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Chapter 1: Introduction  

 

 The Next Generation Science Standards, as well as the current Common Core 

Standards for literacy in science, focus on reading and writing to communicate ideas through 

scientific practices that promote college and career readiness.  Writing in science is 

conceptualized as a process that develops reasoning, inducts students into the discourse of 

science, and promotes personal meaning making in relation to scientific explanations (Hand, 

Prain & Yore, 1999).  Traditional understandings of science literacy have a tendency to delude 

science teachers towards a focus on vocabulary acquisition, laboratory reports, and 

unintentionally on factual memorization.  In order to engage teachers and students in the true 

practice of constructing knowledge through scientific practices, a multi-modal learning 

environment needs to be established (Moreno & Mayer, 2007).  According to Moreno & Mayer 

(2007) the challenge lies in the development of multi-modal interactive presentations that 

encourages the learners need to be cognitively active.  This is also supported in Greeno (1997) 

who makes the claim that representations should be constructed with certain purposes and 

learning outcomes in mind. Several research papers (Duit & Treagust, 2003, Gilbert, Bulte & 

Pilot, 2011, Mayer, Heiser & Lonn, 2001) have identified scientific and cognitive process skills 

that are necessary towards achieving scientific literacy demands.  Duit & Treagust (2003) 

suggested the following five scientific processes as noteworthy skills that should be afforded to 

learners; (1) recognizing scientifically investigable questions; (2) identifying evidence needed; 

(3) drawing and evaluating conclusions; (4) communicating valid conclusions; and (5) 

demonstrating understanding of science concepts. Duit & Treagust (2003) also identified three 

areas of cross-content competencies; (1) self-regulated learning, (2) ability to solve problems, 

and (3) communicating and cooperation.  Embedding writing strategies into the science 

classroom can be an effective pathway for promoting learner self-reflection and stimulating 

cognitive progressions in science classrooms. Prain (2006, p 193). suggests that:  

 

ñsecondary students need to be able to understand, translate, and integrate these 

representations as part of learning the nature of science and scientific inquiry, and its 

languages of representation. By implication, this view of the multiple representational 

languages of science (visual, verbal, and mathematical) suggests a modified role for 

written language in the learning process.  From this perspective written explanation is 

seen as only one mode for conceptualization, and increased emphasis might be given to 

integrating modes or focusing on non-verbal modes.ò 

 

In line with other research (Carolan, Prain & Waldrip, 2008, 2010), Schnotz (2002) identifies 

various visual-spatial representational modes that engage students in task appropriate cognitive 

activity. Learning outcomes from the merging of visual modes into textual representations are 

dependent ñon the relation between these displays and the task demands and on the learnerôs 

prior knowledge and cognitive abilities (Schnotz, 2002, p. 114). 

The implementation of scientific literacy through writing in science can be enhanced through 

the incorporation of multi-modal note-taking skills, as well as the opportunities for a rich variety 

of communicative modes of writing within science lectures. The product of this project will be 

six guided note packets and corresponding PowerPoint presentations that aim to deliver the NYS 

Physical Setting/Earth Science Core Curriculum through the strategic placement of content, 

writing prompts, visualizations and multi-modal tasks.  Similar to the NYS Earth Science Core 



 

 

Curriculum, the Guided Note Presentations (GNP) have been developed with the understanding 

that several different sequences can be employed when applying the NYS Earth Science Core 

Curriculum within the classroom. As some educators may have a preferred sequence, each note 

packet is isolated and should be aligned with other units of study as the classroom teacher sees 

fit.  Time constraints urge for a non-linear approach to a curriculum that is linear in organization.  

The GNP pairs the traditional usefulness of linear note-taking and non-linear note-taking habits, 

by utilizing an outline pattern for the organization of epistemic and descriptive content and 

providing templates for depictive and reflective tasks throughout.  Examples of non-linear 

strategies include; concept mapping, diagrams, illustrations and writing prompts. The strategy of 

each task has been selected to create the most effective platform for visual, audio, kinesthetic, 

and communicative learners. The selected strategies focus on students fostering their own 

scientific literacy and communicative skills in a scientific setting.   

 

Significance of Problem 

 

After reviewing current research findings on embedding multi-modal representations into 

science content and curricula the benefits of this methodology far outnumbered the negative 

effects. Benefits of multi-modal incorporation was researched and affirmed by Atilla, Günel & 

Büyükkasap, (2010,) Gunel, Hand & Gundtz, (2006,) and Adadan, Irving & Trundle, (2009.) 

Each of these research projects resulted in an increase in learning outcome scores and student 

ability to communicate scientific ideas through the implementation of multi-modal representation 

tasks. The implementation of scientific literacy through writing in science can be enhanced 

through the incorporation of multi-modal note-taking skills, as well as the opportunities for a rich 

variety of communicative modes of writing within science lectures.  

 

Project Design 
 

 This project is designed to be a collection of PowerPoint Presentation based guided 

note-packets that incorporate science literacy through writing in science practices as well 

as provide opportunities for students to represent their understanding through multi-

modal communication activities.  The project will be a collection of six guided note packets 

for each of the general topics with the NYS Earth Science Standards, created with 

Microsoft office programs, as well as their accompanying PowerPoint presentation.   A 

fundamental teacher focused aspect of this project is the access to these products as well as 

the ability to edit as needed for their teaching style and classroom environment.  Each 

multi -modal opportunity afforded in the note-packets will be fully supported and described 

according to current research and practical methods, the Common Core Standards, and 

the Next Generation of Science Standards. 

 

Writing in Science representations will include: 

¶ Critical and creative questioning prompts 

¶ Lecture format variation  

¶ Analogies, Metaphors and Similes 

¶ Mnemonics 

Multi -modal representations will include 



 

 

¶ Student drawn illustrations of mental images 

¶ Mind mapping of ideas and experiences 

¶ Graphic Organizers for review  

¶ Graphic animations from classzone.com within the power point 

 

Monitoring of cognitive processes and assessment of student understanding will be 

achieved through class discussion and consensus of scientific ideas, accompanied by verbal 

and written feedback from the teacher.  The intent is for there to be multiple opportunities 

for students to experience several different ways of representing and communicating the 

nature of science through written and illustrative methods.  

 

Rationale 

 

Time constraints within the Earth Science curriculum and deficient student processing 

and note taking skills have created a need for me to create a cooperative collection of note-

packets to guide students in identifying important concepts.  I have been an Earth Science 

teacher for 7 years in an urban school district and have had a wide range of student abilities 

within my science classroom.  The benefits that guided notes afford regular education studentsô 

is minimized by the advantages that special education students can experience.  Students with 

disabilities that impede their progress in the classroom can benefit from guided notes as they 

tend to satisfy the concern for cognitive overload.  A fundamental affordance that these multi-

modal representations allow for is the placement of certain representational and writing tasks as 

concept review.  Research available in my literature review will show positive gains in learning 

outcomes as well as an increase in social grading systems.  These positive outcomes can be 

caused by an increase in student engagement and metacognition skills necessary for task 

completion.  Another significant aspect of these multi-modal representations and their 

incorporation into a writing intensive and cumulative note-taking guide is the opportunity for 

students to edit, assess, and revise their representations based on class communication and 

scientific consensus.  The constructivist approach to knowledge acquisition is dependent on the 

ability of the reader to build upon prior understanding, creating mental models of student 

understanding is an excellent way to illustrate misconceptions that might otherwise stay hidden 

in a verbal representation of prior knowledge.  Through the revision and discussion of 

representative models used in the note-packet, students will be required to identify areas of 

cognitive change which may encourage students to monitor their own thoughts and 

understandings within other activities in the science classroom.  
 

Chapter 2:  Literature Review 

 

Abstract  The significance of this literature review is to examine the current beliefs and 

practices that bring scientific literacy into the classroom through writing in science and multi-

modal representations.  Areas of student intellectual abilities and cognitive processing skills are 

also examined.  Through this review of the educational research, a pattern of significance 

immerged that supports the implementation of multi-modal guided note-packets in the science 

classroom.  After a thorough review of the research findings, this paper will highlight the 



 

 

beneficial, and sometimes adversarial, effects of using multi-modal representation in enhancing 

and exploring scientific literacy and practice, while acquiring note-taking skills. 
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Introduction 

 

The Next Generation Science Standards, as well as the current Common Core Standards 

for literacy in science, focus on reading and writing to communicate ideas through scientific 

practices that promote college and career readiness.  Writing in science is conceptualized as a 

process that develops reasoning, inducts students into the discourse of science, and promotes 

personal meaning making in relation to scientific explanations (Hand, Prain & Yore, 1999).  

Traditional understandings of science literacy have a tendency to delude science teachers 

towards a focus on vocabulary acquisition, laboratory reports, and unintentionally on factual 

memorization.  In order to engage teachers and students in the true practice of constructing 

knowledge through scientific practices, a multi -modal learning environment needs to be 

established (Moreno & Mayer, 2007).  According to Moreno & Mayer (2007) the challenge lies 

in the development of multi-modal interactive presentations that encourages the learners need to 

be cognitively active.  This is also supported in Greeno (1997) who makes the claim that 

representations should be constructed with certain purposes and learning outcomes in mind. 

Several research papers (Duit & Treagust, 2003, Gilbert, Bulte & Pilot, 2011, Mayer, Heiser & 

Lonn, 2001) have identified scientific and cognitive process skills that are necessary towards 

achieving scientific literacy demands.  Duit & Treagust (2003) suggested the following five 

scientific processes as noteworthy skills that should be afforded to learners; (1) recognizing 

scientifically investigable questions; (2) identifying evidence needed; (3) drawing and evaluating 

conclusions; (4) communicating valid conclusions; and (5) demonstrating understanding of 

science concepts. Duit & Treagust (2003) also identified three areas of cross-content 

competencies; (1) self-regulated learning, (2) ability to solve problems, and (3) communicating 

and cooperation.  Embedding writing strategies into the science classroom can be an effective 
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pathway for promoting learner self-reflection and stimulating cognitive progressions in science 

classrooms. Prain (2006, p 193). suggests that:  

ñsecondary students need to be able to understand, translate, and integrate these 

representations as part of learning the nature of science and scientific inquiry, and its 

languages of representation. By implication, this view of the multiple representational 

languages of science (visual, verbal, and mathematical) suggests a modified role for 

written language in the learning process.  From this perspective written explanation is 

seen as only one mode for conceptualization, and increased emphasis might be given to 

integrating modes or focusing on non-verbal modes.ò 

 

In line with other research (Carolan, Prain & Waldrip, 2008, 2010), Schnotz (2002) identifies 

various visual-spatial representational modes that engage students in task appropriate cognitive 

activity. Learning outcomes from the merging of visual modes into textual representations are 

dependent ñon the relation between these displays and the task demands and on the learnerôs 

prior knowledge and cognitive abilities (Schnotz, 2002, p. 114). 

The implementation of scientific literacy through writing in science can be enhanced through 

the incorporation of multi-modal note-taking skills, as well as the opportunities for a rich variety 

of communicative modes of writing within science lectures. The product of this project will be 

six guided note packets and corresponding PowerPoint presentations that aim to deliver the NYS 

Physical Setting/Earth Science Core Curriculum through the strategic placement of content, 

writing prompts, visualizations and multi-modal tasks.  Similar to the NYS Earth Science Core 

Curriculum, the Guided Note Presentations (GNP) have been developed with the understanding 

that several different sequences can be employed when applying the NYS Earth Science Core 

Curriculum within the classroom. As some educators may have a preferred sequence, each note 

packet is isolated and should be aligned with other units of study as the classroom teacher sees 

fit.  Time constraints urge for a non-linear approach to a curriculum that is linear in organization.  



 

3 

 

The GNP pairs the traditional usefulness of linear note-taking and non-linear note-taking habits, 

by utilizing an outline pattern for the organization of epistemic and descriptive content and 

providing templates for depictive and reflective tasks throughout.  Examples of non-linear 

strategies include; concept mapping, diagrams, illustrations and writing prompts. The strategy of 

each task has been selected to create the most effective platform for visual, audio, kinesthetic, 

and communicative learners. The selected strategies focus on students fostering their own 

scientific literacy and communicative skills in a scientific setting.   

 

Writing in Science  

 Frameworks for instruction are adopted through various standards delineated by state and 

federal departments of education.  Traditional frameworks for creating scientific literacy through 

writing in science; depicts a student writing reports, recording data, and providing written 

analysis for assessment. In a more contemporary approach to writing in science, the promotion of 

student abilities to be cognitive of their habits of mind as they acquire knowledge and are 

exposed to new ideas is essential.  Guided notes provide a platform to explore ways that 

alternative writing tasks can foster the foundations of contemporary frameworks within the 

science classroom.  The GNP will provide a visual map and allow students to follow and monitor 

their own thinking processes and learning. 

ñScience literacy cannot be viewed as stacked facts, skills and attitudes but rather as interacting 

related dimensions of abilities, habits of mind, knowledge and communicationò (Hand, Prain and 

Yore 1999,  p.1032).   

 College and Career Readiness Anchor Standards, the underpinnings for the standards 

outlined in the Common Core Curriculum for grades 6-12, address the need for students to be 
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able to write for many purposes using various formats to be properly prepared for collegiate level 

performance.   As outlined in the common core; students at the secondary level should be 

afforded the following set of communicative purposes within each grade level; to persuade, 

explain, and convey experiences. The GNP are supported by the literacy standards set out by the 

Common Core as well as the foundations set forth in the preface of the NYS Earth Science 

Curriculum. ñIt is essential that instruction focus on student understanding and demonstration of 

the important relationships, processes, mechanisms, and application of concepts.ò (NYS Earth 

Science Curriculum, p.3) The GNP allows students to obtain, record, and evaluate the 

relationships of earth science concepts.  Students can reveal understanding and perception about 

new ideas and concepts throughout the GNP.  Multi-modal communicative tasks serve as an 

interface between textual/visual information and depictive/mental models.  Educators can use 

these tasks to assess student comprehension using formal and informal evaluation strategies. 

 Hand, Prain and Yore (1999), designed a unit for a Grade 11 Environmental Science 

class, to demonstrate the benefits of incorporating three different writing tasks which vary in 

type, purpose and audience.   The writing tasks were developed to encourage the development 

and exploration of all the dimensions of science literacy.  Dimensions of scientific literacy 

outlined within the unit include; the nature of science, ways of knowing, patterns of 

argumentation, reasoning, big ideas of science, communications, and evidence.  Hand, Prain and 

Yore (1999), used three phases of development (engage, explore, and consolidate) as a structure 

for fostering the written communication of scientific ideas.  These three phases provide 

opportunities for students to discuss prior knowledge, investigate new ideas, and collaboratively 

communicate their new understandings.  ñEach of these actions is designed to integrate new 

ideas into their prior knowledge network,ò (Hand, Prain and Yore 1999, p. 1028).  The writing 
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tasks provided in series within this unit included a newspaper article, class constructed concept 

maps and writing for peers assignment, respectively.   Although the writing tasks of this 

assignment utilizes a broader application for the practice of writing in science, then employed 

within the GNP, it demonstrates a successful framework for promoting each phase of 

development through different writing and communicative tasks.  The framework is designed to 

enhance the role of scientific literacy, while emphasizing a need for an interactive constructionist 

approach. An interactive constructionist approach employs an evaluative view of science and 

promotes knowledge building at the group level.     

 In another study, Prain (2006) identifies two approaches of current theoretical claims for 

research on writing for learning in science, epistemic and diversified.  The epistemic approach to 

writing for learning in science focuses on the necessity of learning the system of written 

scientific discourse in order for students to become scientifically literate. This approach 

presumes that the most effective way for students to learn through writing in science is to 

emulate the perceived report writing schemes of professional scientists. The diversified approach 

has pedagogical justifications as well as a secondary epistemic view of essential scientific 

literacy acquisition. The pedagogical justifications for a more diversified approach to writing in 

science is derived from the affordances of multi-modal communication that allow students to 

explore various purposes, types, and audiences for writing. Writing in this approach is regarded 

as a resource to enable learners to communicate science concepts using scientific method(s), and 

practices beyond the classroom.  ñStudents, in attaining scientific literacy, will be able to 

demonstrate these explanations, in their own words, exhibiting creative problem solving, 

reasoning, and informed decision makingò (NYS Earth Science Curriculum, p.3). 
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 The GNP employs a multi-modal framework of writing in science, with the embedding of 

reflectionary tasks that focus on the communication of scientific understanding. Student 

engagement and cognitive activity will increase through everyday language connections and 

communicative habits.  A multi-modal framework includes several different modes of 

representation that can be used to pursue learning in science. A multi-modal approach to writing 

for learning in science was employed in creating the GNP.  Diversified representations of 

scientific concepts are presented alongside opportunities for students to explore multi-modal 

tasks focused on improving scientific literacy and communication. The diversified writing 

approach, as applied in the GNP, provides conditions for teachers to foster functional student 

understanding, active engagement and communication.  

 Anthony, Tippett and Yore (2010) report the preliminary findings from years 1-3 of a 5 

year Pacific CRYSTAL Project. The Pacific Centres for Research in Youth Science Teaching 

and Learning (CRYSTAL) Project based in Canada consists of 15 projects focused around 

scientific literacy and the scientific community.  For years 1-3 of a particular project; 20 middle 

school science teachers attended 14 professional development sessions aimed to address 

scientific literacy and a studentôs ability to properly communicate their understanding of 

scientific ideas.  The projects approach to scientific literacy is a ñholistic view of language in 

science learning where text is the permanent representation of oral discourse and mental images 

and includes printed words, symbols, and visuals, acknowledging and integrative and interactive 

nature of science literacy and constructing understanding,ò (p. 47).  The results yielded by the 

three school districts that participated in the study showed an overall increase in both reading and 

writing assessment test scores as well as an upward mobility of students within the scoring 

category percentages.  Highlighted within the article was a particular aspect of the study which 
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involved creating brochures to aid in concept communication.  Several teachers who attended a 

professional development on brochure making in for the science classroom also implemented the 

strategy in their classroom.  The study results reported by Anthony, Tippett and Yore (2010), 

provide evidence that the writing tasks have enhanced instruction and assessment, integrated 

critical literacy strategies such as writing summaries, and combined visuals with print to 

encourage and emphasize communication to increase comprehension.   

 A broader affordance of the brochure project implementation was the flexibility of the 

task which allowed teachers the opportunity to ñadapt the activity to match their personal 

teaching approaches and at the same time accommodate the learning needs of a diverse group of 

students,ò (Anthony, Tippett and Yore 2010, p. 57). The flexibility of the brochure project is 

emulated within the GNP, each product is provided in the widely used Microsoft Word and 

PowerPoint programs. This will afford teachers the ability to modify and add strategies that are 

more appropriate in their individual classrooms. 

 

Benefits of guided notes  

 As a relatively new educator, in an urban school district, the necessity for efficient and 

engaging lecture material was apparent. Note packets created by one David Mills in 2000, 

provided the content with graphics.  However, access to these note packets was scarce and my 

teaching style and instructional path was overly influenced by the flow of the note packets.  To 

alleviate these uniquely notable obstacles and create a theoretically and research based product, 

the GNP was developed.  The GNP make it possible for teachers to employ various presentation 

and delivery techniques used to further increase the retention of information.  As students are 

more able to complete notes with fluency an educator may decide to include additional blanks.  
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This will foster the note-taking and dual audio  skills that are needed at the collegiate level. The 

GNP lends its usefulness to context-based learning strategies. In context-based learning, 

concepts are framed within a context and relationships between concepts are explored.  This 

method of context-based learning provides educators and students with the answer to the 

questions of; why should I learn this? (Gilbert, Blute & Pilot, 2001)  The pre-questioning 

strategies used in the GNP can be employed to drive further context development for scientific 

learning. 

 Blackwell and McLaughlin (2005) reviewed data-based research to explore the 

behavioral effects of guided notes and other strategies used to increase student response and 

engagement.  The study reviewed the use of guided notes, choral responding and response cards 

engagement strategies in various classroom environments.  The study concludes that guided 

notes, as well as alternative multi-modal tasks should be implemented in classroom to increase a 

studentôs likelihood to participate.  The instructional affordances provided by the use of the GNP 

in an Earth Science classroom progresses beyond increased student engagement and 

understanding.  

 The benefits that guided notes afford regular education studentsô is minimized by the 

advantages that special education students can experience.  In a study conducted by Lazarus 

(1991), the benefit of guided notes on the achievement of six secondary students with learning 

disabilities placed in a mainstream content course was explored.  The study group consisted of 

five male students and one female student, ranging in age from 16 years-17 years.  Reading and 

language assessment levels for the six students ranged from 9-2 years and 11-8 years of age, 

respectively.  Each student was enrolled in at least three integrated classrooms.  Lazarus found 

that guided notes, especially when followed up with a review of content, did increase scores, for 
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both general and special education students.  Students with disabilities that impede their progress 

in the classroom can benefit from guided notes as they tend to satisfy the concern for cognitive 

overload. 

 Heward (1994), defined guided notes as ñteacher prepared hand-outs that óguideô a 

student through a lecture with standard cues and prepared space in which to write the key facts, 

concepts, and/or relationships, as cited in Konrad, Joseph and Eveleigh (2009). Guided notes 

provide an opportunity to actively engage students in their learning and create a platform for 

class discussions and explorations.  In a meta-analytic review of guided notes, Konrad, Joseph 

and Eveleigh (2009), find that implementing guided notes in the classroom had a positive effect 

on content learning as well as note-taking accuracy.   A review, of short form verses long form 

guided note studies, showed that students prefer the short form format that allows for one to 

three words per blank on the note-sheet.  Long form would impose the task of writing four to 

eight words per blank on the note-sheet.  

 Metacognition skills necessary for written task completion can be fostered and developed 

at the group or individual level as the classroom teacher sees fit.  Note-taking tasks should be 

focused on translating scientific language into everyday communicative terms while monitoring 

and altering the cognitive processes that take place as studentsô communication habits and 

interpretations shift. The level of teacher modification available is what makes the GNP a unique 

product.  As teaching style, classroom dynamics and educational standards change so can the 

strategies and content within the GNP.  The use of guided notes increases student response in the 

classroom, as well as provide a summary of the lesson and aid in the development of note taking 

strategies (Blackwell & McLaughlin, 2005.)  It is imperative however, that the placement of 

depictive (visual) and descriptive (textual) modal opportunities as well as affordances provided 
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by the modes of representation, are implemented through effective and careful planning with a 

focus on student cognitive load and scientific practices.  The sole factor in student 

comprehension of depictive representation is student engagement in active cognitive processing.  

The linear aspect of the notes provide students with a trail of connected ideals with multi-modal 

representations embedded within to enrich recall, retention, and everyday communication.   

  

Student skill and Cognitive Ability   

 The GNP have been created to help teachers address various levels of student abilities 

and provide students with multi-modal communication outlets.  When students become more 

confident in their cognitive processing skills, they will also become more active in learning to 

construct and interpret representations.  The Common Core Standards state that students should 

be able to ñintegrate and evaluate content presented in diverse formats and media, including 

visually and quantitatively, as well as in wordsò (p. 60).  As students begin to recognize their 

own learning habits they can then relate the same habits to those used in the nature of science 

and scientific reasoning.  The advantages of using PowerPoint for a presentation interface 

includes its cognitively variable features; students have more opportunities to move between and 

evaluate representations as they observe.  PowerPoint presentations, as opposed to summative 

report writing, provide a more engaging and interactive methods of communication.  While 

summative writing is a helpful tool, it is important to include other modes of communication and 

representation.   

 Greeno (1997) discusses 3 ways students can communicated their ideas using 

representations during a LifeLine curriculum unit; 1) graphics and tables paired with narrative 

descriptions, 2) qualitative expectations about observed quantifiable relationships, and 3) explicit 
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description of model results and group consensus (p. 366).  The study resulted in positive 

feedback for using symbolic representation as opposed to technical representation.  Greeno 

(1997) indicates that technical written representation should be preserved as an end product, 

while symbolic representation is viewed as a way of expressing ones understanding and 

experience.  Students can learn to create their own multi-modal representations, increase the 

organization of their ideas and inferences and aid in the modification, evaluation, and revision of 

notes, thoughts and prior knowledge.  Pictorial comprehension, as opposed to textual 

representation, provides an opportunity for students to access higher order cognitive processes 

due to the immediate perspective imagery that occurs.  When creating this type of imagery or 

mental model the learner will select and sort information according to their prior knowledge, 

level of importance and conceptual relevancy.  Sematic processing is necessary for 

understanding a picture beyond the interpretive stages.  Processing must occur at schema 

development and reflection levels of cognition. The simultaneous graphic and spatial information 

provided by a pictorial representation allows the learner to construct and evaluate knowledge 

using the same inference and reference for cognitive growth.  Pictorial comprehension and 

representations can be developed and deliberated at an individual level that eventually leads to a 

group collaboration or consensus of the mental model. 

   Makany, Kemp and Dror (2009) found that non-linear note takers significantly 

outperformed those who use a traditional linear note taking model.  Guided notes allow students 

to reduce some of their cognitive load by providing them with a template for recording 

information.   Katayama (1997) found that partial notes are more effective then completely filled 

in notes in aiding students in the transfer of text to knowledge.  The transfer of knowledge 

afforded by partially guided note packets is beneficial to both student and teacher who can 
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become overwhelmed with the factual, evidentiary discourse that takes place during a science 

lecture.  Larson (2009), provides evidence that teacher productivity might increase if there was a 

product that combined the benefits of guided notes with the appeal of computer generated 

graphics presentations.  It was also found that skeletal notes, notes with text and blanks, 

significantly increase recall ability more than when students write their own notes or none at all.  

The effect of typeface and slide design was also examined in Larsonôs study.  No significant 

variation in student recall was attributed to the asthetics of the presentation. While creating the 

GNP, studentsô opinions were generated to adjust the visual appeal of each presentation design.  

 Boyle (2010) conducted a study on the note-taking skills of middle school students.  

Boyleôs study involved 90 students, consisting of 45/45 learning/non-learning disabled students 

with a 46/44, boy/girl configuration.  Students in the study watched a 19 minute video 

introducing plasma engines, students were allowed to take and study their notes before taking a 

10 point quiz on the video.  Boyle also conducted a 3 minute speed fluency test to determine a 

baseline for note quality comparison.  Quiz scores were evaluated to assess the students, as well 

as informal assessments of completion and student feedback of comprehension and format.  The 

study concluded that students with learning disabilities were less likely to pick up on cued and 

non-cued points, having the time to write less than the students that do not have learning 

disabilities.    It is important to note the abilities of all learners in the classroom when providing 

guided notes, in an inclusion classroom some students may need to be provided with more 

guidance than others. As the English Language Learner population increases; guided notes can 

provide task-focus variations. Differentiation provides ELL students an opportunity to absorb 

verbal information without the demanding cognitive tasks of listening/reading and writing 

simultaneously.  
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 Peverly et al. (2007), explore the cognitive processes that promote effective note-taking 

skills.  More specifically the study focuses on three cognitive processes that are related to quality 

note-taking; transcription fluency, verbal working memory and the ability to identify main ideas.  

Transcription fluency refers to a studentôs rate of written word production.  In general, slower 

transcription fluency is linked with subordinate monitoring of processing in working memory 

and more inaccuracies in the recall of information from working memory. Other factors that 

affect note-taking skills and content retention are the cognitive processes involving the verbal 

working memory.  The working memory is a construct of an individualôs reading, writing and 

verbal abilities.  Transcription fluency, working memory, and identifying main ideas are all 

cognitive skills that can be practiced and enriched through multi-modal communication 

embedded into guided notes. Notesô quality was the only independent variable to relate 

significantly with quality of written recall.  As studentsô progress and become aware of their 

cognitive processes, task proficiency, notesô quality and therefore content retention should 

improve. The GNP aims at enhancing student comprehension while decreasing the cognitive 

load associated with intensive writing note-taking tasks.  

 Note-taking is fundamentally a cognitive overload for students.  Guided notes can 

provide students and teachers with the opportunity to overcome classroom time constraints, 

while providing a measure for student perception and reflective communication using multi-

modal representations. These three affordances aid in reducing the cognitive load of each note 

taking session and develop a platform for student self-monitoring and awareness of cognitive 

load and ability.  For example a teacher presenting a lecture may decide to allow students a few 

moments to record missing blanks in their note-packets before beginning to speak or present a 

focus question to review the new information. Providing this time during the note-taking process 
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allows students to focus on less cognitive demands at once and provides them an opportunity to 

evaluate the new ideas based on their previous understandings.   

 Stenning and Gresalfi (2006) conducted a study aimed at observing the reasoning 

processes applied while students learn to model computer-based mice population simulations.  In 

this study it is noted that students, when left to create their own model circumvent the methods of 

the task and proceed with only an end product as the goal.  Students in the study appear non-

reflective about their end product and except the result under misinformation from calculations, 

as well as a lack of review or group consensus towards a conclusion.  The GNP will aid in 

training students to monitor and reflect within their learning, so that cognitive practices become a 

natural and internal propensity.  Increasing the cognitive awareness of students affords an 

enhancement to the experiences that classroom activities are designed to provide. Another 

method of fostering cognizance would be to have students create concept maps or mind maps; 

this can begin at an individual level and then developed collaboratively to display group 

consensus.  Piolat, Olive and Kellogg (2005) review the cognitive functions, procedures, 

strategies and working memory constraints that students encounter as they complete demanding 

note taking tasks. ñCognitive analysis is even more critical to understanding when it is 

recognized that note-taking cannot be equated to simply copying what is heard, observed or 

thought.ò(p. 291).   

 Mayer, Heiser & Lonn, (2001,) have reported findings that identify cognitive constraints 

of multi-media learning and the adverse effects cognitive overload can have on students in 

science.  In the study the authors assert that too much multimedia material in a presentation will 

result in less understanding. Four experiments were conducted which manipulated the form and 

quantity of modes used to present a video on the formation of lightning. A college level student 
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who watched only the video and did not receive extra modes of communication during the video 

scored much higher on the comprehension quiz given after the video was viewed.  Other modes 

of communication that were paired with the video included on-screen text, inconsequential but 

interesting details, and the placement of these details before or after the informational video.  In 

each of these instances additional modes of communication had significant adverse effects on 

assessment scores.  The negative effect on-screen text can have on student comprehension and 

retention is attributed to the redundancy principal, which duplicates the communication that is 

already taking place within the video (Mayer, Heiser and Lonn, 2001).  In the case of where 

additional information is best placed, before or after significant information, test results showed 

that there was small, statistically negligible benefit to view the additional details after the initial 

information.  As a result of the research; when creating a multimodal representation, specifically 

an animated account, educators should not include information based on student interest alone.  

This would result in including too much additional non-significant information into a 

presentation.  Mayer, Heiser and Lonn (2001) subscribe to the coherence effect, which states 

that; ñstudents understand a multimedia explanation more deeply when interesting but 

conceptually irrelevant video and narration are excluded rather than included (p. 196.) 

 While students under take the daunting task of note taking, there is simultaneous demand 

on their verbal, visual, and textual cognitive efforts.    Student ability and time constrains within 

the classroom are influential factors that can levy substantial cognitive demands on students. To 

facilitate the development of cognitive awareness students should be provided with visual and 

verbal cues that allow the students to interpret their comprehension of different representational 

modes.   Through the revision and discussion of representative models used in the note-packet, 

students will be required to identify areas of cognitive change, which may in turn, encourage 
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students to monitor their own thoughts and understandings within other activities in the science 

classroom. Obtaining mastery of communication through the negotiation of representational 

systems is a necessity for learning in science.   

 

Multi-Modal Representations 

 A constructivist approach to knowledge acquisition is dependent on the ability of the 

reader to build upon prior understanding.  Creating mental models of abstract understanding is an 

excellent way to illustrate student misconceptions that might otherwise stay hidden in a verbal 

representation of prior knowledge.  Modeling how students can interact with their note taking 

affords them a skill later in collegiate or professional settings, as well as creating a positive 

learning experience associated with note-taking.  Embedding multi-modal representations into 

guided notes aid in developing note-taking skills while simultaneously nurturing the substance, 

language, and communication of scientific ideas. These modes can be grouped into categories of 

visual, mathematical, verbal and kinesthetic representations.  Symbols and graphics are much 

more suitable at expressing quantitative meanings, while verbal language is advantageous when 

articulating reasoning and relationships.  Prain (2006) asserts that there is an agreement among 

research that each mode of representation has strengths and weaknesses that can affect the 

learning outcome. 

 Moreno and Mayer (2007) sought the answer to four questions focusing on multimedia 

learning environments; 1) what are interactive multimodal learning environments, 2) how do 

students learn from them, 3) what are the design principles in place, and 4) what implications for 

future research are there? Interactive multimodal learning environments vary on a spectrum of 

representational communication, but mainly pair verbal and non-verbal modes.  Guided notes 
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with embedded representational tasks are meant to provide teachers with a vehicle to deliver 

content while enhancing the communicative skill level and cognitive awareness of the students.  

This cognitive awareness affords students the opportunity to experience the knowledge building 

methods that are used in a professional setting.   

 In secondary classroom settings students are introduced to more complex representations 

and must acquire the appropriate communication skills in order to participate in their learning. 

Both scientific and everyday representations should be analyzed during concept building and 

reflection.  This allows students to connect content-specific knowledge to everyday language and 

ordinary reasoning while constructing meaning in science.  Representations should be used 

during note-taking to promote thinking, questioning and prediction of subject matter. With these 

things in mind Carolan, Prain and Waldrip (2008) designed the IF-SO framework, which outline 

how educators can effectively select and facilitate representational tasks (Figure 1).  Identifying 

key ideas, recognizing form and function, sequencing/scaffolding learning, and ongoing 

assessment are crucial factors that determine the effectiveness of the task or mode used to 

communicate an idea.  A pedagogical triad model can also be a starting point for choosing which 

representations to use (Figure 2.)   

Figure 1                                Figure 2 
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Waldrip, Prain and Carolan (2010) conducted a study aimed at improving secondary science 

learning through the use of multi -modal representations.  Within this study the authors employed 

the previously discussed IF-SO framework (Figure 1), which emphasizes the opportunity for 

negotiation and revision of representations.  Peirceôs triadic model of sign systems (Figure 2) is 

also used or discussed in both studies, as well as the implementation of the IF-SO 

triadic/pyramidal model.  Students seek to create knowledge from new experiences, information, 

and generative processing. The use of multi-modal representations embedded into guided notes 

and lecture materials guide the natural process of cognition.  Everyday language is crucial to 

bridging the gap between prior knowledge and new knowledge.  This constant and consistent 

activation of cognitive processes and schema provides an external source of engagement that can 

cause students to engaged and become more aware of their thinking processes. The use of multi-

modal representations; especially student generated models are extremely useful for providing 

insight into student thought processes as they communicate their understanding of a subject 

through their representations.  The use of student generated representations increases student 

engagement and enhances reflective opportunities. 

 Schnotz (2002) discussed the relevance of embedding depictive representations within 

textual formats with an emphasis on the proper pairing of the visual spatial task with human 

cognitive processes.  Mental representations are a significant process for note-taking 

effectiveness because they are used in both descriptive and depictive representations.  Each type 

of representation functions off of the same cognitive structural process; surface information, 

propositional representation, mental models, communication and schema shifts.  The cognitive 

sequence however, is slightly modified, since learners cognitive subsystem differs while 

developing mental models within each representational modality. Using depictive representations 



 

19 

 

before providing the descriptive counterpart activates the learnersô mental models first, before 

employing a propositional representation. Since depictive representations demand less of the 

working memory they are best placed before textual tasks which will demand more attention and 

place higher demands on cognitive tasks.  Pictures are beneficial to the cognitive processes that 

take place during note-taking tasks, as they provide a vehicle for information transformation.  

This advantage has been attributed to the fact that visual displays are interpreted with both 

imaginative and verbal cognitive processes.  This minimizes the cognitive load on working 

memory due to an increase in possible cross-connections made with previous schema and new 

knowledge.  The dual cognitive processes create an opportunity to use integrative procedures that 

allow learners to connect illustrative representations to expressive representations.  

Comprehension of text is dependent on the learnersô ability to verbally organize information and 

create mental models using propositional representations within the context of learning.    

Research calls for an application of visual-textual adjuncts, in which the aim in the GNP is to 

begin to interweave the theory and research into practice. Linking both the textual and visual 

aspects of a new concept aids in the communication of information and supports the 

development and identification of the thinking process.  Pictorial depictions can be classified as 

representation, organization, interpretation, transformation, and decoration (Schnotz, 2002).  As 

concepts and details become more difficult the presence of more visual displays can be beneficial 

however, too many representations can cause a deficit in learning, lead to misconceptions and 

affirm misinformation.  Students with less prior knowledge on a subject matter and lower verbal 

skills benefit from additional pictorial displays with textual descriptions.  The most effective 

learning will occur when the relationship between the pictorial display, the task demands, 

knowledge and cognitive ability has been examined and matched appropriately with cognitive 
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processes.  Verbal and pictorial displays must be coherent and illustrate a semantic overlap with 

the content. Reflection based on the unification of these two types of displays must be activated 

within the learnersô schema and driven by the leaners schematic understanding.  Knowledge 

maps provide this opportunity to students as it allows them to interpret and display their 

understanding and thinking processes through pictorial communication.  As the students display 

and trace their thoughts it allows them to focus on the structural and organizational aspects of 

knowledge.  It is important to note that additional formats of representations (modes) does not 

yield additional cognitive enhancement.  Whether the visual displays are animated or static is 

inconsequential to student comprehension of depictive representations.    Nevertheless, studies 

have shown that students who are presented with text and create illustrations simultaneously 

have performed better on problem solving tests.  

 Hall, Bailey and Tillman (1997), designed an experiment to test this very claim.  Ninety-

two college freshmen were given a one page text describing how a hand air pump works, and 

then were provided with three different forms of information and instructional tasks.  The first 

group was provided with written specs of an air pump, group two received written and 

illustrative descriptions, and the last group was provided with written instructions and 

descriptions and was also told to draw the instructions as they understood them.  The study 

concluded that the third group scored significantly higher on the assessment given about air 

pumps after the instructions were read. Aside from the beneficial effects on the studentsô 

comprehension and concept retention the activity also provided the instructor to opportunity to 

determine the nature of a studentsô understanding and possible misconceptions.  Mind mapping 

can be a logical way to identify misconceptions and allow students to evaluate their ideas and 

cognitive systems underlying the misconception.  The GNP have been embedded with multi-
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modal activities to enhance student communication, comprehension and review of context based 

representations. 

 Adadan, Irving and Trundle (2009) studied the impacts of embedding multi-

representational communication on studentsô conceptual understandings.  In was found that 47.8 

% of students who received multiple forms of representation within their instruction achieved 

scientific understanding compared to 0% of students who received and communicated with 

verbal representations.  Additionally, 15.8% of single instructional mode students were classified 

as holding alternative fragments as their conceptual understanding compared to 0% of the multi-

representational students.  Scientific professionals use models and various forms of 

representation to communicate their ideas.  Students in a science classroom should be 

encouraged to mimic these strategies.  By providing opportunities for students to explore and 

develop multiple representations, especially for objects and ideas that are normally unobservable 

and intangible, scientific cognizance and ways of thinking are ultimately exposed. Animation 

representations can improve the visualization of earth processes that can then be recognized as 

science in everyday life.  More dynamic representations (animations, drawings, etc.) can help 

students comprehend spatial and variably dynamic relationships with in Earthôs systems.  

Multiple representations lend themselves to differentiating instruction; in that studentsô abilities 

will vary based on the task and modality that is employed.  Lowe, Schnotz and Rasch (2011) 

conducted a study to determine if students could benefit from the intentional matching of 

animated graphics within contextual tasks.  The study found that students were actually 

negatively affected by the animated graphics.  This was attributed to students creating their own 

mental representations based on what they saw in the video.  These students were less likely to 

correctly sequence the pictorial presentation information. Mayer, Heiser and Lonnôs (2001) 
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redundancy principle focuses on pairing the correct textual and visual representation with the 

proper modality of sensory perception. When selecting the correct pairing of text and task 

educators must consider mental representation as the unique conduit to accomplish or derail 

specific learning objectives and outcomes. 

 Atēla, G¿nel and  B¿y¿kkasap (2010) conducted a study in a Turkish 6
th
 grade class.  

Seventy four students were pre and post tested within a two week period about their 

understanding of force and motion.  Atēla, G¿nel and  B¿y¿kkasap (2010) found that using text 

and representations while communicating ideas is more beneficial that text only communication.  

It is important to encourage students to try new modes of representations, especially those that 

students find more difficult.  In a similar study, Gunel, Hand and Gundtz (2006) compare the 

effects of using multi-modal representations in presentation format verse summary report format 

for one hundred and thirty-two, male, Turkish, 11
th
 grade students.  The students were assigned 

the task of presenting the ideas of quantum physics to an audience of 10
th
 grade students. Gunel, 

Hand and Gundtz (2006) found that students preferred PowerPoint as a presentation tool; this is 

attributed to the visual displays and representational support that can be included in a 

PowerPoint.  After reviewing current research findings on embedding multi-modal 

representations into science content and curricula the benefits of this methodology far 

outnumbered the negative effects. Benefits of multi-modal incorporation was researched and 

affirmed by Atilla, Günel & Büyükkasap, (2010,) Gunel, Hand & Gundtz, (2006), and Adadan, 

Irving & Trundle, (2009). Each of these research projects resulted in an increase in learning 

assessment scores and student ability to communicate scientific ideas through the 

implementation of multi-modal representation tasks.    Another significant aspect of these multi-

modal representations and their incorporation into a writing intensive and cumulative note-taking 
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guide is the opportunity for students to edit, assess, and revise their representations based on 

class communication and scientific consensus.  A fundamental affordance that the GNP allows 

for is the placement of certain representational and writing tasks as concept review.  In order to 

nurture the mastery of multi-modal systems through guided notes, representations should be 

constructed with specific learning objectives and all skill levels considered.   

 

Summary  

 Curriculum changes, challenge teachers to bargain with the balance between lecturing 

notes and hands-on practice.  With instructional strategies, especially in the field of science, 

moving toward inquiry learning, there is less time allotted for content acquisition.  However, in 

secondary science and collegiate classrooms the necessity and function for note-taking increases 

in intensity. The benefits of employing guided note-packets is evident in the literature and the 

classroom, where student writing speed and organizational skills vary greatly.  The GNP packets 

provide students with the opportunity to see how notes can be organized and give them a 

concrete source to study from and find information. The formats selected in this project have 

been based on a few strategies, from these base strategies students will experience a scaffolding 

of tasks and skill throughout each note-packet as the content becomes more detailed and 

multifaceted.   

Strategies and Representations 

 Several design principles were outlined by Moreno and Mayer (2007); guided activities, 

reflection, feedback, pacing and pre-training.  All of these principles are visible throughout the 

GNP.  For more detailed insight feedback refers to type of feedback, where corrective feedback 

produces less cognitive growth, evaluate feedback provides students an opportunity to explain, 
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defend and revise their representations or interpretations of the task.  Pacing is provided in the 

note packets by creating a bundled approach to the content, where students are expected to 

process and reflect on smaller segments of content that will then lead to whole and cross-content 

connections.  Through the employment of these design principles writing in science tasks and 

multi-modal representations can enhance scientific communication and cooperation during class 

discussions, lectures and subsequent activities. By means of incorporating prompts for students 

to explore multiple modes of representation in science note taking skills and closely planning and 

monitoring for student cognitive engagement during writing tasks; student abilities and attitudes 

towards affirming scientific ideas through multiple modes of communication will certainly 

experience a conceptual shift. 

 Schnotz (2002) examines the benefits of; symbols vs. icons, descriptive vs. depictive, 

mental representations, textual vs. pictorial comprehension, and feature vs. structure information.  

Each of these situations will be discussed and evaluated before use within the GNP, to provide a 

basis for the interpretation and correct pairing of task mode and cognitive processes that would 

provide the most effective learning.  The textual and mathematical portions of the GNP are 

classified as symbolic or descriptive representations; any pictorial or graphic displays within the 

note-packets are classified as iconic or depictive representations. When designing the GNP both 

informational and computational tasks where included.  The informational tasks involve the 

structural process of completing the guided notes.  Computational tasks are the multi-modal tasks 

inserted in appropriate places within the context of the note packet.  Linguistic representations 

have a higher capacity for representational power, where as a depictive representation can appear 

to be fragmented ideas, put together in series.  Depictive representations, as opposed to linguistic 

representations, are not limited by a written or verbal description and draw upon the learnersô 
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perceptions, interpretations and knowledge construction. Since depictive representations engage 

learners in developing their own ideas it is important to match graphics appropriately with their 

descriptive counter parts to avoid visual-textual contradiction and the formulation of 

misconceptions.  The frameworks and dimensions of writing in science that are used within 

the current research can be applied within the note-taking process, so long as the writing task is 

correctly paired with the cognitive demand and skill dimension to be performed. 

Consideration for implementation:  

 In the era of standards and common assessments it is essential that within the 

development of the GNP, both the new NYS Common Core Standards and the NYS Physical 

Setting/Earth Science Core Curriculum were used to implement and incorporate content 

standards and literacy skills required and outlined within each document.  The NYS Earth 

Science Curriculum was utilized regularly when designing and selecting what content 

information the lectures are comprised of.  It should be noted that while some skill standards 

may be included within the guided note activities, each note packet is focused on content 

knowledge comprehension and communication. Additional skill standards should be included in 

class activities and laboratory explorations to be sure that all skill sets are covered.   

 Time constraints within the Earth Science curriculum and deficient student processing 

and note taking skills have created a need to create the GNP, a cooperative collection of note-

packets, to guide students in identifying important concepts.  Five major educational problems 

can be moderated by the implementation of guided note packets; curriculum overload, 

fragmented content, incoherent transfer of knowledge, lack of relevance, and no concrete reason 

to learn (Gilbert, Bulte and Pilot, 2011).  The GNP aims to alleviate these five problems, by 

providing a clear path through the NYS curriculum via 6 earth science units, as well as consistent 
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checks for interpretation, reflection and communication. Embedding multi-modal communicative 

tasks within the GNP presents a mouthpiece for the transfer of knowledge and encourages 

student engagement.  Facilitating multi-modal explorations during key lecture points provides 

students with an opportunity for interpretation, clarification, reflection and revision of prior and 

new knowledge. In order to enhance and draw out the best learning outcomes for each task there 

was careful consideration as to the pairing of each textual idea with their multi-modal 

counterpart. To provide the option of choice students may occasionally be provided with several 

different modes of communication to choose from, in this instance students will most likely 

choose the task they are most comfortable with.  It is the educatorsô responsibility to guide 

students to develop new cognitive skills and process and should encourage student to try to 

communicate using various representations. 

 When pairing descriptive and depictive representations and comprehension tasks there 

are multiple interactive affordances that may take place, it is important for the educator to 

identify and choose the most effective interactions and provide structure and balance that guides 

students through cognitive processes and the related tasks.  For example, propositional thoughts 

should be complemented by the mental model that is produced.  To achieve this, educators 

should identify for students the difference between feature and structural information on a page 

or slide as addressed in the unit.  A structural breakdown will allow students to become familiar 

with the outline format, which can be used to create review material when the hierarchy of 

information is better understood.  Features in the note packet can be separated into key ideas, 

major understandings, and supplemental information.  It is important to highlight the contrasting 

characteristics of all features within the GNP.  Students should be provided with a structural 

basis for analyzing textual and visual information for the goal of communicative discourse.  Each 
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feature or task interacts with different cognitive processes and communicative skills to guide 

students through the transfer of knowledge. The necessity for the pictorial displays may be 

weaned from the note-packets. In this instance students should be creating their own drawings 

from the interpretation of the text.  Where this is already embedded in the GNP, a careful pairing 

of task, mode, and desired learning outcomes was considered.   While the use of graphics is 

represented within the GNP the benefits of graphic representation can be lost on the learner if no 

communication has properly taken place about the relationships within the concept.   

 In order to best utilize the GNP students should be introduced and trained on the nature of 

guided note-taking, as well as provide several opportunities for practice and review.  The level of 

guidance and multi-modal opportunities afforded within the note-packet should be adjusted for 

student skill levels and should focus on developing a reflective student who communicates 

his/her own ideas after review of new information.  Teacher should aid and train students to 

recognize the cognitive habits that will assist in information acquisition while fostering multi-

modal communication skills. It would be a beneficial strategy at the beginning of guided note 

training sessions to measure student transcription fluency.  This can be done by creating a short 

sentence or phrase for the students to copy down as you time their work, or monitor completion 

and correctness as a more informal assessment of fluency rate.  Peverly et al. 2007 presents and 

discusses several tests that can be used to assess processing skill levels. Skill levels should be 

determined before guided note scaffolding is decided.  Supplemental engagement techniques in a 

classroom with students that have learning disabilities may include blank spaces that are 

strategically places so that by filling in the words students complete a short descriptive phrase. 

Every teacher lectures or gives notes to their students in their own way, and when pre-

generated presentations are used teachers are stuck with the outlook and opinion of the generator.  
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The GNP is at its most basic level and is meant to be improved upon by others for substance or 

learning modification. I submit that facilitators should adjust the amount of prompts with the 

skill level, grade level and content knowledge of the classroom in mind. It is for this reason that 

the GNP will be available for revision at the following websites; http://goo.gl/y6u41 (revisable,) 

http://newyorkscienceteacher.com (original form). However, it is important to note, as Konrad, 

Joseph and Eveleigh (2009) state, ñan adequate number of blanks must be distributed throughout 

the handout to encourage active attending and engagementò (p. 440).  Teachers must guide this 

process and progressively scaffold student skill levels to optimize scientific understanding and 

communication.   
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Guided Note Presentations 

 

Minerals & Rocks 

 

Strategy: Activating Cognitive Schema 

Modes of Communication: Descriptive, Pictorial 

Rational: As students explore what they know about a new topic and how they may identify with 

it, they are required to activate the schema necessary to continue learning about the topic at hand.  

This strategy creates a pathway for deeper understanding and learning, as ideas are scaffolded 

throughout the notes.  By activating prior knowledge and communicating that knowledge in 

several different ways students learn to reflect on their understanding of the topic before it is 

introduced.  

Location(s):  

Page 1, Slide 2  

Reference: 

Thinking Questions; Kagan (1999)  

 

 

 

Strategy: Summative Cognitive Reflection 

Modes of Communication: Descriptive, textual/pictorial 

Rational: Throughout the note-packets students are asked to copy and create several drawings.  

Summative descriptive strategies provide students with the opportunity to combine the main ideas 

and drawings from within the lecture; into a cohesive statement of understanding.  Through this 

process students and teachers can monitor how students make connections between new ideas and 

previous knowledge.  These strategies provide insight into student comprehension and perception 

of segmented and holistic scientific systems and processes. 

Location(s):  

Page 6, Slide 26 

Reference:  

Thinking Questions;  Kagan (1999) 
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Strategy: Summative Cognitive Reflection 

Modes of Communication: Depictive, Symbolic 

Rational: Units within the Earth Science curriculum, introduce students to major ideas about the 

physical world around us with tremendous amounts of detail.  Students must understand these 

details to properly communicate the broader ideas within a unit.  Summative depictive strategies 

provide students with the opportunity to work through and review the textual information within 

their notes.  As they review these new ideas and relationships students illustrate their thinking 

processes through graphic organizers or mind mapping tasks.  These strategies allow teachers and 

students to visualize connections that students are making with new information and promote 

discussion and assessment of internal comprehension.   

Location(s): 

Page 11, Slide 43 

Page 14, Slide 54 

Page 17, Slide 62 

Page 18, Slide 65,66 

Page 19, Slide 65, 67 

Reference: 

Mind Mapping; Kagan (1998) 

Thompson & Thomason (1999) 

 

 

 

 

Strategy: Visual Representation 

Modes of Communication: Descriptive, pictorial, iconic 

 

Rational: Visual representations are meant to provide students with an illustration of an idea or 

word without demanding more from their working memory.  Visual-descriptive strategies allow 

students to illustrate properties of an idea, rather than focus on the textual information. Student 

perceptions of the concept and its properties are prominent in this strategy. Teachers should allow 

students opportunities to revise or add to images created during note taking.  

Location(s):  

Page 2, Slide 11, 12, 13 
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Strategy: Visual Interpretation 

Modes of Communication: Depictive, pictorial, symbolic 

 

Rational: Focusing on the textual information provided within the notes students create mental 

and physical images.  The visual-depictive strategy will aid in the creation of mental models as 

note taking occurs.  In each instance the student is asked to interpret the text and create an 

illustration that depicts their understanding.  This creates an internal connection between the 

student and the concept, as well as supporting informal assessment techniques. 

Location(s):  

Page 4, Slide 20 

Page 5, Slide 21 & 22 

Page 9, Slide 35 

Page 15, Slide 56 

 

 

Strategy: Mathematical Representation 

Modes of Communication: Depictive, pictorial, symbolic 

 

Rational: Mathematical-symbolic strategies focus on the development of simple graphic images 

to represent the relationships between two or more variables. The development of each instance 

varies from linear to axial locations and labels.  Each variation was chosen to draw the attention 

to the specific variables and how each behaves in relation to one another.  Students and teachers 

should engage in scientific discourse as the relationships are identified and represented.  

Location(s):  

Page 10, Slide 39 

Page 13, Slide 50 
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