
learned before. A new representational challenge is presented in different
contexts. They are asked to recreate and recontextualize meaning across context
(Jewitt, 2008). In one respect, transformed practice starts the teaching process

again, returning to where we began.

Designer applies learnings, and takes experiential, critical, and conceptual
knowledge from one context and adapting them to a different context (Lim,
2018). Briefly, getting out of current context, students are introduced to a new
task, in order to show whether the representation works in new contexts, and are
asked to apply it in a new context. Thus, the teaching cycle starts over again. That
is, as stated by Kress: “engagement with it in transformative action; which
constantly remakes my inner resources; and in that, changes my potential for

future action in and on the world.” (Kress, 2010, p. 14).

All these four stages mentioned above are operationalized around different
Peircian triads of meaning making. The study explains these triads based on the
interlocking triad of Waldrip, Prain, and Carolan (2010). The triad is based on
Peirce's triangular model of meaning making. According to this framework, the
learning process includes “Teacher Conception (TC)”, “Teacher Representation
(TR)”, “Student Conception (SC)” and “Student Representation (SR)” elements
(Figure 2.6). Each pair forms Peirce meaning trialogy with the content to be taught
/ learned, "Domain (D)". That is, teaching and learning is a dynamic cyclic
‘designing’ process among the domain taught (D), teacher representations (TR),
teacher conceptions (TC), student representations (SR), and student conceptions

(SC) (Waldrip et al., 2010).
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TC TR TR SC scC SR SR TC
Figure 2. 6 Interlocking triad of Waldrip, Prain, & Carolan (2010)

In situated practice, teacher selects key concepts (domain) to tell, design his or
her internal representations by choosing among all available design options (TC),
and s/he constructs external representations (TR), analyze RPS’s adequacy and
competency, and then plans how to present them considering two important
patterns: (1) decreasing extraneous load and increasing/decreasing intrinsic load
according to the level of student expertise, (2) designing a representational

challenge process.

In overt instruction, domain (coherent and meaningful multimodal
representations) and representational challenge presented by teachers become a
set of all new available designs for students (D). Teachers introduce
metalanguage/intermodal mechanisms of multimodal representations (TR), and
then students construct their own new conceptions/new schema in their
mind/internally (SC). In the intersection of overt instruction and critical framing,
internal designing continues. At the end of critical framing, students design their

external representations combining existing schema with new schema (SR).

In transformed practice, students are immersed into a new context (D). According

to the needs of new context, they construct their conceptions (SR).

Briefly, (1) teachers firstly design multimodal representations internally, then
externally (teaching materials), (2) present them to the students, (3) students
comprehend these texts, and design what they learn as a multimodal text in their
minds, (4) and then they design a learning product multimodally to show what

they have learned, (5) finally teachers assess these products, and give feedbacks.
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2.3.4 The CHC-Based Multimodal Generative Learning Approach

The approach proposed in here aims to explain how multimodal learning occurs
cognitively through synthesizing three distinct approaches (The CHC theory,
Cognitive Load Theory, and Generative Learning Theory), since one of the most
important pillars of a pedagogical model must also consider the cognitive aspect

of teaching and learning.

Since the knowledge is presented through a complex combination of modes —
multimodal texts- with different types of mediums, the new digital world needs a
distinct type of problem solvers and meaning makers (Pellegrino & Hilton, 2012;
Fiorella & Mayer, 2015). Social semiotics approach to multimodality calls those
meaning makers as ‘a designer’. The designer is capable of understanding meaning
arising from a combination of modes, interpreting these meanings, selecting
appropriate modes and orchestrating them in order to solve new problems posed
by new contexts. Finally, he or she presents his or her understandings through
multimodal representations to particular social communities. That is, s/he designs
his or her representations internally in mind, and then designs outwardly as an
external representation. Therefore, the new and effective teaching and learning
approaches should consider what content is presented in which ways by paying
attention to the functioning of the learners’ cognitive architecture in designing
process, and designer’s cognitive activity in order to design such a pedagogical

model (Donnelly, 2010; McDermott & Hand, 2016; Schnotz & Kiirschner 2007).

In this respect, the new approach explains these elements through explicit
integration of Multimodal Theory of Learning-Design, Cattle-Horn-Carroll Theory
of Cognitive Abilities, Cognitive Load Theory, and Generative Theory of Learning.
Shortly, the former implies that each mode provides different potential and
limitations for meaning making, and also orchestration of modes enables meaning
greater than the sum of each mode. Thus, designers should have gained awareness
about semiotic affordances of modes, and encounter different types of multimodal
texts. The instruction should provide opportunities for students to analyze

intersemiotic mechanisms within multimodal text and to design new ones in new
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context by transforming the available one. The latter accounts for explaining how
information processing occurs, which cognitive parts are being activated in the
designing process. Third one clarifies categorization of the types of cognitive load
placed on working memory, and guides researchers about the most desirable
learning situations in which instruction is designed to initiate appropriate
cognitive load. The last one which is stemmed from dual coding theory refers to
how students actively engage in three cognitive processes (selecting, organizing,

and integrating) during learning.

Central to this offered cognitive based theory is to explain how appropriate
cognitive load can initiate in representing an idea designed with different modes
during the cognitive procecsses being activated by distinct cognitive parts

(Donnelly, 2010).

The next section is about addressing this claim by clarifying each theory first, and
then is about how these are elaborated and extended in the approach of CHC
Based Multimodal Generative Learning. A distinct researcher Gunther Kress also
addressed the need in which multimodal theory and a cognitive approach on

teaching and learning is incorporated:

“...enable the beginnings of working descriptively and analytically...
whether around social, communicational and/or semiotic categories... or
epistemological categories such as information and knowledge, or semiotic
categories such as modes and their affordances, or pedagogic and/or

psychological categories such as learning (Kress, 2005, p. 21).”

As multimodal learning theory has been explained in previous sections, we will
just mention about CHC Theory, Cognitive Load Theory, and Generative Learning

Theory here.
2.3.4.1 The Cattle-Horn-Carroll (CHC) Theory of Cognitive Abilities

The CHC theory tries to classify the intelligence factor and explain how and why
individuals differ in different intelligence elements by gathering two intelligence

theories related to the cognitive abilities of the most well-known person
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(Schneider & McGrew, 2018). McGill and Dombrowski (2019) identified CHC
theory as a combination of Horn and Cattell’s Extended Gf-Gc theory (E Gf-Gg;
Horn & Blankson, 2005; Horn & Noll, 1997) and Carroll’s Three-Stratum Theory
(3S; Carroll, 1993). The theory involves two components. The former is about a
taxonomy of cognitive abilities. The latter is about explaining how and why people

differ in their distinct cognitive abilities (Schneider & McGrew, 2012).

In 1993, the American psychologist John B. Carroll, in his book Human Cognitive
Abilities: A Survey of Factor-Analytic Studies, presented 'A Theory of Cognitive
Abilities: The Three-Stratum Theory'. Carroll had meta-analysed 461 classic factor
analytic studies of human cognition, and proposed a solid theory on human
intelligence (Carroll, 1993, p. 78-91). The theory includes three levels of cognition
from specific to general: narrow abilities (stratum I), broad abilities (stratum II)

and general abilities (stratum III).

General abilities refers to general intelligence, and it is symbolized as g which
classifies into two main factors general fluid (Gf) and general crystallized (Gc)

(Cattell, 1943). He defined two terms as:

“Fluid ability has the character of a purely general ability to discriminate
and perceive relations between any fundamentals, new or old. It increases
until adolescence and then slowly declines. It is associated with the action
of the whole cortex. It is responsible for the intercorrelations, or general
factor, found among children’s tests and among the speeded or adaptation

requiring tests of adults.

Crystallized ability consists of discriminatory habits long established in a
particular field, originally through the operation of fluid ability, but no
longer requiring insightful perception for their successtul operation. (p.

178)”
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Cattell (1943) answers the question of why and how people differ in their
cognitive abilities with the terminology of investment. He states that all of these
differences originate from investment in societal, familial, and personal areas. As
shown in Figure 2.7, gf and gc are strongly correlated because gf causes gc via

investment (Schneider & McGrew, 2012).

Personal
Investment

e \TT )
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Figure 2. 7 Cattell’s investment theory (Schneider & McGrew, 2012, p.104)

From 1965 to 1990, several researchers studied to extend the theory, in 1991,
Horn (supervised by Cattell) expanded the Gf-Gc theory by adding 9-10 broad
abilities, they are called as fluid intelligence (Gf), crystallized intelligence (Gc),
short term acquisition and retrieval (Gsm), visual intelligence (Gv), auditory
intelligence (Ga), long-term storage and retrieval (Glr), cognitive processing
speed (Gs), correct decision speed, and quantitative knowledge (Gq) (Schneider
& McGrew, 2012).

Over 100 years of research by a diverse set of scholars, Schneider and McGrew
(2012) has revised and described the CHC theory in the third edition of the book:

Contemporary Intellectual Assessment.
e Revised CHC Theory

As shown in Figure 2.8, general intelligence is the broadest of all cognitive ability
constructs, including broader abilities. And, broad abilities consist of narrow
abilities. In the following section, broader abilities and narrow abilities will be

described.
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Figure 2. 8 Conceptual and functional groupings of broad CHC abilities
(Schneider & McGrew, 2012, p.135)

Fluid Reasoning

Gf can be described as solving unfamiliar problems which are novel and “on-the-
spot” problems by controlling the attention. It rarely depends on prior learning
and previously learned habits. It is most shown in abstract reasoning. It is operated
through conjunction of background knowledge and automatic responses. It is
generally used if current schemas are inadequate to meet the demands of a new
situation. It is revealed in the processes of hypothesis generation and
confirmation, classification of unfamiliar stimuli, identification of relevant

similarities, inferential reasoning, and so on.

It includes three narrow abilities. (a) Induction (I) refers to the ability to observe
a phenomenon and discover the underlying principles or rules that determine its
behavior. (b) General sequential reasoning (Gr) refers to the ability to reason
logically, using known premises and principles. (¢) Quantitative reasoning (Gq)
refers to the ability to reason, either with induction or deduction, with numbers,

mathematical relations, and operators.
Memory

Memory splits into two categories: primary and secondary memory. The former

concerns information packaged in short-term memory, accessible to
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consciousness. The latter deals with information packaged in long-term memory,

not easily accessible to consciousness.
- Short Term Memory (Gsm)

Gsm can be described as encoding information, and maintaining it in one’s

immediate consciousness.

It involves two narrow abilities. (a) Memory span refers to encoding information
in primary memory, easily accessing the information in the same sequence in
which it was represented. (b) Working memory capacity implies orienting the

focus of attention to the transformations of information within primary memory.
- Long Term Memory (Glr)

Glr is capable of storing, consolidating, and retrieving information over long

periods of time.

Glr consists of two narrow abilities. (a) Learning efficiency means having abilities
of recalling by combining previously unrelated information, remembering
semantically related information like narrative, and listing the information
recalled in any order. (b) Retrieval fluency refers to the speed of accessing
information in long-term memory. The more one can construct ideas rapidly from
memory, the more one has potential to combine ideas in creative ways. In other
words, retrieval fluency facilitates the process of creativity. Retrieval fluency
abilities can be described in various forms: ideational, associational, expressional,

naming, word, and figural fluency, also in the form of figural flexibility.

Glr and Gc have distinct focuses. While Glr deals with the process of memory
(storage and retrieval), Gc concerns the breadth of information stored in long-

term memory.
Cognitive Speed
- Processing speed

Gs refers to the fluency and quickness in performing simple and repetitive

cognitive tasks. For example, the speed of reading a text with full comprehension,
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the rate of writing correctly by generating or coping, the speed of comparing

similarities and differences between visual stimuli.
- Reaction and Decision Speed (Gt)

Gt can be described as the rate of making simple and plausible decisions when
choices are presented once. For instance, speed of reaction time to the stimulus or

speed of making simple choices.
- Psychomotor Speed (Gps)

Gps refers to speed and fluidity in movements of the physical body, such as speed

of arm and leg movement, writing speed, and speed of articulation.
Acquired Knowledge
- Comprehension knowledge (Gc)

Gc can be identified as having depth and breadth knowledge and skills which
seems valuable by one’s culture because each culture appreciates certain skills and
knowledge distinct from others. These knowledge should be practical in culture,
these skills should be valued. Gc includes narrow abilities of language
development, general verbal information, listening ability, lexical knowledge,

communication ability, and grammatical sensitivity.
- Domain-Specific Knowledge (Gkn)

Similar to Gec, Gkn refers to being mastered in a specialized content area, and
having depth and breadth knowledge about this subject area. It is obtained
according to interest, career, and hobby of one’s. Gkn involves narrow abilities of
knowledge of signing, foreign-language proficiency, geography achievement, and
general science information, mechanical knowledge, knowledge of culture, and

knowledge of behavioral content.
- Reading and Writing (Grw)

Grw is having the depth and breadth of knowledge and skills in reading and
writing. Having mastered skills in Grw facilitates reading and writing, the one with

high Grw spend little effort and experience little difficulty in this process. This
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ability can give clues about one’s language improvement. Grw includes narrow
abilities of reading decoding, reading comprehension, reading speed, spelling

ability, writing ability, and writing speed.
- Quantitative Knowledge (Gq)

Gq is having the depth and breadth of knowledge and skills in mathematics.
People with high Gq easily comprehends mathematical symbols, operations,
computational procedures, and other math related skills. It includes two narrow

abilities: mathematical knowledge and mathematical achievement.
Sensory and Motor-Linked Abilities

Sensory and motor linked abilities are attached to well defined regions and
functions of the cerebral cortex as distinct from other general abilities, and they
address sensation and perception. The first refers to detection of stimulus, the

other refers to making sense of stimulus.
- Visual Processing (Gv)

Gv implies having abilities of solving simple or difficult problems by using
simulated mental imagery which refers to a combination of transmitted visual
information and perceived images. It includes an array of various narrow abilities,
e.g. visualization, speeded rotation, visual memory, spatial scanning, perceptual

alterations, and etc.
- Auditory Processing (Ga)

Ga can be described as the ability to detect and process nonverbal information in
sound. It consists of phoenetic coding, speech sound discrimination, resistance to
auditory stimulus distortion, memory for sound patterns, musical discrimination

and judgment, absolute pitch, and sound localization.
- Olfactory (Go), Tactile (Gh), Kinesthetic (Gk), Psychomotor (Gp) Abilities

Go refers to the abilities to detect and process meaningful information in odors.
Gh in haptic sensations, and Gk in proprioceptive sensations. Gp can be identified

as using physical body movements with precision, coordination, and strength.
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At this point, giftedness is defined as having outstanding aptitudes in at least
above mentioned ability domains by Gagne (2004). In other words, gifted have a
degree which placed him or her among the top ten percentage of their peers in at
least one specific ability domain (memory, cognitive speed, comprehension

knowledge skills, and sensory and motor linked abilities).
Information Processing in CHC Theory

All these abilities taken into consideration, CHC theory proposed that information
processing is operated through a model as shown in Figure 2.9 (Schneider &
McGrew, 2012). This model has powerful attributes in describing how meaning

making or learning occurs.

Briefly, the model states that environmental input stimulates sensory receptors,
then sensory-perceptual linked abilities (Gv, Ga, Go, Gh, Gk) describe and detect
the complexity of perceptual processing, and then transfer meaningful
information in working memory. At this point, Gsm encodes information,
maintains and processes it in one’s immediate consciousness. Then, Gf discovers
the underlying principles or rules that determine behaviour of stimulus. Glr strives
to store the information transferred with the help of Gc, Gkn, Grw, and Gq in long
term memory. After the storage is completed, new schemas are constructed. When
a person encounters a problem that is required to be solved, Glr becomes
activated, and the abilities in Glr, general speed and the psychomotor abilities

determine how to overcome it with precision, coordination, and strength.
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Figure 2. 9 CHC abilities as parameters of information processing (Schneider &
McGrew, 2012, p.136)

2.3.4.2 Cognitive Load Theory (CLT)

CLT accounts for determining types of cognitive load builded on working memory
(Schnotz & Kiirschner, 2007). The study uses the theory in explaining how the
interactivity level between image and text modes burden a cognitive load on
working memory, how it can be decreased or increased. The theory is constructed

depending on three premises.

1. Multiple Memory Stores: CLT categorizes memory stores into two parts. While
working memory is identified as a limited capacity to hold information
temporarily, long-term memory has extensive capacity to hold information
permanently (Sweller, 2005). Information in working memory is losted if it is not

rehearsed and assimilated into long-term memory.

2. Cognitive Schemata: Storing information meaningfully in long-term memory is
realized through constructing new schemata or adapting the old one with new

one.

3. Cognitive Load: The term basically refers to the need for a required resource

for handling a particular task in working memory. Any input from sensory modes
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burdens a cognitive load on working memory for processing. Hence, the more
information and noncoherent presentation students are exposed to, the more
cognitive load increases and the harder it is to process the information into long-

term memory.

There are two types of cognitive load placed on working memory: intrinsic and
extraneous load. Intrinsic load arises from the nature of a particular activity itself.
It is called a natural complexity (Schnotz & Kiirschner, 2007). The degree of
complexity differs according to interactivity between different elements of
information represented by a multimodal text. If the elements are independent of
each other, the low interactivity occurs. The more dependency results in higher
interactivity. The higher the interactivity, the greater the intrinsic load (Sweller &
Chandler, 1994). Based on the level of learner —expertise or lower level-,
interactivity should be determined (Schnotz & Kiirschner, 2007). Extraneous load
origins from the attributes of instructional techniques used. Poorly designed
instruction causes more extraneous load, so instructional design should be
oriented to decrease the extraneous and overall load in learning situations.
However, in some cases researchers state that cognitive load can improve learning,
this is called a germane load, thus, the desirable learning environments aim to

decrease extraneous load while increasing germane load.

Depending on these premises, learning is described as changes in schemata in CLT.
It means that information is processed from working memory to long term
memory by designing new schemata or changing existing schemata. The cognitive
load emerges from the nature of activity and instructional techniques should be
aligned regarding the needs of learners (e.g expertise or low level students) in

order to realize effective teaching and learning.
2.3.4.3 Generative Learning Theory

Multimodal representations dominantly include verbal (written text, spoken
words) and nonverbal (image) modes. Generative theory guides the present stuyd
in explaining how a designer’s cognitive system first processes imagery and

linguistic information separately in nonverbal and verbal mental systems, and
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then how he or she integrates these information in order to achieve an
understanding of the content implied by the representation (Clark & Paivio, 1991;
Donnelly, 2010). In short terms, generative theory mentions in which ways the
designer processes the interplay between text and image (Mayer, Steinhoff,
Bower, & Mars, 1995). Such an interplay is multimodal by nature. It includes the

combination of definite principles of design and orchestration.

Generative theory accounts for information processing based on Dual Coding
Theory (DCT) studies. DCT explains information processing as making
connections between mental representation in verbal and visual systems (Cheng
& Gilbert, 2015; Donnelly, 2010). Two important claims of DCT are that (1) visual
and verbal systems are two independent but interconnected functional systems for
information processing, and (2) encoding information in both systems makes
recalling and manipulation easier (Paivio, 1986). According to DCT, coherent
combinations of verbal and visual systems facilitate learning (Cheng & Gilbert,
2015). These assumptions seek to explain associative relations within verbal and
visual systems, and clarify referential connections between them as shown in

Figure 2.10 (Paivio, 2014).

From the perspective of DCT, generative learning indicates that learning starts
from instruction to sensory motors. That is, multimodal representations
transferred by the instructor enters designers’ cognitive systems through sensory
memory. The designer selects appropriate ones according to his or her interests,
and then transfers them to the working memory. In working memory, the designer
makes referentional and associative connections between and within visual and
verbal systems. Finally, learners activate prior knowledge in long term memory
and incorporate the new one and old one into a new conceptual schema which is
a unique text of their own. That is, information is processed actively by designers,
and then the information is transformed into knowledge by making conscious
interactions among prior knowledge, current experiences, and external

information resources (Tippett, 2016).
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As seen in Figure 2.10, the designer makes senses —learns- the instructional
material presented to them applying appropriate cognitive processes including
selecting, organizing, and integrating (Fiorella & Mayer, 2015). The former refers
to pay attention to relevant external representations (spoken words, printed
words, and graphics, visual images and auditory sounds). The latter refers to
organizing them in working memory by making associations and referential
connections. The last one refers to integrating organized multimodal
representations with relevant prior knowledge —schema, models, and principles-

retrieved from long-term memory.
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Figure 2. 10 Generative theory of learning

That is, learning can be defined as transforming the external representation into
the internal representation. Therefore, learning not only depends on the materials

presented by the instructor, but also individual backgrounds.

All the theories mentioned above considered, CHC-Based Multimodal Generative
Learning Approach ensue from synthesizing Multimodal Theory of Learning-
Design, Cognitive Load Theory, Generative Learning Theory, and Cattle-Horn-
Carroll’s Cognitive Theory, in order to show how learning occurs in multimodally
rich environments, and how multimodality is important in the process of learning
as seen in Figure 2.11. The theory also guides how the teaching process should be

designed according to the level and needs of students.
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Classroom environment (teaching materials, available designs, teachers’ external
representations, and teachers’ instructional design) is organized by way of
decreasing extraneous load, and increasing or decreasing intrinsic load
considering level of students. Intrinsic load refers to interactivity between
different dimensions of information represented by available designs. Dimension
means the extent to which each representation contributes to the overall message
transmitted by the multimodal text. Intrinsic load is also impacted by intersemiotic
(intermodal) relations between modes in each representation. Intermodal
relations are important attributes of multimodal texts which create integration of
verbal and imagery modes rather than a mere linkage between the two modes.
Each intermodal mechanism (concurrence, complementarity) results in a different

level of intrinsic load.

CHC-Based Multimodal Generative Learning Approach simply states that available
designs stimulate functional systems of verbal and imagery. In sensory and
perceptual systems, the ability of visual processing (Gv) and auditory processing
(Ga) perceive, select appropriate stimuli; manipulate, discriminate, reason and
work on them with the help of the ability of processing speed (Gs). Gs is defined
as attentional fluency or attentional speediness which means controlling attention
automatically and quickly. It is about concentrating on comparing or scanning
similarities and differences in each stimulus. After this initial processing, sensory

and perceptual systems transferred information to working memory (Gwm).

In Gwm, verbal and imagery information are encoded, maintained and
manipulated in active attention which focuses on task relevant stimuli and ignores
task irrelevant stimuli. The capacity of realizing this process is determined by two
factors: short term storage and attention control. Thus, working memory capacity
can be described as the ability of encoding and maintaining information in active
attention. Throughout this process, at first, verbal and imagery information are
organized separately by making associative connections. Then, verbal and imagery
information are integrated by making referential connections with the help of fluid
reasoning (Gf). Gf is used to solve on-the-spot problems that we encounter in daily
lives, the solution of these problems less depends on previously learned schemas,
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and they require automated responses. It seems mostly in abstract reasoning,
inferential reasoning, generalization of old solutions to new problems (maybe
incorrectly), the perception of relevant consequences of newly acquired
knowledge, and so on. Fluid reasoning includes three narrow abilities: induction,
deduction, and quantitative reasoning. At the end of information processing in
working memory, initial mental representation (internal representation) is

formed.

Initial mental representation is transformed into final mental representation as a
knowledge (new schema-transformed knowledge) through learning efficiency
(GD). Gl refers to the ability of learning and storing new information in long term
memory. Gl helps to construct a meaningful link between initial mental
representation and existing schema, and then form declarative (semantic and
episodic) and procedural (motor and conditioning) knowledge. In this forming
process, comprehension knowledge (Gc), domain specific knowledge (Gkn),
reading and writing (Grw), quantitative knowledge (Gq) play crucial roles. Gc can
be described as the ability to comprehend subject related knowledge. It consists

of the depth and breadth of both declarative and procedural knowledge.

In the process of handling problems individuals encountered or during a simple
communication, they use the ability of retrieval fluency (Gr) in order to construct
and present their external representations. Gr can be described as retrieving verbal
and nonverbal information or declarative and procedural knowledge stored in
long term memory fluently. Gr with narrow abilities facilitates designing external
representations in creative ways. It plays a crucial role before performing,
presenting, or communicating external representations. The following narrow
abilities of Gr take part in realizing this: ideational fluency, expressional fluency,
word fluency, figural fluency, and figural flexibility. The former is about producing
a set of ideas regarding a specific condition rapidly. The latter refers to expressing
an idea in different ways. The third one is about producing words which have
common phonological or semantic features. Figural fluency is about drawing a set
of visual elements to solve figural problems. All these abilities are performed in
precision and coordination with the abilities of psychomotor abilities (Gp),
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reaction and decision speed (Gt), and processing speed (Gs). Gp can be described
as performing physical body motor movements. Gt refers to making simple and

correct decisions or judgments when encountered a problem.
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2.4 The Multimodal Pedagogical Model (MpM)

The MpM is constructed upon by considering how learning and teaching process
occur multimodally, and how cognitively these processes realize. The aim of
designing such a model is proposing an environmental catalyst in order to improve
a specific talent of ToGs called representational competence considering the

elements of enrichment.

All these theories are considered, the definition of pedagogy regarding this study
is a design of learning activity sequences, the method and practice of teaching
(Cope & Kalantzis, 2015; Lim, 2018). Pedagogy is about how any subject content

is taught and how learning occurs.

In this context, the study claims that any successful theory of pedagogy is builded
on how the cognitive system works, how learning occurs, and how the teaching
should be taking into account the first two. The model (Multimodal Pedagogic
Model-MpM, Figure 2.12) explains all of these with the theories mentioned above:
Theory of Learning-Design, CHC-Based Multimodal Generative Learning
Approach, Learning with Multimodal Representations, and Multimodal Teaching
Process. The MpM clearly defines and describes how learning occurs, how the
teaching should be in four main steps in which teachers and students are active

designers of their teaching and learning processes.

These four steps are realized around different Peircian triads between ‘Domain’,
‘Teacher Conception (TC)’, ‘Teacher Representation (TR)’, ‘Student Conception

(SC)’ and ‘Student Representation (SR)’.
2.4.1 Designing Pedagogical Environment (DPE)

First step is called DPE in which learners are immersed into a semiotically rich
environment and meaningful practices. This step reflects the attributes of activities
subcomponent of the development process in Gagne’s DGMT. That is, learners are
provided to gain access to learning environment, content, a differentiated

challenging teaching and learning approach with regard to enrichment modalities,

68



such as enrichment in density, enrichment in difficulty, enrichment in depth, and

enrichment in diversity (Gagne, 2007).

The teacher presents diverse available designs based on the world of learners' prior
designed experiences and the new ones they do not encounter before (Jewitt,
2008; Lim, 2018). Available designs should be builded on familiar and unfamiliar
ones which are scaffolded by teachers (Cope & Kalantzis, 2015). In this step,
teachers design this environment as a scaffolder by harmonizing and orchestrating
available designs and identifying key concepts in order to send conscious signs
towards students’ sensory and perceptual system (Cope & Kalanzis, 2000; The
New London Group, 1996; Waldrip et al., 2010).

The step can be also called the preparation phase of the teaching process, because,
in a sense, the teacher designs the learning environment, available designs, and
processes of learning first internally (theoretically, in mind), and then externally
(practically). The designer determines activities of forming and transforming
knowledge, informs students about key concepts of the subject, the expected
product, and judgment criteria (Selander, 2008). Representational challenge
enabled by topic and guidance on representational task should be considered in
order provide students to consolidate their understandings at the completion of

the topic (Waldrip et al., 2010).

Available designs include defined and prefabricated curricula and beyond the
curricula as an enrichment in density, depth, and diversity; and teaching materials
(textbook, exercise book, other multimodal representations in real or digital world
such as infographic, animation, video and etc) and also involve more
sophisticated, complicated and challenging teaching materials as enrichment in
difficulty (Selander, 2008). Available designs also consist of teacher’s
representational competence and students’ prior knowledge. RC refers to the
ability of selecting the best suited signifier of the concept taught or designing best
suited one regarding learners’ interest in order to scaffold interpretation made by
them. Selecting and designing the most appropriate one also requires the ability

of having awareness and analyzing intermodal mechanisms in representations. RC
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also refers to enable them to explore and explain their ideas, preparing
representational challenges which elicit their causal accounts of phenomena,
allow opportunities to integrate their representations into a meaningful
summative account of the topic, and extend these ideas to a range of new
situations. The teacher plans and manages the learning process where knowledge
is redesigned and contextualized as if it was a research process, and guides them
to design learning products. The main purpose is to ensure that information is

learned in a transformational way.

The sequence includes three elements: (a) student representation, (2) student
interests, and (3) student perceptions. Teachers provide opportunities for students
to re-represent their claims in generating, manipulating and refining
representations. They encourage them to be active and exploratory in this process.
Activities need to take into account students’ interests and values, and also need

to have a strong perceptual context.

All those available designs mentioned above should be designed considering two
important factors. (1) They should be arranged in order to send signs and modes
to sensory and motor linked abilities (sensation and perception) (McGrew &
Schneider, 2013). Sensation refers to the detection of a stimulus. Perception refers
to complex processing of sensory information to extract relevant information from
it (i.e., literally to make sense of it). (2) They should be organized by way of
decreasing extraneous load, and increasing or decreasing intrinsic load
considering the level of students. These arrangements and organizations improve
awareness and sensitivity towards modes and their interactions -called as
intermodal mechanisms- by nature, because all are constructed according to
semantic and paradigmatic principles in the semiotic system. At the end of the

DPE, available designs stimulate functional systems of verbal and imagery.

Briefly, in DPE, teacher selects key concepts (domain) to tell, design his or her
internal representations by choosing among all available design options (TC), and
s/he constructs external representations (TR), and then plans how to represent

them considering two important patterns: (1) decreasing extraneous load and
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increasing/decreasing intrinsic load according to the level of student expertise,

(2) designing a representational challenge process.
2.4.2 Teaching Metalanguage (TM)

This phase starts with a representational challenge in a complicated task posed by
the teacher. The complicated task is obligated to a collaboration between teacher
and learner, and makes both of them active. The task should be arrenged in a way
that push students to the cutting edge of their learning capacity and also do not
make their feel helplessness. During the collaboration, teachers present their own
external representations, and start negotiations with learners. The process is
called metalanguage teaching, or as stated by New London Group (1996) overt
instruction. Overt instruction is a crucial pedagogical strategy in which students
are taught and recognized design elements, systematic knowledge about
analytical vocabulary in meaning making, and how modes are orchestrated in
constructing multimodal representations (Cope & Kalantzis, 2015; Jewitt, 2008;
Lim, 2018). In a sense, the learner is presented with a science toolkit of types of

representations for using them in reasoning about and explaining phenomena.

In this way, students gain conscious awareness about and recognize affordances
and limitations of teacher representation and the use of metalanguages which
refer to inner and intermodal mechanisms within and between modes (New
London Group, 1996). During the recognition process, teacher pays attention to
make explicit instruction about the followings. (1) The form and function of
modes if he starts a novel representation, (2) how the function of mode is realized
by its form, (3) how a representation encodes and presents information, (4) how
information is distributed among modes which can complement or constrain each
other, and (5) introduce different types of intermodal mechanisms (concurrence

and complementarity).

While this recognition, awareness and negotiation process continues, the learner
begins to design his own internal representation, that is, to conceptualize the
subject taught in his mind. In broad terms, conceptualization starts from

stimulations arising from representations to sensory and perceptual systems. That
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is, multimodal representations transferred by the instructor enter designers’
cognitive systems through sensory system. Those are accepted as a set of all new
available designs for students (D). In the sensory and perceptual system, the
designer selects appropriate ones according to his or her interests with the ability
of visual processing (Gv) and auditory processing (Ga). The abilities perform
perceiving, selecting appropriate stimuli, manipulating, discriminating, reasoning
and working on them with the help of the ability of processing speed (Gs). Gs is
about concentrating on comparing or scanning similarities and differences in each

stimulus.

New ones are selected and manipulated by Gv and Ga with the help of Gs, and
then transferred to working memory (Gwm). In Gwm, available designs are
encoded, maintained, manipulated and finally organized verbally and imagery
separately by making associations, and then they are integrated by making
referential connections with the help of Gf, finally initial internal representation
is designed (freshed/pure SC). Gf is used to solve on-the-spot problems that we
encounter in daily lives, the solution of these problems depends less on previously
learned schemas, and they require automized responses. At the end, Freshed SC/

pure schema constructed is transferred to long term memory.

In overt instruction, domain (coherent and meaningful multimodal
representations) and representational challenge presented by teachers become a
set of all new available designs for students (D). Teachers introduce
metalanguage/intermodal mechanisms of multimodal representations (TR), and
then students construct their own new conceptions/new schema in their
mind/internally (SC). In the intersection of overt instruction and critical framing,

internal designing continues.
2.4.3 Critical Framing (Internalizing) (CF)

The phase includes two main parts: analyzing and internalizing. The former
means that a designer views and analyzes patterns and features of multimodal
texts curated by teachers or any designers according to metalanguage that are

taught by teachers. Analyzing involves making logical connections like deduction

72



and induction, process of reasoning, and establishing functional relations such as
causation. The process is realized functionally through analyzing structure,
function, context of knowledge and the way how the knowledge is presented.
Learners ask themselves, and interrogate the texts provided by the pedagogical
environment the following questions, what does it do? How does it do it? What
are its structure, function, relations, and context? (Cope & Kalantzis, 2015; Lim,

2018).

The latter refers to the internalizing process in which the designer constructs a
final schema in mind by viewing and analyzing teacher-curated multimodal texts

with respect to his/her interests and choices.

Based on these views and analyzes, the designer transforms initial mental
representation in working memory to final mental representation in long term
memory as a knowledge (new schema-transformed knowledge) through learning
efficiency (GI). Gl refers to the ability of learning and storing new information in
long term memory. Learning and storing are realized through comprehension
knowledge (Gc), domain specific knowledge (Gkn), reading and writing (Grw),

quantitative knowledge (Gq).

Critical framing is a basement for transformed practice because this process helps
designers frame their growing mastery in designing, conscious control, and
understanding. At the end of critical framing, students design their external

representations combining existing schema with new schema (SR).
2.4.4 Transformed Practice (Externalizing) (TP)

The stage is called the applying process by Cope and Kalantzis (2015). It is about
students “learning by applying experiential, conceptual or critical knowledge”
(Cope & Kalantzis, 2015, p. 21). This includes the designers constructing external
representation as a way of learning and sign of their learning. The design is
realized in two distinct ways, applying appropriately and applying creatively. The
former refers to applying designed representation in similar contexts, its

consequences are predictable and typical.
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The latter simply refers to adapting representations to a quite different setting.
External representation is recreated and recontextualized across new contexts.
Designer applies external representation, and takes experiential, critical, and
conceptual knowledge from one context and adapting them to a different context
(Lim, 2018). With statements of Cope and Kalantzis (2015, p. 22) “It is a process
of making the world a new with fresh and creative forms of action and perception.
Now learners do something that expresses or affects the world in a new way, or
transfers their newly acquired knowledge into a new setting.” In a sense, the
designer is made strange to the current context, is introduced to a new task, and
is asked to re-form designs in the new context in order to examine whether the
representation works or not. In one respect, transformed practice starts the
teaching process again, returning to where we began, but now it is performed as
reflective practice. New practices are transferred to a pedagogic environment with
its own goals and values. This process provides designers to revise what they have
learned before, and expands the network of schema in their mind. That is, as
stated by Kress “...engagement with it in transformative action; which constantly
remakes my inner resources; and in that, changes my potential for future action

in and on the world.” (Kress, 2010, p. 14).

Briefly, in this stage in, the design (SC) created in the mind is transformed into a
learning product, that is called externalization — external representation (SR). The
students create their design by transforming the known representations to new
ones to the current contexts wherein problem is situated, using metalanguage that
they become aware of. The student expresses the signs, modes, and scientific
conventions that he perceives through an external representation. This product is
a representational work and shows the student's current conceptual structure and
epistemological value of knowledge. According to social semiotics, external design
is any representation that other people can perceive physically. These
representations can be text, speech, model, graphic, infographic, diagram or an
animation. As scientific knowledge is inherently multimodal, students are

expected to design rich signs and representations with a multimodal structure of
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their own reality, that is, their internal design (Kress, 2008; Selander, 2008;
Andersen & Munksby, 2018; Tang et al., 2019).

Within the external design process, student interests, abilities, and preferences are
taken into account (Tang et al., 2019; Waldrip et al., 2010). Learners are asked
and encouraged to make their own representations. They are exposed to strong
perceptual and experimental contexts which engage and activate them. Since
semiotics counts design as an individual initiative, the learner is freed as much as
possible for the design. Students create awareness of the scientific conventions
and epistemological value they learn during the teacher's direct teaching of the
scientific values and originality of the products they will design. The most
important role of the teacher in this phase is negotiator. The learning process is
monitored here, the meaning of the student's meaning in the stage where the
teacher is scaffolding is monitored in the design process, and when the teacher
realizes a problematic or developmental point, he intervenes at an intellectual

level and does not intervene in student designs.

In this step, students use retrieval fluency (Gr) abilities and cognitive speed
abilities (Gs and Gt) with acquired knowledge abilities (Gec, Gkn, Grw, and Gq) in
order to construct external representations. Retrieval fluency ability refers to
accessing stored information in long-term memory rapidly. Gr can be described as
retrieving verbal and nonverbal information or declarative and procedural
knowledge stored in long term memory fluently. Gr with narrow abilities
facilitates designing external representations in creative ways. It plays a crucial
role before performing external representations. The following narrow abilities of
Gr take part in realizing this: ideational fluency, expressional fluency, word
fluency, figural fluency, and figural flexibility. The former is about producing a set
of ideas regarding a specific condition rapidly. The latter refers to expressing an
idea in different ways. The third one is about producing words which have
common phonological or semantic features. Figural fluency is about drawing a set

of visual elements to solve figural problems.
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Taking all theories, conceptions, views, and adaptations into considerations, the
MpM involves a set of basic theoretical and practical principles as follows. These

are called draft design principles.
e Draft design principles
Theoretical Design Principles

1. Teaching and learning in the classroom is a multimodal experience and a

design.

Explanation: Design is about people engaging in any communicative form that can

be shared with others.

2. “Learning”, consequently, is defined as an increased capacity to use signs
(modes/representations) and engage them meaningfully in different

situations.

Explanation: Learning is here understood as a process of interpretation and sign
production (Selander, 2003; 2008). The use of modes and media in processes of
interpretation and identity construction is central for the understanding of
learning activities. Learning is a dynamic re-representation process in which
students re-represent the information and presentations that teachers present in

semiotic resources in the classroom.

3. Learning is a design, and it includes internal and external design of

representations.

4. The multimodal texts and artifacts that designers make can be seen as one

kind of sign of learning, a material trace of semiosis.

Explanation: We suggest that pupils’ learning products which include image, text,
gesture, and spatial elements can be viewed as ‘one kind of evidence’ of their

cognitive processes.

5. Multimodal learning environment requires representational competent

teacher.
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Explanation: S/he can select appropriate modes, harmonize and orchestrate
semiotic sources and modes effectively in order to design a meaningful teaching
experience to engage, motivate, and educate students, and finally can evaluate

adequacy and competency of multimodal representations.

6. Multimodal texts have manipulable characteristics, they provide designers

to attend text in different entry points.

7. Teachers/Students are active designers of their learning products.

Explanation: They view, manipulate, interpret, and transform teacher’s available

multimodal representations into new and meaningful ones.
Practical Design Principles

1. Designers  should be  situated and immersed into a

semiotically/multimodally rich classroom environment.

2. Teachers should present designed multimodal texts by harmonizing and

organizing available designs.

3. The teacher should design multimodal texts and to organize student
activities, dialogues, and discussions as a mediator and negotiator in order
to enhance (a) comprehending fundamental and functional semiotic forms
of various typess of modes, (b) understanding conceptual structures of the
modes, and (c) awareness of the potentials enabled by the different

structures of representations.

4. Teachers should encourage explicit discussion about the appropriateness of

particular multimodal representational forms.

5. Tasks should be involved for the transformation, transduction, and re-

representation of concepts and ideas from one mode to another.

6. Designers require to encounter representational challenges, which elicit

their causal accounts of phenomena.
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7. Multimodal learning environment enable designers to design their
conceptual understanding to re-represent their claims by using multi modes

in their science content.

Explanation: Students should have multiple opportunities to re-represent,
translate, integrate, re-interpret, justify and refine understanding multimodal
representations  through processes of collaborative peer learning,
experimentation, consultation and teacher-guided consensus around

representational adequacy.

8. At the end, designers’ learning products (multimodal representations)
should be assessed by the teacher who is an epistemic authority according

to multimodal assessment rubrics.
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METHOD

3.1 Participants and Settings

Participants were chosen by convenience sampling. There were one or two science
teachers in these schools. They were invited to participate in this study with online
and face to face meetings. In these meetings, the process and purposes of the
study, the role and responsibilities of researchers and practitioners, what is
expected from them, and the calendar about this research were shared clearly.
They were also informed about what objective they will attain at the end of the
process, how collaboration between researcher and practitioners is realized, the

scope, content, and products of the research.

The six ToG voluntarily accepted to participate in this research. Two of them are
male, the rest of them are female. One of them has a bachelor’s degree, two of
them have a master’s degree, two of them are PhD candidates, and one of them
has PhD degrees. They are all experienced in science teaching for gifted students,
the average teaching experience was 7 years (see Table 3.1). They work in
different regions of Turkey, but schools have the same attributes. Schools are
designed to educate gifted students after formal education as an enrichment

program. They are called Science and Art Centers (SACs).

Table 3. 1 Demographics of the participants

Participant | Bachelor/Ms/Ph | Years in Teaching | The level s/he taught
D
Ahmet Bachelor 8 Primary/Secondary
Ash Ms 7 Primary/Secondary
Mustafa PhD 7 Primary/Secondary
Zeynep PhD Candidate |8 Primary/Secondary
Ceren PhD Candidate |7 Primary/Secondary
Suna Ms 8 Primary/Secondary
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Each city has at least one SAC in Turkey. SACs select students according to some
criteria. Firstly, prospective students are chosen by teachers to take the group
scanning exam. Then, successfull ones take individual exams regarding general
ability, music, and art. If they succeed in these two sequential exams, they are
accepted as gifted (Bildiren, 2018; Sayi & Yurtseven, 2021). SACs provide
enrichment education which aims to develop their thinking skills, problem solving
skills, and ability (Kaplan & Sayi, 2020). SACs try to realize these aims by
following four educational phases: orientation, supporting education, recognition
of individual talents, and development of special talents. The former refers to
expose to activities that introduce SACs. The latter means students engage in
activities about higher order thinking skills. The third means that students select
activities in some disciplines according to their interests, the last one refers to

generate projects in specific subjects (Ministry of National Education, 2015).
3.2 Research Design

EDR is the methodological framework of this study. As stated by Plomp (2013):
“EDR is a systematic way of design, development and evaluation processes of an
educational intervention or innovation”. EDR aims to examine possible solutions
for complicated educational problems encountered in a real context by making a
systematic analysis of designing and developing an intervention. It contributes to
not only our knowledge about the theory but also practice and our knowledge
about characteristics of intervention and its designing and developing processes
(Plomp, 2013). In other words, as explained by McKeeney and Reeves (2012):
“EDR 1is a genre of research in which the iterative development of solutions to
practical and complex educational problems also provides the context for
empirical investigation, which yields theoretical understanding that can inform

the work of others (p. 7)”.

EDR is a set of research approaches (survey, case, action, grounded, and
experimental). It includes some attributes of these approaches, but usually
differentiates from them with specific patterns. For example, while experimental

research is testing theory, EDR develops and tests theory simultaneously. The

80



researcher can only be a participant in action research, while in EDR s/he can be
also an observer. In grounded theory, the researcher develops theory at the end
of the study while s/he starts from a theory, then develops it in EDR (Bakker,
2018).

EDR mainly focuses on how education could be or even as it should be (Bakker,
2018). This means that educational researchers have a wishful desire to solve a
problem they encountered. They pursue the answer of questions like what is
possible potential of new educational technologies for teaching concept X, or
which skills needed in the future and in what ways they should be improved to
help learners-citizens of futures. In EDR, research and design are intertwined and
dependent on each other. Designing of teaching materials or a professional
development program is interwoven with the iterative cycles of testing and
improving of theory, or vice versa (Bakker, 2018). That is, design tests and
improves theory in different contexts, and improved theory provides constructing

new designs.

EDR proposes solutions to the two long lasting problems in the history of
education. The former one is that the improvement of new educational approaches
does not depend on the knowledge base available from research. In EDR, the
adequacy of the new approach is tested in different contexts and if necessary it
could be developed by depending design on research. The latter is that most
research in the educational area enables little insight to practitioners on how to

perform the new approach in their learning environments (Bakker, 2018).
3.2.1 Characteristics of EDR

Based on the studies of Phillips (2006), McKenney and Reeves (2012), Confrey
and Maloney (2015), and Bakker (2018), EDR includes five basic characteristics

inherently.

1. EDR is theoretically oriented. This means that theoretical approaches inform
the design and process of a solution to a real problem, and in turn the design and

process improve theoretical understanding through testing. EDR is oriented to
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theory in shaping of intervention, and thus intervention helps in the assessment

and improvement of the theory.

2. EDR is interventionist by nature. Evolvement by explaining the changes is a
crucial factor and main purpose of EDR. That is, EDR strives to make a real change
in the context the intervention is applied. While doing this, it pays attention to
this: “If you want to change something you have to understand it, and if you want

to understand something you have to change it (Bakker, 2018, p. 16)”.

3. EDR includes collaborative action between researchers and practitioners who
encourage and learn from each other during the implementation in continuously

adapting the design to reach the goals (refinements in both theory and design).

4. EDR is cyclic by nature. This means that it involves revisions and iterations. The
intervention, draft model, design principles, or conjectured maps are first
prepared as theory-laden, second they are put into practice, and finally they are
analyzed retrospectively. At the end of the retrospective analysis, alternative
conjectures or revised design principles can be generated and tested. And, the new

cycle can repeat until the intervention reaches a solid solution/a desirable design.

5. EDR has reflective and prospective components. At the end of each iteration
and during intervention, the proposed model is evaluated and reflected by
contributors e.g. researchers, practitioners, and experts. Reflection and evaluation
can be done in each cycle in order to feed and revise models in order to reach the

ideal intervention.

Based on the characteristics, EDR in this study is conducted through intervention.
In the context of this study, here, the intervention is to design and develop a
multimodal pedagogical model to improve representational competence levels of
teachers of gifted students. The intervention is designed regarding the educational
problems that is the need for differentiated pedagogical approach in gifted
education and difficulty experienced by ToG in constructing intermodal relations
between image-text and text coherence while designing multimodal
representations. In other words, the problem is that teachers lack representational

competence skills.
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While reaching a solid solution to this educational problem, the steps mentioned

below are followed in the generic model.

e Problem or needs analysis.

e Initial formulation of a potential solution to the problem.

e Implementation of the intended solution.

e Evaluation of to what extent the intended solution indeed solved the

problem.
Generally, the EDR has commonly three phases of research that are:

e preliminary research phase,
e prototyping or development phase,

e and evaluation phase (Nieveen & Folmer, 2013; Plomp, 2013).
3.2.1.1 Preliminary Phase

In general, the preliminary research phase examines and determines existing
problems to solve, or needs and possibilities for interventions in order to

conceptualize them. The timeline of this phase is shown in Figure 3.1.

In this phase, at first, the researcher conducted a one year long literature review
in order to identify problem, to determine possible solutions and teaching and
learning activities, to decide theoretical and conceptual frameworks of the study,
to construct intervention model and its principles, and analytical frameworks. In
this year, the researcher also attended national and international academic
meetings about the subject of gifted education. He determined that there is no
attempt and study to design a pedagogical model in order to make ToGs

representationally competent.

After conducting literature review, the researcher invited teachers of gifteds to
attend the study by explaining the purpose and process of the study, and what
roles they plan and responsibilities they should take during the study. Six of them
accepted to attend voluntarily to the present study. Then, the researcher asked
participant teachers to send their teaching materials they used in real or digital

classroom environments. The researcher analyzed these mono or multimodal texts
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to determine their representational competence levels. The researcher also
realized semi-structured interviews with them one by one by asking questions
about (1) participant teachers’ pedagogical practices; (2) their awareness on
multimodal text design and multimodal representations regarding image-text
intermodal relations and text coherence; (3) their views on impacts of these texts
on learning and meaning making; (4) and how they plan and organize teaching
process by using representations (Appendix A: Pre-Interview Questions). The

researcher also observed these teachers online classroom teaching experiences.

At the end of all these processes, the researcher developed conceptual or
theoretical framework of the study, determined theoretical and practical
principles, and finally designed draft model for intervention (Bakker, 2018;
Plomp, 2013). That is, a draft model with a set of draft design principles is
improved to solve the problem at the end of the preliminary phase. In the context
of the draft intervention model, the issues of -how human mind works, theory of
learning, how learning occurs with multimodal representations, and how the

teaching process should be- was determined.

[ | Timeline of Preliminary Phase | J

[¢ ]

2018 September - 2019 June

-Literature review process
-Definition of the problem
-ldentifying possible solutions

< v
2019 June - December

Constructing

-Theoretical frameworks
-Analytical frameworks
-Research process

Attending

-National and international gifted
education cangresses

2020 January - April

Determining activities of
instructional process

2020 May - August

-Invitation meetings
-Pre-interviews
-Analyzing teaching materials

Figure 3. 1 Timeline of preliminary phase
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3.2.1.2 Prototyping Phase

Prototyping phase is the second step of EDR. It includes iterative applications of
draft model, or in other words micro cycles. Each being micro cycle was undergone
to formative evaluation in order to revise and develop intervention. Five micro
cycles were conducted to be able to attain a solid model which capable of
improving representational competence of ToGs in the study. That is, the
researcher decided that the intervention evolved to an effective model to develop

RC of ToGs at the end of fifth micro cycles.

Each micro cycle reflects sequences of multimodal teaching process and learning

with multimodal representations.

[ ] Timeline of Prototyping Phase | ]
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- | Evaluating Micro Cycle r - \\._‘ Evaluating Micro Cycle |
2 4 and 5
\ / \ /
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Figure 3. 2 Timeline of prototyping phase
Micro Cycle 1

The first micro cycle was conducted over four weeks. Awareness activities were
realized through discussions with participant teachers. Recognition activities were
provided with videos describing intermodal relations and text coherence attributes
that the participants were not aware of in the previous activity. Design activities
were given considering criteria of applying properly and applying creatively.
Evaluation activity was carried out directly. That is, the researcher gave
explanatory feedbacks to designs of ToGs, and asked them to re-design their

multimodal representations. Each step of first micro cycle is axplained below.
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- Designing Pedagogical Environment (DPE)

The researcher prepared six monomodal texts in three different groups regarding
text coherence (Kloser, 2013, 2016; Meneses et al., 2018; Ozuru et al., 2009). The
first group has criteria of (1) including headings as expository text or research
question, (2) body text as expository-informative or narrative-argumentative, (3)
involving scientific process (hypothesis, research question, data, and conclusion)
or not. The second group is prepared according to criteria of (1) replacing
ambiguous pronouns with nouns or not, (2) adding descriptions with examples or
not, (3) inserting connectives to promote relationships between sentences or not.
The third group is constructed through the principles of (1) including non-
scaffolding academic vocabulary or not, (2) and highlighting with italic, bold, and

underlying or not.

The researcher also designed multimodal texts in eight categories regarding
intermodal relations between image-text (Daly & Unsworth, 2011; Keles, 2016;
Meneses et al., 2018; Tang, et al, 2019; Zhao, Djonov, & van Leeuwen, 2014).
Intermodal relations classify into two groups and eight categories. The first group
is concurrence. The concurrence is classified into four categories sequentially
according to intermodal relationships: 1) decorational, 2) exemplary, 3)
representational, and 4) extension. Decorational is the weakest intermodal
relations in this category, and extension is the strongest one in primitive form. The
second group is complementarity. It is classified into four categories regarding
intermodal mechanisms: 1) comprative, 2) organizational, 3) augmentation, and
4) interpratational. Comparative is the weakest one, and interpretational is the

strongest one in advanced form of multimodal representations.
- Teaching Metalanguage (TM) and Critical Framing (CF)

The researcher distributed different types of monomodal and multimodal texts to
the participants. Five minutes were given for each monomodal text, and three
minutes were given for each multimodal text to teachers to view and criticize these
texts by comparing. Then, the researcher and participants discussed differences

within monomodal and multimodal texts, and discussed what purposes each texts
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serve, through the given activities (Table 3.2). Each teacher was asked to noted

differences between these texts.

Table 3. 2 The first activities of micro cycle 1

Activity 1

Activity 2

-Examine the text on each page within
five minutes.

-Compare the texts on each page in
terms of text coherence.

- State how and why text differ.

- Explain what changes you would
make in the texts on each page to
increase text coherency.

-Examine the multimodal texts on each
page within three minutes.

- Compare the multimodal texts on
each page within and between each
other.

- State how and why multimodal texts
differ.

- Explain how images and texts are

related to each other in the same and
different representation.

- If you wanted to change the pictures
and texts of these representations or
the relationships between them, how
would you like to change? Why is
that?

At the end of this stage, the researcher collected these notes, and prepared two
videos as an overt instruction considering the differences that teachers are aware
of. The videos include information about intermodal relations and text coherence
attributes, design process of monomodal and multimodal texts, what instructional
purposes these texts serve, and how to increase and decrease the semantic and
epistemic level of these representations. Then, the researcher presented activities
of the next stage in which participants were encountered with a new
representational challenge (Table 3.3). In the first activity, the researcher asked
teachers to design epistemically and semantically low and high texts by only
manipulating aspects of text coherence. In the second activity, the researcher
asked participants to select appropriate images and texts given, and integrate

them according to the principles of intermodal relations.
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Table 3. 3 The last activities of micro cycle 1

Activity 3 Activity 4
-Watch the video on differences between | -Watch the video on intermodal mechanisms
monomodal texts. within multimodal texts.

-Prepare two texts between 200 and 300 words | -In the video, only one example is explained
by choosing a topic from the topics | to illustrate the image-text intermodal
(Conservation of Energy and Environmental | relations. Do not forget to stop and review

Science - Reproduction, Growth and | for others.
Development in Living Things - Structure of | -The texts and images we have prepared for
Matter - Matter and Heat). you to design these relations have been

-Enrich the first text and the second text by | shared with you on the drive (four different
considering all the differences between the texts | texts and ninety images).

explained in the video. -Choose any sentence in the texts, and any
-In other words, prepare two epistemically and | jmages in the drive file, and then
semantically low and high texts, one low and | orchestrate them for preparing a

one high. presentation about greenhouse effect
considering text coherency and intermodal
mechanisms (Appendix D).

- Transformed Practice (TP)

Teachers experienced their learnings by applying in different contexts in this step.
They were introduced to a new task and asked to design external representation
as a sign of their learning. The process was realized in two distinct ways, applying
appropriately and applying creatively. During the first iteration, researchers
demanded teachers to apply appropriately as he provided all available designs for
activity 4. And, he asked them to apply creatively for activity 3. Thereafter, the
researcher evaluated their external representations in terms of text coherence and
intermodal relations, and gave progressive and explanatory based feedback in

order to re-design. In a sense, overt instruction continued.
Micro Cycle 2

The researcher took the refinements into consideration in the previous cycle, and
designed a new micro cycle. He increased representational challenge by providing
teachers with half-completed infographic about vaccination. He distributed
infographic to the teachers with digital tools. He asked them to complete the visual
of the section given as text and vice versa considering intermodal relations and
text coherence elements. He introduced a new educational technology which

facilitates infographic design with a video. He asked them to complete this
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infographic, choosing images and texts according to their interests. The researcher

gave questioning based feedback when teachers designed their representations.

Briefly, in this cycle, participants were again put through a transformed practice
process in a new and difficult representational challenge with extended available
designs (Table 3.4). In this way, first, the researcher enriched the pedagogical
environment with new available designs, and as a second, proposed a new
representational challenge which should be handled in a different context.
Afterwards, participants designed their external representations, applied
creatively. Participant researchers gave feedback to them as an overt instruction.
Finally, critical framing was realized in which teachers find the opportunity to
compare the differences between what they should have done and what they have

done.

Table 3. 4 Activity 5

-Piktochart application has been introduced in the video. This application
provides us flexibility in infographic design (Appendix E).

-Images for Piktochart are shared with you as Activity 5 in Drive. You can
download the picture from Piktochart and upload it to your drive file.

1. Half-completed infographic designed for you, shown in three sections on
different pages.

2. Considering in-text meaning relations and meaning relations between text
and visual,

a. Add text to the part given the visual,
b. Complete the visual of the part given the text.

Blank pages have been added for completion and design.

Micro Cycle 3

- DPE
Based on the revisions and interviews, the researcher enriched the pedagogical
environment with a handbook on text coherence and intermodal relations
between image and text since participants demanded this type of available designs

(Appendix F).
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The book mentions attributes of text coherence by identifying/describing what
they are, and gives examples by focusing on two points. One, while designing text
coherence, the texts are constructed semantically considerate or not according to
purpose. The second, they are designed epistemically considerate or not according
to purpose. The book gives lots of examples from different contexts how these two

points can be realized.

The book also gives information about the purposes of intermodal mechanisms
and describes each intermodal relation by giving lots of examples from different
contexts. The purposes of intermodal relations can be listed as follows: paying
attention, showing examples, replicating meaning, presenting meaning in same
generality with different modes, providing compare and contrast situations,
distributing meaning between image and text in a process, scaffolding learning,

augmenting meaning by modelling, constructing causal relationships.
- TM, CF and TP

As a process of teaching metalanguage, feedback was continued. Live instruction
was added. The researcher conducted live lectures on how to design multimodal
texts. These lessons were usually carried out on the representation designed by

the teacher, and how these intermodal relations were applied in practice.

In this cycle, participants were again put through a transformed practice process
in a new and more difficult representational challenge with extended available
designs (Table 3.5). In activity 6, researchers aimed to increase representational
challenge and decrease scaffolding level. To do this, the researcher provided seven
questions with only three images. Other than these, no support or clue was
provided. They were asked to design their external representations by answering
given questions, and apply creatively. Then, the participant researcher gave
feedback to them as an overt instruction and critical framing in which teachers
find the opportunity to compare the differences between what they should have

done and what they have done.

90



Table 3. 5 Activity 6

This week we are introducing a new platform called THINGLINK. You can do
our activity through this application (Appendix E).

-Watch the video.
-Click on the button shared below.
https://www.thinglink.com/scene/1394983408311992323

-Click on the tags to answer the questions by considering text coherency and
intermodal relations between image ans text.

-Share the link of your design with us here.

Or, if you want, answer the questions in the tags by seesaw, piktochart, or on a
platform where you can design more comfortably.

In addition, depending on evaluations of micro cycle 1, 2, interviews, revised
design principles and model, researchers asked teachers to evaluate their external
representations with respect to the criteria on text coherence and intermodal
relations. Regarding the new design principles, participants are also allowed to

use any platform to design their representations.
Micro Cycle 4

In this cycle, participants were again put through a transformed practice process
in a new and difficult representational challenge (Table 3.6). In this way, first, the
researcher proposed a new representational challenge which should be handled
in a different context. The researcher only determined the titles of subject, and

asked them to select one of them, and design its representations.

Afterwards, participants designed their external representations, applied
creatively. Participant researcher gave feedback to them as an overt instruction.
Finally, critical framing was realized in which teachers find the opportunity to
compare the differences between what they should have done and what they have
done. Critical framing was also realized in a way that participants evaluate their
designs, they try to explain how they realize or not any kind of intermodal
relations with a critical perspective. Teachers also shared their design in an online

platform, in this way DPE was enriched.
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Table 3. 6 Activity 7

Select at least three biotechnology titles given below.
-Biotechnology:

a. Gene transfer, b. Gene therapy (therapy), c. Cloning, d. GMO, e.
Artificial selection, f. DNA fingerprint

-Prepare a representation in any platform you want regarding intermodal
relations and text coherency.

You can upload it to the activity 7 file in your Google Drive file.

Micro Cycle 5

Researcher extended available designs of pedagogical environment with teachers’
presentations. In teaching metalanguage, two processes played active roles in this
cycle. The former, feedback of researchers to teachers’ representations, and the
later peers’ feedbacks to each other’s representation. In the critical framing period,
students were attended to the role of evaluating peers’ materials. They were
confronted with the most difficult sequence of representational challenges in
transformed practice where participants assess peers’ external representations
(Table 3.7). In this step, researchers provided an assessment matrix to the
participants, and asked them to evaluate peers’ artefacts. At the end of the activity,
researchers interviewed them, and asked two basic questions to them (1. Which
features of text coherence did you have difficulties in designing and analyzing?
Why is that? And 2. Which intermodal relations did you have difficulties in

designing and analyzing? Why is that?)

Table 3. 7 Activity 8

-Share your representations
-Select the representation of one of your friends.

-Evaluate it according to the principles of text coherency and
intermodal relations.

-The guide on how to evaluate will be put in the Activity 8 file in
your Drive.
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3.2.1.3 Evaluation Phase

Retrospective analysis was realized in this phase from the beginning of the
preliminary phase to the end of the development phase. Individual process of
participants, and analysis of intervention model were evaluated as a whole within
a comprehensive perpective. In this way, the study reported the final version of

intervention model and further implications of it.
3.3 Data Collection

The present study used gualitative data to investigate ToGs’ developments of
representational competence skills during and after exposed to MpM. Data
triangulated by representations designed by teachers in each micro cycle, the
reflections and interpretations made by them to their representations, the
discussions made on designs during online classrooms. The semi-structured
interviews realized with participants and experts on their views and perceptions
regarding the model, the teaching and learning processes, and activities. Data was
collected on 2020-2021 spring semester. Data collection instruments are

presented in Table 3.8.

Table 3. 8 Data collection tools

Construct Instrument
Intermodal Relations Between Image- | Analytical Framework for Intermodal
Text Relations
Coherence in Monomodal Text Analytical Framework for Text
Coherence
Views and Perceptions Semi-structured Interviews

3.3.1 Data Collection Tools

The researcher proposes two analytical frameworks for analyzing teachers’
generated representations in terms of intermodal relations and text coherence.
Content validity of these analytical frameworks were realized by asking pioneered
researchers who study image-text relations and systemic functional multimodal

discourse analysis. The researchers stated as follows:
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Expert 1:

“Thanks for your email. The frameworks look comprehensive and the
productivity of it can only be seen in how useful it is in helping you explain
your analyses, and the insights it offers. In addition to the neat range of
references you have cited, you may also wish to look at this book — I believe

it has some of the scholar's latest thinking on image-text relations.”
Expert 2:

“Thank you so much for getting in touch about your framework for
intermodal relations between image and text. The framework looks very
comprehensive and you have provided clear definitions for each choice in
the system network. I would suggest that you apply the framework to some

further texts to see if any adjustments are necessary.”
Expert 3:

“The analytical framework suits your purposes to maintain the theoretical

position you have adopted.”

Experts’ views were taken into consideration, and the researcher applied these
frameworks to presentations (277 representations) which were used in the 16
middle school online science lessons. Findings showed that these frameworks

work properly.

3.3.1.1 Analytical Framework for Mapping Intermodal Relations Between Image

and Text

A research shift was experienced in the focus of Systemic Functional (SF)
approaches to Multimodal Discourse Analysis (MDA) in recent years (O’Halloran,
2007). Based on the studies of Halliday’s (1978, 1985) systemic functional
grammar, SF-MDA researchers mainly interested in adapting attributes of systemic
functional grammar to non verbal modes involving visual design (Kress & van
Leeuwen, 1996), mathematical symbolism (O’Halloran, 2007), and action
(Martinec, 2000). SF-MDA approach includes improving theoretical and practical

approaches of analysing meaning arising from the use of multiple modes such as
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visual imagery, spoken and written language, sculpture, mathematical symbolism,
gesture, architecture, and other physiological modes (Bateman, 2008; O’Halloran,

2004; van Leeuwen, 2005).

Drawing on SFL and social semiotics, the SF-MDA approach was developed to
investigate the meaning arising through the written language and image modes -
which semantically complement each other in order to produce a coherent
multimodal text- in multimodal texts in terms of metafunction of ideational
meaning (Halliday, 2004). In printed or synoptic texts, written language and
image modes are integrated through intermodal relations where semantic
expansions of co-contextualizing and re-contextualizing relations occur between
them (O’Halloran, 2007). Intermodal relations are important attributes of
multimodal texts which create integration of words and images rather than a mere

linkage between the two modes.

Investigating intermodal mechanisms —which are realized through intermodal
relations- between modes contribute to understand principles for interaction
across different modes deeply. In this way, from the SF-MDA perspective,
researchers can distinguish what relations make multimodal text visually and

verbally coherent.

In this context, the SF-MDA approach deals with meaning potential of modes
distributed across three different planes: the expression plane, the content plane,
and the context plane. Intermodal relations are builded on the planes in order to
realize meaning making in three distinct metafunctions. Those are ideational
meaning, interpersonal meaning, and textual meaning (O’Halloran, 2007). Hence,
at first intermodal relations and planes should be constructed in order to capture
meaning created or cohesion in multimodal text which takes place when visual
and linguistic forms integrate. From these perspectives, the major strength of SF-
MDA arises from Halliday’s (2004) metafunctional principle which enables an
integrating platform for conceptualizing how different modes interact to create
meaning (Baldry & Thibault, 2006; Kress & van Leeuwen, 2006; Van Leeuwen,

2005). In SF Theory, language and other modes interact to realize three kinds of
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meanings (metafunctions) simultaneously: (a) ideational meaning, structures
verbally and visually construct the nature of events, the objects and participants
involved, and the circumstances in which they occur; (b) interpersonal meaning,
for enacting social relations, verbal and visual resources construct the nature of
relationships among speakers/listeners, writers/readers, and viewers and what is
viewed; and (c) textual meaning, are concerned with the distribution of the
information value or relative emphasis among elements of the text and image , for
arranging meanings in coherent text (Halliday, 1978, 2009; Halliday &
Matthiessen, 2013).

The principle enables a basis for investigating the functionalities of modes and for
analysing in which ways modes combine in multimodal texts to realize specific
goals such as knowledge construction in school textbooks. Examining the
functionalities of modes and analyzing coherent combinations of them which are
realized through intermodal mechanisms (involves intermodal relations) on
content stratum require constructing an analytical framework. The analytical
framework is builded upon grammar-based approach to SF-MDA (Halliday, 2004;
Martinec & Salway, 2005; Unsworth, 2006) in order to investigate intermodal
relations between image and text which construct ideational meaning on the
content plane. It enables valuable insights into mapping intermodal relations

between image-text.

The analytical framework is improved based on the grammar-based approach to
SF-MDA follows Halliday’s (2004) lexico-grammatical formulation of (1)
interdependency, and (2) logico-semantic relations. Martinec and Salway (2005)
re-formulated this approach to a generalized system of image-text intermodal
relations in the categories of (1) relative status and (2) logico semantic relations.
Then, Unsworth (2006) classified logico semantic relations into two general forms
as concurrence and complementarity. These classifactions enlightened the present
study in order to contruct system network of intermodal relations between image
and text while analyzing multimodal representations through systemic functional

multimodal discourse analysis appraoch.
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e Interdependency
Similar to the relationship between clauses in a paragraph, images and texts are
classified into two statuses as equal and unequal (Figure 3.1). Statuses are
determined by the criterion of modifying effect. If one modifies the other, status
is unequal, they can not stand on their own; if not, status is equal, and they can
both stand on their own. Equal status is also divided into independent and
complementary. The former means image or text do not modify each other, each
one exists in parallel, and they are not a part of larger syntagm. The latter refers
to image and text combining equally in order to construct a larger syntagm. In
other words, both of them play active roles in a type of process. While a whole
image is related to a whole text in equal status, the image is related to only a part
of text or vice versa in unequal status. When an image is subordinate to a text,
the image is related to only a part of the text. For example; when a text is
subordinate to an image, the text may well be related to only a part of it, but this

is not the only possibility.

Independent
Equal
Complementary
Interdependency
Image subordinates text
Unequal

Text subordinates image

Figure 3. 3 Relative status of intermodal relations
e Logico Semantic Relations

In a multimodal text, image and text are related to each other by logic of semantic
relations. Barthes (1977) simply classified these relations into three categories:
anchorage, illustration, and relay. Anchorage means text supports image that is
text describes and interprets image. Illustration refers to an image that supports

text by elucidating and realizing. Relay decribed as: “Here text and image stand
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in a complementary relationship; the words, in the same way as the images, are
fragments of a more general syntagm and the unity of the message is realized at

a higher level (Barthes, 1977, 41)”.

Parallel to Barthes, but a more detailed and systematic distinction between logico-
semantic relations between image and text was made by Halliday (1985, 1994,
2004), Martinec and Salway (2005), and Unsworth (2006a). Halliday stated that
there are two main types of logico-semantic relations in order to map image-text
relations. Those are expansion and projection. The former deals with relations
between represented events, the latter deals with events that have already been
represented. In this study, the researcher focuses on expansion in a detailed way.
Further research clarified logico-semantic relation of expansion in the form of

ideational concurrence and ideational complementarity (Figure 3.4) (Unsworth,

2006a, 2006Db).
Logico Semantic /

Relations '\

» Concurrence

\ Complementarity
Figure 3. 4 Types of logico semantic relations

The current study extends and elaborates image and text relations by referencing
the studies of Unsworth, 2001; Carney & Levin, 2002; Mayer & Moreno; 2003;
Lim, 2004; Ainsworth, 2006; van der Meij & de Jong, 2006; Chan & Unsworth,
2011; Tippett, 2016; Unsworth, 2014; Keles; 2016; and Meneses, Escobar, & Velis,
2018. These studies guided the current study in terms of determining levels of
intermodal relations (from simple to complicated) by providing qualitative and
quantitative data. These studies also enlightened the present study in terms of
naming and classifying intermodal relations, and how to distinguish one form to

another with characteristic aspects.

98



Ideational Concurrence

Ideational concurrence refers to ideational equivalence between image and text
(co-variation or co-variate unity) or ideational meaning corresponds across
semiotic modes. From an equivalence perspective, image and text have similar
participant-process-phenomenon configuration (Gill, 2002). This perspective is
identified by the term of co-variate unity, which reveals “(thematic) continuity
across structural-unit boundaries of cohesive chains’, which may be semantically
or grammatically interconnected (Lemke, 2006:50)”; this view is oriented towards

relations of similarity across semiotic modes

From the corresponding perspective, it is a type of logico semantic relations in the
expansion category where image or text elaborates on the meaning of another by
further specifying or describing it while no new element is introduced. There is a
correspondence between image and text which meaning arises from modes that
are similar (Unsworth, 2006b). Ideational concurrence is divided into for main
themes decorational, exemplary (text more general-image more general),

representational, and exposition (Figure 3.5).

Decorational

/ Text more general
/ Exemplary-—-\
Concurrence -+ |mage more general

Representational

Exposition

Figure 3. 5 Types of intermodal relations in concurrence
Decorational

In the decorational representations, image and text have no or few
correspondences. They do not refer to each other properly, few meaningful links
can be established between them. Image or text mirrors few aspects of each other,
reflecting minimal information about themes. Images may not be integrated in the

written mode or vice versa.
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Briefly, they do not encourage learners to understand concepts, and simply
decorate the multimodal text, bearing little or no relationship to the text content.
However, they can be used frequently at the beginning of the unit in order to
engage students interactively, and pay attention to them (Carney & Levin, 2002;

Unsworth, 2006b; Tippett, 2011).
Exemplary

In this image-text relationship, image exemplifies text or text exemplifies image;
text and image represent different levels of generality, either text more general or
image more general (Chan, 2011; Martinec & Salway, 2005). Image functions as
an example or instance of what is in the text, or the text may include an example
of what is depicted more generally in the image. Image and text partly refer to
each other, do not reflect the whole image or whole text (Ainsworth, 2006; Daly
& Unsworth, 2011; Keles, 2016; Mayer, 2002; Unsworth, 2006b, van der Meij, &
de Jong, 2006).

Representational

Image and text have exact correspondence in terms of redundancy of meaning,
image mirrors the information contained in the text or vice versa (Unsworth,
2006a). It can be used as a type of illustration, clarification, description, and
equivalence. Image makes the text precise and concrete since it clarifies the text
(Carney & Levin, 2002). Representational relations also highlight structures,
patterns, and functions of an observation related to what an object is made of and
how it is shaped (Keles, 2016). Moreover, image and text are operationalized as
equivalence in terms of participant-process-phenomenon configuration. They

mutually reinforce the meanings of each other (Chan, 2011; Mayer, 2002).
Exposition

Exposition is another type of ideational concurrence, the image or the text re-
expresses and re-formulates the meanings of each other with different alternative
modes in terms of the same level of generality (Unsworth & Cleirigh, 2014). An

example of exposition where the image expands on attributes of the text and vice
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versa, (e.g. when the word ‘weighs’ is reinterpreted visually as a balance scale)

(Daly & Unsworth, 2011).
Ideational Complementarity

Image or text extends the meaning of another by adding new and related
information regarding how, when, where or why in relation to each other
(Martinec & Salway, 2005; Unsworth, 2014). Both of them play different and
complementary roles in the structures of ideational elements: participants,
processes and circumstances (Chan, 2011). Complementarity relations provide
causality and generative descriptions of a phenomenon, present explanations
about how and why the process is happening (Keles, 2016). They try to awaken
cognitive processes involving remembering, decision making, problem solving,

and reasoning.

Comparalive

Intra-process

» Organizational

Inter-process
- Complementarity

» Image extends text

» Augmentation —<

\» Text extends image

nterpretational

Figure 3. 6 Types of intermodal relations in complementarity

Briefly, complementarity relations mean what is represented in images and what
is represented in text may be different but complementary and joint contributors
to different aspects of ideational meaning (Figure 3.4)(Daly & Unsworth, 2011;
Painter, Martin, & Unsworth, 2011). Both construct a multivariate and coherent

unity, it is called multimodal text.
Comparative

Comparative relations provide learners to make comparisons and to understand
similarities and differences between information presented by image and text.

Comparative multimodal representations include two or more objects’
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dimensions, or two different topics. Readers can compare and contrast the
phenomenon presented. They also improve students’ comprehension of how to

construct relations among the two concepts (Keles, 2016; Liu & O’Halloran, 2009).
Organizational

Organizational representations where complementary meanings (activities and
processes) are distributed across image and text (Chan & Unsworth, 2011; Daly &
Unsworth, 2011). Image and text are jointly constructed activity sequences (
Chan, 2011; Unsworth & Cleirigh, 2014). Image provides potential signals to
written mode or vice versa, in this way the reader establishes coherent relations
between them, and then constructed links result in deeper processing of

information (Meneses, et al., 2018; Tippett, 2011).

There are two types of organizational relations (Gill, 2002). The former is intra-
process which means images and text share different aspects of a process. For
instance, an image might depict the end result of a process described in the verbal
text. The latter is an inter-process which occurs when images fill a gap in the

meaning in the text (Chan, 2011).
Augmentation

Ideational meanings made in multimodal text are extended in augmentation
relations. Images enable supplementary ideational elements to those realized by
the text or the text extending the meanings realized in the image (Chan, 2011;
Daly & Unsworth, 2011). Image augments meanings in the text by modelling in
order to make it easier to visualize in mind. For instance, in a text explaining how
insulin works, the images can widen this meaning with lock-key modelling, or in

a water cycle image, text can extend the meaning of how precipitation occurs.
Interpretational

Interpretational relations include image and text together demanding students to
establish and understand the causal relationships provided in representations. It
involves causality and generative descriptions of a phenomenon. Image promotes

the text by qualifying it in terms of time, place, cause, and purpose (Martinec &
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Salway, 2005; Unsworth, 2006). In other words, text adds new information such
as how, when, where or why in relation to the image or vice versa (Unsworth,

2014).

Briefly, these types of relations have following attributes: (1) presents a cause and
effect system, (2) includes difficult material (scientific process and concepts), (3)
provides opportunities for students to construct their own causal or purposeful
links between image and text, and (4) encourages students to solve problems
presented, (5) requires substantial cognitive demand like reasoning (Keles, 2016;
Meneses et al., 2018; Tippett, 2011). Hence, interpretational relations provide
opportunities for students to understand knowledge presented deeply. Therefore,

it helps students to form well-designed mental/internal representations.

Independent
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Complementary
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/ Image subordinates text
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Comparative
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Figure 3. 7 Intermodal relations between image and text
3.3.1.2 Analytical Framework for Text Coherence

Textbooks or teaching materials are written in authoritative, passive writing style,

expository, informative, and compact syntax format, so they are challenging for

students to learn with text (Kloser, 2013, 2016; Uccelli, Barr, Dobbs, Galloway,
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Meneses, & Sanchez, 2013; Uccelli, Galloway, Barr, Meneses, & Dobbs, 2015).
Scientific texts also have a typical genre which includes a distinct ‘jargon’ like
nominalisations and lexical metaphors that generally makes the learner feel
alienated from the subject matter (Halliday, 1993). They differ from social and
historical text in that they include abstract concepts and their relations (Graesser,
Leon, & Otero, 2002). For instance, they include morphologically complex derived

words, embedded clauses, and extended noun phrases.

In this perspective, the claim in the current study is clear that learning with text is
a difficult inquiry process in which students should infer meaning from text, and
interpret text. Interpretation means investigating meanings reasonably justified by
the text (Philips & Norris, 2009). Texts in the twenty-first century demand
students to engage in comprehension, analyzing, critiging, and generation of
arguments based on information in texts (Goldman & Lee, 2014). However,
results indicated that students have difficulties in interpreting the role of
statements in scientific reasoning, they simply paraphrase parts of the text without
supporting their positions. These difficulties are arised from the lack of coherence
in text and unjustified claims which fail students to participate in scientific
process, in other words, text in low cohesion do not lead students to one step
forward - from what we know to how we know- (Phillips & Norris, 2009). Hence,
instructors state that there is a need to make the text more
coherent/concrete/apparent in order to scaffold students’ learning (Norris,
Stelnicki, & de Vries, 2012). In support of that claim, studies of McNamara showed
that text cohesion moderates comprehension of expository materials (McNamara,

2001; O’Reilly & McNamara, 2007).

At this point, the study used the term text coherence to refer to make explicit and
clear the text by manipulating some patterns of it such as its argumentative
structure, epistemic stance, syntax, text structure, lexicogrammatical sources,

conceptual overlapping, and so on (Uccelli et al., 2015).

Using argumentative-narrative structure and scaffolding scientific language with

daily language have positive impacts on students’ comprehension of scientific
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epistemology (Norris et al., 2012). Argumentative text leads students to ask
questions that show a higher level of thinking which concerns causal relationships
between variables (Brill & Yarden, 2003). These types of genres improve students’
abilities of summarization, inferencing, and inquiry (Baram-Tsabari & Yarden,
2005). The high-cohesion texts enhanced text-based comprehension (Ozuru,
Dempsey, & McNamara, 2008). Participants who are exposed to high cohesive text
generate higher quality explanations and form coherent mental representations
(Ozuru, Briner, Best, & McNamara, 2010). Kloser (2016) also showed that
epistemically enriched text with justified claims with quantitative and qualitative
data support learning and comprehension in students. These texts improve
abilities of analyzing, interpreting, critiquing, and greater interest in science
(Norris et al., 2012). McNamara, Ozuru, and Floyd (2011) indicated that
narrative-argumentative texts are more challenging than informative texts which
is crucial for gifted students. Sdnchez, Garcia, and Bustos (2016) stated that if the
text is organized narratively, students performed better in attending to the text
than students who read authoritative text. On the contrary, students experience
difficulties in analyzing components of text, establishing meaningful links between
sentences, and making conceptual connections when they encounter expository

text/low cohesion texts (Ainsworth & Burcham, 2007; Goldman & Bisanz, 2002).
Analytical Framework

Since textbooks and other text based teaching materials are powerful catalysts for
improving comprehension and inquiry skills in teaching, we need an analytical
framework in order to analyze cohesion in text (Roseman, Stern, & Koppal, 2010).
The framework can be used both analyzing the texts and constructing low and
high cohesive texts. Hence, the current study constructs analytical framework of
text coherence by adapting the studies of Tsabari and Yarden (2005); McNamara,
Ozuru, and Floyd (2011); Kloser (2016); Goldman and Lee (2014); Uccelli et al
(2015); Sanchez, Garcia, and Bustos (2016); Tolppanen, Rantaniity, and Aksela
(2016).
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The framework of text coherence consists of four different themes as followings:
(1) text structure, (2) lexicogrammatical sources, (3) syntactic complexity, and

(4) organizing argumentative text.
Text structure
Text coherence level is changed through three attributes of text structure.

(a) Topic headers can be added in the form of expository and explicit questions.

For instance, ‘pancreas’ or ‘how does the pancreas control blood sugar?’.

(b) Bold, italics, and underlying text can be used as rhetorical devices as visual

forms in order to identify and emphasize key terms.

Low: The process of green plants capturing light energy and converting it into

chemical energy is called photosynthesis.

High: The process of green plants capturing light energy and converting it into

chemical energy is called photosynthesis.

(c) Temporal cohesion tools can be arranged in order to present information in
plausible order. They are organizational devices which create an overall
framework for the text, connect and indicate the main ideas, and alert the reader

to the text’s structure. Temporal sequences of events can be realized in this way.

Low: There are two characteristics that distinguish birds and mammals from the
rest of the animal kingdom. First, they keep their body temperature within narrow
limits regardless of the ambient temperature. For this reason, they are often
described as homeothermic. Second, they are endothermic; the heat they retain is

produced in the body.

High: 1. Warm-blooded animals are homeothermic. In other words, unlike other
animals, birds and mammals keep their body temperature within narrow limits

regardless of the surrounding temperature.

2. Two warm-blooded animals are endothermic. Endothermic animals are
different from cold-blooded animals whose body temperature is protected by heat

from external sources.
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Syntactic complexity
Syntax difficulty can be manipulated by one specific aspect.

(a) Adding connectives. The revision includes adding connectives such as
however, because, although, and etc. They provide more resonance between
successive sentences. These precise markers provide logical relations and

discourse transitions.

Low: The term warm-blooded is the name given to those who can keep their body
temperature higher than those in their environment. Birds and mammals can be

given as examples.

High: The term warm-blooded is a name given to birds and breasts because they
can keep their body temperature higher than their surroundings and are generally

able to do this.

Lexicogrammatical sources

Text cohesion is improved by following two criteria of lexicogrammatical sources.
(a) The former is replacing ambiguous pronouns with nouns.

Low: They are endothermic; the heat they retain body heat is produced in the
body.

High: Warm-blooded animals are endothermic.

(b) The latteris adding descriptive elaborations that link unfamiliar concepts with
familiar ones. This provides explanatory coherence. All these criteria are realized
through using synonymous terms, explanatory text, and scaffolding academic
vocabulary. Explanatory text types make it easier to understand abstract and
complex scientific processes. Academic vocabulary is scaffolded with daily

language, such as scaffolding ‘transferred’ term with ‘shifted’.

Low: The mineralization by covering the hard parts of the creature with sediments

after death is called fossilization.

High: The mineralization (the combination of minerals in the shell’s structure and

surrounding minerals such as calcium and iron) by covering the hard parts
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(skeleton) of the creature with sediments (sand and sea) after death is called

fossilization.
Organizing argumentative text

The more cohesive texts present the same concepts as narratives of historical
experiments, phrase headings as research questions rather than declarative
statements because the nature of scientific inquiry requires starting with questions
about phenomena rather than with statements to be learned. Coherent texts also
include investigations made by scientists to address research questions, reference
existing theory, summarizes the methods used to test the research question,
includes quantitative and qualitative data, and justifies claims using the data in
order to make readers more familiar with the scientific inquiry process. They help
students follow the internal logic of the scientific process as it unfolds. In this way,
students gain acquaintance with the rationale of the research plan, the language
and structure of scientific communication, and the continuity of the scientific

research process. Texts are taken from a study of Kloser (2013).

Low: “Diabetes is a condition that affects millions of people. People with diabetes
either have a pancreas that does not produce enough insulin or their body cells
cannot use insulin properly. As a result, a person with diabetes has a high blood
sugar level and even sugar is found in their urine. In fact, hundreds of years ago,
people with diabetes were identified by their sweet-smelling urine. People with
diabetes often have diets that limit the amount of sugar they eat. Their body
doesn't break down sugar. Unused sugar is excreted in the urine and cannot be

used...”

High: “In 1889, two scientists named Joseph von Mering and Oskar Minkowski
believed that the pancreas, an organ close to the stomach and intestines, could
help the body use sugar for energy. In their animal experiments, they detected
high levels of sugar in the blood of an animal without a pancreas and a low amount
of sugar in the blood of those with a pancreas. After scientists learned that the
pancreas helps the body use sugar molecules for energy, they wanted to know

how this happened. Frederich Banting and Charles Best believed that the pancreas
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secretes a hormone, a small molecule that affects the function of other cells, into
the blood to help cells take up and use sugar. Banting and Best conducted an

experiment to test their hypothesis...”
3.3.1.3 Semi-structured Interviews

Semi-structured interviews are conducted with participants. These interviews are
prepared by taking the recommendations of experts. Before conducting the
interviews, pilot interviews were realized with two experienced teachers in order
to revise interview questions. One of them is male, the other is female. Male has
a bachelor’s degree, female is a PhD candidate (See Table 3.9). Interview

questions were tested and then revised in this way.

Table 3. 9 Demographics of the participants of pilot interview

Participants | Bachelor/Ms/Ph | Years in teaching | The level s/he taught
D

Mert Bachelory 8 Primary/Secondary

Ayse PhD 6 Primary/Secondary

Interviews are realized before, during and after the intervention. These interviews
can be classified into three categories. The former is pre-interview which is
conducted before the intervention in order to investigate (1) participant teachers’
pedagogical practices; (2) their awareness on multimodal text design and
multimodal representations regarding image-text intermodal relations and text
coherence; (3) their views on impacts of these texts on learning and meaning
making; (4) and how they plan and organize teaching process by using
representations. The latter is mid interviews which are conducted during the
intervention. These interviews are generally about comprehending, (1) how they
design multimodal representations considering the elements of intermodal
relations and text coherence; (2) their evaluations and views on intervention
model, its teaching and learning activities, and its application process, (3)
difficulties they have experienced. The last one is post interview which is

conducted after the intervention. This interview was to evaluate the effectiveness
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of the model, its teaching and learning activities, and its application process, and

its implications.
3.4 Data Analysis

3.4.1 Analysis of Interview Data

Interviews and discussions were analyzed qualitatively via content analysis. The
data were coded, categorized, and finally themes were defined (Savin-Baden &
Major, 2013; Yildirnnm & Simsek, 2016). Content analysis means gathering related
data under certain themes, and then organizing and interpreting data (Yildirim &
Simsek, 2016). Stages of content analysis can be defined as follows: collecting
data, coding, creating categories and themes. During analysis, a code is given to
each analysis unit. Categories are created according to the similarities or
differences between the codes. Themes are created from the categories according

to their meanings.

Each participants’ explanations were evaluated individually. Apart from
discussions made on their designs, the interviews include the followings: (1) their
views and perceptions about multimodal representations and the MpM, (2) their
experiences about designing intermodal relations and text coherence, (3)
opportunities of the MpM for the education of gifteds, (4) what purposes
multimodal texts designed according to these intermodal relations serve in the
classroom, (5) how preparing teaching materials according to these principles

affect learning products designed by students.

The interviews were transcribed and analyzed. Each participant‘s explanations
were evaluated individually. Their thoughts about the MpM, their experiences,
choices, designs, and evaluations on intermodal relations and text coherence,
purposes of intermodal relations serve in the classroom, and contributions of
model to the education of gifted were some of the basic topics of the interviews.
Students’ expressions were coded and categorized. The quotes from the interviews

used as examples have been translated from Turkish.
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3.4.2 Analysis of Intermodal Relations Between Image-Text in Multimodal

Representations

Data obtained from artefacts designed by participants were analyzed according to
the analytical framework improved. Framework was constructed regarding
systemic functional multimodal discourse analysis approach. Based on the
analytical framework, intermodal relations between image-text are classified into
two groups, four levels, and eight categories. Two groups refer to concurrence and
complementarity. The former one includes two levels (Level 1 and 2) and four
categories (decorational, exemplary, representational, and exposition). The latter
also consists of two levels (Level 3 and 4) and four categories (comparative,

organizational, augmentation, and interpretational) (See Table 3.10).

Table 3. 10 Categories of intermodal relations

Concurrence

Level 1 Decorational
Exemplary

Level 2 Representational
Exposition

Complementarity

Level 3 Comparative
Organizational

Level 4 Augmentation
Interpretational

The researcher coded each representation of participants by identfying levels and
categories. To do this, first, researcher divided multimodal representations into
dimensions. Dimension refers to a specific aspect of represented topic. In other
words, what each representation in multimodal whole contributes to overall
meaning by refering to only one specific respect. For instance, in a global warming
subject, while one representation signifies dimension of causes, the other refers to
effects dimension. After determination of dimension, the researcher identified
categories of each representation in multimodal representations at regular
intervals (15 days). Besides, an expert categorized multimodal representations
independently. Finally, the expert and researcher discussed about categorizations

in order to reach a consistent classification.
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3.4.3 Analysis of Text Coherence in Multimodal Representations

In the same way, the researcher, at first, classified attributes of text coherence into

four groups and six categories (see Table 3.11). While analyzing aspects of text

coherence, the researcher read written text in multimodal representation many

times at different times, and then decided what attributes the multimodal text

had. Another expert also identified these aspects. Finally, the researcher and the

expert reached a consensus by discussing.

Table 3. 11 Text coherence attributes

Attributes Low Level Cohesion High Level Cohesion

Headings Expository text Research question

Body Text Descriptive,informative | Narrative, explanatory

Examples X Examples with descriptions

Pronouns Include pronouns Replacing ambigious pronouns
with nouns

Connectives X Adding connectives to specify
relationships between
sentences

Highlighting X With  italic, bold, and
underlying

Academic Non-scaffolding Scaffolding

vocabulary

Scientific Process X Includes research question,

(Argumentative hypothesis, and results

Text)

Conceptual Overlap | X Replacing and inserting words

3.4.4 Validity and Reliability

In order to ensure the reliability and validity of the current research, the concepts of

internal validity (credibility), external validity (transferability), reliability (dependipality)
and confirmability (dependability) (Lincoln & Guba, 1985; Yildirnm & Simsek, 2016)

were taken into consideration. The issues about validity and reliability asked by

Bakker are answered in a sequence in the following topics (Table 3.12).
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Table 3. 12 Aspects of validity and reliablity in a research study (Bakker, 2019)

Aspect of the Validity Reliability
study
Instruments Is it a valid instrument? A reliable instrument?
Data Is the data of high Making audio and/or video
collection quality? (internal recordings to avoid memory
validity) problems

Making transcripts
Data analysis | Has data triangulation or | Using a coding scheme and

member checking been measuring interrater agreement
applied? (internal (interrater reliability)
validity)

3.4.4.1 Validity
Internal validity

Credibility is about the accuracy of research findings and results (Merriam &
Tisdell, 2015). Credibility of findings is realized through experience over time,
triangulation, member checking, and expert views (Savin & Baden, 2013). The
researcher spended lots of time (six months) staying in the research field, in this
way he was exposed to detailed dimensions of researched issue. Triangulation has
been made using analytical frameworks -which analyzes participants’
representations-, interviews, and discussion on participants’ representations.
Member checking was realized by sharing a summary of findings to the
participants about their designs to check accuracy. In addition, expert views were
used in the evaluation of the MpM, in the development of activities, data collection

tools and rubrics, and in the interpretation of the data.
External validity

Transferability can be achieved with detailed description and purposeful sampling
strategies in qualitative research (Merriam & Tisdell, 2015). In order for the
results to gain meaning for the reader, it is important to describe in detail and to
explain for what purpose the sample was selected (Yildirim & Simsek, 2016). In
this study, the collection and analysis of qualitative data are explained in detail.
In order for readers to interpret the results more easily, examples of participants’

designs and views are presented.
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3.4.4.2 Reliability
Coding

The intermodal relations in multimodal representations were coded based on the
following two categories. The former is concurrence which is called as low level
includinglevel 1 (monomodal, decorational, and exemplary relations) and level 2
(representational and exposition relations). The latter is complementarity which
is called a high /eve/including level 3 (comparative and organizational relations)

and level 4 (augmentational and interpretational relations).
Reliability of coding

Reliability of coding is defined by intra-rater and inter-rater reliability. For intra-
rater reliability, the same researcher coded representations in two distinct times
(2 weeks long time gap). For inter-rater reliability, each of two researchers coded
and compared the consistency among given categorical responses. Researchers
recorded concurrence and complementarity features of all image-text relations in
distinct times. We used Cohen’s Kappa test to see consistency between

observations (Table 3.13) (Cohen, 1960; Kottner & Streiner, 2011).

Cohen’s kappa results showed that there is substantial agreement between two
codings at different times in the subjects of global warming, vaccination, and
biotechnology. There is perfect agreement between two measurements in the
subjects of liquid pressure and assessment activity in terms of intra-rater

reliability.

Findings indicated that there is substantial agreement between two different
researchers in the subjects of global warming, vaccination, liquid pressure, and
biotechnology. And, there is perfect agreement between researchers in the

subjects of assessment activity in terms of inter-rater reliability.
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Table 3. 13 Cohen’s kappa results of different subjects

Subjects Intra-rater | Inter-rater
Global warming ,785 ,720
Vaccination ,761 ,716
Liquid Pressure ,823 ,762
Biotechnology ,736 ,710
Assessment activity ,840 ,848
3.4.4.3 Confirmability

In qualitative research, the concept of verifiability is used since its full objectivity
is not possible (Lincoln & Guba, 1985). The results obtained in this study are
presented in comparison with the data collected and the data are interpreted in

order to realize dependability.
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4

FINDINGS

4.1 Findings of Preliminary Phase

In the preliminary phase, the researcher aimed to determine problem experienced
by ToGs in the real educational context regarding using and designing multimodal
representations. To do this, representations of teachers were collected and
analyzed case by case whether they are representationally competent or not.
While presenting examples of ToGs’ representations, only one example of each
type of intermodal relations and text coherence attributes used is given in the

tables.

After analyzing teachers curated artefacts, the researcher also conducted pre-
interview with each participants one by one. Teachers were asked how they plan,
select, sequence representations in a challenging way, and design processes for
their representations both in monomodal (written or visual text) and multimodal
texts. They were asked about how to realize coherence in a written text. They
were shown four different multimodal representations which serve different
purposes, and asked him how they differ, and discussion was realized on their
affordances and limitations. Finally, they were asked about how to integrate

written and image mode in a meaningful way.
4.1.1 ToGs’ Representations
Case1-TI

Data revealed that T1 used thirteen representations while telling the subject of
plants. The researcher examined all these representations and found that T1 uses
only a low level of intermodal mechanisms, such as an exemplary one (See Figure

4.1, and Table 4.1).

116



Hlevell mlevel 2 mlevel 3

Level 4

Figure 4. 1 Intermodal relations levels in T1’s representations

As shown in Table 4.1, T1 lacks abilities of designing written mode in coherence.

He has no awareness about coherence patterns. He does not use explicit questions

in order to invite students to the text. He does not link unfamiliar concepts with

familiar ones, adding words, descriptions and examples in order to increase

argument overlapping.

Table 4. 1 Representations of T1 before MpM

-Replacing ambigious
pronouns with nouns

Representation Text Coherence Attributes Intermodal
Relation Types
e o st e Text Structure Concurrence
s TTUTITIITITIIoT | Expository heading Exemplary
A -Bold text for
m u E s Jham i1 emphasizing
-Partly temporal cohesion
Text structure Concurrence
-Expository heading -Exemplary
-Bold text
Syntactic Complexity
-Connectives
i Text structure Concurrence
ek s i -Expository heading -Exemplary
e s e Syntactic Complexity
E?EE{I.E:TEEEELEEE:‘?:;“E:?J?Jr'ff.uﬂ"u"f5:;?’.‘3!'?(;?1:;";.’"-3.'3?".22.37353_‘ -Connectives
i e i e Lexicogrammatical
Sources
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Case2 -T2

In terms of text coherence, representations of T2 do not consist of explicit
questions, highlighting with italics, bold, and underlying, scaffolding academic

vocabulary, and adding examples with descriptions (Table 4.2).

Table 4. 2 Representations of T2 before MpM

Representation Text Coherence Attributes Intermodal
Relation
Types
el o= Text Structure Concurrence
N — = = -Expository heading -Exposition
kaguk yapi tasi
Cekirdek= proton+nétron
Yérungeler--> elektron
(i — ‘f"” il
— '
Newton, B gin 7 kt
bt e e s Text Structure Concurrence
-Expository content -Exemplary
Text structure Complementa
-Expository heading rity
-Temporal cohesion -
Syntactic Complexity Organizationa
- -Connectives 1
I‘t.#:';"' Bunsen ve Krichoffun elementlerin kendine 6290 gizgilerini Ar umentative teXt
- o o 8

-Investigations made by
scientists
-Including qualitative data

Data showed that, T2 used seven representations while telling the subject of light.
The researcher examined all these one according to analytical frameworks. Two
of them have exemplary relation at level 1, three of them have exposition relation
at level 2, and two of them have organizatioan relations at level 3 (see Figure 4.2,

and Table 4.2)
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Mlevell mlevel2 mlevel3 mlLevel 4

Figure 4. 2 Intermodal relations levels in T2’s representations
Case 3-T13

Examined representations of T3 revealed that she used five representations in
order to tell the subject scientific method and process. Two of them include
exemplary relation at level 1 and three of them consist of decorational relation at

level 1 (see Figure 4.3 and Table 4.3).

Hlevel 1 mlevel 2 mLevel 3 mlLevel 4

0%

100%

Figure 4. 3 Intermodal relations levels in T3’s representations

Examined representations of T3 showed that text coherence in her designs is at
slightly good level. Her representations do not include following elements:
organizing argumentative text, linking unfamiliar concepts with familiar ones, and

scaffolding academic vocabulary (see Table 4.3).
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Table 4. 3 Representations of T3 before MpM

1. Gozlem/Aragtirma Sorusu
. Hipotez Kurma
3. Kontrolli Deney Tasarlama
] 4. Verilerin Analizi
5. Sonug Gikarma
Pave o

-Temporal cohesion
Syntactic complexity
-Connectives

Representation Text Coherence Attributes Intermodal
Relation
Types
Bilim Nedir? Text Structure Concurrence
Bilimin amaci, evreni arastrmak ve L .
e -Explicit question -Exemplary
, % i -Underlying
1 Bilim evren ile ilgilenir. - 'gaz't':;"ni?nsfe'}':y’érek -Te mp oral c Oh e Si on
e acamaar Sunr Syntactic complexity
arorkon, biton dkeat b ; -Connectives
ve dazenli bir sekilde kanit elde etmenin
toplar ve diizenler. organize bir yoludur.
Bilimsel Yoéntemler Text Structure Concurrence
N i e v v | -EXpOSitory heading -Decorational
e o SO
/ Bllimsel Yontem Adimlari: -nghllghtlng

Case4-T4

Her representations seem very poor with regard to intermodal relations,

dominantly include written mode, and just involve exemplary relations. She used

nine representations while telling the subject of density. Four of them include only

written mode, and the rest of them involves exemplary relation (see Figure 4.4

and Table 4.4).

Hlevel 1 mLevel 2 mLevel 3

Level 4

Figure 4. 4 Intermodal relations levels in T4’s representations

Investigations of T4’s representations revealed that she pays attention to use

explicit question, highlighting, temporal cohesion, linking unfamiliar concepts

with familiar ones in order to improve text coherence, however, her
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representations do not include most elements of text coherence, specifically

factors of argumentative text, lexicogrammatical sources, and syntactic complexity

(see Table 4.4).
Table 4. 4 Representations of T4 before MpM
Representation Text Coherence Attributes Intermodal
Relations
-Explicit question
Gegtigimiz yillarda ézkutlenin, bir maddenin _Underlylng
birim hacminin kUtlesi oldugu sonucuna
varmigtik.
Yani 6§ztk0:le hesaplamasinda kitle ve hacim
olmak Uzere iki 8Bnemli kavram vardir.
e Text Structure Concurrence
T e R -Expository heading -Exemplary
= e | -Bold
ST e -Temporal cohesion
e e e Lexicogrammatical sources
R B -Link unfamiliar concepts
with familiar ones
Text Structure Monomodal
-Explicit question
Daha énce yaptigimiz etkinliklerde kati .
basincinin nelere bagh oldugunu kesfetmistik. -Temporal Coheslon
Sizce sivi basinc da uygulanan kuvvet ve
yuzey alanina bagh midir?
Swvinin basincinin sivinin ézkitlesi ve derinlige
bagh oldugunu séyleyebiliriz.

Case 5-T5

T5 used seventeen representations to tell the subject of genetics. Data revealed
that he designs only primitive level of intermodal relations. Six of them include
exemplary relation and four of them consist of decorational relation at level 1, and
Examination of T5’s representations showed that he is good at using explicit question,
highlighting, connectives, temporal cohesion, and linking unfamiliar concepts with
familiar ones for coherence of the text. On the contrary, he is not qualified at applying

lexico-grammatical sources and organizing argumentative text (see Table 4.5).
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M level 1 mLevel 2 mLevel 3 mLevel 4

Figure 4. 5 Intermodal relations levels in T5’s representations

Table 4. 5 Representations of T5 before MpM

Representation Text Coherence Attributes Intermodal
Relation
Types
Text Structure Concurrence
ot s o o ST o -Explicit question and -

e = iuion expository heading Decorational
?:rg;%_“; -Underlying and highlighting
N Q-gg' Syntactic complexity
. il -Connectives
Text Structure Concurrence
s Laifj‘},‘..?lé‘nl'SJJEJEJi?JEE!ﬂm -Expository heading -Exposition
S ‘Highlighting

goru.nuwm!e gus(erebjlen gendir. Bityik harflerle
gusu.nlu' (AK,CDE)

kinik (Re ) Gen: Baskan genle birlikteyken etkisi ~ Canh
Ganlrun by girpimde ghsteremeyen pendicigtk
harflerle gosterilir. (3, k, ¢, d, )
Saf Dl (Homozigot, An Dil): Disi ve erkekten gelen
genlerin aym ozellikte olmasidir. e

-Temporal cohesion
Lexicogrammatical sources
-Link unfamiliar concepts
with familiar ones

AA: Homozigot baskin
aa: Homozigol gekinik

—— e Text Structure Concurrence
uﬂ,“gl:wl €98 €98 | -Expository heading -Exemplary
S, (O K9 | Highlighting

R Q A -Temporal cohesion

RSN v Lexicogrammatical sources

T s | @ -Link unfamiliar concepts

with familiar ones
Case 6 — T6

T6’s representations include generally monomodal representations, she rarely
uses exemplary and representational. One of them includes decorational relation,
one of them involves representational relation, and the rest of them includes just

written mode. She used nine representations while telling the subjetc of inertia.
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Data showed that she does not have awareness about high levels of intermodal

relations (see Figure 4.6, and Table 4.6).

M level 1 mLevel 2 mLevel 3

Level 4

Figure 4. 6 Intermodal relations levels in T6’s representations

Examination of T6’s representations showed that she sometimes uses explicit

question, highlighting, and connectives. On the contrary, she is not qualified at

linking unfamiliar concepts with familiar ones and applying lexico-grammatical

sources, organizing argumentative text, and syntactic complexity (see Table 4.6).

Table 4. 6 Representations of T6 before MpM

_ 1¢ edeEK
4 4

YUMURTA AKI YUMURTA AKI

Representation Text Coherence Attributes | Intermodal Relation
Types
s Hewen Text Structure Concurrence
-Expository heading -Decorational
-Highlihting with coloring
Text Structure Monomodal
" Vapmasi sonucu ile GOBN hareket atmemiz. E it headi
- Araba dururken harek‘et basladiginda geriye B XPOSI ory ea lng.
dogru hareket etmemiz. _EXplanatory teXt Wlth
- Islak ellerimizi silkeledigimizde suyun etrafa
sagllmasl. examples
- Uzaya Atilan Bir Roketin Hareketi
ke bR Text Structure Concurence
Y- -Explicit question -Representational
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4.1.2 Pre-Interview Findings

Pre-interviews were conducted in the present study to determine current problems
existed in real educational context regarding selecting, using, sequencing,
designing multimodal representations. The researcher tried to investigate how
teachers plan their teaching process considering representations, for what
purposes they are using representations, to what extent participant teachers aware
of multimodal representations in terms of intermodal relations and text
coherence, how to realize challenge by designing them, and how write a high

cohesion text, and how to integrate image and text for different pedagogical aims.

At the end of the interview, data were transcribed from Turkish to English, and
the researcher analyzed them through content analysis. Defined themes are

presented below.
Representations are generally used for a limited number of pedagogical purposes.

Data showed that teachers advocated that using multimodal representations
generally served as paying attention of students, surprise and engage them, and
thus provide attendance of them to in the classroom. Five of them clearly indicated
that they used representations in order to engage students. They stated that while
visuals are usually used for concretizing the subject told, texts are used for

clarifiying what the image is about. For instance, T1 stated that:

“...First, I start the presentation with a screenshot or short video that will
interest and surprise the students, so after I get the students' attention, 1
asked them how could this be, then I will develop it a little more and ask
the question in a different context and ask how it would be now;, I usually

surprise with visual and video, not text...”
T2 expressed that:

“...I use visuals to be a clue to achieve that outcome, I use visuals to
concretize, I would put clues and keywords under the visual so that what I

want to give explanations is understood correctly, rather than long
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explanations. I would aim to attract the attention and interest of

children...”

Briefly, when examined teachers’ answers, it was concluded that they are using or
selecting multimodal representations for only paying attention and telling the
subject. However, these representations serve lots of pedagogical purposes
ranging from paying attention, triggering curiosity to providing interaction in the
classroom environment, supporting creativity, preparing an inquiry based learning

environment, awakening different cognitive levels, and etc.

Teachers do not aware of how to design representations in a way that challenges

students

Participant teachers were asked how to design a representation which challenges
students, lead them to construct causal relationships, and put them into an inquiry
process. Teachers pointed out that this process can be realized with models. They
indicated that it can be realized by asking a question about the models in written
mode. During the interview process, some clues were given to the teachers and
they were compelled to think about this issue, but they did not express any

opinion. For instance, T3 expressed that:

“...Frankly, do the representations I design or choose push students to ask
questions? I do not think so. I can say that it is generally simple, I add a
text next to a picture. I didn't know how to prepare representations that
would put them in a thinking process, maybe it could be done by asking

questions...”
In a same way, T5 told that:

“...I can only do this with questions, in writing, not with representation
tools, but with materials. I can say that these are not done much with these

tools, and I honestly did not think about before how they can be done...”
Differences between high and low cohesive texts are not recognized by teachers

Teachers were asked about how to write a text with only written mode considering

following two distinct ways. The former is about how the text should be
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manipulated in a way that makes it easier to comprehend. The latter is about how
the text should be organized in a way that put readers into attending an inquiry
process. Teachers mentioned about just three points which generally focus on
form of the text, not content of it. These are about structure of text, genre of text,
and paying attention of them such as asking questions, highlihting, underlying

some points, and coloring. For example, T2 told that:

“...In a story format, the type of writing we choose is important here, it can
be a fiction, it can be a question that arouses curiosity, creates a story, and

what to do next, this should be chosen as the genre...”
T3 indicated that:

“...I would narrate, I could enact, rather than a straight narrative, the
student could feel as if they were reading a story. There would be two or
three characters, they would ask questions to each other, the characters
would brainstorm, the student would brainstorm that discussion while
reading, he would join them, I would start with something that he might
be curious about, that he might be interested in, I would start with a

question...”
T4 expressed that:

“...First of all, I pay attention to the cognitive level, there should not be
very long complex sentences, there should be no phrasing, it should not be
written In plain black, there should be colorful texts, at least the titles,
underlying can be made, let's emphasize what the child needs to pay

attention to, it should not go beyond the concept I want to give...”

Only one teacher (T1) mentioned about one attribute of high cohesive text. He

stated that

“... I would talk about the scientific process about the concept and add

scientific data...”
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Primitive level of intermodal relations between image-text in multimodal

representations is well-known by teachers

Teachers were asked about intermodal relations between image-text in
representations by being shown different level of multimodal representations.
They were asked how these artefacts differ in terms of instructional purposes
serve. Results showed that teachers are capable of naming these texts into some
categories regarding purposes. However, they couldn’t identify that these
purposes are realized by constructing specific types of intermodal relations

between image-text. T1 stated that:

“...Number three direct students to ask questions, number one can engage
students attention, number two can be taught by informing, number four
Is explanatory, these four representations serve different cognitive levels.
There are sentences describing the picture in the text and these provide
coherence between the text and the image. Only images are not enough to
understand what is explained here, it is necessary to make explanations

nexttoit...”
T2 expressed that:

“...The first is an informative representation that summarizes an event,
provides information by summarizing how global warming occurs, the
second is showing the stages of the water cycle, the third is a picture that
models an experimental process an experiment, and the fourth is a
representation that provides an answer to a question by comparing it. By
making an explanation under the picture, it can be ensured that the picture
and the text form integrity. It can make the job easier if it comes one after
the other, has an explanation under the picture, follows a sequence, and is

In an order...”
T5 indicated that:

“...I make sure they both refer to each other, I pay attention that the picture

reflects the content in the text, or vice versa. I think it is important to
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sequence the two in a harmonious way. The image does not only mean
anything to us, it can give some clues, it becomes more meaningful and
more accurate with the text, the texts here describe the images more

accurately ...”
T6 explained that:

“...Text and images should support each other in harmony, the images
expressing the text should not be complicated. It would be more effective

If there was a text next to the image...”
4.1.3 Summary of Preliminary Phase Findings

All these findings mentioned above revealed that ToGs are not qualified at using,
selecting, and designing high level of multimodal representations and high
cohesion written texts. These data showed that teachers have limited explicit
knowledge about intermodal relations in multimodal representations and text

coherence attributes in written text.

Interview results also indicated that ToGs have limited knowledge about how to
use different types of representations for several pedagogical purposes in the
digital or real classroom environment. ToGs do not know how to make a text
explicit and how to design a written text which put students into an inquiry
process. ToGs have not abililities of designing challengin teaching materials.
Moreover, even if they are aware of only written mode is not enough to convey
meaning comprehensively, they have not explicit knowledge on how to integrate

image mode with written mode in order to transfer meaning in a coherent way.

As a conclusion, since using, selecting, and designing different levels of
multimodal represenations -considering intermodal relations and aspects of text
chorenece- play critical roles for realizing distinct pedagogical purposes in the
classroom, how to equip teachers with these skills remains a real problem to be
solved. To handle with this problem, the present study aimed to design a

pedagogical model which embeds multimodality into the instructional process.
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4.2 Findings of Prototyping Phase

4.2.1 Findings of Micro Cycle 1

4.2.1.1 Findings of Awareness Activities

The researcher distributed six monomodal texts in three different groups and four
multimodal texts in four distinct groups to the ToGs as an awareness activity.
Then, they were asked them to identify differences between each text in five
minutes. After discussions and activities were completed, the researcher
(participant researcher) transcribed interviews and analyzed to what extent
gifteds’ teachers identify distinct metalanguages among texts in activity 1
(monomodal text-text coherence) and activity 2 (multimodal text-intermodal

relations).

Statements of ToGs showed that all teachers easily identified aspects of body text,
highlighting, and academic vocabulary differences between texts. Three of them
recognized differences between text in terms of temporal cohesion and
connectives. Two of them perceived scientific process. Just one of them identified

headings. No one identified pronouns (Table 4.7).

Table 4. 7 Teachers’ perceptions about text coherence

Attributes T1 T2 T3 T4 T5 T6
Headings
Highlighting +
Temporal
Cohesion
Connectives
Pronouns
Academic + + + + + +
vocabulary
Body Text + + + + + +
Scientific +
Process +

+ +

+ + |+ |+

At this stage, the researcher secondly investigated to what degree gifteds’ teachers
can identify differences between multimodal text regarding intermodal relations
between image-text. Intermodal relations can be classified into two groups

(concurrence-complementarity) in eight themes (decorational, exemplary,
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representational, expository, comparative, organizational, augmentational, and

interpretational).

When the descriptions of the participants were analyzed, results showed that they
were capable of identifying decorational, exemplary, and representational
relations in concurrence. Two of them also described comparative and

organizational relations in complementarity (Table 4.8).

Table 4. 8 Teachers’ perception about intermodal relations

Intermodal T1 T2 T3 T4 TS T6
Relations

Decorational + + + +
Exemplary + o + + +
Representational + + + +
Expositional +
Comparative + +
Augmentational
Organizational + +
Interpretational +

4.2.1.2 Findings of Awareness Interview Activities

After analyzing the definitions made by the teachers in the awareness activity, the
researcher conducted an awareness interview based on the representations of this

activity.

When interviews about monomodal written texts were transcribed, data showed
that the theme of the body text can be classified into six categories including
definition, descriptive, informative, technical descriptions, and general knowledge
about low level cohesion in text. They described high level cohesion in text as
written according to categories of causality, explanatory, formal, fluent, event

sequencing, and progress. The excerpts from teachers’ descriptions as follows:

T1:

“General concepts are defined (Text 1). Written according to the causality

principle. A more fluent language is used (Text 2).”
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T5:

“A description has been made and general information has been given (Text
1). Concept and event sequencing has been made. It is stated how the

Insulin hormone was discovered over time (Text 2).”

Participants distinguished low level and high level texts into three categories
under the theme of highlighting: italics, bold, and underlying. The excerpts from

teachers’ descriptions as follows:
T2:

“Colored. Important places are underlined. Italicized (Text 6). Other text

does not include any form of highlighting.”
T3:
“Underlined, bold and colored text were used to emphasize (Text 6).”

Teachers identified differences between low level and high level texts in two
categories in relation to the theme of academic vocabulary: familiar words and
words used in daily lives. They indicated that high level texts include familiar
words that reflect students’ daily lives and explanations with parentheses

attached. The excerpts from teachers’ descriptions as follows:
T6:

“Unknown terms and concepts explained in parentheses with familiar

words (Text 6).”
T4:
“Technical words have been transformed into everyday language (Text 6).”

The descriptions about the theme of connectives are divided into two patterns that

are written step by step and conjunctions.
T2:
“Writing paragraphs step by step and using thematic sentences to bind the

paragraphs made it easier to read (Text 4).”
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T3:

“Using connectives like ‘Dut’ and ‘because’ provide establishing causal

relationships between sentences (Text 4).”

Two teachers identified the theme of scientific processes by emphasizing

categories of justified claims, research questions, hypothesis, data, and results.

T1:
“Scientists have thought about what functions the pancreas does, and
experiments have been carried out by making a claim about this, and as a
result it has been concluded that it works in the control of glucose Ilevel.
They are told in a process in the text (Text 2).”

T5:

“When I compare two texts, the second one includes research questions,

and how to test it, and how they report results (Text 6).”
None of the participants could detect the difference between pronouns.

When interviews about multimodal representations were transcribed, data
revealed that teachers described the theme of decorational relation in the

categories of irrelevant, off topic, and no relationship.
T1:

“An unrelated but noticeable image has been added to pay attention. There

Is no meaningful relation between image-text (Multimodal Text 1).”
T5:

“There is only information about the subject told in text, the text and

images do not refer to each other (Multimodal Text 1).”

Participants generally identified the theme of exemplary relation in the category

of partial attribution:

132



T2:

“The text mentions thyroxine hormone, thyroid gland, and minerals, and
the visual shows only the location of the thyroid gland (Multimodal Text
2 ). »”

T6:

“In the text, it was mentioned that the hormone secreted by the thyroid
gland and iodine is required for hormone secretion. The picture only shows

the location and shape of thyroid gland (Multimodal Text 2).”

Teachers identified the theme of representational relation in the category of

reflection:
T4:
“The location and shape of the pancreas are specified. The place and the

shape are shown in the picture, the text and the picture reflect each other,

as Iif there is a repetition of meaning (Multimodal Text 3).”
T6:

“The location of the pancreas in the body is stated in the text, and the image

expresses the same (Multimodal Text 3).”

Participants pointed out that image supports text in order to construct rich mental
representations in mind when describing expositional relations. They described

the theme of exposition relation in the category of supportive:
T1:

“The decrease in the activities of the digestive system is shown as a sleeping
stomach, making it easier to visualize this situation in the mind

(Multimodal Text 4).”

Teachers (two of them) identified comparative relations between image text as

comparison:
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T2:

T3:

“This text has been made meaningful by providing a visual and textual
comparison of healthy type 1 and type 2 diabetes, and shows in which
situations diabetes occurs. It provides us opportunity to compare three

situations (Multimodal Text 5).”

“We can easily compare the differences in healthy, typel and type 2

diabetes by visual and texts (Multimodal Text 5).”

Participants (two of them) described the theme of organizational relation in the

categories of cycle and process.

T2:

T4:

“By means of visuals, texts and symbols, the relationship between the
hormones and organs involved in the regulation of blood sugar was

established and the process was explained (Multimodal Text 6).”

“Hormone secretion was expressed in a process by indicating the stages

sequentially with arrows (Multimodal Text 7).”

Only one teacher recognized interpretational relations and he stated that this type

of multimodal text includes causality.

T1:

“The relationship between the two hormones working opposite was
expressed by the balance in the seesaw and how this balance would be
established in the case of hunger and satiety. The reader of this text was

asked to establish this causality (Multimodal Text 8).”

As shown in the quotations and Table 3.15 and 3.16, teachers can mostly identify

intermodal relations in the concurrence category, and they can differentiate

generally some attributes of text structure in text coherence.
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4.2.1.3 Summary of Awareness Activities Findings

At the end of the awareness activities, the researcher reached the following
conclusions. The former, it was found that when teachers encounter monomodal
texts designed with different parameters of text coherence, they can distinguish a
large part of these aspects and name them with different codes. As a result of the
interviews conducted about these definitions and names ToGs made, it can be
concluded that the participants gained awareness that monomodal texts can be

differentiated epistemically and semantically.

Teachers stated that texts written by storytelling, explaining the causes of events
with data, emphasizing important points by higlihting and coloring, dividing the
subject into parts, translating unknown concepts into everyday language, and
using conjunctions to establish relationships between sentences are easier to
understand and read fluently. These statements made by teachers clearly revealed
that they had gain awareness towards differentiating monomodal texts in terms

of text coherence attributes.

The latter, it was concluded that the vast majority of participants gained
awareness towards identifying primitive level of intermodal relations such as
decorational, exemplary, and representational, -except expositional one. They
described decorational one as irrelevant, off topic, and no relationship; exemplary
relation as partial attribution; representational relation as reflection; and
expositional relation as supportive. However, just few ones (one or two of them)
gained awareness towards high level multimodal representations by identfying
comparative relation as comparison, organizational relation as process or cyclic,
and interpretational relation as causality. All these namings and codings reveal
high level parallelism with functionalities of aspects of text coherence and

intermodal relations.
4.2.1.4 Findings of Design Activities

Activities 3 and 4 were given to teachers as transformed practice in which they
apply what they have learned in different contexts. The first one demanded them

to apply their learnings about text coherence, the second one asked them to
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implement their learnings about text coherence and intermodal relations. Thus, a

representational challenge was also realized.
Case 1- T1

As compared to representations designed before attending the MpM, T1 started to
use different types of intermodal relations in concurrence and complementarity
categories (Figure 4.7). While dominant ones are situated in the concurrence
category, it seems that he had a tendency towards to design organizational,
comparative, and interpretational relations except augmentation. It was observed

that he continued to keep his habits in using exemplary relations (Table 4.9).

Pre-representations Representations in Activity 3

and 4
mlevell mlevel2 mlevel3 Level 4

Mlevell mlevel2 mlevel3 Level 4

0%

100%

Figure 4. 7 T1’s Representations before MpM and in activity 3 and 4

T1 designed eleven representations in telling the subjects of greenhouse gases and
global warming. Findings revealed that most of them can be categorized as low
level of multimodal representations. A few of them were in the category of high

level.

Table 4. 9 Number of intermodal relations designed by T1 in activity 3 and 4

Level 1 Decorational 1
Exemplary 4
Level 2 Representational
Exposition 3
Level 3 Comparative
Organizational
Level 4 Augmentation
Interpretational 1
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An example of each different intermodal relation that the participant constructed
in the design activity of this first micro cycle is given in the table below with its

explanation (Table 4.10).

Table 4. 10 Intermodal aby T1 in Activity 4

Types of Sample Explanation
Intermodal
Relations
Decorational The text refers to

greenhouse effect and
global warming, the
image shows a world
under the smokes. There
is no meaningful relation,
the image or the text does
not refer to each other.
The text tells about the

Bu dogal sireg ; i . . .
: :::1’::':7 petrol ve dogalgaz gibi yakitlarin yakilmasi, - ﬂ reasons Of dlsruptlon ln
« tanm ve arazi temizleme gibi insan faaliyetleri natural balance like air

Bu sekilde dogal yollarla diinya kendi isisini korumus olur.

Exemplary

ile bu gazlarin atmosferde bulunma orani artirilirak bozulmaktadir.

pollution and

deforestation, the image
: ; @ reveals some examples of
it.

Exposition exmekeds The text refers to carbon
Rumosferdeki Karbondioksit Seviyes level in the atmosphere
by years, the image shows
. this increase with
different modes but the

same meaning.

Comparative The text and image
s mge. eeeswn  together provide readers
\E "11,-!" Guynes'tengelen d d . -1 ..

Amosterde ﬁ"\’ .@"ﬂ e to understand similarities

s > and differences between
greenhouse and
greenhouse gases in the
atmosphere.
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Table 4. 10 Intermodal relations used by T1 in activity 4 (continued)

Sera gazi etkisi diinya yiizeyi ve havasinin sinmast anlamina gelir,

Organizational i ey i i oo tassssasison. | T 1N€ iNformation about
o the greenhouse effect is
distributed among texts
<o | and images. For example,
°o while the image shows
absorption of gases, the
text mentions that
absorption leads to
increase in ground
temperature.
The text and image
emerges a question about
how the world
temperature increases
regarding greenhouse
gases, and demands
readers to make causal
relations.

Kalarskara ve okyanuslar
tarafndan enilerek
Dinayi st

Interpretational

Investigations about text coherence showed that he did not experience any
difficulty in applying attributes of text coherence while choosing the proper ones
from the available monomodal texts provided by the researcher (Table 4.11). That
is, it can be concluded that he is capable of identifying and selecting aspects of

high cohesion texts.

Table 4. 11 Text coherence patterns used by T1 in activity 3 and 4

Attributes Teacher's statements
Headings Will greenhouse gases warm us?
Some gases in the atmosphere are also called
greenhouse gases because they capture heat
1.Solar radiation reaches the Earth's atmosphere
2.Part of sunlight is reflected back into space.
Vibrating and shifting gas particles reflect heat..., so
all these greenhouse gases heat the earth and air.
Greenhouse gases are just like greenhouses, ...
Without the effect of greenhouse gases ...
The glass or plastic membranes (walls) of the
greenhouse allow photons (sunlight) to pass through.
Body Text Narrative- argumentative
He talks about scientists' claims and how they justify
those claims.

Highlighting

Temporal Cohesion

Connectives

Pronouns

Academic vocabulary

Scientific Process
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Case 2- T2

When compared to pre-representations with representations in first micro cycle,
it was concluded that the decrease in Level 2 (40%-17%) was reflected in the

increase in the third level (20%-29%) (Figure 4.8).

Pre-representations Representations in Activity 3 and 4

mlevel 1 mlevel2 mlevel 3 m4. Ceyrek Hlevell mlevel2 mLlevel3 Level 4

Figure 4. 8 T2’s Representations before MpM and in activity 3 and 4

T2 designed seventeen representations in telling the subjects of greenhouse gases
and global warming. Findings revealed that she increased the number of designing
high level multimodal representations (Table 4.12). These data indicated that
when she was provided with available images and texts in order to design
representations, she started to construct high level ones. It can be concluded she

made progress in selecting and integrating available images and text.

Table 4. 12 Number of intermodal relations designed by T2 in activity 3 and 4

Level 1 Decorational 2
Exemplary 4
Level 2 Representational 2
Exposition 1
Level 3 Comparative 3
Organizational 2
Level 4 Augmentation
Interpretational 3

An example of each different intermodal relation that the participant constructed
in the design activity of this first micro cycle is given in the table below with its

explanation (Table 4.13).
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Table 4. 13 Intermodal relations used by T2 in activity 4

Types of Sample Explanation
Intermodal
Relations
Decorational * Anan sera gaz miktan While the text refers to the
increasing amount of
ksl B ol greenhouse gases, the image
e shows a sweaty world emoji,
there is no meaningful
correspondence between
them.

Exemplary Dogal sireg hava kirliligi, The text tells the increasing
fosil yakitlarin yakilmast, .
omanlarn ok edimes 5 rate of greenhouse gases in
o e 3 - the atmosphere with the
eyl % examples of fossil fuel
artmakladis _ combustion and air

pollution, the image gives
examples of this situation.

Representation | =~ Sovinye Lovm o T The image and the text

al reflects each other in terms

of meaning they convey.
While the text tells how
I~a1_ photons pass transparent
y & walls of the greenhouse and
how the greenhouse absorbs
the heat, the image reflects
this meaning.

Exposition e = . | The image mentions the
same meaning with the text.
While the text refers to an
i S ST T .~/ | increase in the temperature
e e g s G arm over years, the image tells

the same meaning with
graphics.

Comparative S e esensamapnsakizetil | R epresentations provide

readers to compare the
impact of the number of
glass in a greenhouse on the
temperature with the impact
of the rate of greenhouse
gases in the atmosphere on
the temperature. In this
way, readers are enabled to
comprehend similariies and
differences.
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Table 4. 13 Intermodal relations used by T2 in Activity 4 (continued)

Organization
al

al

S

The images and texts
explain how the world is
heated by sharing
meaning across them.

Interpl’etation Ayni kisirdéngiiyi buzuIIan::srliln;:'skilzjac:;m:\?larm yok edilmesi agisindan The lmages and teXt aSk

readers to construct

s causal relationships
il . e X between deforestation
\, \ @~ and global warming,
- and melting glaciers and

global warming.

She applied features of text coherence appropriately.

was good at finding and selecting the ones with high text coherence among the

existing texts (Table 4.14).

Table 4. 14 Text coherence patterns used by T2 in activity 3 and 4

Attributes Teacher’s statements
Headings Why is the world warming?
Highlighting This event is also called global warming.

Temporal Cohesion

1.Solar radiation reaches the Earth's atmosphere
2.Part of sunlight is reflected back into space.

Connectives

The glass or plastic walls of the greenhouse allow
photons (sunlight) to pass through, but these structures
also retain some of the heat accumulated inside the
building.

Pronouns

Some gases in the atmosphere are called greenhouse
gases because they capture heat similar to greenhouses.
Examples of greenhouse gases are water vapor,
methane, nitrous oxide and ozone gas along with
carbon dioxide.

Academic
vocabulary

With human activities such as natural process air
pollution, burning fossil fuels, destroying forests, the
concentration (rate) of greenhouse gases in the
atmosphere is increasing day by day.

Body Text

Narrative-argumentative

Scientific Process

She talks about scientists' claims and how they justify
those claims.
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Case 3- T3

When she was immersed into a semiotically rich environment, and scaffolded with
lots of options regarding available designs, the results showed that there was an
increase in the rate of using different intermodal relations (Figure 4.9). However,
it was also observed that she continued her old habits considering exemplary and
decorational ones. She still dominantly used intermodal relations in concurrence
category, besides she had attempts to use organizational and interpretational

ones, not comparative and augmentation.

Pre-representations Representations in Activity 3
and 4

Hlevell mlevel2 mlLevel 3 m4. Ceyrek
Hlevel 1 Wlevel 2 mLevel 3 W Level 4

1%

Figure 4. 9 T3’s Representations before MpM and in activity 3 and 4

T3 has designed 15 representations describing global warming by selecting and
integrating the appropriate ones from the visuals and texts provided to them. She
started to use different types of intermodal relations even if most of them are

stiuated in low level mechanisms (Table 4.15).

Table 4. 15 Number of intermodal relations designed by T3 in Activity 3 and 4

Level 1 Decorational 2
Exemplary 6
Level 2 Representational 3
Exposition 1
Level 3 Comparative
Organizational 2
Level 4 Augmentation
Interpretational 1
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An example of each different intermodal relation that the participant constructed

in the design activity of this first micro cycle is given in the table below with its

explanation (Table 4.16).

Table 4. 16 Intermodal relations used by T3 in activity 4

1

Giines radyasyonu (isinlari) Dinya

atmosferine ulagir —
« Bunun bir kismi uzaya (uzay
boslugu) geri yansitilr.

« st ve isik enerjisinin geri kalani
kara ve okyanuslar tarafindan
emilerek Diinyay isitir.

« Isinan diinya radyasyonu uzaya
dogru yansitir. Atmosferdeki sera
gazlari bu enerjiyi emer bu
yiizden diinyada canli yasami icin
gerekli olan ortalama sicaklik elde
edilir.

- Boylece, sera gazlar atmosferde
1s1y1 yakalayan bir battaniye islevi
gordrler. Battaniye islevi goren
izolasyon (yalitim) artisi danyanin
ortalama sicakligini yasanabilir
dizeyde tutar.

Types of Sample Explanation
Intermodal
Relations
Decorational The text refers to
greenhouse effect and
global warming, the image
shows a world under the
smokes. There is no
Sera Etkisi ve Kiresel Isinma meaningful relation, the
image or the text does not
refer to each other.
Exemplary Danyarmiz Neden Isintyer? | The images refer to some
examples in the text, such
as environmental pollution.
St The images do not refer to
the second paragraph in
any way.
Representatio Sera Gazlari ve Kiiresel Isinma The point in the text (The
nal Earth's atmosphere (gas
" layer) passes the sun's rays
o and absorbs some of it.) is
reflected by the image.
Exposition e e e s e The image mentions the
orbondata (Copy e same meaning with the
et e g A text. While the text refers
Esindo ydkseldgin to an increase in the rate of
Gevam edencou nesapiams carbondioxide level over
onsantrasyonun ot years, the image has the
ispat etmektedir, R .
same meaning with
graphics.
Organizationa Sera Gazi Etkisi The steps in the image are

explained by text in a
sequence. The image
indicates the points that
the text does not mention,
or vice versa. In this way,
whole meaning is shared.
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Table 4. 16 Intermodal relations used by T3 in activity 4 (continued)

Interpretationa
1

* Bulutlanin yakin ve uzak olmasi ile kiresel isinma arasinda nasil bir iligki vardir? Image and Some t]f'iCkS

(making arrows wide or
narrow) in it with text
ask readers to construct
causal relationships
between global warming
and clouds close to and
far from the earth.

[

As shown in Table 4.17, she has the capability of using most attributes of text

coherence appropriately, except pronouns. The results revealed that she was good

at finding and selected most suited ones regarding text coherence.

Table 4. 17 Text coherence patterns used by T3 in activity 3 and 4

Attributes Teacher’s statements
Headings How Do Greenhouses Function?
Since the gases in the atmosphere trap heat
Highlighting similar to the greenhouse, these gases are called

greenhouse gases.

Temporal Cohesion

1. Greenhouse gases are gases that absorb
radiation (radiance) from the sun.
2. These gases get their name from greenhouses.

Connectives

Glass walls trap the heat of the sun, so the plants
in the greenhouse create an environment that
will allow them to grow and develop even in cold
nights.

Academic vocabulary

Greenhouse gases are gases that absorb radiation
(radiance) from the sun.

Body Text

Argumentative-narrative

Scientific Process

She talks about scientists' claims and how they
justify those claims.

Case4—-T4

In the preliminary stage, the researcher determined in her presentations that T4

usually designs monomodal texts. In the interview, she has also stated that she

has only awareness about exemplary and representational relations. At the end of

first iteration, data revealed that she can construct different types of intermodal

relations, but again generally in concurrence category (Figure 4.10).
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Pre-representations Representations in Activity 3

and 4
Hlevell Mlevel2 MLlevel3 Level 4

mlevell mlLevel 2 mlLevel 3 mlLevel 4

13%

Figure 4. 10 T4’s Representations before MpM and in activity 3 and 4

T4 has designed 15 representations describing global warming by selecting and
integrating the appropriate ones from the visuals and texts provided to them. She

used all types of intermodal relations except representational one (Table 4.18).

Table 4. 18 Number of intermodal relations designed by T4 in activity 3 and 4

Level 1 Decorational 2
Exemplary
Level 2 Representational
Exposition 2
Level 3 Comparative 1
Organizational 1
Level 4 Augmentation 1
Interpretational 1

An example of each different intermodal relation that the participant constructed
in the design activity of this first micro cycle is given in the table below with its

explanation (Table 4.19)
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Table 4. 19 Intermodal relations used by T4 in activity 4

Types of Sample Explanation
Intermodal
Relations
Decorational While the text mentions
Daha sonra Manabe ~ve
Al AR A that the temperature on
diinya yiizeyindeki sicaklig the earth‘s Surface has
artirdigimi iddia etmigtir. .
increased due to the
increase in CO2, the
images do not refer to it.
Exemplary 2 B The image shows only
Giindiizleri  1sty1 soguran (emen) seralara O
it el tdegll OTIC DT of the text, it is
e e il an example of it.
EXPOSition « 1960'da Charles David Keeling daha The image mentions the
il G & Roass i same meaning with the
olciimlerini afik  haline  getirerek .
stminfrdeki *COfnin s text. While the text refers
yiikseldigini gostermistir. . .
to an increase in the rate
of carbon dioxide level
over years, the image tells
the same meaning with
graphics.
Comparative pe—gy o The image and text
i g, o g together enable readers to
o o il compare similarities and
%-mﬂa'niyne igl.evi goriirler, Batfaniye .
islevi goren izolasyon (yalitim) artist dlfferences between
diinyanin ortalama sicakligins .
vz B greenhouse and gases in
the atmosphere.
Organizational T The steps in the image are
leri ve deneyler . .
= explained by text in a
(15snlarr) Diinya .
stmosferine s sequence. The image
s o 2 Seqt :
s indicates the points that
et et i
sest kalsfhnmt the text does not mention,
ey or vice versa. In this way,
r.: “y;:szonn uzaya dogru . .
S the whole meaning is
shared.
Augmentation Cyclic process modelled

arr
I

LV R R0

$38%

Bir sera, giin boyunca Gines'ten gelen isiyt sogurur. Cam duvarlar,
giinesin 151511 hapseder bu yiizden sera i¢inin sicaklig: korunur.

by arrows (with blue/cold
and red/hot tones)
augments the meaning of
how heat is conserved in
a greenhouse in the text.
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Table 4. 19 Intermodal relations used by T4 in activity 4 (continued)

Interpretational Image and text ask
readers to construct
causal relationships
between water vapor and

warming of atmosphere.

4.2.1.5 Summary of Design Activities Findings

At the end of the first design activities, findings revealed that all participants
gained skills of selecting and integrating proper images and texts from available
texts provided by the researcher while designing high cohesion monomodal text
and different types of intermodal relations. That is, they were good at finding and
selecting the ones with high text coherence among the existing ones. The point
should be indicated that participants have designed all types of intermodal
relations even if the majority of their representations belongs to the category of
primitive level. They gained tendency towards to design high level multimodal
representations (rarely augmentation and interpretational ones) and high

cohesion texts.

These findings stated that when teachers are provided with available resources
that they can compare and select, they gain competence in identifying the
difference between them and selecting and combining the appropriate ones. These
skills constitute the first two of the basic steps of representational competence
skills (gaining awareness, identifying, and selecting) and are expressed as

prerequisites for the high abilities of RC skills (designing and evaluating).
4.2.2 Findings of Micro Cycle 2

Teachers were encountered with a more challenging representational activity than
previous one in activity 5. They were asked to complete an unfinished infographic
about vaccination. The researcher decreased scaffolding level and provided

questioning based feedback to the teachers’ designs. The researcher did not enable
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teachers with images and texts, and asked them to find appropriate ones

themselves.

4.2.2.1 Findings of Design Activities

Case 1- T1

The new representational challenge has resulted in decrease in first two levels of
intermodal mechanisms, and has led to increase in last two levels of intermodal

relations as compared to the previous activity (Figure 4.11)

Representations in activity 3 and Representations in activity 3

4
Hlevell Mlevel2 MLevel3 Level 4
Hlevel1l MLlevel2 MLevel3 Level 4

' 41% ‘
25%

29%

33%

Figure 4. 11 T1’s Representations in Activity 3 and 4 and in Activity 5

T1 designed twelve multimodal representations while completing infographic
given. He constructed augmentation representation differed from the previous

activity (Table 4.20).

Table 4. 20 Number of intermodal relations designed by T1 in activity 5

Level 1 Decorational 1
Exemplary 3
Level 2 Representational
Exposition 3
Level 3 Comparative 1
Organizational 2
Level 4 Augmentation 2
Interpretational

An example of each different intermodal relation that the participant constructed
in the activity of 5 this first micro cycle is given in the table below with its

explanation (Table 4.21)
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Table 4. 21 Intermodal relations used by T1

in activity 5

Types of
Intermodal
Relations

Sample

Explanation

Decorational

The text refers to
change in virus gene,
the image does not
refer to it
meaningfully, only
decorate the
situation.

Exemplary

ving

The image only
reflects some part of
the text: stimulation
of antibody
production by
weakened viruses.

Exposition

Yazc.--

The image re-express
the same meaning in
the text with symbols
Oor signs.

Organizational

Q. % .'E;"@

S (-l lones) bilgide, hya O e
Wil (ByeT) papilospony; fxtojmh il miaf&k ¢
i ka ks gl g, |}f/ - o Q N

et
didy hebelarakhi 0 & i
I ® %

How to combat the
pathogen again is
described as a
process. Images and
text share meaning
among themselves to
tell the process.

Augmentation

Antibody-antigen
matching is modelled
with key-lock. The
text also refers to
specific matching
between virus and
antibody.

Case 2- T2

The new representational challenge prompted T2 to engage in less Level 1
relations while encouraging more Level 2 relations. While there was an increase
in the use of level 2 representations, no change was observed in Level 3 and 4
(Figure 4.12). Although she has the opportunity of designing augmentation

relations, the researcher could not investigate any type of this relation.
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Representations in Activity 3 Representations in Activity 5
and 4

Hlevell Mlevel2 Mlevel3 4, Ceyrek
Hlevel 1l Mlevel2 Mlevel3 m4 Ceyrek

Figure 4. 12 T2’s representations in activity 3 and 4 and in activity 5

T2 designed seven representations in order to complete the infographic. She

generally constructed upper level relation except augmentation one (Table 4.22).

Table 4. 22 Number of intermodal relations designed by T2 in Activity 5

Level 1 Decorational 1
Exemplary
Level 2 Representational
Exposition 3
Level 3 Comparative 1
Organizational 1
Level 4 Augmentation
Interpretational 1

An example of each different intermodal relation that the participant constructed
in the activity of 5 this first micro cycle is given in the table below with its

explanation (Table 4.23).
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Table 4. 23 Intermodal relations Used by T2 in activity 5

Types of

Intermodal
Relations

Sample

Explanation

Decorational

6 Agn PBJMU [w'r[is e bokteri)

Fy

dhasien (DA w2 VL' 4'5'?*")
%&ﬁ bagskik sl gerqhegic ")

While the text asks about
how mutation occurs, the
image has no reference to
this meaning.

Exposition

V) 4
1. Zapflftog viriclr vicads ejekte
ok vicatfo btk reaksigonlrnon

baglamagima sebep olan antin wolekileri
a/u;lmr.

il

0 I

Weakened viruses are
viewed as emojis in the
same generality. The
image and the text
reflects the same
meaning, but with
different semiotic sources.

Comparative

D

L

LS Sk, O
- m::n M O
= .

a)%jﬂiﬂ[v(rbx) ol dgipile
!

Xz

&

[
b\

bW g g ek imkﬁ[(mm) halt ﬂ’"
() Vrn by Frﬁq’nfm’ (Mjmlm/ Kl

The text and image
enables readers to
compare different
situations, but it should
be stated that this
representation is
superficially comparative
since the images do not
have an exact capability
of explaining weakened
process.

Organizational

R Y
WY vy

ot
s YYyY
6- =Wy
Y Y

By darm sl bkor ddbr

) ve srbsler bk ghaskic, B T
Wercleri kroocgonleayt poren
bone e Wil e skie
\\P/\ll‘ werif

The process of
recognizing virus and
destroying it explained in
the text is visualized with
the images.

Interpretational

" 'Mﬁmv
| g ;i .
@ o oo o) by,
i () M&:EAM, rxbjmk ol m'futf&\t
s ol BB o g, il
iy bl

!

Antikor

Recording the
information about specific
antigens by T-cells
explained in the text and
antibody matching with
specific antigen not others
stated in image, demands
readers to make causal
relationships.

Case3-T3

In the new representational challenge, there appears to be a noticeable decrease

in Level 1 relations in representations and an increase in Level 2 relationships.
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Moreover, there also appears to be a slight increase in the use of level 3 and 4

relations (Figure 4.13).

Representations in Activity 3 Representations in Activity 5

and 4
mlevell mlevel2 mlevel3 Level 4
Mlevell mlevel2 mlevel3 Level 4

Figure 4. 13 T3’s representations in activity 3 and 4 and in activity 5

T3 designed ten representations in order to complete the infographic. She
constructed all types of intermodal relation except exemplary and interpretational
one (Table 4.24).

Table 4. 24 Number of intermodal relations Designed by T3 in activity 5

Level 1 Decorational 2
Exemplary

Level 2 Representational 3
Exposition 2

Level 3 Comparative 1
Organizational 1

Level 4 Augmentation 1
Interpretational

An example of each different intermodal relation that the participant constructed
in the activity of 5 this first micro cycle is given in the table below with its

explanation (Table 4.25).
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Table 4. 25 Intermodal relations used by T3 in activity 5

Types of

Intermodal
Relations

Sample

Explanation

Decorational

0 Ega dun 3t thoor ot
qrfsler by M‘(ﬁfﬂ, By
et vﬁkrourbnn‘\maj hon
lonr e kil b e
\W quf

The image decorates the
meaning in the text with
an antibody which scans
viruses.

Representationa
1

Dir fabrikaya as
Her saniyode yo
Seviyede antilkor
sSalrmayca basicar.

There is an exact
correspondence between
image and text. While the
text mentions transferring
of antigens by immune
cells, the image reflects it.

Exposition

| Zaytatimi veya o vids, ot gindeki
oz svilarkabirite vicuda verilr,
Mikroplar viicudumuza girdiginde
boggikik sistemimiz bunlar taniyip
viicudumuzdan atmaya udrogir Bunu
antijenleri tespitederek yapar.

Yo u
-
e :

Weakened viruses are
viewed as emojis in the
same generality. The
image and the text
reflects the same
meaning, but with
different semiotic sources.

Comparative

v Lok il

The text and images
enable readers to
compare different
situations: (1) changing
the gene of the virus, (2)
inactivating the virus, (3)
using antigens of virus.

Organizational

) L e»

The g,&Jw (v bitel]
g (e W5 5]
L

Images and text together
explain the process of
mutation in a simple way.

Augmentation

Her bir antikor, virGsan etrafin:
kaplayan antijenleri tamiyarak
sikica hedef antijene baglanir.

The key-lock symbolizing
in the image is stated as a
targeted antigen in the
text.
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Case 4-T4

Data revealed that intermodal relations designed by T4 evolved from decorational,
exemplary to mostly representational, exposition, organizational and
augmentation (Figure 4.14). Besides, she still experienced difficulties in designing

interpretational relations.

Representations in Representations in Activity
Activity 3 and 4 5
Hlevel 1 mLevel 2 mLevel 3 mLevel 4 Hlevel 1 mlevel 2 mLevel 3 mLevel 4

Figure 4. 14 T4’s Representations in activity 3 and 4 and in activity 5

T4 designed fourteen representations in order to complete the infographic. She
constructed all types of intermodal relations except exemplary and

interpretational one (Table 4.26).

Table 4. 26 Number of intermodal relations designed by T4 in activity 5

Level 1 Decorational 3
Exemplary

Level 2 Representational 2
Exposition 2

Level 3 Comparative 2
Organizational 3

Level 4 Augmentation 2
Interpretational

An example of each different intermodal relation that the participant constructed
in the activity of 5 this first micro cycle is given in the table below with its

explanation (Table 4.27).
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Table 4. 27 Intermodal relations used by T4 in activity 5

Types of

Intermodal
Relations

Sample

Explanation

Decorational

While the text mentions
how pathogens are
inactivated, the image
refers to a virus who is
scared from a vaccine.

Representational

The text and image reflect
the same meaning of each
other.

Exposition

Weakened viruses are
viewed as emojis in the
same generality. The image
and the text reflects the
same meaning, but with
different semiotic sources.

Comparative

The situations of (1)
changing the gene of the
virus, (2) inactivating the
virus, (3) using antigens of
the virus can be compared
with different images in
the representation.

Organizational

Savay (antikor— ant(pa qfnmn) bild ginde., ‘uprea
Waereleri (BveT) papilazony, putojenle noul mibcadale

i et iyt i B Wacakrin goni gboen, ixgel
hakirlamaki

cdeces;
edicint
J

The recording of how the
population of memory cells
will combat pathogens is
described as a process.

Augmentation

Antikorlaria virGsler
savasa girer.
Antikoriar uyumiu
oldukian antijene

f‘ﬁ | t?oglonur

The combination of
antibodies and antigens is
described in the visual by
analogy with the key and
lock, and in the article it is
expressed with the
expression of harmony.
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4.2.2.2 Summary of Design Activity

In this step, although the researcher gave participants only half of the available
resources as opposed to the previous step (all resources were provided) and
guestioning based feedback instead of explanatory feedback unlike the previous
step, the results showed that their designs were evolved from Level 1 and 2 to
Level 3 and 4, and from low cohesion texts to high cohesion texts as compared to
previous design activity. Data clearly revealed that there was a noticeable decrease
in using Level 1 representations, increase in Level 2, and slight increase in Level 3
and Level 4 multimodal texts. However, it was clear that even if teachers have
many opportunities to design comparative, organizational, augmentation, and
interpretational relations to fulfill half completed infographic, they did not used
these. Findings also showed that teachers had difficulties in addings scientific
process (research questions, hypothesis, results) to the text, and converting

scientific academic vocabulary to daily language.

All these findings took into consideration, it can be concluded that
representational design skills of ToGs have slightly increased during the process,

and when compared to previous design activity.
4.2.3 Findings of Micro Cycle 3

In this cycle, participants were again put through a transformed practice process
in a new and more difficult representational challenge with extended available
designs (Table 3.31). In activity 6, researchers aimed to increase representational
challenge and decrease scaffolding level. To do this, the researcher provided seven
questions with only three images. Other than these, no support or clue was
provided. They were asked to design their external representations by answering
given questions, and apply creatively. The researcher also asked teachers to
evaluate their external representations with respect to the criteria on text

coherence and intermodal relations unlike the previous activity.
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4.2.3.1 Findings of Design Activity

Case 1- T1

Data showed that T1 decreased the use of low level intermodal mechanisms
according to previous activity (58%-37%), and increased the design of high level
mechanisms (42%-63%) (Figure 4.15). However, it cannot be said that some ones
(e.g organizational one) reflect the intermodal relation he intended to, it needs to
be improved. Despite this evolvement, T1 continued to use decorational and
exemplary ones even if he has opportunity to use comparative and augmentation
ones. For instance, while answering the question of how Pascal principle works,
he can design an augmentation mechanism in order to model Pascal principle, but
he did not. Or, even if he had the opportunity to use comparative ones to explain
the question of why the blood pressure is measured at the level of heart, he did
not construct this relation.

Representations in activity 5 Representations in activity 6

Hlevel 1 MLevel 2 Level 3 Level 4 Hlevel 1 Mlevel2 Level 3 4. Ceyrek

Figure 4. 15 T1’s representations in activity 5 and in activity 6

T1 designed eight multimodal representations in order to answer the seven
questions in the task. It was found that the number high level of intermodal
relations was more than the low level (Table 4.28). He designed interpratational

and organizational ones correctly.
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Table 4. 28 Number of intermodal relations designed by T4 in Activity 5

Level 1 Decorational 1
Exemplary 1
Level 2 Representational 1
Exposition
Level 3 Comparative
Organizational 1
Level 4 Augmentation
Interpretational 3

An example of each different intermodal relation that the participant constructed
in the activity of 6 this first micro cycle is given in the table below with its

explanation (Table 4.29).

Table 4. 29 Intermodal relations used by T1 in activity 6

Intermodal Relations
and Teachers’
Statements

Sample

Explanation

Decorational

Statement: I wanted
to give examples of
usage areas of Pascal
principle with images.
However, the images
do not show exactly
the examples in the
text.

* Glindelik hayatta bu prensip nasil kullanilmaktadir?

yesiode gindellh cyerieallar e yerier

B 3
in

omme - basma tulumbalar, berber kohukdan. . gibi yeniliderdic

The images do not
refer to examples of
hydraulic systems
mentioned in the text,

.| only decorate the

text.

Exemplary

Statement: I showed
with a realistic
picture that the lower
part of the dam wall
was thick. There is
exemplary relation.

Derinlik arttikga stvinun uyguladidt basing
artar. Duvarn yiizeyine uygulanan basing
derinlegtikce artacagindan dolay yikilmamas: P58
icin kaln yapihir

The image shows the
lower part of the dam
walls is thickly built
as an example.

Representational

Statement: I paid
attention to the fact
that the text and the
image reflect each
other.

Gorseldeki gibi bitiin deliklerden esit
i miktardaki basingla digari tasmasina yol

e acar.
@

7N

The text mentions an
equal amount of
liquid coming out of
the holes, the image
reflects it.
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Table 4. 29 Intermodal relations used by T1 in activity 6 (continued)

Organizational

Statement: I wanted
to show as a process
that liquids transmit
pressure with the
same force in all
directions. I tried to
make it
organizational.

* Kapali kap iginde swilar basinci her yone ayni sekilde nasil iletir?

J 1 Kapicindeki sy 2. Garseldeki gibi bitin deliklerden esit
¥ sikistrmak igin kuvvet

Ij// miktardaki basingla disar tagmasina yol
A uyguladifimizda ortaya o AL
u'\\ clkan basing her noktaya .
N '\ Tletilr m

Peki, burada su yerine Helyum ga: veya etil alkol kullanarak bu deneyi
yapsaydik ayni sanuglaria karglagabilir miydik? Ne dersiniz?

How fluids transmit
pressure in all
directions is described
in a sequence.

Interpretational

Statement: I tried to
explain why blood
pressure is
measured at heart
level by establishing
a causal link with
the city water
supply, and I
wanted the reader
to establish this
relationship.

~
" * Tansiyon neden kalp hizasinda élclilmektedir?

Tansiyon dlgerken efier kalp hizasinda degl de ;
| Blgiimii kalbe ghre agagida ya da yukanda
yaparsak farkl sonuglar gikacakt.

Sekle baktigimizda su deposu altinda kalan
yerlere su ulagabilirken su deposundan yiiksek
yerlere neden su ulagmamaktadir?

The text and image
demand readers to
make causal
relationships between
depth of water and
why blood pressure is
measured at heart
level.

Case2 -T2

When compared to previous activity, the rate of low level of intermodal relations

was reduced in the current activity (57%-31%). Also, the percentage of high level

relations has increased (43%-69%) (Figure 4.16). T2 seems representational

competent at the end of this activity. The vast majority of multimodal

representations she designed reflect high level intermodal relations.
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Representations in Activity 5 Representations in Activity 6

Hlevell mlevel2 mlevel3 4. Ceyrek Hlevel 1 m2.Ceyrek m3. Ceyrek m4. Ceyrek

Figure 4. 16 T2’s representations in activity 5 and in activity 6

T2 designed nineteen multimodal representations in order to answer the seven
questions in the task. It was found that the number high level of intermodal
relations was more than the low level (Table 4.30). She designed all types of

intermodal relations except representational one.

Table 4. 30 Number of intermodal relations designed by T2 in activity 6

Level 1 Decorational 1
Exemplary 1
Level 2 Representational
Exposition 4
Level 3 Comparative 3
Organizational 3
Level 4 Augmentation 4
Interpretational 3

An example of each different intermodal relation that the participant constructed
in the activity of 6 this first micro cycle is given in the table below with its

explanation (Table 4.31).
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Table 4. 31 Intermodal relations used by T2 in activity 6

Intermodal Relations Sample Explanation
and Teachers’
Statements
Decorational Dt i ki d i . B shegc G While the text
Statement: ] wanted to | S5ermeetevisnnme T g mentions fluidity and
express the fluidity sl L its relation between

with an image so I
tried to exemplary.

pressure, the images
show a syringe.

Representational

Statement: I paid
attention to show with
image that the applied
force is transmitted
exactly in all
directions, as stated in
the text.

Sooler bu bosinet kebin i yizeyinde temas etti§ her & &t
roktaye nesl lefic? O,

. Xapol bir kaptaki svinin temes ettig her roktape I

sodece ket dograitusunda dejiltim yérlerde ilettir 1L ] @

Grnegin apel b sserin kepogibiez esetlp ke

yon tarafindan ket uygdloninca bi siire sorra { = j

Kepagin birez yukert dogru harelet ettigi
gozemlenebilir.

The image reflects the
meaning in the text
(When the mouth of a
closed container is
opened slightly and
pressure is applied, the
lid is observed to move
upwards).

Exposition

Statement: I also tried
express with image the
statement in the text
that the pressure in the
artery changes
depending on the
height.

Kalbin pompaladis kan da bir aluskan oldugu
icin, atar : d

inde kan basiaes ~g\|‘

i
yiikseligie bagh olarak degisebilir.

The image re-express
the meaning in the text
with graphics.

Comparative

Statement: I wanted
them to be able to
make a comparison by
giving the gas and
liquid state, showing
the granular state.

d0zdes (oym czellikte) kaplardan oluson
sekildeki dizeneklerden; icerisinde gaz olan ve
st olan kaplara basing uygulondiginda gaz ve
svinin kap igerisindeki seviyesinde meydana
gelen defisim gésterilmistir.  Venlen bu

é m dizenekten yola ok hopal haplarda

L ™ swilarinbasine fletmes ile sivinin hangi Bzelligi

- - argsinda baglants kurulabilie?

Two different
situations are described
in the representation in
order to provide
readers to understand
similarities and
differences between
them.

Organizational

Statement: I tried to
express the working
principle of hydraulic
lift in an organizational
process.

oCce

== ||t

ece

1 Hidrolik liftin koluna asag yénde bir
kuvvet uygulanir.

2. Olugan basing 2 numaral yiizeyden siviya
farkli yén ve dogrultuda iletilir (Bakiniz
55)

3. Ug numarali yiizeyde olusan basing
arabanin yukar1 yénde horeketini saglar

The working principle
of hydraulic lift is
explained in a
sequence. The image
and text share meaning
mutually.

1

61




Table 4. 31 Intermodal relations used by T2 in activity 6 (continued)

Augmentation - . The working principle
S TR of hydraulic lift is
Statement: I tried to e modelled with
re-state the Pascal prensibine gore basincin etki ettigi yilizeyin Communicating VeSSelS‘
. yeri (konumu) ve biyiikligl degistirilerek istenilen
expresslon Of yénde ve biiyiiklikte basing kuvvetleri elde
edilebilir.Hidrolik liftte de farkli yilizeye sahip
“Pressure in the ylizeylerden yararlanilir.

intended magnitude
and direction can be
obtained by changing
the location of the
place where pressure
impacts” with an
image.
Interpretational Barsjarm alt bisimlan veden daha falininga edilmekted? The answer to the
question of why the

Statement: I wanted the | An \..  lower part of the dam
reader to understand g «| walls are built thicker is
‘ a
Vo o

8 asked to solve with

the dams were built in a another image by making
bold by establishing a causal relationships.
causal relationship
between the two visuals
and texts.

why the lower parts of :

Case3-T3

As shown in Figure 3.31 and Table 3.35, the rate of low level of intermodal
relations was reduced in the current activity (70%-22%). Also, the percentage of
high level relations were increased (30%-78%) (Figure 4.17). T3 seems

representational competent at the end of this activity. However, her comparative

162



relations were not exactly comparative, it was close to it because meaning is not

distributed between image and text equally.

Representations in Activity 5 Representations in Activity 6

Mlevell mlevel2 mlevel 3 mlLevel 4
mlevell mlevel2 mlevel3 Level 4

11%
11%

Figure 4. 17 T3’s representations in activity 5 and in activity 6

T3 designed nine multimodal representations in order to answer the seven
questions in the task. It was found that the number high level of intermodal
relations was more than the low level (Table 4.32). She designed well organized
multimodal representations in both Level 3 and 4. An example of each different
intermodal relation that the participant constructed in the activity of 6 this first

micro cycle is given in the table below with its explanation (Table 4.33).

Table 4. 32 Number of intermodal relations designed by T2 in activity 6

Level 1 Decorational
Exemplary 1
Level 2 Representational 1
Exposition
Level 3 Comparative 1
Organizational 2
Level 4 Augmentation 2
Interpretational 2
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Table 4. 33 Intermodal relations used by T3 in activity 6

Intermodal Sample Explanation
Relations and
Teachers’
Statements
Exemplary Bu prensip gindelk hayatta nasil kullanimakiadr? | 'The image shows an

Statement: I
wanted to show
an example of the
city water supply
mentioned in the
text

Bu prensip giinlik hayatta gok katl binalarin su intiyacini
karsilamak igin sehir sebeke basinci yetersiz kaldig durumlarda
kullanilabilir. Basina: ik su, hava le sikagtirarak istenen
yikseklige gikartlabilir,

example of city water
supply, it does not
mention that low
pressure water can be
increased to the
intended height by
compressing with air.

Representational

Statement: I
wanted to show
what is expressed
in the text in the
same way as the
image.

Derinlik ayni ise s1v1 basinci, o
derinlikteki her nokta i¢in aymdir.

The text tells that if the
depth is the same, the
fluid pressure is the
same for every point at
that depth, the image
conveys the same
meaning.

Comparative
Statement: I
made such a
design so that
they could
recognize the
similarities
between the two
situations. I
constructed a
comparative
relation.

' Barajlarin alt kisimlari neden daha kalin inga edilmektedir?

The reader compares
two situations, and
tries to find similarities
and differences
between them.

Organizational

Statement: I tried
to tell the system
of hydraulic
pressure in an
organizational
way.

stemi ofarak kullanilan hidrolik fren sisteminde

ker sliniri skigtinii

The image and texts
together state how the
hydraulic system
works.
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Table 4. 33 Intermodal relations used by T3 in activity 6 (continued)

Augmentation The working principle

T of hydraulic lift is
Statement:I focused on e e s modelled with
modeling Pascal's el communicating vessels.
prinCiple with a closed ! e el o s The number and
container. However, I by e eyl direction of arrows in
tried to make it casy for Pl ol i et iy the lmage also

learners to visualize the it augment the meaning
process in their mind by - in the text.

showing the number of
arrows on both sides of
the container in
different numbers.
Interpretational The answer to the

/™1 Tansiyon neden kalp hizasinda olgtimektedir? question of Why blood
Statement: I demanded / pressure is measured at
readers to construct WL heart level is asked to
causal relationships Eb solve with another
between why is blood [ image by making a
pressure measured at CBL B causal relationship.
heart level and e ———
communicating vessels. ;““ih:r‘j‘ Rale e (bl s

Case 4- T4

Findings showed that there was a slight difference between the rate of high level
and low level of intermodal relations. While the rate of using level 4 relations has
increased (14%-25%), the rate of designing level 3 relations has decreased (36%-

25%) (Figure 4.18). When investigated totally, it appears that there was no
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change in the rate of high level and low level of intermodal mechanisms (50%-

50%).

Representations in Activity 5 Representations in Activity 6

Hlevell mlevel2 mlevel3 Level 4 Mlevell mlevel2 mlevel 3 mlevel 4

21%

29%

Figure 4. 18 T4’s representations in activity 5 and in activity 6

T4 designed twelve multimodal representations in order to answer the seven
questions in the task. It was found that the number high level of intermodal
relations equals to the low level (Table 4.34). Even if she constructed high level
ones in diverse ways except augmentation one, she continued to use low level
ones. An example of each different intermodal relation that the participant
constructed in the activity 6 this first micro cycle is given in the table below with

its explanation (Table 4.35).

Table 4. 34 Number of intermodal relations designed by T4 in activity 6

Level 1 Decorational 1
Exemplary 1
Level 2 Representational 3
Exposition 1
Level 3 Comparative 1
Organizational 2
Level 4 Augmentation
Interpretational 3
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Table 4. 35 Intermodal relations Used by T4 in activity 6

Intermodal Sample Explanation
Relations and
Teachers’
Statements
Decorational gtk ssiin | While the text mentions

Statement: I
visualized the
shark and fish man
as examples.

inga edilmektedir?

Baraj duvarlannun derine indikpe daha that there is less

kalin olmasinin nedeni basinghr. Barann .
s s tis | pressure on the fish-man
oldugundan dolay basing fazla olur. Bu

balikadama kopek baligindan dimmince dwadan sl Buacseae | thAMN ON the Shark, the

daha az su basinci etki baraj duvarlarinda denne inildikge duvarlar

etmektedir. daha kalin olacak gekilde yapilir. image ShOWS a man
‘ above the shark.

Exemplary

Statement: I gave
examples about
where pascal
principle is used in
daily lives.

The image shows some
examples in the text.

Pascal ilkesinden yararlanilarak; bilesik kaplar, su cendereleri,
sikigtirma sistemleri (hidrolik frenler, hidrolik presler), tagma
sistemler (hidrolik lftler, vingler), tulumbalar, berber koltuklan ve
hatta lunaparktaki athikarincalar gibi birgok arag yapildigin: biliyor
muydunuz?

Representational

Statement: I put in
an image that

Ornegin iizerinde The text tells that when
delikler olan igi su solu . 1 d f
bir balona herhangi bir pressure 1s appiie rom

oktadnbasiy any point to a water-

uygulandiginda su

bitin deliklerdenayni  filled balloon, water

mirrors the text e flows at the same speed
exactly, thus from every point, the
reinforcing the image conveys the same
meaning. meaning.

Exposition o It is expressed again

‘A,:"::u;\ Siviya bir noktadan uygulanan basing, sivinin temas With arrow SymbOIS
' 4 3 \ \

Statement: Just D Do e s showing the same

like the previous q magnitude and different

one, I put in an - direction, that the

image that mirrors pressure is transmitted

the text. in the same magnitude
in all directions

Comparative -X mm — The images and the text

Statement: I e A SR demand readers to

provided two B B8 B B compare and understand

images that
describe text. In
this way, readers
can make
comparison and
comperehend
similarities and
differences.

similarities between city
water supply and
communicating vessels.

Su depolarind: lara su iletimi birlegtirilmig
kaplar prensibi kullanilarak yapilmaktadir.
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Table 4. 35 Intermodal relations used by T4 in activity 6 (continued)

hydraulic pressure
system in a process
with image and
text.

3. Tekerlek silindirlerinin pistonlan agilarak frenleme saglanir.

Fren merkez pompasinda etkin olan basing, tekerlek

1
3
/J—EEZ et 2. Olusan bu basig, borular vastasiyiatekerlek siindirerine
) .j. ¢ ulastiihr,

silindirlerinin hepsine esit miktariarda aktanibr.

Organizational | MIETEEEEM .................... | The image and texts

Statement: I tried .o S| together state how the
. silindirinin pistonu basing olugturr. .

to explain hydraulic system works

by sharing meaning.

Interpretational

Statement: I tried
to design
interpretational
relation in which
reader is asked to

' Barajlarin alt kisimlari neden daha kalin inga edilmektedir?

LIQUID PRESSURE

N

Yandaki sekilde en derindeki snin ¢
uzaga aktigni goriiyorsunuz. Bunun
nedeni nedir?

Sekil 1

The answer to the
question of why the
lower part of the dam
walls are built thicker is
asked to solve with
another image by
making causal

make causal
relation between
given image and
the question.

relationships.

4.2.3.2 Summary of Design Activity Findings

At the end of design activity of micro cycle 3, although scaffolding level was
decreased and teachers were enabled with questioning based feedback, design
skills of participants improved as compared to previous micro cycle. The number
and diversity of designed high level multimodal representations have increased.
Findings revealed that teachers developed abilities of selecting and then
combining appropriate images and texts by finding on their own from any
available resources in the digital and real learning environment. Apart from these,
some teachers (e.g T1 and T4) did not design augmentation relation despite

having this opportunity. Moreover, some teachers have tried to construct
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comparative relations, but their design did not reflect exactly attributes of this

relation type.

Briefly, it was concluded that the participant teachers improved upper level
representational skill of designing in this micro cycle together with the ability of

selecting.
4.2.3.3 Findings of Evaluation Activity

The researcher asked teachers to evaluate their multimodal representations in
terms of intermodal relations. First, they were asked to determine which type of
intermodal relations their design belong, and then they were asked to explain
why. Data showed that although T1, T2, and T4 designed decorational, they
evaluated them as exemplary. As well as, T4 evaluated augmentation relation as
exposition one. Apart from these exceptions, findings revealed that teachers

gained ability of evaluating their own representations (Table 4.36).

Table 4. 36 Evaluation findings of participants’ representations in activity 6

T1 T2 T3 T4 TS T6
Decorational + + +
Exemplary + + + +
Representational + + + + +
Exposition + +
Comparative + + + + +
Organizational + + + + + +
Augmentation + +
Interpretational + + + + +

Teachers who designed decorational relations explained this type of relation with

following statements. For instance T5 expressed that:

“The image I used in the representation does not refer to the text, so it is
decorational. I designed this artefact in order to pay attention of student at

the beginning of lesson.”

Teachers who designed exemplary relations explained this type of relation with

following statements. For instance T1 stated that:
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“I showed with a realistic picture that the lower part of the dam wall was

thick. There is exemplary relation.” (See Table 4.29)

Teachers who designed representational relations explained this type of relation

with following statements. For instance T3 indicated that:

‘I wanted to show what is expressed in the text in the same way as the

image.” (See Table 4.33)

Teachers who designed exposition relations explained this type of relation with
following statements. For instance T2 pointed out that:
“T also tried to express with another mode (the graphic) the statement in

the text that the pressure in the artery changes depending on the height.
(See Table 4.31)

Teachers who designed comparative relations explained this type of relation with

following statements. For instance T4 stated that:

“I provided two images that describe text. In this way, readers can make
comparison and comperehend similarities and differences.” (See Table

4.35)

Teachers who designed organizational relations explained this type of relation

with following statements. For instance T2 told that:

“I tried to express the working principle of hydraulic lift in an

organizational process.” (See Table 4.31)

Teachers who designed augmentation relations explained this type of relation

with following statements. For instance T2 indicated that:

“I focused on modeling Pascal'’s principle with a closed container. However,
[ tried to make it easy for learners to visualize the process in their mind by
showing the number of arrows on both sides of the container in different

numbers.” (See Table 4.33)

Teachers who designed interpretational relations explained this type of relation

with following statements. For instance T3 explained that:
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“I demanded readers to construct causal relationships between why is blood
pressure measured at heart level and communicating vessels.” (See Table

4.33)

Briefly, findings revealed that teachers (four of them) had difficulties in evaluating
exposition and augmentation relations. Half of the participants also evaluated
their decorational designs as exemplary. One of them (T2) also assessed her
augmentational design as exposition. Apart from these, it can be concluded that
teachers improved higher level representational competence skills of evaluating in

this micro cycle.
4.2.4 Findings of Micro Cycle 4

In this cycle, participants were put through the most difficult transformed practice
process in a new and difficult representational challenge. The researcher only
determined the subjects on which the participants would design their multimodal
representations. They designed their external representations, apply creatively,
and then evaluated their representations in terms of intermodal relations and text

coherence attributes.
4.2.4.1 Findings of Design Activity
Case1-T1

At the end of activity 7, data revealed that T1 can be called as representationally
competent since he can not only designing a high level of intermodal mechanisms,
he can evaluate his representations according to the criteria of intermodal
relations. Although he sometimes used a low level of intermodal mechanisms, he
also explained the reason why to use them. At the end of micro cycle 4, he seems
representationally competent regarding applying attributes of text coherence

(Table 4.37).
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Table 4. 37 Text coherence attributes used by T1 in activity 7

Attributes Teacher’s statements
Headings How does electrophoresis work?
Artificial selection describes the process by which humans
Highlighting consaous]y.and p.u{rposef.iz]]y select certain ch_aracterlstlcs
of an organism (living being) and raise them in a
controlled manner.
Temporal 1. The gene whose desired characteristic is determined...
pe 2. In the DNA of a living thing that does not have the
Cohesion .
desired property...
The DNA molecule is electrically negatively charged, so
Connectives when an electric current is applied, the DNA fragments
move towards the positive pole of the gel.
Pronouns An organism (living being)
Leademic The genetic modification (manipulation)
vocabulary
Body Text Narrative-argumentative
- He talks about the scientists' claims and how they justfiy
Scientific Process .
those claims.

T1 designed thirteen multimodal representations while telling the subject of
genetically modified foods. It was found that the number high level of intermodal
relations are more than the low level (Table 4.38). He designed all types of

intermodal relations.

Table 4. 38 Number of intermodal relations designed by T4 in activity 6

Level 1 Decorational 1
Exemplary 1
Level 2 Representational 1
Exposition 1
Level 3 Comparative 2
Organizational 2
Level 4 Augmentation 2
Interpretational 3
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As compared to the previous activity, he increased the use of Level 3 and 4
representation types, and he decreased the use of Level 1 representations (Figure
4.19).

Representations in activity 6 Representations in activity 7

Hlevell Mlevel2 Mlevel3 4. Ceyrek Hlevel1l Mlevel2 Mlevel3 Level 4

15%
25%

15%

'

Figure 4. 19 T1’s representations in activity 6 and in activity 7

An example of each different intermodal relation that the participant constructed

in the activity 7 is given in the table below with its explanation (Table 4.39).

Table 4. 39 Intermodal relations used by T1 in activity 7

Intermodal Relations Sample Explanation
and Teachers’
Statements

Decorational CaReizinAsi ereierr o2 | While the text tells
Statement: I used these 4 e how does gmo affects
images in order to -/ us, the image shows
engage students =l some decorated
attention, the text or examples of gmo.
image does not refer to
each other.
Exemplary The images are

examples of the text.

Statement: I tried to
give some examples of
artificial selection.
Representational

The text mentions that
dna fingerprint
Statement: I wrote as a emerging on the tape,
text what is described the image reflects the
in the image. same meaning.
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Table 4. 39 Intermodal relations used by T1 in activity 7 (continued)

Exposition

Statement: I told with
graphic mode what is
in the text.

GDO’lu Tarim Nerelerde Yapiliyor?

The image restates the
meaning in the text by
pie chart.

Comparative

Statement: I aimed to
present artificial and
natural selection
together with text and
visuals, and then
compare them and
determine their
differences.

The images and the
_text ask readers to

# compare and
understand differences
between natural
selection and artificial
selection.

Organizational

Statement: I tried to tell

The images and the
texts explain how
genetically modified

relationship between
mendel corssing and
artificial selection.

the process of O products are produced
producing GMO in a sequence.
product in an -
organizational way by
distributing meaning
between images and
texts.
Augmentation The image augments
<2 |k the meaning in the text
Statement: I tried to = - '.:ﬂ";.'_ by modelling DNA
show the model of ‘";‘3 s o helix and nucleotide.
DNA and nucleotid I e ==
pairs.
Interpretational T m—— — The image and the text
- - ask reader to make
Statement: I demanded causal relationship
student to make causal : - between mendel cross
=g

and artificial selection.

Case2 -T2

As shown in Figure 4.20 and Table 4.42, in the new activity, She can be accepted

as representationally competent if two points are ignored. The researcher could

not examine whether she identified exposition and exemplary relation since she
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did not design this type of intermodal relation in this activity. Her representations
and statements on her designs also indicated that she has awareness and design
skills. At the end of micro cycle 4, she also seems representationally competent

regarding applying attributes of text coherence (Table 4.40).

Table 4. 40 Text coherence attributes used by T2 in activity 7

Attributes Teacher’s statements
Headings Biotechnology: In Which Fields and Why?
Highlighting The process of transferring specific gene sequences of

specific length is called gene transfer.
1.Bacteriophage transfers its genetic material to the
Temporal Cohesion bacteria...

2. Copied genetic material with new bacteriophages...
Extracellular DNA taken from a bacterium and
organism is taken up by another bacterium, so new
(recombinant) bacteria are formed by transferring
genetic material.

A cytoplasmic bridge is established between two
Pronouns bacteria with different characteristics. Two bacteria
exchange genes between themselves

Academic vocabulary | Conjugation (combination)

Body Text Narrative-argumentative

She talks about the scientists' claims and how they
justfiy those claims.

Connectives

Scientific Process

T2 designed twelve multimodal representations while telling the subject of
genetically modified foods and gene transefering. It was found that the number

high level of intermodal relations are more than the low level (4.41).

Table 4. 41 Number of intermodal relations designed by T4 in activity 6

Level 1 Decorational 1
Exemplary

Level 2 Representational 1
Exposition

Level 3 Comparative 3
Organizational 3

Level 4 Augmentation 2
Interpretational 2
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As compared to the previous activity, she increased the use of Level 3

representation types, and she decreased the use of Level 1 and 2 representations

(Figure 4.20).

Representations in activity 6

Mlevell Mlevel2 Mlevel3 Level 4

«y

21%

Representations in activity 7

Hlevell Mlevel2 Mlevel3 Level 4

Figure 4. 20 T2’s representations in activity 6 and in activity 7

An example of each different intermodal relation that the participant constructed

in the activity 7 is given in the table below with its explanation (Table 4.42).

Table 4. 42 Intermodal relations used by T2 in activity 7

Intermodal Relations
and Teachers’
Statements

Sample

Decorational

Statement: I used
such an image at the
beginning of the topic
to attract students'
attention, it has no
semantically complete
connection with the
text.

Explanation

Bir canli organizmanin
genetigi izerine yapilan
degisikliklerin sonuglar

neler olabilir?

Representational

Statement: I aimed to
exact correspondance
between image and
text semantically. The
image tells what is in
the text in parallel
ways.

While the text
mentions results of
changes in an
organism’s genetics,
the image does not
refer to it.

The text states that
the new genetic
material formed is
transferred to a new
bacterium by
bacteriophage; the
image conveys the
same meaning.

176



Table 4. 42 Intermodal relations used by T2 in activity 7 (continued)

Comparative

Statement: I
presented methods of
gene transfering
together in order to
ask students to
compare its
similarities and

Gen Transferi Yontemleri Nelerdir?

Py p——

- Konjugasyon "o
(birlegsme) w%’"’/\ b SN 2 %
= Transduksiyon B \sratron e
« Transformasyon SO,
( Donustirme) ’?\
W
S O OTiks

The images and

texts provide readers
to compare methods
of gene transferring.

image of scissor can
augment the maening
provided by text:
plasmid cut by
enzyme.

differences.

Organizational Bakteriler daha direngli hale nasil gelir? The images and
RTINS | pemedmemsessie | teX(s explains that
an T @0o—=C® | how bacteria

Statement: I showed become more

the process of how - : ; resistant in a

bacteria become more 7ig sequence.

resistant. I shared the | -~ > = gt o

meaning between — i

images and texts.

Augmentation O The meaning of
I— "’Oua;—..., . enzymeis

Statement: I found O augmented with a

this image, and I : '\g scissor model.

thought that the enzyme

Interpretational

Statement: At the end
of the subject, I
considered that
students make causal
relationship between
the images and how
bacteria become more
resistant.

(=)

() Onee

I
. M) | o
' NG '\ 0 M
Rl

Todmior  Todcion | Ol | Tl

1 eltererdahadirencl le
nasl gl

At the end of all this
learning, students
are asked how
bacteria become
more resistant by
showing them
different gene
transferring
methods.

Case3-T3

As stated in findings of micro cycle 3, she was seen as representationally

competent despite lacking some attributes. In the current activity, data revealed
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that she handled with these difficulties. Findings of micro cycle 4 also verified that
she can be accepted as representationally competent in terms of of designing skills
if two points are ignored. The researcher could not examine whether she capables
of designing exemplary and representational relations, since she did not design.
She also seems representationally competent regarding applying attributes of text

coherence (Table 4.43).

Table 4. 43 Text coherence attributes used by T3 in activity 7

Attributes Teachers’ Statements

What Is Recombinant Technology And How Is Dna
Cloning Done?

The method for determining who a DNA sample
belongs to is called DNA fingerprinting.

1. An egg cell whose nuclei has been removed ...
2. The new cell that is formed is forced to divide ...
It is the transfer of a particular DNA region from
an organism to a structure such as a self-

Headings

Highlighting

Temporal Cohesion

Connectives replicating plasmid, so that the transferred DNA
region can reproduce by means of the plasmid.
After five years of extensive health and
environmental testing, Calgene's Flavr Savr tomato
became the first US food product approved by the
Pronouns

U.S. Department for commercial production. Flavr
Savr tomatoes, inhibit the production of a natural
tomato protein,

Somatik hiicre (viicut hiicresi)/ implant
(yerlestirme)

Body Text Narrative-argumentative

She talks about the scientists' claims and how they
justfiy those claims.

Academic vocabulary

Scientific Process

T3 designed twelve multimodal representations while telling the subject of
biotechnology. It was found that the number high level of intermodal relations are

more than the low level (4.44).

178



As compared to the previous activity, she increased the use of Level 3
representation types, and she decreased the use of Level 1 representation (Figure
4.21).

Representations in activity 6 Representations in activity 7

Hlevel1l Mlevel?2 Mlevel3 Level 4 Hlevell Mlevel2 Mlevel3 MlLevel4

11% 8%
11% 17%

v &/

Figure 4. 21 T3’s representations in activity 6 and in activity 7

Table 4. 44 Number of intermodal relations designed by T4 in activity 6

Level 1 Decorational 1
Exemplary
Level 2 Representational
Exposition 2
Level 3 Comparative 2
Organizational 3
Level 4 Augmentation 2
Interpretational 2

An example of each different intermodal relation that the participant constructed

in the activity 7 is given in the table below with its explanation (Table 4.45).

Table 4. 45 Intermodal relations used by T3 in activity 7

Types of Intermodal Sample Explanation
Relations
Decorational M The text mentions

. Ebiotechnology, the
Statement: I tried to show ~ ““image does not refer
what biotechnology is about ' = to it.

with an image. There is no Biyoteknoloji

exact correspondence
between image and text.
May be, I could not use the
image like that.
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Table 4. 45 Intermodal relations used by T3 in activity 7 (continued)

Exposition

Statement: I wanted to
express the benefits of GMO
with an infographic which
includes some symbols to re-
state what the text is about
in the same generality.

GDO'nun Faydalan

Producing foods with
better nutritional value

Comparative

Statement: I tried to present
three types of cloning, and
asked them to understand

The images re-state
the meaning in the
text with signs.

The images and
texts enable readers
to compare and
comprehend
differences and

each by making similarities between

comparisons. cloning types and
normal
development.

Organizational Ureme Amal Klonlama Nasil Olur? The images and

Statement: I aimed to tell
the proces of reproductive
cloning in an organizational
way by distributing meaning
between images and texts.

Vi bl

1 [g— g,
| “ﬁ 3. Oreme aah Honlamada embrio dif birein rahmine
(\ ﬂ‘ A b imelante et i ve Ko caldlogmas sl
/ e
0 |
VARV,

1.Gekind iane bir yumuria hicresine Honlanmek
stenen canbnn somti hirefviicut s gk
ranshe el

2 Olugn yeni hiere bl inmeye sorfanarak embriyo obsgum

texts explain how
does reproductive
cloning occurs.

Augmentation

Statement: I tried to expand
the meaning of enzymes by
comparing them to scissors.

Enzimler

®

The meaning of
enzyme is
augmented with a
scissor model.

Interpretational

Statement: First, I presented
how re-production occurs in
a process. And then, I asked
students to make causal
relationships between this
and insulin production.

A
Belil oir DNA bikgesinin bir P Vanda anlatizn bilimsel
organizmadan, bend kendini sireck beraber
Hogyeajen i g b v al il dnd sl nasi
¢ biviece skt ] N
atarinasidr biiece atarlan witin?
DNA bilgest plazmid (kendi l
edin eleyebien bomozondan @.00 n
#m bir DNA pargasi] sayesinge
qogalabilmektedic l
Qw Q= Qv Q=

The texts and
images demand
readers to
understand the
causal relationship
between insulin
production and the
process of
conjugation.

Case 4-T4

Based on this data and her statements, it can be concluded that she is
representationally competent if one point is ignored. That is, the researcher

couldn’t examine whether she is able to design exposition relation since she did

180



not construct in this cycle. She also seems representationally competent regarding

applying attributes of text coherence (Table 4.46).

Table 4. 46 Text coherence attributes used by T4 in activity 7

Attributes Teachers’ Statements
Headings How Do We Treat Diseases With Genes?
Biotechnology is the techniques and processes used to
Highlighting understand and change the functions found in human,

plant and animal cells.

Temporal Cohesion

a. The idea of treating diseases by manipulating people's
genes...
b. Although the first gene therapy drug was launched in
China...

This is the evolutionary mechanism that works by having
a higher chance of survival and reproduction compared

Connectives to other individuals who do not have the favorable
characteristics, and as a result, they can transfer their
genes to new generations.

Gene therapy is the use of segments of DNA to cure or

Pronouns prevent disease. Gene therapy may be a promising
treatment option for some genetic conditions.

éﬁ;ﬁ?;y Organisms (living things)

Body Text Narrative-argumentative

Scientific Process

She talks about the scientists' claims and how they justfiy
those claims.

T3 designed twelve multimodal representations while telling the subject of

biotechnology. It was found that the number high level of intermodal relations are

more than the low level (Table 4.47).

Table 4. 47 Number of intermodal relations designed by T4 in activity 6

Level 1 Decorational 1
Exemplary 1

Level 2 Representational 1
Exposition

Level 3 Comparative 2
Organizational 4

Level 4 Augmentation 2
Interpretational 3
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Data revealed that there wasnoticeable increase in the use of high level intermodal
relations (Level 3 and 4) (50%-79%), and decrease in the use of low level (Level

1 and Level 2)(50%-21%) when compared to previous activity (Figure 4.22).

Representations in activity 6 Representations in activity 7
Hlevell Mlevel2 Mlevel3 Wlevel4 Mlevell Mlevel2 Mlevel3 Wlevel4
14%
7%

«’

Figure 4. 22 T4’s representations in activity 6 and in activity 7

An example of each different intermodal relation that the participant constructed

in the activity 7 is given in the table below with its explanation (Table 4.48).

Table 4. 48 Intermodal relations used by T4 in activity 7

Intermodal Relations Sample Explanation
and Teachers’
Statements

Decorational . e While the images and texts
=Y - tell how insulin is produced

Statement: I tried to T i - in a sequence, the images

explain how " e only decorate the meaning in

penicillin is i o"k“ o the text.

produced in a b

process. The
representation has
organizational
relations.

Exemplary Images include examples of

what is expressed in the text.

Hig gekirdekli muz gérdiiniiz mii ya da
san patlican? Pekiyi tadi hafif tuzlu
seftali yediniz mi?

Statement: In order
to attract student
attention, I
presented some
examples with
images which I
mentioned in the
text.

Eski karpuzlarin neye benzedigini
Giovanni Stanchi isimli ressamin 17.
ylizyilda yaptig bir
resimde gorebiliyoruz
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Table 4. 48 Intermodal relations used by T4 in activity 7 (continued)

Representational

Statement: I tried to
construct exact
correspondance
between images and
texts.

Yapay segilim, insanlarn bilingli ve amagl olarak bir organizmanin belli
ozelliklerini segmesi ve kontrollQ olarak yetigtirmesi sGrecidir.

— Yapay
Secilim

The image reflects the
meaning in the text which
states that the conscious
selection of certain
characteristics of an
organism and their
controlled production. For
instance, if you choose the
characteristic of flowers,
broccoli is cultivated.

Comparative

Statement: I provided
three distinct

Gen Azaluma/ Baskilama Tedavisi

i

The images and the texts
provide readers to
compare gene
augmentation therapy,

Statement: I presented
natural selection as a
process.

situations to students : _- s e gene inhibition therapy,
to understand how ) == and killing of specific cells.
they differ.

Organizational The process of natural

selection is told in a
sequence with images and
texts.

Augmentation

Statement: I aimed to
present gene

-4
i

Gene inhibition therapy is
modelled and augmented
by stimulating the genes
with some signs, like

Statement: Together
with images and texts,
I tried to tell student
how natural selection
occurs by making
causal relationships
between two distinct
situation.

Dogal secilim sureci

inhibation therapy by blocking gene and non-
simplifying with signs | ShamEmEmiEmmmE s et finctioning gene.

and symbols.

Interpretational e i R R S The images and texts

demand readers to
understand how artificial
selection occurs by making
causal relationships in
both two situations.

4.2.4.2 Summary of Design Activity Findings

At the end of design activity of micro cycle 4, design skills of ToGs improved as
compared to previous micro cycle. The number and diversity of designed high

level multimodal representations have increased. Findings revealed that teachers
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improved abilities of selecting and then integrating appropriate images and texts
by finding on their own from any available resources in the digital and real
learning environment. Participant teachers designed almost all types of
multimodal representations considering the elements of intermodal relations and
text coherence. Hence, they can be called as representationally competent in terms

of selecting (identifying) and designing skills.
4.2.4.3 Findings of Evaluation Activity

The researcher asked teachers to evaluate their multimodal representations in
terms of intermodal relations. First, they were asked to determine which type of
intermodal relations their design belong, and then they were asked to explain
why. While some of them have experienced difficulties in identifying decorational
with exemplary, and exposition with augmentation in micro cycle 3, they were
able to evaluate and explain why the intermodal relation they designed fell into
that type of relation in the new cycle. That is, as compared to the previous micro
cycle, findings revealed that ToGs improved representational competency skill of

evaluating (Table 4.49).

Table 4. 49 Evaluation findings of participants’ representations in activity 7

T1 T2 T3 T4 TS T6
Decorational + + + + + +
Exemplary + + + +
Representational + + + + +
Exposition + + +
Comparative + + + + + +
Organizational + + + + +
Augmentation + + + + + +
Interpretational + + + + + +

Teachers who designed decorational relations explained this type of relation with

following statements. For instance T1 expressed that:

‘I used these images in order to engage students attention, the text or

image does not refer to each other.” (See Table 4.39)
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Teachers who designed exemplary relations explained this type of relation with

following statements. For instance T4 stated that:

“] presented some examples with images which I mentioned in the text.”

(See Table 4.48)

Teachers who designed representational relations explained this type of relation

with following statements. For instance T2 indicated that:

‘I aimed to construct exact correspondance between image and text
semantically. The image tells what is in the text in parallel ways.” (See

Table 4.42)

Teachers who designed exposition relations explained this type of relation with

following statements. For instance T3 pointed out that:

‘I wanted to express the benefits of GMO with an infographic which
includes some symbols to re-state what the text is about in the same

generality.” (See Table 4.45)

Teachers who designed comparative relations explained this type of relation with

following statements. For instance T2 stated that:

“I presented methods of gene transfering together in order to ask students

to compare its similarities and differences.” (See Table 4.42)

Teachers who designed organizational relations explained this type of relation

with following statements. For instance T3 told that:

“I aimed to tell the proces of reproductive cloning in an organizational way

by distributing meaning between images and texts.” (See Table 4.45)

Teachers who designed augmentation relations explained this type of relation

with following statements. For instance T4 indicated that:

“] tried to expand the meaning of enzymes by comparing them to scissors.”

(See Table 4.48)

Teachers who designed interpretational relations explained this type of relation

with following statements. For instance T1 explained that:
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“I demanded student to make causal relationship between mendel corssing

and artificial selection.” (See Table 4.39)

Briefly, findings regarding evaluation activity showed that teachers are capable of
evaluating their own multimodal representations. They have gained the ability to
easily explain the relation types with its reasons. Thus, it can be concluded that
teachers improved higher level representational competence skills of evaluating in

this micro cycle as compared to the previous micro cycle.
4.2.5 Findings of Micro Cycle 5

Micro cycle 5 was conducted as a verification study whether they are
representationally competent in terms of evaluation skills, since participant
teachers evaluated only their own multimodal representations until now. Hence,
the researcher provided an assessment matrix to the teachers, and asked them to

evaluate any peer’s multimodal artefacts.
4.2.5.1 Findings of Evaluation Activity

Evaluation of participants about intermodal relations and text coherence and their
statements about representations are given below with tables. These data revealed
that ToGs have capabilities of identifying intermodal relations and features of text
coherence. Findings indicated that they were not only capable of evaluating peers’
texts, but also criticizing to what extent the representation correspondence to the
intermodal relations their peer referred to. Moreover, they suggested to their

mates on what types of relations and text attributes they should use.
Case1-TI

T1 analyzed all types of intermodal relations and aspects of text coherence
designed by his peer. Besides, he advised peer how to improve his/her multimodal

representation. For example, he stated that:

“Representational has been used as an intermodal relation. You can
strengthen your representation by designing comparative relation. You can
select two of them, and focus on similarities and differences.” (See Table

4.48)
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He also criticized his friend’s representations to what degree his/her design
reflects intermodal relations s/he referred to. In addition to these, he also stated
in his evaluations that there may be more than one intermodal relation in a

multimodal representation. For instance he expressed that:

“Interpretational has been used as an intermodal relation. It also consists

of comparative, but the interpretational seems more dominant.”

“Comparison has been used as an intermodal relation. It also includes

augmentation.” (See Table 4.50)

Table 4. 50 Multimodal representations analyzed by T1

Representation Intermodal Relations Text Coherence
BIYOTEKNOLOJI EVRENI | Decorational has been used as | An informative title
an intermodal relation. was used in terms

Examples could be presented | of text coherence.
as a starting point. Or
exposition could be done.

It is poor/fair/good in
meeting the intermodal
relations I mentioned above.
Exemplary has been used as The content/body

Hig ekirdekli muz gordiniiz mi ya da

an intermodal relation. text is informative
and authoritative,
swmewnsis | It is poot/fair/good in highlighting was
Rrirtue o meeting the intermodal made as bolding.
relations I mentioned above.
s s s e s | Representational has been The content/body
o= ; g:gﬁ; used as an intermodal text is informative,
L§% relation. You can strengthen is made
‘ﬁff\ your re.presentatlon.by explanatory with
"la o o designing comparative examples.
e relation.
T Mabaj  Mangr  Bokol UL Lahana  Kemaww
BB K Yo i RN RN LS

It is poor/fair/good in
meeting the intermodal
relations I mentioned above.
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Table 4. 50 Multimodal representations analyzed by T1 (continued)

Gen Azaltma/ Baskilsms Tedavisi

G iivon ey

— E—T;

Comparison has been used as
an intermodal relation. It also

relations I mentioned above.

The title and body
text is informative.

“lincludes augmentation. Academic
-o-= vocabulary is
= T s poor/fair/good in scaffolded with
e meeting the intermodal daily language.

u degigim s

Organizational has been used
as an intermodal relation.

It is poor/fair/good in

It includes heading
as a question, the
body text is
informative, and is

meeting the intermodal also made
relations I mentioned above. | explanatory with
examples.

Bloke edici gen i~

Hatali gen — e

b
— - N

T
_*_

Gen azaltma tedavisi: Kusurlu gen iceren hiicreye, engelleyici
gen yerlestirildiginde, hiicre normal isler.

Augmentation has been used
as an intermodal relation.
Gene reduction therapy is
modeled with new icons. It
also includes exposition.

It is poor/fair/good in
meeting the intermodal
relations I mentioned above.

The content/body
text is informative.

Dogal secilim sureci

Interpretational has been
used as an intermodal
relation. It also consists of
comparative, but the
interpretational seems more
dominant.

Title is informative,
content persuasive,
is also made
explanatory with
examples.

Case2 -T2

T2 have abilities of evaluating multimodal representations in terms of intermodal
relation and elements of text coherence. She criticized peer’s multimodal text to
what extent his/her representation corresponds to intermodal relation s/he

referred to. For example, she pointed out that:
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“It is poor/fair/good in meeting the intermodal relations I mentioned
above. The representation seems organizational, but not distributing
meaning in the text to the image, and asking students to establish a
relationship between this process and how insulin is reproduced, so it is

interpretational.”

She also claimed that one representation can include more than one intermodal

relation:

“The representation is organizational, but it has been accepted as

augmentational because of the analogy of the enzyme to scissors.”

Table 4. 51 Multimodal representations analyzed by T2

Intermodal Relations

Text coherence

Representation

—_ e

S = -

Biyoteknoloji

-Decorational has been
used as an intermodal
relation.

-It is poor/fair/good in
meeting the intermodal
relations I mentioned
above.

-An informative
title was used.
-The title can be
made as
questioning. Ex.
What is
Biotechnology?

Yapay secilim

+ Insaniar tarafindan lezzetii, dayanikit veya daha hizil kogabilen azelliklere sahip irklann segilip

-Exemplary has been used
as an intermodal relation.
-It is poor/fair/good in
meeting the intermodal
relations I mentioned
above.

An informative title
and content was
used.

-Representational has
been used as an
intermodal relation.

-It is poor/fair/good in
meeting the intermodal
relations I mentioned
above.

Informative
content was used.

GDO 'nun Faydalan

Producing foods with
better nutritional value

Exposition has been used
as an intermodal relation.
It is poor/fair/good in
meeting the intermodal
relations I mentioned
above.

An informative title
and informative
body text was
used.
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Table 4. 51 Multimodal representations analyzed by T2 (continued)

Comparative has been used
as an intermodal relation.

It is poor/fair/good in
meeting the intermodal
relations I mentioned
above.

The content is
informative.

Organizational has been
used as an intermodal
relation.

It is poor/fair/good in
meeting the intermodal
relations I mentioned
above.

Headings as
questioning, invites
the reader to the
text.

Scientific language
supported by daily
language.

DNA Parmak izi

* Peki, bu yontem nasil calisiyor?

* DNA dizisindeki kisiye 62g0 siralamalan analiz ederek bir DNA drn
belirlemeye yarayan yntem DNA parmak izi olarak isimlendiriliyor.

eBinin kime ait oldugunu

-The representation is
organizational, but it has

to scissors.

-It is poor/fair/good in
meeting the intermodal
relations I mentioned
above.

-The title and body
text is informative.

i i 2T been accepted as Highlighting was
=" augmentational because of | made as bolding
‘ N the analogy of the enzyme | and italics.
-

-The title can be
made as
questioning.: How
are DNA
fingerprints
obtained?

=

-The representation seems

The title and body

— M\r%‘ wean | OTZanizational, but not text is informative.
o ;i infiste distributing meaning in the | Highlighting was
o Usunuigugunoe InsLiin nas . s
;ﬁar‘ﬂlald;bw‘f;ah;rllﬂn V) i text to the image, and made as bolding

A blgesi plazmid [kendi . . . .

[ ——T } 0 asking students to establish | and italics

o e | a relationship between this

cogelabilmektedr,

0 Oi 00l (0 process and how insulin is | Headings as
reproduced. questioning, invites
-It is poor/fair/good in reader to the text.
meeting the intermodal
relations I mentioned
above.
Case 3-T3

T3 evaluated peer’s multimodal representations regarding intermodal relations

and aspects of text coherence. She also criticized that some representations did
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not exactly refer to the relation type the designer intended to construct. For

example, she indicated that:

“It is poor/fair/good in meeting the intermodal relations I mentioned
above. Organizational has been used as an intermodal relation but the text

and the content do not reflect each other exactly.”

She also noticed that a multimodal representation can involve more than one

intermodal relation:

“Augmentation has been used as an intermodal relation. It also includes
exposition relations. Gene and plasmid are expressed in the same sense but

in another mode. Intermodal relations are intertwined.”

“Interpretational has been used as an intermodal relation. It also consists

of comparatives.”

Table 4. 52 Multimodal representations analyzed by T3

= draw attention. Organizational

can be made.

-It is poor/fair/good in meeting
the intermodal relations I
mentioned above.

Representation Intermodal Relations Text coherence
-Decorational has been used as | The content/body
N' Srenownizmen - a1 intermodal relation. In text can be made
“Heeowne addition, the question and the | explanatory with
image do not fully refer to each | examples.
other.
-It is poor/fair/good in meeting | It includes a heading
the intermodal relations I as a question.
mentioned above.
S —— -Decorational has been used as | It includes a heading
V' w1 iNtermodal relation. We can | as a question.
/;"\; s say that it can be important to | Highlighting was

made as bolding.
The content/body
text is informative
and authoritative.

Comparative has been used as
an intermodal relation.

It is poor/fair/good in meeting
the intermodal relations I
mentioned above.

It includes a heading
as a question.
Highlighting was
made as bolding.
Text is informative
and authoritative.
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Table 4. 52 Multimodal representations analyzed by T3 (continued)

Bakteriler daha direngli hale nasil gelir?

larinda stoplazmik koprd kurulur.

v -G

.......................

Organizational has been used
as an intermodal relation.

It is poor/fair/good in meeting
the intermodal relations I
mentioned above.

It includes a heading
as a question. The
content/body text is
informative and
authoritative

1 Bakterifofaj bakteriye ganetik materyaiind

Organizational has been used
as an intermodal relation but
the text and the content do not
reflect each other exactly.

It is poor/fair/good in meeting
the intermodal relations I
mentioned above.

It includes a heading
as a question. The
content/body text is
informative and
authoritative. Can
talk about the
scientific process
and qualitative and
quantitative data.

-Augmentation has been used
as an intermodal relation.

-It also includes exposition
relations. Gene and plasmid are
expressed in the same sense
but in another mode.
Intermodal relations are
intertwined.

-It is poor/fair/good in meeting
the intermodal relations I
mentioned above.

1 Bkt daha dirench e ,
nasl gl

O
Q)
wdde | (onypde

Interpretational has been used

nas an intermodal relation. It

"“‘C,also consists of comparatives.
It is poor/fair/good in meeting
the intermodal relations I
mentioned above.

It includes a heading
as a question.

Case 4-T4

T4 are capable of evaluating multimodal representations in terms of intermodal
relation and elements of text coherence. She also realized that a multimodal

representation can include more than one intermodal relation:
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“Organizational and augmentation have been used as intermodal relations.

They are interwined.”

“Comparative and organizational have been used intermodal relations.”

Table 4. 53 Multimodal representations analyzed by T4

Representation

Intermodal Relations

Text coherence

GENETIGI DEGISTIRILMIS ORGANIZMALAR (G.D.O)

‘LAR BiZi NASIL ETKILER?
=

-,

el

Decorational has been
used as an intermodal
relation.

It is poor/fair/good in
meeting the intermodal
relations I mentioned
above.

It includes heading
as question.

Brokoli - Gigek geligiminin

baskilanmas! Lahana - Bogum

Karnibahar - Gigeklerin
Kisirlagtinimasi

Siis Lahanasi -

\ umnlugunun'nasknmmm / Yaprakiann genigletimesi

Yer Lahanasi - Yan
‘meristemlerin genisletiimesi

Exemplary has been
used as an intermodal
relation.

It is poor/fair/good in
meeting the intermodal
relations I mentioned
above.

izi

Representational has
been used as an
intermodal relation.

It is poor/fair/good in
meeting the intermodal
relations I mentioned
above.

Explanations with
examples can be
added.

Yapay Seiim ve Dogal Segiim

Comparative and
organizational have
been used intermodal
relations.

It is poor/fair/good in
meeting the intermodal
relations I mentioned
above.

It involves
informative
heading and
content.

GDO Nasil Gergeklestirilir?

i belrlenen gen 4 conkunin
niarsk

Organizational and
augmentation have
been used as
intermodal relations.
They are interwined.

It is poor/fair/good in
meeting the intermodal
relations I mentioned
above.

It includes question
as heading and
informative
content.
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Table 4. 53 Multimodal representations analyzed by T4 (continued)

Yapay Segilimi Nasil Kullanabiliriz?
*:
y

@e
®

J
?

Das

diisiinebilirsiniz

vranis genetigine gdre yeni ézelliklere sahip iiriinler
nasil elde edilir? Mendel gaprazlamalari iizerinden

Interpretational has
been used as
intermodal relation. It
was asked to establish
a causal link between
Mendelian cross and
artificial selection.

| It is poor/fair/good in
meeting the intermodal
relations I mentioned
above.

It includes question
as heading and
highlighting with
coloring.

4.3 Findings of Evaluation Phase

Evaluation process in a design based research is conducted through research.

Evaluation of micro cycles are realized in order to refine the model and to follow

the development of the participants' skills as a result of the intervention applied

during and after the process. As a result of the data obtained from these

evaluations, conclusions are drawn about the design principles of the intervention

model and the model itself.

4.3.1 Findings on Evaluation of Micro Cycles 1 and 2

When investigating all cases individually as stated in the findings part, and

examining all designed representations totally (Figure 4.23), the tendency of

teachers to use different types of intermodal relations was improved. Data also

showed that the number of high levels of intermodal relations used by participants

have increased (Table 4.54).

Table 4. 54 Number of different levels of representations in each activity

Pre-representations | Activity 3 and 4 | Activity 5
Level 1 16 34 10
Level 2 3 16 15
Level 3 2 13 18
Level 4 1 10 9
Total 23 73 52
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Data also revealed that they had no difficulties in applying parameters of text
coherence, except exactly embedding scientific process into the text and
transforming scientific vocabulary to daily language. However, it is still too early
to indicate that they are representationally competent since they constructed low
levels of intermodal mechanisms in activity 3 and 4 despite all available text and
images were provided by researchers. Likewise, although half of the infographic
was given by the researcher, it was seen that they maintained their habit of

designing level 1 and level 2 relations in activity 5.

Pre- _ Representations in Representations in
representations Activity 3 and 4 Activity 5
mlevel 1 mLevel2 m Level 1 m Level 2 m Level 1 W Level 2
HLevel 3 m Level 4 mlevel 3 W Level 4 H Level 3 m Level 4

Figure 4. 23 Total change in intermodal relations used by all teachers during the
process
Other reasons why they are not accepted as representationally competent can be
indicated as follows. The former, teachers experienced difficulties in designing
comparative, organizational, augmentation, and interpretational relations. That
is, they were not capable of using high levels of intermodal relations effectively.
The latter is that they did not take advantage of using appropriate intermodal
relations although having this opportunity provided by topic. For instance, while
the given topic mentions two issues which have similarities and differences,
teachers did not use comparative relations. As another example, whereas the topic
mentions a process, teachers did not realize it, and they do not use organizational
relations. The same issues were determined in interviews with them over their

multimodal representation. Some quotations are given below.

195



T2 stated that:

“Even though I wanted to make it interpretational, it wasn't like that, it just
seems to be a decorative relationship. I was careful about organizing, but
in order to be complete, I had to break it up a bit and present it in

conjunction with pictures and texts.”
T3 told that:

“The gene is changed but I think they are not the correct visual, I gave the
three items differently and made them compare them to each other, but it
Is not exactly comparative, I think I had to add the extra texts as well, it is
comparative but not complete, I wanted to see and compare the situations

a b c but I could not provide exactly that with the images and the text.”
T4 indicated that:

“Actually, there are organizational, there are comparisons of two situations.
[ tried to provide them, but as I said, I could provide this with better images,

it was not possible.”

Briefly, teachers can be able to identify these intermodal relations through
discussions and sometimes it was seen that they still cannot apply these
intermodal relations because they do not realize them at all. Nevertheless, in the
light of all this data, it can be argued that the participants are increasingly skilled
in establishing higher-level intermodal relations. This shows that MpM can be
effective in making participants to be representationally competent. However,
some refinements and improvements are also needed. Hence, the researcher
decided to make some refinements on the model by discussing with the experts

and participant teachers.

Discussions made with the experts and participant teachers revealed that four
basic refinements should be made about the model and its applying process.
Suggested refinements and additions are about representational challenges with

scaffolding level, self assessment, medium of application, and overt instruction.
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- Representational Challenge

Experts and participant teachers proposed that increased representational
challenge with decreased scaffolding can be effective in improving teachers’
representational competence, since data provided by researchers give some clues
about this inclination. The statements made by experts and participants are given

below.
Expert 1 stated that:

“Comparing the state of giving all texts and images with the state of giving
half, more improvements have been observed in the second. Accordingly,
it may be appropriate to carry out activities from easy to difficult.

Scaffolding level can be decreased.”
Expert 2 told that:

“As the scaffolding level decreases and the representational challenge
increases, there seems to be an increase in their competency, it may be good

to focus on these aspects of the model.”
Suna indicated that:
“In fact, I can say that I work more flexibly at the points you leave us.”

Zeynep said that:

“] think it's more and more important that we just do these things on our

own, I think the more I strain, the more productive I can be.”

As a conclusion, the researcher made refinement regarding the model by designing
actitivities in which representational challenge is improved step by step in a

progress.

- Self Assessment

Making self assessment may be a crucial factor for the process of critical framing
in which teachers can reflect on their designing. In this context, Experts suggested

that self-assessment should be added to the part of critical framing in the model.

197



Expert 3 pointed out that:

“They can improve their competencies by evaluating their designs and
analyzing them. In this way, they can gain a critical eye towards their
designs. I think such an arrangement can be made, I can say that self-

assessment will work here and it can eliminate its shortcomings.”
Expert 2 expressed that:

“Self assessment process can provide teachers to improve their
representational competency skills of evaluating. If they explain what type
of intermodal relation constructed with its reasons, their abilities can

develop.”

As a result, The researcher decided to make improvements on the model by adding

self-assessment activities while designing the next activities.

- Medium of Application

Since each participant has different qualifications on using different digital
platforms while designing their representations, most of them suggested that
leaving the participants flexible in selecting the medium may be beneficial in terms

of constructing better designs.
T1 stated that:

“If there was another program, it would be more effective if the activities
were carried out in more flexible applications. The reason for such a design
is the limitations of applications, so I think it might be better to leave it

flexible.”
T3 indicated that:

“The program we used is actually helpful, but I thought I would be more
effective if I used other applications, or if I had a pen, paper, or tablet, 1

could be more creative in making these designs.”
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T4:

“T faced some difficulties in designing intermodal relations between text
and images, as it is a program that I am not used to, in this respect,

participants can be freed to use any application.”

As a consequence, the researcher left teachers free to choose applications to design

when conducting next activities.

- Overt Instruction
Participants indicated that the part of overt instruction in the model should be
enriched apart from the videos and feedback given by the teacher, since it is too
hard to comprehend high levels of intermodal relations and construct high

cohesion text in terms of argumentative sstructure of it. For instance T1 told that:

“Something like this could be added. The explanations in the videos were
instructive, but if such explanations were given as text, I would have looked
in front of me. I experienced the lack of this, it could be more effective if

the subjects described were given as text.”
T3 also said that:

“The videos are prepared very well, we can benefit from them if there is a
written document in front of us, it is very difficult to find it from the video,
the return could be easier, it would be nice if there was a full text with lots

of examples.”

Consequently, the researcher decided to present available designs with different

mediums such as handbook and videos for the next activities.

4.3.2 Findings of Individual Progress of Participants During Micro Cycles 1 and 2
In this part, individual progress of participant teachers during micro cycle 1 and 2

are given below with pie graphics.

Case1-TI1
Data revealed that T1 lacked abilities of designing high level multimodal
representations before attending to the MpM. T1 started to design different levels

of representations in micro cycle 1, while vast majority of them were classified
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into concurence category (Figure 4.24). He increased and diversified the use of
high level ones (from 0% to 27%). He gained tendency towards to design high
level ones except augmentation one at the end of micro cycle 1. Analysis of his
representations in micro cycle 2 showed that he improved the skill of designing
advanced level multimodal texts (from 27% to 42%) as compared to the previous
micro cycle. Moreover, he began to use primitive level multimodal texts less often

when telling a subject topic (from 73% to 58%).

These parameters clearly revealed that during these micro-cycles, the ability to
select existing advanced multimodal texts and design these ones regarding
intermodal relations and text coherence has improved, although not at the desired

level.

Pre-
representations

HlLevel 1 mLevel 2

Representations in
Activity 3 and 4

Hlevel 1 mLevel 2

Representations in
Activity 5

M Level 1 W Level 2

M Level 3 m Level 4 M Level 3 m Level 4 M Level 3 mLevel 4

Figure 4. 24 Intermodal relations levels designed by T1 in different activities

Case 2 -T2

Findings showed that T2 had not representational competence skills of selecting
and designing multimodal representations in both low level and high level ones
before attending to the MpM even if she used exposition and organizational one.
This is because she had not awareness about these relations when she was asked
about how and for which purpose to design these in the pre-interview. At the end
of the micro cycle 1, she was able to design different types of intermodal relations.
She increased the use of high level ones (from 29% to 47%), and also decreased

the use of low level ones (from 71% to 53%) (Figure 4.25). Analysis of her designs
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in micro cycle 2 revealed that there was a slight decrease in the use of high level
ones (from 47% to 43%), and also there was a noticeable increase in Level 2

relation types, and decrease in Level 1 relation types.

All findings took into consideration, it can be concluded that T2’s representational
competence skills of selecting and designing advanced level multimodal

representations have improved throughout the micro cycle 1 and 2.

Pre-
representations

M Level 1 W Level 2

Representations in
Activity 3 and 4

M level 1 mLevel 2

Representations in
Activity 5

M Level 1 | Level 2

M Level 3 mLevel 4 M Level 3 mLevel 4 M Level 3 m Level 4

Figure 4. 25 Intermodal relations levels designed by T2 in different activities
Case 3-T3

Before attending to the MpM, T3 had no awareness about how to design
multimodal representations in different levels considering intermodal relations
and elements of text coherence. At the end of awareness, recognize, and design
activities of micro cycle 1, she improved skills of first selecting, and then
integrating appropriate images and text in order to construct diverse multimodal
artefacts. She increased the use of advanced level ones (from 0% to 20%), and
Level 2 relations (from 0% to 27%). At the end of recognize and design activities
of micro cycle 2, findings showed that there was a slight increase in the design of
high level ones (from 20% to 30%), and noticeable increase in the design of Level

2 (from 27% to 50%) (Figure 4.26).
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The following conclusion can be drawn from these data, T3 has improved the

abilities of selecting appropriate multimodal representations and designing them

during the micro cycle 1 and 2.

Pre-
representations

HlLevel 1 mLevel 2

Representations in
Activity 3 and 4

H Level 1 mLevel 2

Representations in
Activity 5

M Level 1 W Level 2

M Level 3 m Level 4 M Level 3 mLevel 4 M Level 3 m Level 4

0%

0 0

Figure 4. 26 Intermodal relations levels designed by T3 in different activities

Case 4 - T4

In the preliminary stage, the researcher found that T4 was only capable of
designing Level 1 multimodal representations that belong to the category of
exemplary. At the end of micro cycle 1, she started to design different types of
intermodal mechanisms including low and high level ones even if vast majority of
her designs was situated into low category (57% low level- 43% high level). Data
of micro cycle 2 revealed that she increased the use of advanced level of
multimodal representations (from 28% to 50%), and the design of Level 2 relation
types (from 15% to 29%). Moreover, she decreased the design of Level 1

intermodal mechanisms (from 57% to 21%) (Figure 4.27).

These findigns indicated that T4 improved representational competence skills of
selecting and designing multimodal representations during the micro cycle 1 and

2.
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Figure 4. 27 Intermodal relations levels designed by T4 in different activities
4.3.3 Findings on Evaluation of Micro Cycles 3 and 4

As seen in Figure 4.28, making refinements and applying them to the model
impacted the use of high level and low level of intermodal relations. Although
representations of case five highly affect the rates, the rate and number of high
level ones increased (52%-66%-68%; 27-33-40), the rate and number of low level

ones decreased (48%-36%-32%; 25-19-19).

Table 4. 55 Number of different levels of representations in each activity

Activity 5 Activity 6 Activity 7
Level 1 10 9 12
Level 2 15 10 7
Level 3 18 16 22
Level 4 9 17 18
Total 52 52 59

At this point, it is clear that the rates and the number of multimodal
representations do not exactly refer to that participants became representationally
competent. Hence, the researcher also investigated the statement made by
participants during self-assessment. Findings revealed that they were not only
designing different types of intermodal relations and applying aspects of text
coherence, but also they were able to identify types of intermodal mechanisms

and text coherence elements they established. Since designing also includes
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selecting appropriate modes, participants can be accepted as representationally

competent who selects, designs, and evaluates multimodal representations.

Representations in Representations in Representations in
Activity 5 Activity 6 Activity 7
Hlevel 1 mlevel 2 M Level 1 mLevel 2 m Level 1 m Level 2
H Level 3 m Level 4 M Level 3 mLevel 4 M Level 3 m Level 4

Figure 4. 28 Total change in intermodal relations used by all teachers after micro
cycles 3 and 4

Discussions made with experts and participant teachers showed that two

important points should also be emphasized in order to make the model more

comprehensive. The former, interaction between participants should be realized.

In this way, the pedagogical environment can be enriched and overt instruction

can be strengthened because participants have the opportunity to view new types

of multimodal representations as available designs. For instance,
T2 stated that:

“For example, I was curious about what other friends have done, I would
like to see their representations, as there are a few more resources, you

learn more from friends, or a resource in that sense.”
T3 also pointed out that:

“I wonder what others have done too, seeing their representations can help

me learn, and I would have seen more resources about these relationships.”

The latter point indicated by the experts is that it was not sufficient for the

participants to evaluate their own representations. Hence, they need to assess
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peer’s representation in different contexts. In this way, it is exactly determined
whether they are competent or not as representationally. This also strengthens the

critical framing part.
For example, Expert 3 told that:

“In the previous process they only analyzed their own representation, this
Is an important point to see if they made a conscious choice. Another point
is that the participants did not design some intermodal relationships, you
can not identify whether they are identifying these intermodal relations or
not. Therefore, analyzing other people's representations will give us

complete information. Peer evaluation can be added.”

Based on the micro evaluation 2, the researcher made refinements on the model
again by adding a presentation part in which participants present their design to
the peers. In this way, researchers aim to improve interaction between
participants. Also, peer evaluation was added to enrich transformed practice and

critical framing parts.
4.3.4 Findings of Individual Progress of Participants During Micro Cycles 3 and 4

In this part, individual progress of participant teachers during micro cycle 3 and 4

are given below with pie graphics.

Casel1-T1

When tracing developmental progress of T1 in designing multimodal
representations regarding intermodal relations and text coherence aspects,
findings revealed that the rate of using and designing advanced level
representations has increased (42%-63%-70%), and parallel to this conclusion the
percentage of using and designing primitive level reprsentations has decreased
(58%-37%-30%) (Figure 4.29). Moreover, findings of his interpretations to his
designs indicated that he was able to evaluate multimodal artefacts in terms of

relation types and elements of cohesive texts.

All these findings made it clear that T1 became representationally competent one,

since he was able to use, select, and evaluate different levels of multimodal
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representations. He improved competency skills throughout the micro cycle 3 and

4.

Representations in Representations in Representations in
Activity 5 Activity 6 Activity 7
M level 1 mLevel 2 M Level 1 mLevel 2 M Level 1 m Level 2
M Level 3 mLevel 4 M Level 3 m Level 4 M Level 3 m Level 4

Figure 4. 29 Intermodal relations levels designed by T1 in different activities

Case2 -T2

Developmental trends of T2 in terms of representational competence skills are
clearly seen in findings. She became more talented than the previous micro cycles
in using and designing high level multimodal representations. She has increased
the rate of using and designing advanced level texts during the micro cycle 3 and
4 (43%-69%-84%). On the other hand, she has decreased the percentage of using
and designing of low level ones (57%-31%-16%) (Figure 4.30). Apart from these,
data also showed that she was able to evaluate their own multimodal
representations accurately regarding intermodal relations and elements of text

cohesion.

As a result, at the end of micro cycle 4, it can be concluded that she developed

abilities of representational competence during these processes.
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Figure 4. 30 Intermodal relations levels designed by T2 in different activities
Case 3-T13

As shown in Figure 4.31, T3 performed an increasing tendency towards the use
and design of advanced level multimodal represenations even if there was a slight
difference between the findings of micro cycle 3 and micro cycle 4. These results
stated that T3 became representationally competent at the end of activity 6. She
has increased the use and design of high level ones noticeably (from 30% to 78%),
and has also decreased the use and design of low level ones (from 70% to 22%).
Apart from these, her statements showed that she was able to evaluate her own

multimodal texts accurately according to the pre-determined criteria.

As a conclusion, all these findings indicated that T3 improved the skills of
selecting, designing, and evaluating different levels of multimodal representations

properly during the micro cycle 3 and 4.
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Figure 4. 31 Intermodal relations levels designed by T3 in different activities
Case 4-T4

Analysis results of T4’s representations at the end of each micro cycle showed that
she improved the use and design of advanced level multimodal representations.
Although there was no change in the rate of low level and high level ones between
micro cycle 2 and 3, there was a noticeable change between micro cycle 3 and 4.
The percentage of designing of high level ones has increased from 50% to 79%,
and the rate of low level ones has decreased from 50% to 21% (Figure 4.32).
Besides, her interpretations about her multimodal texts revealed that she was able

to assess these various types of texts accurately.

Briefly, all these findings indicated that T3 improved the skills of selecting,
designing, and evaluating different levels of multimodal representations properly

during the micro cycle 3 and 4.
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Figure 4. 32 Intermodal relations levels designed by T4 in different activities
4.3.5 Findings on Evaluation of Micro Cycle 5

Analysis of participants about intermodal relations and text coherence and their
statements about representations revealed that they have capabilities of
identifying intermodal relations and features of text coherence. Findings indicated
that they were not only analyzing, but also criticizing to what extent the
representation correspondence to the intermodal relations referred to. Moreover,
they suggested their mates on what types of relations and text attributes to use.
Statements made by them to the questions in the interview also showed
parallelism when compared to their representations they design and analysis they
made. These parameters seem that they have also gained analytical skills and
critical perspectives towards what types of intermodal mechanisms and text
coherence attributes are designed in any representation. These are clear signs of
their representational competence skills. Thus, all these data showed that there is

no need for a new revision.
4.4 Findings of Post Interviews

Interviews were done with all participants at the end of the study. The aim of the
interviews was to reveal difficulties that ToGs are encountered in this process and
their views and perceptions about the MpM, and how they recognize opportunities

of the MpM to the education of gifteds.
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4.4.1 Findings of Participants’ Views and Perceptions on Model and Teaching
Process

4.4.1.1 Difficulties Experienced by ToGs

In this context, when participants were asked about what difficulties they
experienced during the process, findings showed that the difficulties experienced
were about the designing process. According to the qualitative data, the theme of
-difficulties encountered in the design process- can be classified into four
categories: (1) designing text coherence, (2) designing intermodal relations-
finding available designs, (3) with which source to start the design, (4) difficulties

in using digital tools.

- Text Coherence

All participants in this study indicated that they had some challenges while
realizing text coherence. These challenges can be coded as integrating scientific
process to the text, transforming scientific knowledge to daily language, and

detailing with explanations.
For instance, T4 told that:

“Sometimes it was difficult to put qualitative quantitative data into the text,
it was easy to find texts containing direct information, but it was really
difficult for me to put the texts that include the hypothesis research
question and the data while I was explaining the process to the students. I
thought a lot, it is difficult to reach and present scientific sources. Frankly,

using persuasive language is difficult compared to descriptive language.”

She stated that it was difficult to reach and find such texts as the reason for her
inability to construct highly cohesive texts. This can be considered as an indication
that such texts are scarce in educational environments, so teachers should have

the skills to design such texts in order to enrich educational settings.
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T1 also mentioned the same difficulties as T4:

“It was difficult for me to embed the scientific process into the text, to write
that process, and to write it in a language that the student could

understand.”
T2 expressed her difficulties regarding this issue as follows:

“I had difficulties in bringing scientific language closer to everyday
language, it was really difficult to make explanations with examples from
everyday life in parentheses. Because it was difficult to think and express
the concept in the language of the student, and in that respect, it challenged

”

me.

They stated that they did not know how to translate the scientific language into
the language that the student would understand, as the reason for not being able
to translate the scientific language into the everyday language. Hence, it can be

drawn that teachers do not have a rich vocabulary.
T3 identified difficulties she had in this way:

“I had difficulty in giving the scientific process, especially in this process, it
was diftficult for me to add qualitative and quantitative data, I also had
difficulties in translating the scientific language into everyday language, it
is really difficult to express it in the language of the students. It is difficult
to access the data, it is difficult to find it on the internet and trust it, and it

Is also difficult to reach the article and transfer it to the students’ level.”

All these findings regarding text coherence showed that the most difficult and
challenging parts of constructing text coherence was about embedding scientific
processes into the text and transforming scientific language into daily language
because of the following reasons: difficulties in accessing scientific data; in
embedding them into the text; in bringing this language closer to the daily

language of the student.
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- Intermodal Relations

Participants generally admitted that augmentation and interpretational one are
more challenging than the others, they indicated that designing these ones require
more time, more effort, and more research and investigation. For example, T4

stated that:

“I had difficulties in designing augmentation and interpretational one. I

needed more attention and concentration.”

T3 pointed out that:

“Augmentetaiton was also difficult, hard to model something really, this is
actually a very high-level scientific process, it is difticult to create visuals
and text to describe it, it requires a lot of research and have a good content

knowledge.”
T5 also indicated that:

“I struggled with the augmentation relations because it is a really difficult

process to simulate and model closest to the subject told.”

T2 told that:

‘I have worked hard with the interpretation one, again, to design
augmentation because it is very difficult to find images in this area, I have
something in my mind, yes, I say it is interpretational, but since I cannot
design as in mind, I tend to those who are ready, but there is also not what

I want.”

All these findings with regard to intermodal relations revealed that the most
difficult and challenging parts of designing process was to construct augmentation
and interpretational representations because of the following reasons: requires
more time, effort, and research; high-level of cognitive skills; reaching proper

resources.

212



- Starting Point

When participants were asked about which one (image-text) made it easier for
you to start designing intermodal relations. The answers differ. Two of them stated
that text is a main factor for designing, the rest claimed that starting from an

image is more functional than text.
T1 advocated to start with text, because he indicated that:

“I do not start with the visual, the text that matters. That's why I choose the
way to edit the semantic relationships by adding images based on the text
and the content of the text. It is easier to start with the text, the priority is

the text, the main element is the text.”
T2 also supported the idea of starting with text, she claimed that:

“T usually start from the text, mostly from the text. The reason for this is
that we reach the easiest text while sharing something scientific, which
affects my starting from the text, we transfer more information with the
text, we use the most text, so it is easier to create the text and then go to

the visual.”

T3 is advocator of designing intermodal relations by starting with image, she

mentioned that:

“T guess to start with the image. Finding images is more enjoyable, it is
easier to match the text with the image, maybe because it is more concrete,

mayhbe it is more understandable.”
T4 also advocated this idea:

“In general, I first choose the images and then construct a relation with the
text. If I look at it, I establish these relationships based on the image, it is

easier and more functional for me to start with the visual.”

Advocaters of the former one claimed that starting with text to designing is easier
than the image due to these following reasons: text is main component of meaning

making process; easy access to written text; widespread use of this mode.
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Advocaters of the latter explain their choices based on following reasons: image is

more enjoyable, concrete, functional, and understandable than written text.
- Use of Digital Tools

Participants in this study told that they had some challenges while using digital
tools. These challenges can be coded as not getting used to digital tools and lack

of equipped instruments. For instance,

T1 stated the following about the problems he had with digital tools used for

design:

“I had difficulties in accustomating to using digital tools when designing, if
there was another program, it would be more effective if the activities were
carried out in more flexible programs, I know you free us to use other apps
as well, however all apps have some limitations. I could design my
representations more effectively with a tablet and pen, I know it is an issue

about budget.”
T1 also indicated same points like that:

“If it was a tablet and a pen, I would have less difticulty doing these designs.
I claimed this, but tablet use also includes some challenging points. It also

requires some abilities and familiarity to use them.”
T3 also emphasized this point:

“Digital tools have actually become very helpful to design, but I would like
to draw, I thought I would be more effective if there was a tablet and a pen.
You gave detailed information about how to use digital tools, told us about
their features, we asked you whenever we wanted, we were even released

to use other tools we know, but I still felt such a need while designing.”
T4 pointed out that:

“I liked digital tools, but there are minor deficiencies, I tried to fix them
with other programs. In the subject on how the vaccine works? I used the

mobile phone on the one hand and the computer on the other hand, I tried
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to handle the two together, but if it was a tablet, I could be more

comfortable in the drawings.”

As a result, the interview findings about difficulties showed that digital tools have
limitations to realize the ideal design in mind, and sometimes it requires abilities

of drawing even if they have proper materials such as tablet and pen.
4.4.1.2 Participants’ Views and Perceptions on Teaching Process

When transcribed participants answers to the questions of what is your views
about teaching process of MpM and which purposes do it serve, their answers can
be classified into six categories under the theme of contributions of MpM to
teaching and learning process: (1) aim, (2) motivation, (3) teaching process, (4)

learning products, (5) changes in perception, (6) selection and design.

- Aim
All participants in this study indicated that the model, the teaching process and
intermodal relations designed could serve some crucial purposes in the classroom
environment. These purposes can be coded as interaction, questioning,

motivation, discussion, thinking skills, classroom management, creativity-

individuality, and presenting challenges for gifteds. For instance T1 said:

“Through these intermodal relations, if our aim in the classroom is to make
explanations, we can use an organizational relation; or if our aim Is to
create discussion environment, we can use comparative and
interpretational one. I think this increasingly difficult process and difterent
intermodal relations increase interactivity and questioning, which gets

attention of student and motivates them.”

The statements made by T1 revealed that he gained awareness that different

intermodal relations serve various pedagogical purposes in educational settings.
T1 also indicated that:

“Challenging representations can be designed for gifteds, texts that
students can produce ideas can be designed instead of higher-level
information, comparisons can be made with higher-level intermodal
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relations, and they can be asked to make inferences in this way, an
argumentative text can be given even without visuals, that is, a text

describing the scientific process.”

These quotations have shown that the texts designed by paying attention to these

criteria are very helpful in meeting the instructional needs of gifted students.

In parallel with T1, T2 told:

“In fact, the model and intermodal relations we learned contribute to
improve students’ thinking skills, giving a critical image-text pair (that is
high level ones) can improve their critical thinking skills, and provide a
good understanding of the concept we want to teach. It increases interest
and motivation, and contributes to their questioning and critical skills, from
the modes we choose for designs to the relations between them. In the text
we have designed, if it is open to interpretation, it will make students
active, this will really serve our purpose, in terms of revealing creativity

and their own ditference.”

T2 told about opportunities of multimodal representations to education of gifted

as follows:

“Presenting questionable and interpretative representations to gifteds will
reveal individuality even more at this point because we observe
individuality more clearly in these students. Therefore, if the text is
designed in such a way that the student can participate and present his /
her own opinion, if it is in a way to ask questions, this will be supportive in

revealing his own difference.”

The explanations of T2 clearly showed that multimodal texts designed at higher
levels are important for gifted students as they will reveal their individual

differences and enable them to think critically.

T4 mentioned:

“Decorative intermodal relations can be used to attract attention. It can be

used comparative and interpretation for questioning, the model and
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intermodal relations I learned seemed very important for making the course
interactive, both for timing and for classroom management. With these, I
can increase their motivation by drawing attention, there is a moment to
become aware of some issues, but I think this is also beneficial for those at
the same time, I think that causal structures, procedural expressions and
comparative structures will create a discussion environment and include
them in the class, as they will push students to think differently. If I tell a
subject, maybe one or two people will participate and express their opinion,
but with such a presentation, the narration will activate more people.
Maybe they will raise questions in their minds and create new topics for

discussion. I also think it will prevent misunderstanding.”

All these statements made by T4 indicated that she realized that texts at different
levels and at different cohesion levels can be used for different instructional

purposes in the classroom.

While T4 is mentioning about meeting the needs of gifted, she focused on

creativity and presenting challenges for them as follows:

“First of all, our students are curious tudents, we are in a world where they
can easily access the texts they will read, but they do not have the number
of resources that will make their own inference and interpretation to
produce new ideas, they have ready-made information packages, we are
really lacking in this respect, yes I read it, it is in the magazine. I have read,
they also have dissatisfaction, so presenting such texts actually satisfies the

inquiry and creativity side of them.”

All in all, views of ToG revealed that designing multimodal representations
considering intermodal relations serves several purposes ranging from increasing
interactivity, motivation, independence, and interest to provide valauble
instructional sources to gifteds to make their own inference and interpretation to

produce new ideas, and also to reveal their individual differences and creativity.
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- Motivation

Practitioners stated that the model, the way it is conducted, and the content
motivate them to participate in the research. Reasons of motivation can be coded
as: pointing to the real need, wondering what will happen at the end of the
research, involvement in an inquiry process, and the ways the content is

constructed and presented. T3 said:

“The videos are prepared very well. When I said text, I had a lot of different
things in my mind. Right now, I can look at it from a very different
perspective, this motivated me the most, and learning new things
motivated me a lot. I got more excited in each video because it was telling
something new, something new. I talked about this in my doctoral course.
As a teaching approach, I transferred my knowledge about text design to

them.”

T1 told:

“Seeing that it will fill a real gap in education has motivated me a lot, T
wanted to support, I want to see the result, I wonder what will happen in

the process, I saw that potential in this study.”
T2 said:

“Questioning whether the text and images I use correspond to the meaning
that I want to give, this issue motivated me a lot because I had never
thought that a relationship could be established between text and images

for different purposes and difterent ways.”

Views has shown that the teaching process has motivated ToGs to participate, as

it indicates a real need in gifted education.
- Teaching process

Views of participants regarding the teaching process can be classified into three
codes: sequence of teaching process, the way the activities are conducted, and

willingness to use this process as a way of teaching. For instance, T2 told:
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“The activities were well connected and progressed gradually, the answer
you gave in the previous activity emerges in the other activity. While doing
the next activity, it made me realize my shortcomings in the previous
activity and complete it by myself, so I realized my shortcomings myself,
looking back with the explanations the next week, what I had done in the
previous week came to my mind and I made the connection more clearly,
as a method, it enabled me to move forward by questioning. I saw the
difterence between what was supposed to be and what I did myself, and I

started using it in the presentations I prepared.

I would like to carry this teaching process to my class, because the child
encounters with the teaching material at first and then the child tries to do
the same thing with different strategies, adds creativity to it, it is a very
suitable method for what we are trying to do, and I would like to use it

because I believe it will support creativity in this aspect.”

T2 claimed that the teaching process is well organized, as it enables the learning
process to take place within the cycles of awareness, recognition, design and
evaluation by recognizing and correcting its own shortcomings. She stated that
such a teaching process would improve the creativity of gifted students as it would
offer the opportunity to solve problems in different contexts, she was willing to

apply this teaching process in her own classroom environment.
T4 said:

“After doing the assignment, the video came, that is, we learned after
making some inferences ourselves, we constantly had the opportunity to
compare what we did with what it was supposed to be, which was very
good, I think it was useful. I think this is a correct approach and sequencing,
I would like to use it as my own teaching method, it was very useful, and I

would do it like this.”

T4, like T2, stated that she wanted to carry this teaching process to her own

classroom environment for similar reasons.
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T5 stated:

“] like that you manage the process in this way, the process progresses with
increasing difticulty, over time all the work is left to us and we evaluate the
representations of our friends when we reach the level of analysis. If you
had given it in the beginning, we would have had a hard time going step
by step, reducing the cognitive load and allowing us to progress, going
piece by piece and then letting us assemble the pieces helped us learn

more.”

Teachers’ views depicted that all wanted to adapt this process into their teaching
process, since the method enables: well organized activities, moving forward by
questioning, to students to encounter challenging teaching material, well designed

teaching and learning process, a progress with increasing difficulty.

4.4.1.3 Participants Views on Opportunities of the MpM to the Education of
Gifteds

- Learning products

Participants stated that the model, the way it was conducted, and the content
would impact learning products of students. Elements of these impacts can be
coded as: meaning making, design of learning products, creativity, interest, and

questioning. T2 told:

“The more we present our texts with different modes and semantic
relationships, the more effective the students' internalizing them,

questioning them or transforming them into products. I think preparing the
texts consciously in this way will provide them with a subconscious way of
learning, we will be able to see them in the learning products, because the
students are very careful, focusing on a small place in the visual that you
do not care about, they can say what it is, create a misconception, think
and design as a whole, the student will be able to reflect on the product as
much as they can understand. Richness in the text leads to richness in the

product.”
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T2 stated that since gifted students are careful and have the ability to be aware of
details, designing the texts according to the aspects they have learned would
increase the diversity and richness of the learning products coming from gifted

students.
T1 said:

“Since it will be easier for students who are exposed to well designed
multimodal representations to make sense, I think that their design will be
better than the first group, unimodal, and their design will also be
multimodal. If you think of two presentations, one is random and one is
prepared according to these rules, the first group will definitely experience
distraction, difficulty in interpretation processes, if we do it in accordance
with these rules, interest will increase, class management will become

easier, the text will be better understood.”

T1 simply made a comparison and expressed that the learning products of gifted

students exposed to multimodal texts would be like this.
T3 stated:

“These texts can now help them more consciously select the representations

in any teaching source that construct the meaning.”
T4 mentioned:

“I think these multimodal text will affect learning products a lot, because I
think about the assignments I gave without thinking about them before,
they were doing the same and sending what I did, neither their creativity
nor their expressing with their own sentences, I think if they are prepared
with these intermodal relations, their answers will vary and change, they
will add their own interpretations and express them with their own
sentences. I think their own ideas will emerge and they will continue on

with it.”

Briefly, teachers indicated that designing multimodal representations considering

intermodal relations and text coherence would impact students’ learning products
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in a positive ways. These components can affect the diversity, richness and

creativity in learning products.
- Perception

All participants indicated that the process they experienced changed perceptions
towards to select, to use, and to design multimodal representations regarding
intermodal relations and text coherence. These changes can be called as: self-
criticism, perspective, awareness, selection and design of multimodal

representations, and criteria for designing. For example, T4 said:

“As far as I saw in the process, I noticed that my perspective on the texts
had changed, I did not have much information about what you were telling.
Actually, now I started to look at texts from this point of view when I was
examining them or while designing text. I realized that I was looking at
how harmonious the texts are, even If it is not related to the lesson. I'm
thinking about how the text used scientific language, or the image reflects
the meaning in the text, or just include some examples. I have these
questions in my mind, I started to look critically, I now pay attention to this

in my own works.”

T4 pointed out that this whole process gave him a critical point of view towards

scientific texts.

She also stated about her designing process and selection of available design as

follows:

“First I look at the subject, I determine the concepts related to the subject,
then I find the images and construct text coherence, then I design the

intermodal relations between the text and the image.”
T2 told:

“While I was presenting something in the lesson, I started to criticize myself
for whether there is a connection between them and whether these modes
reflect the related process. You put it here but I made a self-criticism that

it was decorative and I could make it stronger, put a classic picture next to
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it without dwelling on how I can make it more meaningful, but I did it
without questioning whether the relationship between it will give the
meaning I want to give. Actually, when I looked at it, I realized that it was
also in a cognitive order, before that I was doing the following when I was

preparing a text, I was taking a picture on the subject and putting it there.”

T2, like T4, indicated that this teaching process and being exposed to these types

of multimodal texts gave him a critical point of view towards scientific texts.

She also pointed about her designing process and selection of available design as

follows:

“After determining the concept and putting it in focus, I determine the
image and text that I can use, I pay attention to the coherency between
them, then I use organizationally if it is a process mentioned in the article,
I pay attention to create a clear text for the interpretation of the students,
I pay attention to choose the relation with which the concept to be

conveyed is more appropriate.”
Mustafa mentioned:

“We knew that the title was important, I knew the content was important,
but it made me realize how it could be such questioning and informative.
Frankly, I can say that I learned the coherency between the title and the
content, the content and the image better, I was not looking at it from this

perspective.”

He also indicated about her designing process and selection of available design as

follows:

“First, I look at the whole subject, then I look at the concepts used here,
then I decide which intermodal relation I will establish according to these,
[ use organizational if there is a need to describe a process here, now I look
at the whole subject and then look at the intermodal relation that it makes

sense to present.”
T1 made the following statements:
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“I pay attention to principles of multimodality while designing, I do it by
considering intermodal relations between the text and the image, I
determine them according to the cognitive level of the student, I try to
complicate intermodal relations according to the cognitive level. I try to
design according to the content of the subject. If there is a process, for
example, photosynthesis here I use organizationally, I can make an
analogical explanation with an expression so that the same thing can be
remembered more. It can be all of them, my focus here is on my purpose in

the classroom and which of the subject’s content is suitable for doing.”
T3 pointed out that:

“While choosing and designing the representations, I pay attention to the
text cohesion features and the relationship of the image with them. I
determine which intermodal relation I will use according to the subject,
there may be an interpretational relation on this subject, I think that there
is comparative here. If it is a question, my goal is to use higher level
intermodal relation, if I want to develop high level skills, if my purpose is

more to reinforce, I establish an exemplary relation.”

They claimed that they first looked at the whole subject, then paid attention to
what concepts and processes were in it, and then started to think about how this
concept and process would be designed according to which intermodal relations
and for which purposes (discussion, explanation, problem solving, and etc.) in the

classroom.

Briefly, findings about teachers’ views on MpM and its teaching process revealed
that both of them served specific aims in classroom environment, motivated them
to participate in teaching process, had a well organized teaching process, impacts
learning products of learners, changed perceptions of them while selecting, using,

and designing multimodal representations.
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4.5 Final Product

4.5.1 Revisions of Design Principles at the End of Micro Cycles 1 and 2

Based on the evaluation, some additions and refinements were realized in design
principles. Three of them have been revised and a design principle added
according to data obtained in micro cycles 1 and 2, and suggestions of experts and
participant teachers. Self assessment point has been added in order to improve
teachers’ representational competency skills of evaluation. Moreover, the
researcher decided to increase the level of representational challenge step by step
in each activity, decreasing scaffolding level, and enriching available sources in
order to develop teachers’ representational skills of selecting and designing. They

are shown in the table with rationales. (Table 4.56)
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4.5.2 Revisions of Design Principles at the End of Micro Cycles 3 and 4

Based on the findings regarding evaluation of micro cycles 3 and 4, one design
principle has been revised and a new added. Peer assesment issue has been added
in order to improve participants’ representational competence skill of evaluation.
Interaction between teachers was provided in order to improve teachers’
representational competence skill of selecting and designing. These refienements

are shown in Table 4.57 with rationales.

Table 4. 57 New design principles at the end of micro evaluation 2

Revised DP Final DP Rationale
External Evaluation of external Making self assessment
representations of representations should be | and peer assessment is a
students should first be | realized in three crucial factor for the
evaluated themselves following steps: self process of critical
considering intermodal | assessment, peer framing and to
relations, and then assessment, and understand whether
evaluated by the assessment by epistemic | participants are
teacher according to authority. representationally
the criteria of competent or not.

multimodal analysis.

Added DP

Multimodal learning In this way, learners
environment should could help each other in
provide some order to overcome
opportunities for problems in such

interactions of designers. | interactions.

4.5.3 Final Design Principles
Theoretical Design Principles

1. Teaching and learning in the classroom is a multimodal experience and a

design.

2. “Learning”, consequently, is defined as an increased capacity to use signs
(modes/representations) and engage them meaningfully in different

situations.
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8.

Learning is a design, and it includes internal and external design of

representations.

The multimodal texts and artifacts that designers make can be seen as one

kind of sign of learning, a material trace of semiosis.

Multimodal learning environment requires representational competent

teacher.

Multimodal texts have manipulable characteristics, they provide designers

to attend text in different entry points.

Teachers are active designers of their teaching materials and learning

products.

Students are active designers of their learning products.

Practical Design Principles

1.

Designers  should be  situated and immersed into a

semiotically/multimodally rich classroom environment.

Teachers should present designed multimodal texts in different mediums,

such as video and handbook in order to enrich pedagogic environment.

The teacher should design multimodal texts and to organize student
activities, dialogues, and discussions as a mediator and negotiator in order
to enhance (a) comprehending fundamental and functional semiotic forms
of various typess of modes, (b) understanding conceptual structures of the
modes, and (c) awareness of the potentials enabled by the different

structures of representations.

Teachers should encourage explicit discussion about the appropriateness of

particular multimodal representational forms.

Tasks should be involved for the transformation, transduction, and re-

representation of concepts and ideas from one mode to another.
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6. Designers need to face increasingly difficult representational challenges,
the level of scaffolding provided by teachers needs to decrease in parallel

with increasing difficulty.

7. Multimodal learning environment enable designers to design their

conceptual understanding by using multiple modes.

8. Designers should be free to choose the applications in which they design

multimodal representations.

9. Multimodal learning environment should provide some opportunities for

interactions of designers during implementation.

10.Evaluation of external representations should be realized in three following
steps: self assessment, peer assessment, and assessment by epistemic

authority.

4.5.4 Final Model (The MpM)

DPE was enriched with participants’ representations and handbook on intermodal
realtions and text coherence. Teaching metalanguage was extended through live
instruction on discussion about designs of participants, representational challenge
which increases sequentially, and decreasing scaffolding step by step. Critical
framing was enriched with self assesment. Transformed practice was extended

through interaction activities and peer assessment (se Figure 4.33).
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Teaching Metalanguage

All Available
Design Opticns + Handbeok + Live Instruction

Designing
Pedagogic
Environment

Teacher Conceptions Teachers’ External
Teachers' RPS (Internal) RPS

Figure 4. 33 Final model of the MpM
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RESULTS AND DISCUSSION

The teaching and learning needs of gifted students arise in three realms. The
former is about the content. While preparing the content, three parameters should
take into considerations: how the content engages them, how the content presents
knowledge deeply beyond the prescribed curriculum, and how the content
provides students with opportunities to think on complex ideas (Taber, 2007,
2016; VanTassel-Baska & Wood, 2009). The latter is about process and product
which refers to teaching methods and its activities. That is, intellectually
challenged activities which aim to develop gifteds’ higher order thinking skills
should be embedded in differentiated teaching methods. In-depth discussions
should be involved in this process in order to encourage students to be in charge
of their learning (VanTassel-Baska & Stambaugh, 2006). The last is about a
learning environment which encourages investigations, questioning, discussion,

and student independence (VanTassel-Baska & Hubbard, 2016).

All these requirements mentioned above reveal that applying these principles can
only be realized by an effective teacher who has experiences about differentiated
teaching methods regarding these issues. However, studies showed that teachers
of gifted were not qualified at coping with these concerns even if they are aware
of designing a learning environment which prompts students to use higher order
thinking skills (Chan, 2011; Reis, 2009). Moreover, they are stuck to use
traditional teaching methods such as textbook-based, teacher centered and
examination oriented teaching (Yuen, 2004). Students’ views on teachers of gifted
also indicated that teachers lack the ability of conducting a proper teaching
method which proposes a sufficient level of challenge and presenting the subject
in depth (Mammodow, 2019). Hence, there is a consensus between scholars that
a differentiated pedagogy should be designed in order to equip them with abilities
of: (1) applying differentiated teaching methods that improve higher order
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thinking skills, and engage gifted students’ attention and curiosity (2) designing
challenging teaching materials that promote Bloom’s high level cognitive skills
(analyse, synthesis, evaluate), (3) guiding and scaffolding students to gain
independence and autonomy in their learning (Coleman, 2014; Dilekli, 2017;
Housond, 2016; Miedijensky, 2018; Renzulli, 2011; Stott & Hobden, 2016;
VanTassel-Baska, 2011). Here, many scholars have proposed some models
(School-wide Enrichment Model, Integrated Curriculum Model, Autonomous
Learner Model) to account for what should be done. All these models offer in
common that differentiation applications should be applied considering
acceleration and enrichment. Acceleration is about compacting curriculum with
respect to the learning pace of gifted. Enrichment is generally about enabling
students with greater depth and breadth in subject specific area with more diverse
educational experiences. These models frankly explain what of (principles)
questions on teaching of gifted. Hence, it is apparent that investigations on

differentiated teaching should be extended and transformed towards Aow of.

Here, the investigation process led the researcher to ponder on how the cognitive
system of gifteds works, how learning occurs, how the teaching should be, and
finally how to equip teachers of gifted with the answers of previous first three
questions (how of questions). At this point, within the perspectives of these
models’ principles (differentiating by enrichment, autonomy in learning,
improving thinking skills, designing challenging teaching materials, and etc.), and
findings about the how of questions, researcher designed the MpM for teachers of
gifted. Before designing this model, needs analysis was realized through
interviews, literature reviews, and document analysis. After problems and needs
were defined, the researcher looked for possible solutions, and then determined
theoretical and practical principles of the model, its learning and teaching process,

and its activity types under the new pedagogical model.

In this chapter, the findings obtained in the study are discussed and the results are

given. The discussion was carried out under two main but embedded titles. In the

first of these titles, since the study is an educational design research conducted

through intervention (McKenney & Reeves, 2012), the findings obtained for the
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development of Multimodal Pedagogical Model are discussed. In the second title,
the impact of the model on ToGs’ RC is discussed. That is, the main aim in the
present study is to determine design principles of the model and design this model
together with its activities in line with theoretical and practical design principles
by applying the teaching process in different micro cycles. These micro cycles
provided researchers with revising and evolving design principles and model. The
second aim is to investigate the impact of the model on participants’
representational competence level during and after the intervention. While
discussing the model and its principles, representational competence level of

teachers is discussed under the same headings as well.
5.1 Discussion on MpM

In order for teachers to acquire the desired skills mentioned above, appropriate
instructional activities and teaching processes must be carried out. At this point,
the researcher has claimed that the MpM with pre-determined design principles
offer an effective approach. Findings briefly revealed that the model has become
solid after it was iterated through five micro cycles. This inference was made by
looking at findings that teachers became representational competent. Evolvements
and refinements of the model and its design principles, and its impacts on RC of

ToGs are discussed below.
5.1.1 Discussion on Micro Cycles 1 and 2

Each micro cycle was designed by the researcher considering the steps of teaching
process (DPE-TM-CF-TP) and related design principles with these steps. For each
cycles, in DPE, the researcher designed teaching process which includes: (1) lots
of intentionally constructed multimodal representations and monomodal cohesive
texts in order to immerse teachers into semiotically rich environment (DP1, DP2),
(2) discussion and dialog oriented activities (DP3, DP4) which also present
challenging tasks (DP6), that provide teachers with transforming of concepts and
ideas from one mode to another (DP5, DP7), (3) information about the judgment
criteria (DP8). Within the TM process, DPE is put into practice in different

contexts. For each cycles, TM offered a challenging task which prompts discussion
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on available designs. Moreover, researchers made explicit instruction regarding
the form and function of modes, patterns of text coherence and intermodal
relations between modes. In TP, teachers were encouraged to design their own
learning products within the same context by applying appropriately and within
the different context by applying creatively. At the end of the activities, researcher
evaluated their external representations, and gave feedbacks them in order to re-
design. Feedbacks can be accepted as a component of TM, and re-designing can

be accepted as an activity for TP in the perspective of applying appropriately.

At the end of both micro cycles, teachers’ external representations were analyzed
and interviews were made with them about their designs and their views on the
the model. Findings revealed that teachers did not experience any difficulties in
applying parameters of text coherence except embedding scientific process into
the text and transforming scientific vocabulary to daily language while choosing

from the available ones presented by the researcher.

Results also indicated that teachers gained slight tendency towards to select high
level multimodal representations from available ones and to orchestrate different
modes considering the appropriateness of subject and their aims in the teaching
process. Even if teachers’ views on their external representations showed that they
were aware of intermodal relations and had intention to design these relations, it
has seen that they maintain their habit of designing low level intermodal relations.
Briefly, findings in the first micro cycles indicated that teachers were good at
identifying and then selecting patterns of text coherence and high level
multimodal representations, however they had difficulties in designing these on
their own. They improved their representational competence skills of selecting,
using, and designing. Two inferences can be made in here. The former, applying
rules of text coherence in representations is easier than designing intermodal
relations in these texts according to teachers. The latter, some refinements are
required to improve the model and its principles. Those were determined by
making interviews with participants and experts, and reviewing literature on the

points they mentioned.
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At the end of the micro cycle 1 and 3, findings showed that teachers gained
abilities of identifying, describing and being aware of intermodal relations and
text coherence patterns, but they were not good at design, a similar result was
reported by Tolpanen, Rantaiinitty and Aksella (2016). They found that lessons
on multimodal writing helped students to understand the importance of
multimodal writing and increased the use of multimodal representations by them,
however it was not sufficient for students to fully grasp in what ways different

modes should be integrated.

Based on the interviews with the participants and experts and the data obtained,
the necessity of making additions and revisions in the design principles of the
model emerged. As a result of the data collected and interviews, revisions were
made under four main headings. The former is that the challenge should be
presented and improved step by step in a sequence, and some studies in the
literature have emphasized that this can positively affect RC (Hubber & Tytler,
2017; Tytler et al., 2013b). Hubber and Tytler (2017) designed a lesson on
Astronomy for eight grade students based on a sequence of representational
challenges, the results indicated that students started to design more detailed and
subject focused multimodal representations. As a result, the previous design

principle was revised as below:

‘Designers need to face increasingly difticult representational challenges,
the level of scaffolding provided by teachers needs to decrease in parallel

with increasing difficulty.’

The latter issue is the emphasis that the self-assessment will contribute to
improvement in RC. In the first iteration, since the teacher is the epistemic
authority, the assessment provided by him was thought to be useful and sufficient.
However, participants and experts thought self-assessment could be effective.
Literature review also showed that this point may be important (Andersen &
Munksby, 2018; Tolpanen, Rantainitty, & Aksela, 2016; Kohl & Finkelstein, 2005;
Tippett, 2016). In line with participants’ and experts’ views, Kohl and Finkelstein

(2005) found that students' self-assessment on the representations they designed
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while solving physics problems improved students' RC. Hence, the previous design

principle was revised as below:

‘Students should make self assessment of their multimodal representations
with respect to the criteria of intermodal relations and text coherence, and
then teacher should assess and give progressive feedbacks to the

representations of students’

Another point emphasized in the findings is the subject of flexibility in the use of
digital applications that enable students to design representations. Although the
application tools were introduced to the participants, it was seen that this
guidance did not provide them to use it effectively, so teachers should be lef
flexible in using digital tools. And it was stated by the teachers that this flexibility
would facilitate them in designing better representations. For instance, Ahmet

stated that:

“I'm dealing with photoshop a little bit, could we design it with the tool we
wanted and send it to you? Maybe we could use slightly different

applications, so I think it might be better to be flexible about using apps.”
Thus, a new design principle was added like that:

‘Designers should be free to choose the applications in which they design

multimodal representations.’

The latest change is that a handbook is needed because explicit instruction with
multimedia tools such as video and animation creates difficulties in accessing

available designs provided by the researcher. For instance, Zeynep stated that

“The videos and animations are prepared very well, thank you, if there is a
written document in front of us, we can benefit from it, it is very difficult
to find among the videos, so the return could be easier, it would be nice if

it was a full text.”

This situation showed that the learning styles of experienced teachers should be
taken into consideration, so DPE should be enriched in terms of available designs.

Hence, the previous design principle was revised as below:
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‘Teachers should present designed multimodal representations in different
mediums, such as video, animation, and handbook in order to enrich the

pedagogic environment.’
5.1.2 Discussion on Micro Cycles 3 and 4

DPE was strengthened, differentiated or enriched with: (1) presenting
intentionally constructed multimodal representations in different ways such as
handbooks (DP1, DP2) (Tippett, 2011), (2) presenting a sequence of
representational challenge (DP6) (Hubber & Tytler, 2017; Tytler et al., 2013), (3)
self assessment (DP8) (Andersen & Munksby, 2018; Kohl & Finkelstein, 2005;
Tolpanen et al., 2016; Tippett, 2016) in these micro cycles. TM was enriched with
live instruction and handbook additionally to available designs and feedback
provided by the researcher. CF was extended by providing teachers with assessing
their designs. TP was elaborated by eliminating applying appropriately, only
focusing on applying creatively. TP was also differentiated by presenting tasks

where the difficulty increases and the scaffolding decreases.

At the end of the micro cycles 3 and 4, teachers’ external representations were
analyzed and interview was made with them about their designs and their views
on the model. Findings revealed that teachers did not experience difficulties in
applying attributes of text coherence, but still they stated that the most difficult
ones are transforming scientific language to daily language and embedding
scientific process into the text. Results also indicated that while the rate of high
level multimodal representations design increased, the rate of low level of them
decreased. However, it is apparent that the increasing rate did not exactly refer to
that they became representationally competent. Statements on their design should
also be examined to understand why they used these types of intermodal relations.
Their statements indicated that they were not only having abilities of designing
different types of intermodal relations, but also they were able to identify types of
intermodal mechanisms they established, and for what purposes they designed.
They reported that their designs were generally about subject-concept specific and

teaching purpose oriented. All these parameters indicated that teachers became
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representational competent. That is, they were equipped with the skills of
identifying, describing, selecting or constructing, translating, assessing, and

explaining multimodal representations appropriateness for a specific purpose.

In the light of the data obtained at the end of these cycles, it has been shown that
the teachers are representationally competent. However, experts stated that it is
necessary to apply these activities in other contexts again in order to be able to
claim this inference accurately. Moreover, they were told that students should be
able to not only make recommendations and criticize how well their own
representations meet the claimed competencies, but also they should be able to
assess other multimodal representations designed by peers. Furthermore,
participants stated that interactions between participants can be improved
because you learn better with your peers. Quotations can be found in the

evaluation part of micro cycle 3 and 4.

In the light of all these views, the new literature review has been conducted and
has been found that interaction will increase number of multimodal
representation they are exposed to. That is, new representations will provide
diversity in available designs, enable them to learn from each other, and increase
dialogue and interaction will improve representation competencies (Danish &
Phelps, 2011; Gebre & Polman, 2016; McDermott & Hand, 2013, 2016; Oz &
Memis, 2018). As stated in the study of Danish and Phelps (2011), encouraging
students to make peer assessment and to give feeedback to their peers while
designing multimodal representations improved their representational
competence skills. As interaction increased, students began to criticize each other's
representations more, which resulted in better representations. In similar vein,
Gebre and Polman (2016) pointed out that providing students with peer feedback
while designing infographic based science news reporting enabled them to
construct well-organized multimodal representations. Thus, one principle was

revised again, and also a new design principle was added.

The revised principle is that:
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‘Evaluation of multimodal representations should be realized in three
following steps: self-assessment, peer-assessment, and assessment by

teacher.’
Added principle is that:

‘Multimodal learning environment should provide some opportunities for

interactions of designers during implementation.’
5.1.3 Discussion on Micro Cycle 5

The new iteration includes one micro cycle. DPE in this cycle: (1) was extended
with many of well organized teacher curated multimodal representations in order
to situate them into semiotically rich environment (DP1, DP2), (2) interaction was
improved by encouraging peer to peer dialog instead of just teacher-student
oriented (DP3, DP4, DP9), (3) was elaborated with peer-assessment (DP10)
(Danish & Phelps, 2011; Gebre & Polman, 2016; McDermott & Hand, 2013, 2016;
Oz & Memis, 2018). TM was enriched with feedback provided by peers. In CF,
teachers were appointed to the role of assessing peers’ artefacts. In TP, teachers
were exposed to the most challenging task, they both assessed peers’
representations, and enlightened their friends on how to improve these texts

regarding intermodal relations and text coherence.

At the end of the micro cycle 5, analysis of participants about intermodal relations
and text coherence, and their statements on peers’ text were analyzed. Results
indicated that teachers were not only able to identify and analyze adequacy of
multimodal representations, but also able to criticize to what extent the
representation reflects the intermodal relations and patterns of text coherence
pointed. Moreover, they can advise their peers on what kind of relations and
attributes they should use. Briefly, these parameters showed that teachers can be

called as representational competent from now on.

All these findings indicated that participant teachers improved representational
competence skills of being aware of, selecting, using, designing, and evaluating

during and after the intervention.
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5.1.4 Discussion on Overall Findings
5.1.4.1 Discussion on Teaching Process

The MpM and its design principles revealed as a result of all these micro cycles
have expanded, detailed, and differentiated some approaches that express the

aspects of the learning and teaching process with multimodal representations.

The DeFT (Ainsworth, 2006), which is among these studies, focused on what
should be considered in learning with multiple representations and put forward
some theoretical principles regarding this learning style. For example, the
framework offers suggestions on which points should be considered while
designing such as involving guidance on the number, mode, and sequences of
representation. While all these contain information about what to do, there is no
guidance on how to do it. On the contrary to the DeFT, the MpM explains the
parameters of how to do it with practical principles and activities related to these
principles. For example, the MpM explains the ways of increasing challenge,
decraesing scaffolding, how intrinsic load on working memory can be decreased
or increased, how awareness activities can be conducted, how design, self or peer
assessment activities can be conducted. The MpM not only interests in number,
mode, and sequences of representation, but also focuses on functions of modes
and how these functions are realized through intermodal relations and text

coherence.

Likewise, IF-SO proposed by Waldrip, Prain, and Carolan (2010) revealed what
pedagogical principles of learning with multimodal representations, but it just
emphasizes teachers. On the contrary, the MpM emphasizes all designers
(teachers and students) since it accepts them all as active designers of their
learning process. In a similar vein, Prain and Tytler (2012) suggested RCA which
aims to explain how learning is enhanced with representations regarding the three
dimensions of meaning: meaning-making as a semiotic process, meaning making
at the epistemic level, and meaning making as an epistemological activity. Unlike
RCA, the MpM also paid attention to cognitively explain how meaning is formed

and how learning can be strengthened with the theoretical framework of Cattell-
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Horn Carroll Cognitive Theories Based Multimodal Generative Learning Theory.
The MpM also clarifies what types of meanings occur via intermodal relations, and
how epistemic tools (modes) should be coordinated and designed in realizing
different levels of epistemic activities. Thus, the model expanded and detailed RCA

and provided guidance on how to make these meaning making activities in RCA.

The 'how of pedagogy', which was put forward by the New London Group (1996)
and later developed under the title of 'Design by Learning' by Cope and Kalantzis
(2000, 2015), assert principles about how teaching and its process should take

place, and focuses on aspects of this environment.

Under the perspective but beyond all these studies, the MpM emphasizes the
importance of expressing how the human mind works for an effective pedagogy.
It focuses on how the information is encoded, how the data will stimulate the
sensory and perceptual system, how the data is organized, associated and
integrated in the working memory. It aims to explain how learning occurs with
modes according to CHC-Based Multimodal Generative Learning Approach. In the
light of cognitive load theory, which is an important part of this theoretical
framework, the model tries to state how the intermodal interactions can be
increased or decreased according to the student's level, and how the load on the
working memory can be increased or decreased according to the student's level.
It is thought that this perspective can contribute to researchers and teachers while
designing the learning and teaching process. In parallel with other studies
mentioned before, learning and teaching have been described as a ‘design-
designing’ which refers to transformation of available multimodal representations
to the new ones. The design processes that take place at each step of the model
is explained with trialogue of Robert (1996, p.414). The trialogue tries to explain
interactions between the elements of (D-TC-TR-SC-SR). Different from the IF-SO
framework, the MpM added a new trialogue (D-SR-(TA-Teacher assessment, SA-
Self assessment, PA-Peer assessment)) in order to improve interactions and

interaction types in the learning environment.
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5.1.4.2 Discussion on Learning with Multimodal Representations

In the context of the design concept, how learning takes place with multimodal
representations is re-expressed with the ARDE (Awareness-Recognition-Design-
Evaluation) framework. Unlike DeFT, IF-SO, and RCA, ARDE aims to increase
awareness by exposing learners to well-organized representations by discussing
the form and functions of multimodal representations, how they share meaning,
whether they complement or constrain each other, and accounts for in which ways
they complement or constrain each other. The recognition part is parallel to the
tasks part of the DeFT and the form and functions part of IF-SO. The principles of
what should be done in the DeFT are taken into account, and an extension was
provided on how to do it, but unlike IF-SO, an explicit instruction was suggested
instead of direct instruction. Explicit instruction refers to providing an appropriate
level of scaffolding with students based on what the student realized before in the
awareness part and what the student did not realize, and it was ensured that the
questions emerged in awareness were answered. While the design part shows
parallelism with IF-SO which proposes directing students to re-representation or
transformation in a new context with a new challenge by being exposed to a new
situation (applying creatively), here it was presented as a different approach to
gradually increasing the challenge according to the student's level and gradually
decreasing the scaffolding enabled by teachers. In this part, it is seen as an
important element that the teacher provides progressive feedback. At last, in
evaluation part, in addition to the assessment enabled by the teacher as an
epistemic authority and the self-assessment of the student, a peer assessment was
added differ from IF-SO, as it was found that it is important to evaluate the

representations of others as an important step of RC.

How to transfer this whole learning process to the teaching process was explained
through embedding and adapting the frameworks of the 'how of pedagogy', which
was put forward by the New London Group (1996) and later developed under the
title of 'Design by Learning Framework' by Cope and Kalantzis (2000, 2015), and
‘Design for Learning’ by Selander (2008).
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DPE part was integrated with experiencing and setting part, TM part was
integrated with primary transformation unit and conceptualising part, CF and TP
parts were integrated with secondary transformation unit. All these have been
tried to be expressed in an organized manner within the MpM model. In addition,
unlike other studies, the principles of the teaching and learning process were
expressed in different ways, as theoretically and practically. It is thought that all
these will guide both researchers and practitioners about what to do and how to
do it. Briefly, the MpM aims to provide teachers with guidance on how and in
which ways to make their students representationally competent, how to learn
with multimodal representations, and how to embed these learning processes into

the teaching process.

At the end of the DBR, findings revealed that applying the MpM and its principles
into the classroom environment improved RC skills (identify, describe, select,
design, translate, analyze, evaluate, and explain appropriateness of

representations to the subjects) of teachers.

There are some studies that show that teaching and learning practices similar to
the design principles of this model also improve RC (Andersen & Munkby, 2018;
diSessa, 2004; Enyedy, 2005; Gebre & Polman, 2016; Hubber et al., 2010;
Lunsford, Melear, Roth, Perkins, & Hickok, 2007). In the study of Gebre and
Polman (2016), they stated that minimising direct instruction on multimodal
representations and as well as enabling a progressive oriented feedback
refinement led students to design more complex representations than iconic or
depictive representations. Their teaching practices also show similarities with the
teaching process of the MpM. This method enabled students to participate in the
design process with increasing difficulty as the MpM, yet it does not include the
activities of transforming one mode into another and establishing intermodal
relations between them. Hubber et al. (2010) indicated that putting the principles
— (1) introducing multiple representations of force and motion unit, (2)
supporting students to generate their own representations, (3) conducting explicit
discussion on the adequacy of representations- into practice in designing
multimodally rich force and motion unit enhanced students’ RC. In a similar vein,
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McDermott and Hand (2016) also pointed out that immersing guided meaning
making practices into learning environment positively impacted RC of students.
These practices consist of similar principles as the MpM, such as having lots of
opportunities to re-represent or transform representations into new ones through
collaborative peer learning and teacher-guided discussion around adequacy of
representations. In another study, Andersen and Munksby (2018) conducted a
design based research and found that a didactic design with its three basic design
principles provided students with gaining awareness of modes’ affordances and
designing digital multimodal representations. The design principles revealed by
Andersen and Munksby's educational design research showed that providing
dialogue among students, increasing interaction, presenting students'
representations and giving feedback to each other have a significant impact on the

development of representational competence.

In this study, the MpM model and principles revealed by educational design
research showed that Andersen and Munksby's design principles may not be
enough to make designers fully representationally competent, because these
design principles do not focus on transforming one mode, which are important
elements of RC, to another. Furthermore, just making discussion on the
affordances of modes —such as, text for describing and sequencing events, image
for visualizing and concretizing the events- may not raise awareness fully. The
functions and forms of modes should also be understood, for what purposes they
are used, they should be aware of the intermodal relations between them and how

to increase or decrease the coherence within the representations.

It was seen that the design principles revealed by the studies mentioned above
partially reflect the principles of the MpM, and it seems difficult to claim that RC,
which covers a wide range from definition to design to evaluation, will develop
with these design principles. Briefly, Gebre and Polman (2016) emphasized
minimising direct instruction, enabling a feedback oriented progressive, and
increasing difficulty; Hubber et al. (2010) stated introducing multimodal
representations, generating their own representations, discussing about
representations; McDermott and Hand (2016) indicated immersing students into
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multimodally rich environment, transforming of one mode to another, and peer
assessment; Andersen and Munksby (2018) highlighted encouraging dialog and

interaction between students.

All in all, although all these design principles partially reveal important elements
of a multimodal pedagogical model, they seem inadequate to provide a
comprehensive set of design principles. And most importantly, they cannot express
the theoretical principles on which these principles to be applied in practice were
created. This study elaborated, expanded and revized these design principles and
tried to show which theoretical principles these practical design principles emerge

as a result.
5.1.5 Impacts of the MpM on Representational Competence of Teachers

Numerous attempts have been made to enrich the teaching environment
semiotically in this study. For instance, a large number of multimodal
representations, which students can choose according to their interests, have been
presented to them as videos, animations and textbooks. Thus, the teacher enriched
the number of available designs by presenting them with different mediums. In
order to pay attention of to the learners with these representations, attention was
paid to presenting examples reflecting daily life. For example, vaccination and
global warming were determined as subject titles. The first purpose of situating
learners in such an environment was to enable learners to experience meaningful
and orchestrated texts designed by the teacher, and provide them to realize how
these representations convey meaning and how meaning is distributed among
different representations. In all these immersed into activities, the learners were
provided to experience multimodal representations spontaneously without being
taught anything, they were asked to describe and identify what roles
representations play in making meaning. Then, the teacher chose to teach the
points that the students could not discern, with appropriate scaffolding, based on

the points they could distinguish.

It can be said that immersing learners in such a rich multimodal environment led

to improvement in their RC skills, especially in identifying, selecting, and
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describing skills. The findings show parallelism with other studies in the literature
(Keles, 2016; McDermott and Hand, 2010, 2013; Hubber et al., 2010; Stieff, 2011;
Tippett, 2016). In the study of Keles (2016), she stated that embedding
multimodal representations in instructional methods had positive impacts on
students’ understanding of multimodal representations. In another study, Stieff
(2011) indicated that including such tools in the learning environment in
chemistry subjects improve students ability to identify features of representations
and to explain why specific representation is appropriate for a particular purpose.
Hubber et al. (2010) also found that exposing students to a representation-rich

learning environment improve RC of students.

Another reason why teachers became representationally competent could be the
discussions realized on the multimodal texts that they design and that the teacher
designs and presents to them, since these discussions are about the properties,
structure and function of representations, affordances and limitations of modes,
how they are integrated with each other, for what purposes these integrations are
made, and how and why teachers made these integrations in their own designs. It
can be said that the discussions on all these parameters could have positive
impacts on the important elements of RC, namely defining, analyzing, and
evaluating. In parallel with this study, Daniellson and Selander (2016) told that
realizing meta-textual discussions -including negotiations on general structure of
representations, how different modes operate, and how they are combined to
convey meaning- on multimodal representations in science textbooks affected RC
of students in a positive way. Andersen and Munskby (2018) also revealed that
discussions made on affordances of modes positively affected the abilities of
identifying and designing multimodal representations. Moreover, Hubber and
Tytler (2017) confirmed that conducting explicit discussion on form, function, and
adequacy of representations provide students with build their meta-
representational competence. Apart from these studies, diSessa (2004) and Kozma
and Russell (2005) emphasized the importance of cooperative discussion between
students-teacher and students-students on designing and describing multimodal

representations.
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Another reason why teachers' RC skills are improved could be that teachers were
exposed to the representational challenge with increasing difficulty, increasingly
being allowed to be autonomous in their designs, and the level of scaffolding is

gradually decreasing.

The MpM realized this in the following order. First, all available designs were
given to the teachers both as texts and images, they were asked to choose the ones
they wanted according to their interests and to design their own multimodal
representations. At the end of the design, explanatory feedback was given as
scaffolding. Then, re-design was asked them. In the second step, a half-completed
infographic was given to the teachers, they were asked to complete the missing
parts by providing transformation between images and texts (image to text and
text to image) and considering text coherence, and they were asked to redesign
by giving semi-explanatory and questioning based feedback as scaffolding at the
end of the design. In the third step, approximately twenty percent of the
multimodal representation was presented to the teachers, and they were asked to
design the remaining parts by making transformations between image and text
and regarding text coherence. At the end of the design, questioning based
feedback was given to enable them to re-represent. In the fourth step, the
researcher only informed them about the subjects they could design and asked
them to design multimodal representations by choosing the appropriate modes,
integrating them, considering the intermodal relations between the modes and the
text coherence. Finally, an questioning based feedback was provided by the
researcher and the teachers were asked to edit their designs. Finally, teachers were
asked to analyze the multimodal representations of their friends and to give

explanatory feedback to their friends.

It can be said that all this increasing difficulty and decreasing scaffolding process
directly affected skills of selecting, designing, translating, and evaluating, which
are the important components of RC, and indirectly affected other elements in a
positive way. It can be claimed that this process resulted in an improvement in
RC, as it made teachers motivated when they were successful and led them to
autonomy in the learning process by increasing their independence. As stated by
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Waldrip et al. (2010), experiencing independency and being active in designing,
manipulation, and revising multimodal representations; and also facing
representational challenges played imperative roles in enhancing RC skills of
students. Hubber and Tytler (2013) indicated that providing students with a
sequence of representational challenge in astronomy subject resulted in using

representational vocabulary competently.

The other reason for the development of RC could be that the model offered
important opportunities in terms of transforming modes to each other. These
transformations refer to the conversion of the available designs provided to them
into a new representation according to their interests (Jewitt, 2003; Kress, 2010).
From the perspective of CHC-Based Multimodal Generative Learning Approach,
this seems to be a very complicated process in which learners have to activate a
broad range of their cognitive structures during internalization and

externalization (Schnotz & Iowe, 2003).

Intermodal transformation activities are an important element in a design-
oriented and multimodal-based teaching, since these activities encourage the
learners to think about the intermodal relations between the modes, and the
structure and functions of the modes. Therefore, a large number of design
activities were conducted in all four micro-cycles. It can be claimed that these
activities could be effective in improving RC skills, as they were deeply exposed to

the meaning-making process (Kress & Selander, 2012; Selander, 2008).

On the contrary of the present study, Yeo et al. (2021) conducted an experimental
study and they found that there is no statistically significant difference between
experimental group (inquiry based instruction based on to image to writing
approach) and control group (a mix of direct instruction and inquiry activities
without explicit focus on multimodal representations), however experimental
group scored higher in terms of RC in the post-test. The difference in the result
could stem from two reasons. First, it may be due to the fact that researchers in
this study used only some of the RC criteria suggested by Kozma and Russell

(2005). Kozma and Russell mentioned five basic RC abilities: the ability to use
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representations symbolically and depictively, the ability to contruct syntactically
correct scientific explanations, the ability to produce semantically coherent and
complete explanations, and the ability to explain the affordance and purpose of
representations. Yeo et al. (2021) determined the representation competencies of
the participants with a rubric that took into account the first four of these features.
From this point of view, it can be argued that they did not find any improvement
in RC because they did not measure other basic features of RC such as identifying,
selecting, and analyzing. The latter reason could have originated from the method
of image to writing approach which does not include awareness, identification,
and evaluation activities, and lacks adequate design process opportunities. This is
emphasized by Airey and Linder (2009, 2017) as follows. Repetition and working
with representations constantly provide students to gain fluency in their
representations and in transducting between modes. However, there are some
studies that found similar results as in this study. For instance, Pérez Echeverria
et al. (2010) revealed that enabling students with frequent opportunities to
transform one mode to another improved their RC skills. Waldrip and Prain
(2012) also stated that advancement of representational competence was realized
through representational passes done by designers since opening up the
opportunities for thinking on how representations are integrated. In another
study, Keles (2016) and Tippett (2011) pointed out that applying multimodal
based teaching approaches which include transformation activities help students
to comprehend aspects of multimodal representations. In line with this study,
Gunel et al. (2016) asserted using non-traditional writing task embedded with
multiple modes of representations resulted in improved RC skills, since these tasks

provide opportunities for learners to translate between different modes.

Briefly, it could be claimed that RC skills of teachers are improved as
representational passes activities in the MpM include making selection, decision

making, designing, explaining appropriateness, and tranduction processes.

Providing opportunities for learners to evaluate both the competencies of their
own representations and the representations of their friends could be the other
reason for the improvement of RC. At the end of each activity, the participants
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were asked to evaluate the adequacy of their own representations, and discussions
were held on why they designed such multimodal representations in one-on-one
interviews. Moreover, when teachers reach a certain competence level, they were
asked to evaluate the representations of their peers and to give explanatory
feedback on how they could do better (Cope & Kalantzis, 2015; Lim, 2018;
Selander, 2008; Waldrip et al., 2010). Encountering with multimodal
representations designed by peers has also enabled the opportunity to learn from
others, and the richness of available designs has thus increased. It can be asserted
that these activities lead to improvements in RC as they familiarize teachers with
the analysis and explanation elements of RC skills. Andersen and Munksby (2018)
reached a similar conclusion in their educational design research and even added
this pattern among the didactic principles of the approach they proposed. They
stated their design principle as follows: “...reflect on and evaluate these
(multimodal representations) on the basis of known assessment criteria...” In
similar vein, Tolpanen, Rantaiinitty and Aksela (2016) conducted a series of
activities, which were applied in the following order. First, they distributed a
written text to the learners and asked them whether this text was competent to
convey the meaning; the latter, they are asked what can be done to improve; as a
third asked them to examine how the meaning is conveyed by looking at different
sources, and to create a rubric so that they could evaluate them, and forthly asked
them to examine other sources according to this rubric; and finally asked the
participants to design a multimodal text. They found that this practice increased

students' awareness towards the use of multimodal representations.

Explicit instruction about intermodal relations and text coherence could be the
other reason for the development of RC. It includes all parameters mentioned
above. Explicit instruction refers to informing learners about multimodal
representations and guiding them to design these texts, and sometimes explicit
instruction is required to know conventions of representations. Through explicit
instruction, researcher has strived to present a science toolkit regarding
multimodal representations. It has also been stated in other studies that explicit

instructions enhance RC. For instance, Nam and Cho (2016) conducted an
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experimental study in which experimental group were exposed to an instruction
method including recognition process about multimodal representations, and
control group were exposed to direct instruction. Results showed that learners in
the treatment group were better at designing multimodal representation than
control group. Similar results have been reported by other studies

(Chandrasegaran et al., 2008; Gee, 2005)

All in all, the study concluded that applying the MpM with its theoretical or
practical principles in different contexts had positive impacts on improving

representational competence of teachers.
5.1.6 Discussion on Teachers’ Views and Perceptions

Interviews were done with teachers in order to reveal their views about which
difficulties they experienced during the training program, the MpM model, its
teaching process, what purposes it serves in teaching and learning process, and
whether there is a change in perceptions on multimodal representations. Findings
showed that common difficulties experienced by teachers is generally about the
design process. They indicated that embedding scientific process by emphasizing
hypotheses, research questions, data, and justification of the results into

multimodal text is very challenging for them.

The researcher claims that the problem could have originated from three main
reasons. The former, it could be due to the fact that they are not sufficiently
exposed to such texts, because the available sources provided to them do not pay
attention to these elements and often contain descriptive and authoritative text
types (Kloser, 2016; Phillips & Norris, 2009). The latter could be stemmed from
difficulties emerging from the nature of constructing scientific explanation which
requires a particular body of knowledge and scientific process skills (Simon,
Erduran, & Osborne, 2006; Izquierdo-Acebes, 2020). The last is about lack of
proper pedagogy about this concerns. Teachers also stated that designing
augmentation and interpretational multimodal representations. This result is not
surprising, and but also these views could be accepted as a verification, because

both of them are the most difficult ones regarding types of intermodal relations
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(Keles, 2016; Tippet, 2011). The other challenge experienced by teachers was
about use of digital tools. Although detailed instruction about use of these tools
was given, they insisted on to being free in use of instructional technology. In this
context, it was seen that adaptation to new teaching technologies is more
challenging and more demanding for them. This can be due to that teachers do
not have self-efficacy to use new digital instructional technologies (diGregorio &
Liston, 2018), or the problem can be about having persistent beliefs on their
effectiveness of current practices (Ertmer, 2005) and lack of technological

pedagogic content knowledge (Thompson & Mishra, 2007).

Teachers views on the model and its teaching process revealed that they are all
positive to apply this model in their instructional methods because of the purposes
—improving students’ engagement and interest, presenting challenges, enabling
interaction, increasing motivation, encouraging individuality and -creativity,
impact their students’ learning products- it serves in classroom environment of
gifted. Applying teaching process around independency, designing, increasingly
improved challenge and decreasing scaffolding, the nature of intermodal relations
(which activetes each parts of Bloom’s cognitive taxonomy) designed in
multimodal texts and text coherence patterns could have impacted teachers to
hold these views (Kim, 2017; Lim, 2011; McDermott & Hand, 2013; Treaugust,
2007). Moreover, when teachers were asked to what motivate them to participate
and continue in this type of training program, they stated that the training
program points the real need which is also determined by many of studies in the

literature (Cope & Kalantzis, 2015; Kuo et al., 2017; Selander & Kress, 2012).

Teachers were asked also about whether there is a change in their perceptions
about multimodal representations. They stated in a consensus that they gained
self-criticism towards selecting available multimodal representations in textbooks
and online digital environments, and also designing new ones in both settings.
The critical view towards multimodal representations also indicates gained in

awareness towards these texts, that is improvement in RC.
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5.2 Implications and Recommendations

The dissertation has implications both theoretically and pedagogically. First, it
proposes two analytical frameworks regarding intermodal relations and text
coherence for multimodal representations. These frameworks can serve as a
metalanguage for scholars, teachers, and text designers. The metalanguage guides
researchers to investigate teachers’, students’, and text designers’ choices about
modes and patterns of text coherence while they are designing multimodal
representations such as presentations, infographics, textbooks, video, and etc. In
other words, the metalanguages can be used for developing explicit and
observable criteria in order to examine other multimodal artefacts. In this way,
they can examine the multimodal nature of representations. Such a metalanguage
can also be used by instructors and text designers to understand intermodality
mechanisms between images and texts and text coherence in written texts, and it
enables them to make meaningful choices regarding these issues (Jewitt, 2008;
Tang, 2016). If teachers are provided with these frameworks, they can improve a
deeper comprehension of multimodal texts (Daniellson & Selander, 2016).
Moreover, although there are many anaytical frameworks to analyze multimodal
representations (Ainsworth, 2006; Ge et al., 2018; Meneses, et al., 2018; Prain,
Tytler, & Peterson, 2009; Tang, 2016; Tang et al., 2014; Wilson & Bradbury,
2016), none of them specifically deal with intermodal mechanisms and attributes
of text coherence. Having such a framework would be an important breakthrough
in designing multimodal representations towards the goals teachers strive to
achieve in the classroom environment, such as participation, discussion,
interaction and questioning. Moreover, since there is no agreed upon
measurement method of RC (deVries & Lowe, 2011), these frameworks serve as a
tool to measure RC levels of designers. Furthermore, frameworks can guide
textbook designers about certain points that ought to be considered in the

designing process: image-text relations and attributes of text coherence.

Second, the present study proposes a new approach to the studies of learning with

multimodal representations, as ARDE. Despite many studies on learning with
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representations (Ainsworth, 2006; Prain & Tytler, 2012; Waldrip, Prain, &
Carolan, 2010;), there is no widely accepted model on this issue (Tippett, 2011).
In this respect, ARDE expands and differentiates these studies emphasizing
awareness activities, explicit instruction, explanatory and questioning-oriented
feedback, increasing the challenge step by step-decreasing the scaffolding, and
peer assessment. Third, the dissertation offers CHC-Based Multimodal Generative
Learning Approach which explains how learning occurs with modes from the
perspective of multimodality and cognitive theory. The theory aims to explain how
the information is encoded, how the data will stimulate the sensory and perceptual
system, how the data is organized, associated and integrated in the working
memory. Moreover, it explains how the intermodal interactions can be increased
or decreased according to the student's level, and how the load on the working

memory can be increased or decreased according to the student's level.

Forth, the MpM model was proposed as a teaching method by combining and
adapting lots of theories like Cognitive Load Theory, Generative Learning Theory,
Cattle-Horn-Carroll’s Cognitive Theory, Multimodal Learning Theory, and
framework of learning with representations. The MpM differs from other models
by explaining how of pedagogy with its practical principles and activities. Finally,
the dissertation extends literature by enriching and categorizing design principles
of multimodal based teaching theoretically and practically. It claims that
specifying the theoretical principles from which the practical principles are built
will provide a more comprehensive explanation and more meaningful guidance to

researchers and practitioners.

As pedagogical implications, the model designed in this study can potentially
benefit teachers in using multimodal representations designed with respect to
criteria of intermodal mechanisms and text coherence to support the teaching and
learning process. In this respect, this model and its theoretical and practical
principles would be an effective starting point for further improvement in
multimodal-based pedagogical interventions. Also, understanding the concurrent
and complementary relationship between modes can provide teachers to engage,
enthuse, educate the students, and realize disciplinary specific classroom
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discourse more effectively (Prain & Waldrip, 2006). The identification of teaching
and learning process from above mentioned frameworks and designing its core
principles may contribute useful knowledge on experimental research in different
contexts (Fernandez-Fontecha et al., 2019). Comprehending the dynamic nature
of multimodal representations, in which ways and for what pedagogical purposes
these are designed, allowed teachers to make correct decisions on how to select
and design these texts in ways that improve students’ learning (Jaipal, 2010).
These enhanced understanding would result in improvements in teaching
materials, classroom practices, and teaching methods (Tippett, 2011). Making
intermodal relations and text coherence explicit to the teachers decreases
semantic divergence originated from arbitrary design of representations, which
generally brings about misconceptions (Lim, 2011). Sensitising the teachers
toward to the use of pedagogical aim specific intermodal relations via training
program would be helpful to them to design appropriate pedagogy for their
students, whether they are gifted or need special support. Furthermore, the model
designed in this study can inform future studies on learning with multimodal
representations which integrate cognition, SFL, multimodality (Tang, et al.,
2014). It could be a preliminary stage for these types of models. Since increasing
availability of multimodal representations in the digital learning environment,
teachers have opportunities to teach their lessons with these text. Hence, the

model can guide them in their instructional process.

Future studies should be conducted as educational design researches in different
contexts to not only teachers but also students in real, digital, or blended learning
environment in order to verify effectiveness of model in improving RC. Since
multimodal meaning is not only realized through image and text in classroom
discourse, further research is needed to improve measurement tool of RC
(analytical frameworks), not only considering image and text, but also other

modes such as gesture and spoken language.
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A

PRE-INTERVIEW QUESTIONS

1. Bir konuyu, kavrami (6rnegin: kiiresel 1sinma, fotosentez, su dongiisti, seri
ve paralel baglama) anlatmadan Once gosterimlerinizi hazirlarken veya
tasarlarken nasil bir plan yaparsiniz?

a. Gosterim/mod tiirlerini nasil belirlersiniz?

b. Nasil bir sira olusturursunuz?

c. Ogrencilerinizin bilissel seviyesine ne élciide dikkat edersiniz?
d. Gosterimleriniz bir zorluk/challenge sunar m1? Nasil?

2. Smniftaki etkilesimi ve 6gretimi artirmak i¢in temsiller ve sunumlar secerken
veya tasarlarken hangi stratejileri ve ilkeleri diisiiniiyorsunuz ve dikkate
aliyorsunuz?

Sunumunuzun/gosterimlerinizin/temsillerinizin olmazsa olmazlari
sunlardir, dediginiz ilkeler nelerdir? Karakteristik 6zellikleri nelerdir?

Ya da ebay1 acip 6grencilere bir temsil gosterdiginizde bunlar1 secerken
nelere dikkat edersiniz?

3. Ogrencilerinize bir konuyu 6gretmek icin sadece yazidan olusan bir kitap
sayfasi verdiginizi diisliiniiniiz. Bir kavrami yalnizca yaziyla Ogretirseniz,
metnin ne tiir 6zelliklere sahip olmasina dikkat edersiniz?

Bu metni siz nasil yazarsaniz daha égretici olur? Ogrenci daha iyi
anlamlandirir? Sorgulatici bir metin nasil tasarlarsiniz? Metin 1 ve Metin
2’ye bakiniz? Metin 3 ve Metin 4’e bakiniz? Metin 5 ve Metin 6’ya bakiniz?
Sizce nasil farklilasiyor? Nicin?
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l Pankreas

Pankreas, mide ile ince bagirsagin ilk kismi m:md.l yer alan Uggen bir organdir. Pankreas,
viicutta birgok rol oynar. Omegin pankreas, ince b dokilen ve
ve yaglan parcalamaya yardunci olan enzimler {retir. Enzimler, biyokimyasal ru\mymlmn

Pankreas kan sekerini nasil kontrol eder?

Insanlar diyabeti yuzlerce yildir biliyorlar. Uzun zaman once, geker hastalan vilcutlaninda fazla
miktarda kullamimayan gekerin meden oldugu tath kokulu idrarlaryla tammlaniyordu. Bu
hastalik, hucreleri kandan geker alamayan ve enenji i¢in kullanamayan milyonlarca insant

daha kolay ve genellikle cok daha izl gerceklesmesine yardimes olan
aynica hormon salglar. Hormonlar, kan dolasimindan gegen ve viicudun diger kuunlmm
etkileyen kuguk molekullerdir. Hormonlar, onlari tanryan ve bu htcrelerin ve organlann
gahiyma geklimi etkileyen belirli hicreler tzerinde etkiye sahiptir. Pankreasin drettifn bir
hormona instlin denir. Insulin, Langerhans Adaciklan ad: verilen 6zel pankreas hucrelerinde
dretilir. Instilin daha sonra kan dolasimna salir ve karaciger ile kas hocrelerine gider. Insilin,
bu hiicrelerin gekeri almasina ve enerji igin kullanilabilmesi igin depolamasina yardimce: olur.

Diyabet ve Viicutta Insiilin Kullanim

Diyabet, milyonlarca insani etkileyen bir durumdur. Seker hastasi olan kigilerde ya yeterli
nstilin Uretmeyen bir pankreas vardir ya da viicut hitcrelen mstilini diizgn kullanamaz. Sonug
olarak_ diyabetl bir kisinin kanda yilksek seker seviyeleri vardir ve hatta idrarda seker bile
salgilayabilir. Aslinda, ytzlerce yil dnce, seker hastalifi olan insanlar tath kokulu idrarlariyla
tanimlantyordu.

Diyabetli bireyler genellikle yedikleri seker miktanm simirlayan diyetlere sahipti gunka
vucutlani onu parcalayamaz. Kullamlmayan geker vicudu idrarda biwrakir ve enerji igin
kullanilamaz. Tedavi edilmezse, diyabetli kigiler kilo defngikligi yagarlar, zayif hissederler ve
genellikle ag hissederler. Ayrica seker hastalan, bobrekler viicuttaki fazla sekeri atmaya
cahgirken sik sik idrar yapabilir ve susayabilir. Diyabetin uzun vadeli etkileri ciddidir ve korlik,
bobrek yetmezlifn ve kalp hastaligin: igerebilir.

1ki ana diyabet tirG vardir. Tip I diyabet 1kl veya erken baslar.
Tip I diyabette, pankreas ¢ok az insiilin @iretir veya hi¢ tiretmez. Bu rahatsizhgx olan kigiler,
bazen saglikh kalmak icin viicutlarina instlin enjekte etmek icin bir igne kullanmalidir. Tip IT
diyabet genellikle yetiskinlik doneminde gelisir. Bu durumda pankreas yeterince instilin
firetmez veya viicut hiicreleri meveut instline normal yamt vermez. Tip 11 divabet hastalari,
uygun beslenme, kilo kontrolil ve egzersiz yoluyla semptomlarin kontrol edebilirler.

Metin 3

Dolagim sistemi, 1smin viieutta dagihmindan sorumludur. Bu hem sicakkanhi hem de
sicakliklarin
cevrelerindekinden daha yiiksek tutabilenlere verilen bir addir. Kuslar ve memeliler dmek

sogukkanli  hayvanlar igin gegerlidir. "Sicakkanli" terimi, wviicut

olarak verilebilir.

Ancak bu her zaman béyle degildir; bazilari, 8rnegin kis uy yatanlar

1nin

kil Diyabet kilo ds ikl ve strekli achiga neden olabilir. Zamanla
diyabet korlisge, bobrek yetmezligine ve kalp hastaligina neden olabilir.

1889'da Joseph von Mering ve Oskar Minkowski adli iki bilim adami, mide ve bagirsaklara
yalkin bir organ olan pankreasin viicudun enerji igin seker kullanmasina yardimer olabilecegine
inaniyordu. Bilim adamlan, pankreas hayvanlann enerji igin geker kullanmalarina yardim
ederse, pankreas: olan bir hayvamn kaninda dilgik miktarda kullanilmamig seker bulunurken,
pankreas: olmayan bir hayvamn yiiksek miktarda kan seken olacag: ve diyabet gelistirecegi
sonucuna vardi.

Bilim adamlan, pankreasin viicudun enerji igin geker molekillerim kullanmasina yardumer
oldugunu dgrendikten sonra, bunun nasil gerceklestigini bilmek istediler. Frederick Banting ve
Charles Best, pankreasin, hilcrelerin sekeri almasma ve kullanmasina yardimer olmak icin diger
hiicrelerin islevini etkileyen kiiiik bir molekil olan bir hormonu kana saldigina inanryordu.

Hipotezlerini test etmek igin Banting ve Best bir deney yapt. Ik olarak, bilim adamlan
pankreas: birkag kopekten qikards. 11 gibi, bu kop kan gekeri normal
% 9'dan gok daha yilksekt:,
Sonra, pankreas igindeki siviy1 aldilar. Bu siv, hikcrelerin sekeri almasina yardimer olmak igin
kigik certy Bilim adamlan bu siviyr diyabetik
kopeklerin damarlarna igne ile enjekte etti Pankreastaki molekiillerin kan sekeri seviyesini
etkileyip etkilemed gormek icin in kan gekeri y i tekrar Slctiler. Kan
gekerinin normal seviyesinde oldugunu gozlemlediler.

Bilim adamlan, pankreastan mjehe edilen molekillerin kopeklerin kan sekeri seviyelerini
kontrol etmesine yardimer oldugunu gordiler Bu, Banting ve Bestin, pankreasn diger
hucrelerin enerji igin kullanilabilen kandan geker almasina yardimci olan hormonlan salgiladigi
hipotezini destekledi. Beg yil sonra hormon izole edildi ve insiilin olarak adlandinlda. Insiilin
artik yapay olarak tretiliyor ve bazi seker hastalan kan gekeri seviyelerini kontrol etmek igin
kendilerine instilin enjekte ediyor.

Metin 4

Dolagim sistemi, 1s1y1 bir hayvanin vilcudundaki kan damarlan yoluyla dagitir. Bu sistem. hem
sicakkanli hayvanlar hem de sogukkanli hayvanlar iin 151 tasinmasindan sorumludur.

Sicakkanl hayvanlara kuglar ve i b 1 amfibiler ve
baliklar 6rnek olarak verilebilir. Sicakkanh terimi viicut sicakliklanm gevrelerinden daha
yitksek rutabildikleri ve genellikle bunu yapabildikleri i¢in kuglara ve memelilere verilen bir
addur.

Ancak bu her zaman gegerli degildir ¢link{i bazi sicakkanli hayvanlar -6rnegin Kis uykusuna
yatanlar- kig da viicut klikl cevrelerindeki havamn sicakligina

yakin olmasina izin verir.

ortam sicakhi@na yakin olmasina izin verir. Ve bunlardan bazilan da, érek olarak tropikal

1

savanadaki memeliler, viicut sicaklhklarm y igin. G
sicakliklarin altinda tutarlar. ancak, kuglar ve memelileri, hayvanlar al

ki kavurucu

Tropikal savanlarin sicaginda yagayan memeliler de, viicut sicakhiklarini her zaman gevredeki

geri
gogundan ayran iki 6zellik vardir:

Ortam sicakhifi ne olursa olsun viieut sicakliklarini dar sinurlar iginde tutarlar. Bu nedenle

genellikle | ik olarak lanirlar.

Endotermiktirler; viicut sisim koruduklan 1s1 viicutta tiretilir. Bazi sogukkanlh hayvanlar, iy
Ornegin giinesin tadim gikaran kertenkeleler, kuslarinki kadar yiiksek viicut sicakliklar

geligtirirler, ancak bunlar ektotermiktir; disaridan bunu yapmak igin isiyi korurlar.

Metin §
Karbon Déngiisii Siirecinde Gergeklesen Olaylar

1.Emisyon: Karbon emisyonu, karbon igerikli yaknlarm oksijnle tepkimeye girmesi sonucu
agi@a gikan karbondioksit gazinin yay

daha yiiksek wvanlarin bir bagka i Bu hay
vilcut e ki kavurucu sicakliklarin altinda tutmak zorundadur.
Bununla birlikte, sicakkanl hayvanlan, hayvanlar aleminin geri kalaninin ¢ogundan ayiran iki
6zellik vardir:
1. hayvanlar Yani diger hay farkli olarak kuslar ve
vileut kliklarim 1 (veya ortam) sicaklik ne olursa olsun vilcut

sicakliklarim dar suurlar i¢inde mmlar

2. Sicakkanl hayvanlar endotermiktir. Endotermik hayvanlar, viicut 1sis1 dig kaynaklardan
gelen 151 ile korunan sogukkanli hayvanlardan farkhdur. Bu nedenle giines altnda giineslenen

gibi bazi sogukkanl % kadar yliksek viicut sicakliklar
geligtirseler de, bu canlilar viicut lsllaru:u disaridan korurlar. Bu tiir hayvanlara ektotermik
denir.

Metin 6

Karbon giisii Sii G

Olaylar

1.Emisyon:
dogalgaz, komiir vb) oksijnle tepkimeye girmesi (yanmasi) sonucu agiga ¢ikan karbondioksit
gazinin atmosfere yayilmasidur.

2.Fotosentez: Yesil blthler kokleriyle topraktan su ve mineral, govde ve yapraklariyla

2.Fotosentez: Yesil bitkilerin 151k enerjisini y
olayina fotosentez denir.

| enerjiye di

3.Sol Canlilar boli faaliyetlerini sii k igin enerjiye ihtiyaglar vardir. Bu
enerji hiicrelerde glikozun oksijenle kimyasal reaksiyona girmesi, bunun sonucunda
karbondioksit, su ve enerji olarak ¢ikmasi ile elde edilir. Bu olaya da solunum denir.

4.Ayrisma: Olmiis organik yapilarin aynistiricilar tarafindan inorganik yapilar haline getirilmesi
siirecine ayrigma denir.
5 Fosllle;me Olum sonrasi meydana gelen giiriime sonucunda canhlarin sert kisimlarinin

1 11 fosillesme denir.

karbondi ve gii 151k enerjisini alirlar. Bu enerjiyle karbondioksit ve su
molkeiillerini dnce aywrip, sonra birlestirerek besin (glikoz-seker) ve oksijen tiretmesi olayina
fotosentez denir.

3.Solunum: Tiim canlilar metabolizma (yagamsal) faaliyetlerini siirdiirmek i¢in enerjiye
ihtiyaglar vardir. Omegin, sindirim ve bosaltim. Bu enerji hiicrelerde glikozun (sekerin)

ksijenle (O2) ki | reaksiyona girmesi (yanmasr), bunun sonucunda karbondioksit (COz),
su (H20) ve enerji (ATP) olarak gikmast ile elde edilir. Bu olaya da solunum denir.

4. Ayrigma: Olmiis organik (C,H, ve O'den olugan) yapilanin aynstiricilar (bakteri ve mantar)
tarafindan inorganik (mineral ve vitamin) yapilar haline getirilmesi siirecine ayrisma denir.

5.Fosillesme: Oliim sonrasi ayrlslmcllar tarafmdan liriitiilen canlmm sert kisimlar (iskeler)
tortullara (kum ve tuz) la bulunan mi llerle

afinda bulunan iy lerin bule;mesl) fosillesme denir.

1 : oy

ve demir gibi
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4. Bir kavrami sadece resimlerden olusan bir metin/kitap sayfasi ile
gosterseniz Ogretici olmasi icin/daha iyi anlamlandirabilmeleri i¢in nelere
dikkat edersiniz? Resmin hangi Ozelliklerine sahip olmasina dikkat
ederdiniz?

Resim 1, 2, 3 ve 4’e bakiniz.

a. Resimler sizce farkli amaclara hizmet ediyor mu? Nasil?

b. Birinci resim tek basina kiiresel 1sinma olayini anlatabilir mi? Neden? Siz
olsaniz nasil yapardiniz?

c. Ikinci resim su dongiisii olaym tek basina anlatabilir mi? Neden? Siz
olsaniz nasil yapardiniz?

d. Uciincii resim ampul parlakligini etkileyen bir faktérii anlatabilir mi? Siz
bunu kullanir miydiniz?

e. Dordiincii resim fotosentezi etkileyen bir faktorii anlatmak icin

kullanilabilir mi? Nasil? Siz olsaydiniz nasil tasarlardiniz?

Bu dort metinden hangisi/hangileri sizi daha cok sorgulatti?

Bu dort resim sizce farkli simiflara/kategorilere ayrilabilir mi? Isimlendirir

misiniz?

h. Eger farklilarsa daha once resim tiirlerinin biligsel seviyeye gore
farklilastigini farkinda miydiniz?

0
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B

MID-INTERVIEW QUESTIONS

1. Sizce aktiviteler siiresince uygulayicilarin ve katilimcilarin tstlendikleri
roller (arastirmaci, gelistirmeci, bilgi alan ve veren, tasarimeci, isbirlikli
katilimc1) ve sorumluluklar istenilen tasarim hedeflerine ulastirmada
yeterli midir? Daha farkli neler yapilabilir?

2. Siirec¢ icince yasadiginiz zorluklar nelerdir? (zaman yOnetimi, program
kullanimi, baglanti, aktiviteler ve tasarlanma sekilleri) Bu zorluklar1 agsmak
icin neler yaptiniz?

3. Aktivite tasarlarken sizin katiliminmizi ve tasariminizi zorlayan etkiler
nelerdir? Yapmak istediginizle yaptiginiz arasinda ne gibi farkliliklar var?
Siirecin uygulanmasinda sizin katiliminiz en olumlu etkileyen etmen nedir?

4. Uygulamada kullanilan araclar tasarim hedeflerine ulastirmak bakimindan
ne derece etkili buldunuz? Etkisiz yanlari nelerdir?

5. Arastirmacilarin planladigi tasarim aktivitelerini icerik agisindan degil de
islevleri acisindan (farkindalik, tanitma, aciktan Ogretim, tasarim) ne
derece etkili buldunuz?

6. Sizce tasarim aktiviteleri nasil farkli veya etkili yapilabilirdi?

7. Bu aktiviteler yazi ici ve yaz1 gorsel arasin anlamsal iligkileri tasarlamada
ne derece etkili, gelecekte yapilacak aktiviteler icin siireklilige sahip midir
neden neler tekrardan diizenlenmelidir?

8. Bu bizim yazi ici anlamsal iliski icin tasarladigimiz ilk aktivite (fotosentez)
anlamsal ve bilgisel olarak diisiik ve yiiksek metinler cesitli anlam iligkileri
kullanmigsiniz?

9. Hangi yazi-gorsel arasi anlamsal iliskiyi tasarladiniz bunu nasil
gerceklestirirdiniz? Bu anlamsal iliskisi nasil giiclendirebilirdik?

10.Hangi yazi-gorsel arasi anlamsal iligskiyi tasarladimiz bunu nasil
gerceklestirirdiniz?

11.Sizce bunlardan hangilerini kullanirsak daha interaktif ve sorgulatici olur
sinif ortami 6grencilerle iletigsimiz?

12.Bundan sonra bir platformdan sunum/gosterim secerseniz nelere dikkat
edersiniz?

13.Sizce aktiviteler siiresince uygulayicilarin ve katilimcilarin tistlendikleri
roller (arastirmaci, gelistirmeci, bilgi alan ve veren, tasarimci, isbirlikli
katilimci) ve sorumluluklar istenilen tasarim hedeflerine ulastirmada
yeterli midir? Daha farkli neler yapilabilir?

14. Arastirmacilarin planladig: tasarim aktivitelerini icerik acisindan degil de
islevleri agisindan (farkindalik, tanitma, aciktan Ogretim, tasarim) ne
derece etkili buldunuz?
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15.Uygulamada kullanilan araglar tasarim hedeflerine ulastirmak bakimindan
ne derece etkili buldunuz? Etkisiz yanlari nelerdir?

16.Bu aktiviteler yaz1 ici ve yazi gorsel arasin anlamsal iliskileri tasarlamada
ne derece etkili, gelecekte yapilacak aktiviteler icin siireklilige sahip midir
neden neler tekrardan diizenlenmelidir?

17.Aktivite tasarlarken sizin katiliminizi ve tasariminizi zorlayan etkiler
nelerdir? Yapmak istediginizle yaptiginiz arasinda ne gibi farkliliklar var?
Siirecin uygulanmasinda sizin katiliminiz en olumlu etkileyen etmen nedir?
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C

POST-INTERVIEW QUESTIONS

1. Bir konuyu anlatmadan 6nce o konuyla ilgili metinlerinizi hazirlarken nasil
bir plan yaparsimiz? Nasil bir sira olusturursunuz? Metinleriniz bir
zorluk/challenge sunar mi1? Nasil? Ogrencilerinizin bilissel seviyesine ne
oOlctide dikkat edersiniz?

2. Ogrencilerinize bir konuyu 6gretmek icin sadece yazidan olusan bir kitap
sayfasi verdiginizi diisiiniiniiz. Bir kavrami yalnizca yaziyla égretirseniz,
metnin ne tiir 6zelliklere sahip olmasina dikkat edersiniz?

3. Hangi yazi ici anlamsal iliskileri tasarlamada zorluklar yasadiniz? Neden?
Bu problemi nasil asabiliriz?

4. Bir kavrami yazi modu ve resim modu ile birlikte 6gretirseniz iki mod
arasinda nasil bir iliski tasarlarsiniz?

5. Hangi yazi-gorsel arasi anlamsal iliskileri tasarlamada zorluklar yasadiniz?
Neden? Bu problemi nasil asariz?

6. Yazive gorsel arasi anlamsal iliskileri tasarlarken hangisinden yola c¢iktiniz?
Neden? Yazidan baslayip anlamsal iliskileri tasarlamak mi kolay, yoksa
gorselden baslayip tasarlamak mi1? Neden?

7. Ebay1 acip Ogrencilere bir metin gosterdiginizde bu metinleri secerken
nelere dikkat edersiniz?

8. Sizce metinleri bu anlamsal iligkilere gore tasarlama sinif icerisinde hangi
amaclara hizmet eder? (ilgi cekme, motivasyon, tartisma, sorgulama,
yaraticilik, 6zyeterlik...)

9. Ustiin yeteneklilerin egitiminde anlamsal iliskileri diisiinerek metin
hazirlama bize hangi acgilardan yardimci olur, hangi eksiklikleri giderir?
ozel yeteneklilerin egitimi icin nasil katkilarda bulunur?

10. Ogrencilerinizi diisiindiigiiniizde Ozel yeteneklilerin egitim materyallerini
hazirlarken bunlar1 dikkate almak ne derece ve nasil etkili olabilir?

11.Hangi aktiviteler (gorselleri veya yaziy1 karsilastirarak tanima-video-
tasarim ve geridoniit) yazi i¢i ve gorsel yazi anlam iliskilerini uygulamada
size daha yardimci oldu? Nasil? Siz yapsaniz neler yapardiniz.

12.Yapilan aktiviteler yazi ici (basliklar, icerik: bilgi verici-otoriter vs ikna
edici-gerekcelerle aciklayici-veriler-belirsiz zamir vs isim- oOrneklerle
aciklayici- bagla¢ kullanimi-argiiman ortiismesi-bilimsel vs giindelik dil-
kapali-acik s0z dizimi-vurgulama) ve gorsel yazi anlam iliskilerini
(dekoratif-6rneklem-yansitici-agiklayici-karsilastirmali-organizasyonel-
artirilmis-yorumsal) kavramada size nasil yardimc1 oluyor ve yazi ve gorsel
arast anlam iligkilerini tasarlamanizi etkili bir sekilde ¢oziiyor mu? Ne
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yapmaliy1z? Bunu besleyen veya engelleyen kosullar nelerdir? Siz yapsaniz
neler yapardiniz.

13.Ikinci miilakatimizda ek kaynak talep etmistiniz, ek kaynak ne derece etkili
oldu?

14.Tim siireci degerlendirdiginizde Siire¢ icinde yasadigimiz zorluklar
nelerdir?

15.Egitim siirecini nasil genisletir veya daraltirdiniz?

16.Aktivitileri siz nasil tasarlardiniz? Tasarim aktitiveleri nasil farklh
yapilabilirdi?

17.Geridoniitler yapilanin disinda nasil olmaliydi?
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ACTIVITY 3

Sera Gazlari

Sera gazlari, 1s1y1 yakalayabilen gazlardir. Adlarini seralardan alirlar. Sera, cam veya
seffaf plastik duvarli ve catili bir yapidir. Bu yapisi gilines 1s181nin igeri girmesine izin
verir. Seralara giren giines 15181 ortamin sicakligini ve 1si1sin1 artirir. Seralar dis yapistyla
1sinin disar1 ¢ikmasini engeller.

Seralara bakildiginda gece vakti disaris1 daha soguk olmasina ragmen seranin igerisinin
oldukga sicak oldugu goriiliir. Bunun nedeni, seranin cam veya plastik duvarlarinin
Giines'in 1s1sinin kagmasina izin vermemesidir. Bir sera, giin boyunca Giines'ten gelen
1s1y1 alir. Cam duvarlari, giinesin 1sisin1 yakalar ve bu da seranin igindeki bitkileri soguk
gecelerde bile sicak tutarak biiyiime ve gelismelerini saglar.

Atmosferdeki bazi gazlar da seraya benzer sekilde 1s1y1 yakaladiklari i¢in sera gazlari adi
verilmistir. Sera gazlarina karbondioksitle birlikte su buhari, metan, azot oksit (nitrojen
oksit) ve ozon gazi 6rnek olarak verilebilir.

Sera Gazlar1 ve Kiiresel Isinma

Sera gazlari tipki sera gibi diinyadaki 1sinin atmosferden uzaya kagmasini engelleyerek
diinyamiz1 yasanabilir hale getirmektedir. Sera gazlarinin etkisi olmadan diinya yasam
stirdiirmek i¢in ¢ok soguk olabilirdi.

Sera gazi etkisi diinya yiizeyi ve havasinin 1sinmasit anlamina gelir. Bu giinesten gelen
enerjiyi hapseden havadaki gazlardan kaynaklanmaktadir. Kisaca sera gazi etkisi su siray1
takip eder. Giines radyasyonu Diinya atmosferine ulasir - bunun bir kismi1 uzaya geri
yansitilir. Giinesin enerjisinin geri kalani kara ve okyanuslar tarafindan emilerek Diinyay1
isitir. Isman diinya bu sefer radyasyonu uzaya dogru yayar. Bu ismmin bir kismi
atmosferdeki sera gazlar tarafindan hapsedilerek Diinya'nin yasami siirdiirebilmesi i¢in
yeterince sicak tutulmasini saglar.. Bu dogal siire¢ kirlilik, komiir, petrol ve dogalgaz gibi
yakitlarin yakilmasi, tarim ve arazi temizleme gibi insan faaliyetleri ile bu gazlarin
atmosferde bulunma orani artirilirak bozulmaktadir. Daha fazla sera gazi1 daha fazla 1s1
yakalar ve diinya ve ylizeyinin her gegen giin ortalama sicakliginin yiikselmesine neden
olur. Bu olay da kiiresel 1sinma olarak adlandirilir.
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Sera Gazlar

Sera gazlar, glinesten gelen radyasyonu (is1ma) emen gazlardir. Bu gazlar adlarim
seralardan alirlar. Seranin cam da ya da plastik ¢eperleri (duvarlar) fotonlarin (gilines
1sinlar1) gegmesine izin verir, ancak bu yapilar ayn1 zamanda binanin i¢inde biriken 1sinin
bir boliimiinii de tutar. Daha kii¢lik 6l¢ekte, giinesli bir giinde camlar1 kapali bir aracin
nasil 1sindigini diisiiniin. Seralara giren fotonlar ortamin sicakligini ve 1sisini artirir.

Glindiizleri 1s1y1 soguran (emen) seralara bakildiginda gece vakti disarist daha soguk
olmasina ragmen i¢ ortaminin sicak oldugu goriiliir. Bunun nedeni, seranin cam veya
plastik ¢eperlerinin giinesten gelen 1s1y1 hapsetmesidir. Bir sera, giin boyunca Giines'ten
gelen 1s1y1 sogurur. Cam duvarlari, glinesin 1sisin1 hapseder bu yiizden sera igindeki
bitkileri soguk gecelerde bile biiyliime ve gelismelerini saglayacak ortami olusturur.

Atmosferde bulunan gazlar seranin yapisina benzer sekilde 1s1y1 hapsettiklerinden bu
gazlara sera gazi adi verilmistir. Sera gazlar1 olarak bilinen bunlarin bazilan
karbondioksit, su buhar1 ve metan gibi dogaldir. CFCler ise sentetiktir (yapay).

Sera Gazlar ve Kiiresel Isinma

Seraya benzer sekilde sera gazlari, Diinya atmosferindeki (gaz tabaka) giines 1sinlarini
gecirirler ve bir kismin1 sogururlar. Boylece, sera gazlari atmosferde 1s1y1 yakalayan bir
battaniye islevi goriirler. Battaniye islevi goren izolasyon (yalitim) artis1 diinyanin
ortalama sicakligini yasanabilir diizeyde tutar.

Sera gazi etkisi yerkiirenin (diinya yiizeyi) ve atmosferinin (hava) 1sinmasi1 anlamina gelir.
Bu etki gilinesten gelen fotonlar1 emen atmosferdeki gazlardan kaynaklanmaktadir. Giines
radyasyonu (1sinlar1) Diinya atmosferine ulasir - bunun bir kism1 uzaya (uzay boslugu)
geri yansitilir. Ist ve 151k enerjisinin geri kalan1 kara ve okyanuslar tarafindan emilerek
Diinyay1 1sitir. Isinan diinya radyasyonu uzaya dogru yansitir. Atmosferdeki sera gazlari
bu enerjiyi emer bu yiizden diinyada canli yagsami i¢in gerekli olan ortalama sicaklik elde
edilir. Bu sekilde dogal yollarla diinya kendi 1s1sin1 korumus olur ancak bu dogal siire¢
hava kirliligi, fosil yakitlarin yakilmasi, ormanlarin yok edilmesi gibi insan faaliyetleri
ile bu gazlarin atmosferde bulunma konsantrasyonu (orani) giin gegtikge artmaktadir.
Artan sera gaz1 miktar1 emilen 1s1 oranini artirtirdigindan yerkiire ve atmosferin her gegen
giin ortalama sicakligini yiikselmektedir. Bu olay da kiiresel 1sinma olarak adlandirilir.
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Diinyamiz neden 1sin1yor?

Sanayilesme sonrasi artan kirlilik ve olagan dis1 hava olaylar1 bilim insanlarini dogal
dengenin bozulmasindan endiselenmeye itti.

Bu endiselere sahip olan Joseph Fourier 1824 yilinda kirlilikten yeryiizli ve havanin giines
1sinlart verimli bir sekilde uzaya iletmedigini ve yiizey sicakliginin arttigini iddia etse de
ispat edemedi. Fizik¢i Claude Pouillet de su buhari1 ve karbondioksitin kizilotesi 1ginlart
yakalayip atmosferi isitabilecegini 6ne siirdii. Fourier gibi bu gazlarin 1simadan 1s1y1
emdigine dair deneysel bir kanit ortaya atamadi.

1896'da Svante Arrhenius, atmosferdeki karbondioksit ve su buharinin giines 1sinlarini
onemli Glgiide emme ve gegici olarak tutma giiciine sahip oldugunu ve bunu yiizey
sicakliklarinda bes-alt1 derece artisa sebep oldugunu hesapladi.

1960'da Charles David Keeling daha 6nceki yillarda yaptig1 atmosferdeki karbondioksit
seviyesi Olciimlerini grafik haline getirerek atmosferdeki karbondioksit seviyesinin
aslinda yiikseldigini gosterdi. Bugiine kadar devam eden bu hesaplama her yil
karbondioksit seviyesinin arttigini ispat etmektedir. Daha sonra Manabe ve Wetherald,
karbondioksit artiginin diinya yiizeyindeki sicakligi artirdigini iddia etti. Bunu test etmek
icin mevcut iklimi {i¢ boyutlu bir kiiresel iklim modeli gelistirdiler. Modelin
atmosferindeki karbondioksit’in ikiye katlanmasi, kiiresel sicaklikta kabaca iki derecelik
bir artig sagladi. 2014 IPCC (HiikGimetleraras: iklim Degisikligi Paneli) raporlarma gore
de diinyanin sicaklig1 son yiiz yilda 0.8 derece artmistir. Bu artisin yiizde 75’1 son otuz
yilda ortaya ¢ikmistir. Bu rapora gore bu yiizyilin sonuna kadar sicaklikta iki ile dort
buguk derecelik artig olasilig1 vardir. Sanayilesmeden dnce karbondioksit seviyesi 280
ppm iken bu oran 2013°de 396 ppm diizeyine ¢ikmistir ve bu seviye yiilselmeye devam
etmektedir.

1985'tc Ramanathan ve digerleri su buhari, metan ve diger gazlarla birlikte
kloroflorokarbonlarin da diinyanin sicaklig1 iizerine etkisini olduguna inaniyordu. Bu
yonde tasarladiklar1 iklimsel modellerde bu gazlardaki artislarin 6nemli bir iklim etkisine
sahip olabilecegini gosterdiler.

Bu modeller ve deneyler sunu gostermistir. Diinya atmosferine ulasan 15181n yaklasik
yarist atmosferden geriye gonderilir. Geriye kalan kismi1 atmosferi gegerek yeryiiziinii ve
yiizeyini 1sitir. Isinan yeryiizii 1s1y1 tekrar atmosfere yayar. Sicakliktaki degisikliklere
fiziksel ve kimyasal tepki veren CHs4, CFC5, N2O, CO2, H>O gibi sera gazlari 1sinin
yaklasik ylizde 90’11 emer. Titresim ve Gteleme hareketi yapan gaz tanecikleri 1s1y1 her
tarafa yayar. Kisacasi; tim bu gazlar yerkiire ve havanin isinmasini saglar. Bu bir
kisirdongii olarak devam eder. Ornegin, 1stnan atmosfer, daha fazla su buhar tutar, daha
fazla su buhari da daha ¢ok 1s1 tutarak yer yiizeyini 1sitir. Isinan yeryiiziinden daha ¢ok su
buharlagir. Daha ¢ok su buhari, daha ¢ok 1s1y1 hapseder...Ayn1 kisirdongiiyii buzullarin
erimesi ve ormanlarin yok edilmesi agisindan nasil agiklayabiliriz?
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Diinyamiz neden 1sin1yor?

Sanayilesme sonrasi hava kirliligi ve dogal felaketler artmistir bu yiizden bilim insanlar
dogal dengenin bozulmasindan endiselenmeye baglamistir.

Bu endiselere sahip olan Joseph Fourier 1824 yilinda kirlilikten atmosferin radyasyonu
(1s1ma) verimli bir sekilde uzaya yansitmadigini ve yiizey sicakliginin arttigini iddia etse
de ispat edemedi. Fizik¢i Claude Pouillet de su buhar1 (H20 )ve karbondioksitin (CO2)
radyasyonu emip atmosferi 1sitabilecegini One siirdii, ancak bu gazlarin termal
radyasyondan 1s1y1 sogurduguna dair deneysel bir kanit ortaya atamadi.

1896'da Svante Arrhenius, atmosferdeki karbondioksit (CO2) ve su buharinin (H20)
fotonlar1 (gilines 1sinlarini) 6nemli 6l¢lide sogurma ve gecici olarak tutma giiciine sahip
oldugunu ve bunu yerkiirenin ortalama sicaklifinda 5-6 °C artisa sebep oldugunu
hesapladi.

1960'da Charles David Keeling daha 6nceki yillarda yaptig1 atmosferdeki karbondioksit
(CO2) konsantrasyonu ol¢iimlerini grafik haline getirerek atmosferdeki CO2’nin aslinda
yiikseldigini gosterdi. Bugiine kadar devam eden bu hesaplama her yil CO:2
konsantrasyonun arttigini ispat etmektedir. Daha sonra Manabe ve Wetherall, CO2
artisinin diinya yiizeyindeki sicakligi artirdigini iddia etti. Hipotezini test etmek i¢in {i¢
boyutlu bir kiiresel iklim modeli gelistirdiler. Sonug¢ olarak modelin atmosferindeki
CO2'in ikiye katlanmasi, kiiresel sicaklikta ortalama 2°C'lik bir artig sagladi. 2014 IPCC
raporlarina gore ortalama kiiresel sicaklik son 100 yilda 0.8°C artmustir. Bu artigin ylizde
%75’1 son otuz yilda ortaya ¢ikmigtir. Bu rapora gore bu yiizyilin sonuna kadar sicaklikta
2-4.5 derecelik artis olasiligi vardir. Sanayilesmeden 6nce karbondioksit konsantrasyonu
280 ppm iken bu oran 2013’de 396 ppm diizeyine ¢ikmistir ve bu seviye yiikselmeye
devam etmektedir.

1985'te Ramanathan ve digerleri su buhar1 (H20), metan (CHa4) ve diger gazlarla birlikte
kloroflorokarbonlarin (CFC) da kiiresel sicaklik {izerine etkisini olduguna inaniyordu. Bu
yonde tasarladiklar1 iklimsel modellerde bu sera gazlarinin artiglarin 6nemli bir iklim
etkisine sahip olabilecegini gosterdiler.

Iklim modelleri ve deneyler sunu gdstermistir. Diinya atmosferine ulasan fotonlarmn
(glines 1sinlarimin) yaklasik yarisi atmosferden geriye yansir. Geriye kalan kismi
atmosferi gecerek yerkiireyi 1sitir. Isinan yerkiire 1s1y1r tekrar atmosfere yansitir.
Atmosfer, yansitilan gezegensel radyasyonun etkili bir sogurucu sudur. Atmosferde
bulunan metan (CHa), kloroflorokarbon (CFC), azotdioksit (N20), karbondioksit (COz)
ve su buhar1 (H20) gibi sera gazlari molekiilleri arasindaki baglarinin yaptig: biikiilme ve
gerilme hareketleri ile radyasyonun %90’1n1 sogurur. Titresim ve Steleme hareketi yapan
gaz tanecikleri 1s1y1 151ma yoluyla her yone yansitir bu yiizden tiim bu sera gazlari yerkiire
ve havanin 1sinmasini saglar. Bu bir geribesleme olarak devam eder. Isinan atmosfer ve
su buhar1 (sera gazi) arasindaki birbirini etkileyen siireci nasil agiklayabilirsiniz? Isinan
yerylizii, atmosfer ve su buhar1 (sera gazi) arasindaki birbirini tetikleyen siireci nasil
aciklayabilirsiniz? Ormanlarin yok edilmesi ile kiiresel 1sinma arasindaki iliskiyi nasil
aciklayabilirsiniz? Bulutlarin yakin ve uzak olmasi ile kiiresel 1sinma arasinda nasil bir
iliski vardir.
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HANDBOOK ON MULTIMODAL REPRESENTATIONS

Yaz ici ve
Gorsel-Yazi Arasi
Anlamsal iliskiler

OGRETMENIN EL KITABI

Bo6liim 1: Yazi i¢ci Anlamsal iligkiler

az1 ici anlamsal iligkileri tasarlarken iki temel
noktaya odaklanirz.

Birincisi, semantik yani anlamsal olarak metinleri
amacimiza goére daha giiclii veya zayif (semantically
considerate or not) hale getiririz.

Ikincisi, epistemik yani bilgisel olarak metinleri daha
yogunlastinlmis ya da sade (epistemically considerate or not)
hale getiririz.

Bu amaclara uygun olarak yaz ici toplam 8 farktan
bahsedebiliriz.

1. Baghklar
1.1. Bashk bilgi verici ve odak noktasidir.

Ornegin: Pankreas, Insiilin ve Glukagon, Kiiresel Isinma,
Agilar

1.2. Baglik sorgulaticidir, okuyucuyu metne dahil eder.
Ornegin: Pankreas Kan Sekerini Nasil Kontrol Eder? Insiilin

ve Glukagon Arasinda Nasil Bir lligki Vardir? Diinyamiz
Neden Ismiyor? Asilar Nasil Elde Edilir?

DFL PROJECT

Bu el kitaby, sizlere yazi ici ve vazi-gorsel arasi
anlamsal iliskileri tasarlamada rehberlik
etmeyi hedeflemektedir. Bundan sonraki
calismalarimizda yazi-gorsel arasi anlamsal
iligkileri tasarlarken yaz i¢i anlamsal iliskileri
de dahil etmemiz gerekmektedir.

Proje Ekibi

Yildiz Teknik Universitesi

2. icerik

2.1. lcerik bilgi verici, tamimlayici ve otoriterdir.
Bilimsel siirecten ve nitel-nicel veriden bahsetmez.

Ornegin: Pankreasin nerede oldugundan ve viicuttaki ne
gorev yaptigindan direk bahseder. Bilen metindir ve ikna
etmekle ugrasmaz.

Diyabetten ve neden olduguyla ilgili aciklama yapar.

Diyabet ve Vicutta Insdlin Kullanim:

|
Diyabet, milyonlarca insan: etkileyen bir duramdur. Seker hastas olan kisilerde ya yeterli
instlin Oretmeyen bir pankreas vardir ya da vucut hucrelen insalin: duzgtn kullanamaz. Soaug
“Mwh—mmmmmn&—tﬂ ‘
salgilayabilir. Aslinda, ytzlerce yil once, yeker hastaligs olan insanlar tath kokulu

Kiiresel 1sinmadan sera etkisi nedeniyle diinyanin
sicakhgimn artmas: diyerek bir tanim yapar.

Asilann bazi aminoasitlerden
ve zayiflatilmis mikroplar
icerdigini anlatir.
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2.2. fkna edici, iddialar1 gerekgelerle aciklayicidir.
Bilimsel siirecten bahseder ve nitel-nicel veri icerir.

Ornegin: Bilim insanlarinmn siireg icerisinde insiilin, kiiresel
1sinma ve asilarla ilgili gozlemlerini, arastirma sorularini,
hipotezlerini ve nitel-nicel verilerini ortaya koyar.

¥
e

Hibcrelern iglevini etkileyen kiicuk bir molekul olan bir

¢ i ioksit (CO,) ve su buhannimn (H,0)
1) Snemli dlglide sofurma ve gegici olarak tutma giiciine sahip
ortalama sicakliginda 5-6 °C artiga sebep oldugunu hesaplads.

N 3 ‘ T "Lk hstolt geiter rmdiada
ooy bilin son Edusrd Jonet, 57 < :
1#% ‘T\wm;ﬁaﬂ Kiglan 84l gigk hoslalgoa gekolsamstiy Tzridﬁ
digr Giek hastalg! genn bie ke cougumn § iabindsn abig) Wi

6y,$"'r‘b‘j e c-ué\l’l g ll‘ljl’ﬂ( - B aire sevvq il ek

< bbglaldipn, ok bork obemah e lisma 7511

sl o R

4, Orneklerle agiklayici hale getirilir.
Ornegin:

Bu hem sicakkanh hem de sogukkanh hayvanlar icin
gecerlidir.

Vs
Bu sistem hem sicakkanh olan kuslar ve memeliler hem de

sogukkanh olan siiriingenler, amfibiler ve baliklar icin
gecerlidir.

Bu dogal siire¢ artan insan faaliyetleri yiiziinden
bozulmaktadir.

Vs

Bu dogal sfire¢c hava kirliligi, fosil vakitlarm yakilmasi,
ormanlarm vok edilmesi gibi insan faaliyetleri yiiziinden
bozulmaktadir.

Seralara giren giines 15181 ortamn sicakhigim ve 1s1sim artrr.
Vs

Seralara giren giines 151g1 ortamin sicakhigini ve 1sisim artirr.
Daha Kkiiciik &lcekte, giinesli bir giinde camlar kapah bir
aracin nasil isirdigim diistiniin.
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3. Belirsiz zamirler, anlamin kolaylasmasi i¢in isimlerle
degistirilir.

8 yasindaki bir cocugun viicuduna enjekte etti. Bir siire
sonra bu viriis ¢ocuga bulastinldiginda, hasta olmamsti.

8 yasindaki bir cocugun viicuduna cicek viriisii asisim
enjekte etti. Bir siire sonra cicek viriisii cocuga
bulastirldiginda, cocuk hasta olmamusti.

5. Fikirler arasi iliskileri belirtmek icin baglac
kullamm yapilir.

Bu her zaman boyle degildir. Bazilan drnegin ks uykusuna
yatanlar sicakhklanmn ortam sicakligina yakin olmasina izin
verir.

Vs

Bu her zaman béyle degildir ¢iinkii bazilarn érnegin ks
uykusuna yatanlar sicakliklarimin ortam sicakligma yakin
olmasina izin verir.

Cam duvarlar giinesin 1sismm yakalar. Bu seramn icindeki
bitkileri soguk gecelerde bile sicak tutarak biiyiime ve
gelismelerini saglar.

Vs
Cam duvarlan glinesin 1sisiu yakalar bu yiizden soguk

gecelerde bile biiylime ve gelismelerini saglayacak ortam
olusturur.



6. Argiiman ortiismesi icin kelime ekleme veya
degistirme yapilir. Kapal sozdizimi acik hale getirilir.

Dolasim sistemi, 1sinn viicutta dagihmdan sorumludur.

Vs

Dolagim sistemi, 1s1y1 hayvamn viicudundaki kan damarlar
yolu ile dagtir.

Sera gazlan diinyadaki 1sinin atmosferden uzaya kacmasim
engelleyerek diinyamizi yasanabilir hale getirir.

Vs

Sera gazlar atmosferdeki 1s1y1 yakalayan bir battanive islevi
gorerek yalitim yapar ve diinyanin ortalama sicaklhigim
yaganabilir seviyede tutar.

Aym patojenler mutasyon gegirirse bagisiklik nasil
gerceklesir?

Vs

Aym patojenler DNA ve RNA'larinda geri déniisii olmayan bir
degisiklik vani mutasyon gecirirlerse bagisikhk nasil

gerceklesir?

8. Vurgulamalar farkh renkte, italik veya bdldiim
olarak yapilir.

Ornegin:

Olmiis organik yapilarm aynstinclar tarafindan inorganik
yapilar haline getirilmesine ayrisma denir.

Artan sera gazi miktan emilen 1s1 oramm artrdigindan
yerkiire ve atmosferin her gecen giin sicakhg artmaktadir ve
bu olay da kiiresel 1sinma olarak adlandirilr.
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7. Bilimsel dil, giindelik dille desteklenir.

Canlilar metabolizma faaliyetlerini siirdiirmek icin enerjiye
ihtiya¢ duyarlar.

Vs

Canhlar metabolizma (yasamsal) faaliyetlerini siirdiirmek
icin enerjiye ihtiyac duyarlar.

Sera gazlar, giinesten gelen radyasyonu soguran gazlardir.
Seramn cam ya da ceperleri fotonlarn gegmesine izin verir.

Vs

Sera gazlar, glinesten gelen radyasyonu (isima) soguran
(emen) gazlardir. Seramin cam va da geperleri (duvarlar)
fotonlarin (giines 1sinlarmim) gecmesine izin verir.

Aym patojenler mutasyon gegirirse bagisiklik nasil
gerceklesir?

Vs

Aym patojenler (mikroplar) mutasyon (degisim) gecirirse
bagsiklik (direnc) nasil gerceklesir?

Boliim 2: Gorsel- Yazi1 Arasi1 Anlamsal
iliskiler

orsel-Yazi aras1 anlamsal iliskilerini tasarlarken
metinle okuyucu arasinda:

1. interaktifligi,

2. metni okuyamn benzerlik ve farkhliklan
farkedebilmesini,

3. metni sorgulamasimi,

4. siireci takip edebilmesini,

5. drnekleri grmesini,

6. dikkatini cekmesini,

7. ogrenmeyi pekistirmesini hedefleriz.

Bunlarla beraber, metni okuyan kisinin bilissel seviyesini
dikkate alnz.

Tiim bunlan diisiindtigtimtizde yazi ile gorsel arasmda
basitten gelismise dogru sekiz anlamsal iliski kurabiliriz.



1. Dekoratif Anlamsal iliski

Bu tip anlamsal iliskide yaz ile gorsel arasinda ¢ok ¢ok az bir
anlamsal iliski vardir ya da hi¢ yoktur. Dikkat ¢ekmek icin
kullamlabilir.

Ornegin:

Yaz i¢ salg1 bezlerini
ogretmekten bahsederken
orada sadece bir mercek
gorseli bulunmaktadir.

Kiiresel Isinma

Gorsel yaziya cok zayif bir sekilde
atf yapmaktadir.

o /AY Sv/ar‘ =

As1 gorseli, asilarn nasil ¢
calist ile ilgili bir anlam Nasi| g‘a s
tasimamaktadir ‘

Dekoratif anlamsal iliski kotii bir iliski anlamma gelmez.
Dikkat ¢ekmek icin kullamlabilecek bir anlamsal iligki olarak
kullamlabilir..

3. Yansitict Anlamsal fliski

Bu tip anlamsal iliskide yazi ile gorsel birbirini anlam olarak
birebir yansitir. Yazi ne diyorsa gorsel de onu ifade eder, ya
da tam tersi. Anlami pekistirmede faydahidir.

Yazi ve gorsel aym seyi ifade
eder tekrarlar.

Serammn yapisl, 18181

mmmmu-ﬂdzn:
: < o
gecirmesi ve e "’"‘7'7..»'.?':‘1"'
hapsetmesi goTsel Ve s s rariebicann
Dirikeen sever bir bOIOMNG de
yazida tekrar ifade o
edilmistir. 1

B hiicreleri ve tiretilip génderilen
antikorlar birebir
yansitilmaktadir.

2. Orneklem Anlam iliskisi

Bu tip anlamsal iliskide yaz1 ve gorsel birbirine sadece i¢cinde
barindirdign bir béliime dair atifta bulunur.

Ornegin gorsel burada sadece
tiroit bezinin yerini
gostermektedir. Tiroksin
hormonundan ve minerallerden
bahsetmemektedir.

Gorsel burada sadece
ormanlarin yok edilmesine
atifta bulunmaktadr.

_B

Burada gorsel sadece S
hafizaya kaydedilen g
antijenleri isaret i v ot
etmektedir. e
h  Igin hafizaya kaydeder.

Buradaki iliskilerin tam tersi de olusturulabilir. Yani gorsel
yazimn degil de, yazi gorselin bir kismina atifta bulunabilir.

4. Aciklayict Anlamsal iliski

Yazi ve gorsel birbirini alternatif modla ifade eder. Yaz1 veya
gorseldeki anlam aym genellik diizeyiyle yeniden ifade edilir.
Anlam pekistirilmesi saglanir.

Sindirim sistemi faaliyetleri
azahr anlam, uyuyan bir
mide ile azalan oklarla tekrar
ifade edilmis. Glikozun
doniistiiriilmesi de yine
sembolle ifade edilmistir.

Karbondioksit seviyesi hiz ibresi
ile, sicakligin artmasi da degisen
yiizlerde bulunan emojilerle
yeniden agiklanmustir.

Kaydetme ifadesi kamera
kadrajinda gibi REC ifadesi ile
bilgilendirme de sinyal ifadesi

ile yeniden agiklanmistir.

Burada yansitici anlamsal iliski
de vardir. Gordiigtimiiz gibi
birden fazla anlamsal iliski bir
arada kullamlabilir.
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5. Karsilastirmal Anlamsal iliski

Bu tarz anlamsal iliskiler metni okuyanlarn benzerlikleri ve
farklihklarn anlamalarina yardimer olmak i¢in karsilastirma
ve zithk saglar. Bu da ogrencilerin bilgiler ve kavramlar
arasinda nasl iliski kurulacagim anlamalarim gelistirir.

Saglikl, tip 1 ve tip 2 diyabetin
benzerlikleri ve farkhliklarim karsilastirma

imkam sunmustur. Aym zamanda siire¢
halinde gosterildiginden bir sonraki
anlamsal iligki olan organizasyonel
anlamsal fliski de saglanmistir. Insiilin ve
sekerin sembollestirilip baska modla
gosterilmesi de agiklayic anlamsal iliski
salamistir.
Atmosferdeki sera gazindaki artis
ve bir seradaki cam sayisimn
artinldiginda neler olacaginin
karsilastinimas
karsilastirmah anlamsal iliski
kurulmustur. Aym zamanda
gazlarin artmasi farkh modla
gosterildiginden agiklayic anlamsal
liski kurulmustur.

Hangi yollarla asimin elde edildigi

farkh gorsel ve yazlarla gercek viriis
finda ifade edilerek karsilastirmah
anlamsal iliski kurulmustur.

7. Artirilmis Anlamsal iliski

Gorsel ve yazi birbirini benzetimlerle ve modellemelerle
gercege yaklastirir. Birbirlerinin gerceklik seviyesini artirir.

Insiilinin glikoz kanahm acan bir anahtar gibi
betimlenmesi artinlms anlamsal fliski
sagilamistir. Bununla beraber siire¢ icerisinde
anlatmas ve siirecin bir kismin yazinin bir
kismini da gorselin anlatmas: organizasyonel

iligki kur . Yine
soruyla baglamak kismi bir yorumsal anlamsal

fliski olusturmugtur. Kismi dememizin
sebebi sorunun cevabini metnin vermesidir.

Sera gazlan gercefie uygun
modellenerek gercekligi artinlmustir.
Aym zamanda iki durumun

k 1l imkan
kargilastirmah anlamsal iliski elde
edilmistir.. Yazinin siirecin bir kismimm
gorselin de bir kismuni anlatmasi,
gorselle yazimin ortaklasa anlam
kurdugu organizasyonel anlam iliskisi
de olugturmustur.

Viriislerin betimleme ve modellemesi

yapilms gercekligi artmlmistr.
Anahtar kilit modellemesi de
yapilmstir. Bununla beraber gorselle
yaz arasmda tam yorumsal anlamsal
iliski vardir ¢iinkii nedensel bagin

kurulmasim yazi-gorsel birlikte

istemistir, ikisinden biri (yaz-gorsel)
soruyu cevaplamamstir.
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6. Organizasyonel Anlamsal fliski

Biitlinlesik yazi ve metin, konu veya kavrami bir siireg
icerisinde anlatir. Anlam, yaz ve gorsel arasinda paylasihir.
Yazi stirecin bi kismuni gorsel de bir kisnum anlatarak
anlamsal iliski tamamlanir.

Insiilin, glukagon ve kan sekeri arasindaki
iligki bir siire¢ bir icinde ifade edilerek
organizasyonel anlamsal iliski kurulmustur.
Aym zamanda insiilin, glukagon ve seker
farkh modlarla gésterilerek agiklayici
anlamsal iliski kurulmustur.

Kiiresel 1sinma olay bir siire¢

icerisinde ifade edilmistir.

Diger hucreler

K bilglervii.
Q- B hicreleni viruglerle L “
igibig toloyarck < ¢, ¢

kaydeder. -
Virag bu halde 1. Oneelike viroe
vnmdaevyek(e\l /zagnﬂahigada&:ha’e
adlllr I qetirilir

Anlam gireg halinde anlatimgtr

8. Yorumsal Anlamsal iliski

Ogrencilerin yaz1 ve gorsel arasinda iliski ve nedensellik
kurmasim saglar. Sorgulaticidir. Kendini hemen ele vermez,
okuyucuya metni anlamast icin meydan okur.

Insiilin, glukagon, achik ve tokluk
durumu arasinda nedensel bir bag

kurmast icin okuyuncaya meydan
okuyan bir metin tasarlanmistir.
hsﬂllnmveyaglulmpnunbﬂyukldlcﬂk
Ill;ldylrnenﬂnolmylmsundan
beklemektedir. Ne yazi ne de gorsel tiim
anlam verir. Hepsine bakilarak
ogrencinin kendisinin anlamsal iliski
kurmasim bekler. Aym zamanda
3 alli fle modell
de artinimus anlamsal iliski saglamstir.
Burada yazi-gorsel metni okuyandan
karbondioksitle nedensel bag kurup
soruy'ucevaplandxrmasm
hal ktedir. Yorumsal anl
iligki kurulmustur. Aym zamanda
kismi bir organizasyonel iligki vardir.
OKklarla bir siire¢ anlanlmistir ama
ne yaz da ne de gorsel siirecin bir
kismim ne de digeri bir kisnum
anlatarak birbirini
tamamlamamugtir.



Mutasyon siireci, B hiicrelerinin
antikor gindermesi, antikor-antijen
eslesmesi gibi olaylar arasinda soruyla
beraber nedensel iliski kurarak
yvorumsal anlamsal iliski kurulmustur.

Bir metin icerisinde yazi ile girsel arasinda birden fazla
anlamsal iliski kurulabilir. Burada size anlatilan anlamsal
iliskiler basitten gelismise (hatirlamaktan, analiz, sentez,
tasarima kadar) bilissel seviyeye gére siralanmistir. Ustiin
yetenekli 6grencilerle birlikte calisngimizdan yaz ici ve yazi
gorsel arasinda interaktifligi, sorgulaticigl ve tartisma
ortamm yaratacak anlamsal iligkileri dikkate almak onlarnn
yaraticiigim ve elestirel diisiinme becerilerini gelistirecektir.

Birden fazla anlamsal iliskiyi kullanmak bu yetenekleri
gelistirmede ve metni okuyanlarin o kavramm zihinlerinde
tasarlamasinda (canlandirmasinda ve ogrenmesinde) daha
cok yardima ve giiclendirici olacakar. Aym zamanda giicli
ve biitiinlesik anlamsal iliskiler metni okuyanlara daha cok
soru sorduracak ve cevabmn pesinden gitmek icin onlan
tesvik edecektir.

Bundan sonraki tasarim akfivitelerinde yazi-gorsel arasi
anlamsal iliskileri tasarlarken bir énceki yaz ici anlamsal
iliskileri de dikkate almamiz gerekmektedir. Boylelikle daha
giiclii ve biitiinlesik tasarimlar elde edebiliriz.
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