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Chapter 1: Introduction

The Next Generation Science Standams well as the current Common Core
Standhrds for literacy in sciengcdocus on reading and writing to communicate ideas through
scientific practice that promote college and career readiness. Writing in science is
conceptualized as a process that develops reasoning, inducts students inwcdbeseliof
science, and promotes personal meaning making in relation to scientific éxquan@and,
Prain & Yore, 1999 Traditional understandings of science literacy have a tenderagiude
science teachers towards a focus on vocabulary acqujsitedvoratory reports, and
unintentionallyon factual memorization. In order to engage teachers and students in the true
practice of constructing knowledge through scientific practices, a -molial learning
environment needs to betailished (Moreno & Myer, 200}. According to Moreno & Mayer
(2007) the challenge lies in the development of mmattidal interactive presentations that
encourages the learners need to be cognitively active. This is also supported in Greeno (1997)
who makes the claim that peesentations should be constructed with certain purposes and
learning outcomes in mind. Several research papers (Duit & Treagust, 2003, Gilbert, Bulte &
Pilot, 2011, Mayer, Heiser & Lonn, 20Dhave identified scientific and cognitive process skills
that are necessary towards achieving scientific literacy demands. Duit & Treagust (2003)
suggested the following five scientific procesas noteworthyskills that should be afforded to
learners; (1) recognizing scientifically investigable questions; (2)ifgeny 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 crossontent competencies; (1) sedigulded 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 learneredlg€tion andstimulating
cognitiveprogressionin scienceclassrooms. Prain (2006, p 298uggests that:

fisecondarystudents 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. Byiglication, 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 fornoeptualization, and increased emphasis might be given to
integrating modes or focusingonrere r b a | modes. 0O

In line with other research (Carolan, Prain&aldrip, 2008, 201)) Schnotz (2002) identifies
various visuakpatial representational modes tbagage students in task appropriate cognitive
activity. Learning outcomes from thmergingof visual modes into textual representasi@ne
dependent Afon the relation between these dis|
prior knowledge and cogfive abilities (Schnotz, 2002, p. 114

The implementation of scientific literacy through writing in science can be enhanced through
the incorporation of mukmodal notetaking skills, as well as the opportunities for a rich variety
of communicative modeof writing within science lecture$he 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 ait,conte
writing prompts, visualizations and muttiodal tasks. Similar to the NYS Earth Science Core



Curriculum, the Guided dte Presentations (GNP) have been developed with the understanding
that several different sequences can be employed when applyifYthdcarth 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 ndimearapproach to a curriculum that is linearorganization.

The GNP pairs the traditional usefulness of linear —taiténg and nofinear notetaking habits,

by utilizing an outline pattern for the organization of epistemic and descriptive content and
providing templates for depictive and reflective tasks throughout. Examples dfnaan
strategies include; concept mapping, diagrams, illustrations and writing prompts. The strategy of
each task has been selected to create the most effective platforrsufal; 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 findinga embedding mukinodal representations into
science content and curricula the benefits of this methodology far outnumbered the negative
effects. Benefits of mukimodal incorporation was researched and affirmed by Atilla, Glnel &
Blyukkasap, (2010,) GuheHand & 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 imaltial representation

tasks. The implementation of scientific literacy through writing in science can be enhanced
through the incorporation of multhodal notetaking skills, as well as the opportunities for a rich
variety of communicative modes of writing within science lextur

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 theirunderstanding through multi-
modal communication activities. The project will be a collection o$ix guided note packets
for each of the general topics with the NYS Earth Science Standards, created with
Microsoft office programs, as well as their accompangpg 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 methodsthe Common Core Standards, and
the Next Generation of Science Standards.

Writing in Science representations will include:
9 Ciritical and creative questioring prompts

1 Lecture format variation
1 Analogies, Metaphors and Similes
1 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

= =4 4 A

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. Tle 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 Sciencermulum and deficient student processing
and note taking skills have created a need for me to create a cooperative collectiorr of note
packets to guide students in identifying important concepts. | have been an Earth Science
teacher for 7 years in an urbachool district and have had a wide range of student abilities
within my science classroom. The benefits th
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 repatismal 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 gegaent and metacognition skills necessary for task
completion.  Another significant aspect of these mmilbidal representations and their
incorporation into a writing intensive and cumulative Aatdng guide is the opportunity for
students to edit, assgsand 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 rnmdeket, students will be requirdd 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 ie 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. Throughis review of the educational research, a pattern of significance
immerged that supports the implementation of rlbidal guided notpackets in the science
classroom. After a thorough review of the research findings, this paper will highlight the



benefcial, and sometimes adversarial, effects of using mubal representation in enhancing
and exploring scientific literacy and practice, while acquiring-takeng skills.

l.  Introduction
.  Theoretical Framework
I.  Writing in Science
ii.  Benefits of guided notes
iii.  Student skills an€ognitive Abilities
iv.  Multi-modal representations in science
v. Strategies and implications
vi.  Consideration for Implementtaion
lll.  Research application
I.  Guided Note Presentations
IV. References
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Introduction

The Next Genmtion Science Standardss well as the current Common Core Standards
for literacy in sciencegfocus on reading and writing to communicate ideas through scientific
practices that promote college and career readiness. Writing in science is conceptasl&ed
process that develops reasoning, inducts students into the discourse of science, and promotes
personal meaning making in relation to scientific expiana (Hand, Prain & Yore, 1999
Traditional understandings of science literacy have a tendemgfutdescience teachers
towards a focus on vocabulary acquisition, laboratory reportgj@ntentionallyon factual
memorization. In order to engage teachers and students in the true practice of constructing
knowledge through scientific practices, altirtnodal learning environment needs to be
edablished (Moreno & Mayer, 200.7 According to Moreno & Mayer (2007) the challenge lies
in the development of multhodal interactive presentations that encourages the learners need to
be cognitively active. fis 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 & Filb1,, Mayer, Heiser &
Lonn, 201) have identified scientific and cognitive process skills that are necessary towards
achieving scientific literacy demands. Duit & Treagust (2003) suggested the following five
scientific processsasnoteworthyskills that should be afforded to learsefl) 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) alsatified three areas of crogentent
competencies; (1) setegulated learning, (2) ability to solve problems, and (3) communicating

and cooperation. Embedding writing strategies into the science classroom can be an effective
1



pathway for promoting learneelfreflection andstimulatingcognitiveprogressiongn science
classrooms. Prain (2006, p 398uggests that:
fisecondarystudents need to be able to understand, translate, and integrate these
representations as part of learning the nature of scatacientific 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. Froms plerspective written explanation is
seen as only one mode for conceptualization, and increased emphasis might be given to
integrating modes or focusingonrere r b a | modes. 0O
In line with other research (Carolan, Prain&aldrip, 2008, 201)) Schnotz (208) identifies
various visualspatial representational modes that engage students in task appropriate cognitive
activity. Learning outcomes from timeergingof visual modes into textual representasiane
dependent fAon the relmditome bted svke eche mahredse an & pc
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 mukmodal notetaking skills, as wll as the opportunities for a rich variety
of communicative modes of writing within science lectufidge product of this project will be
six guided note packets and corresponding PowerPoint presentations that aim to deliver the NYS
Physical Setting/EartBcience Core Curriculum through the strategic placement of content,
writing prompts, visualizations and muitiodal tasks. Similar to the NYS Earth Science Core
Curriculum, the Guided dte 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 aa$iseodm teacher sees

fit. Time constraints urge for a ndimear approach to a curriculum that is lineaorganization.



The GNP pairs the traditional usefulness of linear-taiteng and nodinear notetaking habits,

by utilizing an outline pattern fdhe organization of epistemic and descriptive content and
providing templates for depictive and reflective tasks throughout. Examples-bhean

strategies include; concept mapping, diagrams, illustrations and writing prompts. The strategy of
each tak 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 standelideated by state and
federal departments of education. Traditional frameworks for creating scientific literacy through
writing in science; depicts a student writing ogg, 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 ideasassential. 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.
AScience | iteracy cannot be viewed as stacked
related di mensions of abilities, habits of mi
Yore 1999, p.1032).

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

outlined in the Common Core Curriculum for gradek26 address the need for students to be
3



able to write for many purposes using various formats to be properly prepaceddgiate 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 experienc@fie GNP are supportedybthe literacy standards set out by the
Common Core as well as the foundations set forth in the preface of the NYS Earth Science
Curriculum. Alt is essential that instruction
the important relationshipp,r ocesses, mechani sms, and applica
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 ideasnd concepts throughout the GNP. Muftbdal 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 evalutd@gesstra

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 developedtoage 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, carnuations, 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 thscuss prior knowledge, investigate new ideas, and collaboratively
communicate their new understandings. AnEach

ideas into their prior knowledge network, o (H

4



tasks provided in series within this unit included a newspaper article, class constructed concept
maps and writing for peeessignment, respectively. Although the writing tasks of this
assignment utilizes a broader application for the practice of wiitisgience, 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 emphiagj 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 oémutineoretical 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 stutte 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 pedagogét 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 ramtidal communication that aliv 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 scientifis)atdod(
practices beyond t haitaining sciensfic ldevany, will béiabletod ent s, [
demonstrate these explanations, in their own words, exhibiting creative problem solving,

reasoning, and informed decision makingd (NYS



The GNP employs a multhodal framework bwriting 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 multhodal framework includes several different modes of
representation that can be used to pursue learning in science. Anodél approach to writing
for learning in science was employedccieating he GNP Diversified representations of
scientific conceptare presentedlongsideopportunities for students to explore mutodal
tasks focused on improving scientific literacy and communication. The diversified writing
approach, as applied in the GNP, provides conditions for teachers to foster functiograt stud
understanding, active engagement and communication.

Anthony, Tippett and Yore (2010) report the preliminary findings from ye&rsfla 5
year Pacific CRYSTAL Project. THeacific Centres for Research in Youth Science Teaching
and Learning CRYSTAL) Projectbased in Canada consists of 15 projects focused around
scientific literacy and the scientific community. For yeasdf a particular project; 20 middle
school science teachers attended 14 professional development sessions aimed to address
scien i fic |iteracy and a studentds ability
scientific ideas. The projects approach

science learning where text is the permanent representation of cmirdis and nmeal images

t

t

(0]

o

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

nature of science |iteracy and construct.i

three school districts that participdtin 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 AnthorpetTgnd Yore (2010),

provide evidence that the writing tasks have enhanced instructicaasaeslsment, integrated

critical literacy strategies such as writing summaries, and combined visuals with print to
encourage and emphasize communication to inciEasprehension.

A broader affordance of the brochure project implementation was the flexibility of the
task which all owed teachers the opportunity
teaching approaches and at the same time accommodatertiwegemeds of a diverse group of
students, o (Anthony, Tippett and Yore 2010,
emulated within th&NP, each product is provided in the widely used Microsoft Word and
PowerPoint programs. This will afforddchers 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 wapparent. 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
alleviae these uniquely notable obstacles and create a theoretically and research based product,
the GNPwas developed. The GNP make it possible for teachers to employ various presentation
and delivery techniques used to further increase the retention of atfonm As students are

more able to complete notes with fluency an educator may decide to include additional blanks.
7



This will foster the noteaking and dual audio skills that are needed at the collegiate level. The
GNP lends its usefulness to contbxeised learning strategids.contextbased learning
concepts are framed within a context and relationships between concepts are explored. This
method of contexbased learningrovides educatorsnd students witthe answer to the
guestions of; why shdd | learn thi® (Gilbert, Blute & Pilot, 2001) The piguestioning
strategies used in the GNP can be employed to drive further context development for scientific
learning.

Blackwell and McLaughlin (2005) reviewed ddiased research to explore the
behavoral 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 studydesribat guided
notes, as well aalternativemulti-modal tasks should be implemented in classroom to increase a
studentés |i kelihood to participate. GNPhe ins
in an Earth Science classroom progressgetmincreasedtudent engagement and
understanding.

The benefits that guided notes afford regu
advantages that special edtion students can experience. In a study conducted by Lazarus
(1991), the benefit ajuided 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 16lyegrars. Readgand
language assessment levels for the six students ranged-2oreeds and 18 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 rewkegontent, did increase scores, for
8



both general and special education studeBtadents 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 (194) , defined guided noués abvafit égoahee
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).n6teded
provide an opportunity to actively engage students in their learning and create a platform for
class discussions and explorations. In a raetlytic review of guided notes, Konrad, Joseph
and Eveleigh (2009), find that implementing guided notdkarclassroom had a positive effect
on content learning as well as ndéding 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 thetae-sheet. Long form would impose the task of writing four to
eight words per blank on the netheet.

Metacognition skills necessary faritten task completion can be fostered and developed
at the group or individual level as the classroom teacherfgedNotetaking tasks should be
focused on translating scientific language into everyday communicative terms while monitoring
and altering the cognitive processes that tak
interpretationshift. The level ofteacher 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 t&@&P. 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 dsawelffordances provided
9



by the modes of representation, are implemented through effective and careful planning with a
focus on student cognitive load and scientific practiddse sole factor in student

comprehension of depictive representation is studegagement in active cognitive processing.
The linear aspect of the notes provide students with a trail of connected ideals wHimaoulati

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

Student skiland Cognitive Ability

The GNP have been created to help teachers address various levels of student abilities
and provide students with muliodal communication outlets. When students become more
confident in their cognitive processing skills, they wi@become more active in learning to
construct and interpret representations. The Common Core Standards state that students should
be able to Aintegrate and evaluate content pr
visually and quantitatively, ag e | | as in wordso (p. 60). As st
own learning habits they can then relate the same habits to those used in the nature of science
and scientific reasoninglhe advantages of using PowerPoint for a presentation interface
includes its cognitively variablfeatures; 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 methodswwhomication. 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 curriculumit; 1) graphics and tables paired with narrative

descriptions, 2) qualitative expectations about observed quantifiable relationships, and 3) explicit
10



description of model results and group consensus (p. 366). The study resulted in positive
feedback fousing 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 understadding an
experience. Students can learn to create their own-matlal representations, increase the
organization of their ideas and inferences and aid in the modification, evaluation, and revision of
notes, thoughts and prior knowledge. Pictorial comprehenagopposed 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 amitsnformation 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 legedf 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
represatations 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 Alarear note takers significantly
outperformed those who useraditional 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 nates 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
11



become overwhelmed with the factual, evidentiary discourse that takesipfatwpa 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 thdeskenotes, 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 a

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

GNP, studentsdéd opinions were generated to ad)]
Boyle (2010) conducted a study on the Aatidng skills of middle school studss.

Boyl edbs study involved 90 s t-lanegdisabled studemts i st i n

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

introducing plasma engines, students were allowed to take andistidyotes 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 comipletand student feedback of comprehension and format. The

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

nortcued points, having the time to write less than the students that do not have learning

disabilies. 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 incgeraded notes can

provide taskfocus variations. Differentiation provides ELL students an opportunity to absorb

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

simultaneously.
12



Peverly et al. (2007), explore thegnitive processes that promote effective +iakéeng
skills. More specifically the study focuses on three cognitive processes that are related to quality
notetaking; transcription fluency, verbal working memory and the ability to identify main ideas.
Transcription fluency refers to a studentos r
transcription fluency is linked with subordinate monitoring of processing in working memory
and more inaccuracies in the recall of information from working amgn©ther factors that
affect notetaking skills and content retention are the cognitive processes involving the verbal
working memory. The working memory is a cons
verbal abilities. Transcription fluency, wing memory, and identifying main ideas are all

cognitive skills that can be practiced and enriched through-moltial communication

embedded into guided notes. Notesd quality wa
significantly with quality of writ e n  r ecal | . As studentsdé progre
cognitive processes, task proficiency, notesbod

improve. The GNP aims at enhancing student comprehension while decreasing the cognitive
load associatkwith intensive writing notéaking tasks.

Notetaking 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 studgrdrception and reflective communication using rulti
modal representations. These three affordances aid in reducing the cognitive load of each note
taking session and develop a platform for studentrsetitoring and awareness of cognitive
load and abilly. For example a teacher presenting a lecture may decide to allow students a few
moments to record missing blanks in their Rodekets before beginning to speak or present a

focus question to review the new information. Providing this time during tleeiadohg process
13



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 rgasonin
processes applied while students learn to model compased 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 §tadlents 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 anefiect within their learning, so that cognitive practices become a
natural and interngdropensity. Increasing the cognitive awareness of students affords an
enhancement to the experiences that classroom activities are desigredde. Another
methodof 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
consensusPiolat, Olive and Kellogg (2005) review the cognitive functions, pioces,
strategies and working memory constraints that students encounter as they complete demanding
note taking tasks. fAiCognitive analysis is eve
recognized that notking cannot be equated to simply copying iwhdeard, observed or
thought . o(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 abbrs assert that too much multimedia material in a presentation will
result in less understanding. Four experiments were conducted which manipulated the form and

guantity of modes used to present a video on the formation of lightning. A college levat stude
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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 includedaeertext, 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 negativecefbrrscreen 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
additionalinformation 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 ammadal representation, specifically

an animated account, educators should not include information based on student interest alone.
This would result in including too much additional Asignificant information into a

presentation. Mayer, Heiser and Lq2001) subscribe to the coherence effect, which states
that; fAstudents understand a multimedia expl a
conceptually irrelevant video and narration are excluded rather than included (p. 196.)

While students under takiee 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 orsstiadent
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 repreagve models used in the negpacket,

students will be required to identify areas of cognitive chawb&h mayin turn,encourage
15



students to monitor their own thoughts and understandings within other activities in the science
classroomObtaining mastgrof 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 ¢ build upon priounderstanding. @ating mental models abstracunderstanding is an
excellent way to illustratetudenimisconceptions that might otherwise stay hidden in a verbal
representation of prior knowledge. Modeling how students can interact with their kiagg ta
affords them a skill later in collegiate or professional settings, as well as creating a positive
learning experience associated with nateing. Embedding mukinodal representations into
guided notes aid in developing ndtking skills while simlianeously 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
moresuitable at expressing quaative 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
learnng 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 pladtd,) what implications for
future research are there? Interactive multimodal learning environments vary on a spectrum of

representational communication, but mainly pair verbal anevedmal modes. Guided notes
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with embedded representational tasksnaeant 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 thaare 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 regsentations should be analyzed during concept building and
reflection. This allows students to connect consg®cific knowledge to everyday language and
ordinary reasoning while constructing meaning in science. Representations should be used
during nde-taking to promote thinking, questioning and prediction of subject matter. With these
things in mind Carolan, Prain and Waldrip (2008) designed #&0RFramework, which outline
how educators can effectively select and facilitate representationa(Fgplee 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 modelatsm be a starting point for choosing which
representations to use (Figure 2.)

Figure 1 Figure 2

Repressntation of sign or signifier (*representaman’}

Verbal, visual, mathermatical, embodied

word text image label gesture action graph table symbol diagram
Mult-modal linkage of representatioris/ Use of discourse conventions

Meaning: "interprefant’) Referent in world
{"object’)

| physical object
experience
artefact
situation/context
Pracess
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Waldrip, Prain and Carolan (2010) conducted a study aimed at improving secondary science
learning through the use of tiumodal representations. Within this study the authors employed
the previously discussed-i5O framework (Figure 1), which emphasizes the opportunity for
negotiation and revision of representations.
also used or discussed in both studies, as well as the implementation eSthe IF
triadic/pyramidal model. Students seek to create knowledge from new experiences, information,
and generative processing. The use of amtidal representations embeddea igtiided 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 providegtamal 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 thouglprocesses 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 eldibg 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 ftakirage
effectiveness because they are usedoth 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
sequene however, is slightly modified, since learners cognitive subsystem differs while

developing mental models within each representational modality. Using depictive representations
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before providing the descripti v delsdiretibefdreer par t
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. Pictamedeneficial to the cognitive processes that

take place during notiaking 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 wbal cognitive processes. This minimizes the cognitive load on working
memory due to an increase in possible camsmections made with previous schema and new
knowledge. The dual cognitive processes create an opportunity to use integrative probatiures t
allow learners to connect illustrative representations to expressive representations.
Comprehension of text is dependent on the | ea
create mental models using propositional representations withootiext of learning.

Research calls for an application of vist&ftual 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 camigation 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 deta 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 mattéowaar 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 examinednaaithed 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
wi t hi n t hckema ancdriverehly thélearsers 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
ard 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 visualajisg@re 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 sofytests.

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 iastructional 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 irt$tons 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. Asi de
comprehension and conceptemtion the activity also provided the instructor to opportunity to
determine the nature of a studentsé understan
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 dfeglding multi
representational communication on studentsod c
% of students who received multiple forms of representation within their instruction achieved
scientific understanding compared to 0% of studeihis keceived 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 studentScientific 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 reresentations, especially for objects and ideas that are normally unobservable
and intangible, scientific cognizance and ways of thinking are ultimexglgsed. Animation
representations can improve the visualization of earth processes that can thegheed as
science in everyday life. More dynamic representations (animations, drawings, etc.) can help
students comprehend spatial and variably dyna
Multiple representations lend themselves to differentiatingit r uct i on; i n that s
will vary based on the task and modality that is employeaxve, Schnotz and Rasch (2011)
conducted a study to determine if students could benefit from the intentional matching of
animated graphics within contextuakks. 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

correclys equence the pictori al presentation infor:i
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redundancy principle focuses on pairing the correct textual and visual representation with the
proper modality of sensory perceptidihen selecting the correct pairing otttand task
educators must consider mental representation as the unique conduit to accomplish or deralil
specific learning objectives and outcomes.

At él a, Ge¢nel (2010xtonduBted studkimasTargisH grade class.
Seventy four studentsese pre and post tested within a two week period about their
understanding of force and (@@O0)foundthatusidgttegtl a, G¢
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 mulkmodal representations in presentation formaseeummary report format
for one hundred and thirtyvo, male, Turkish, 1.grade students. The students were assigned
the task of presenting the ideas of quantum physics to an audiendegrfdi® students. Gunel,
Hand and Gundtz (2006) found thatdstats 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 rnudtdal
representations into sciencentent and curricula the benefits of this methodology far
outnumbered the negative effects. Benefits of mmitidal incorporation was researched and
affirmed by Atilla, Gunel & Blyikkasap, (20)) Gunel, Hand & Gundtz, (20p@éndAdadan,
Irving & Trundle, (2009. Each of these research projects resulted in an increase in learning
assessmersicores and student ability to communicate scientific ideas through the
implementation of multmodal representation tasksAnother significant aspect of these ntult

modal representations and their incorporation into a writing intensive and cumulatitakioge
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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 fundairedfaedance thathe GNPallows

for is the placement of certain representational aniihgrtasks as concept review. In order to
nurture the mastery of muthodal systems through guided notes, representations should be

constructed with specific learrgrobjectives and all skill levels considered.

Summary

Curriculum changes, challenge teachers to bargain with the balance between lecturing
notes and handsn practice. With instructional strategies, especially in the field of science,
moving towardmquiry learning, there is less time allotted for content acquisition. However, in
secondary science and collegiate classrooms the necessity and function-fakingtencreases
in intensity. The benefits of employing guided nptekets is evident in ¢ghliterature 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 informatibime 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 ngi@cket as the content becomes more detailed and
multifaceted.
Strategiesand Representations

Several design principles were outlined by Moreno and Mayer (2007); guided activities,
reflection, feedback, pacing and graining. All of these principles are visible throughout the
GNP. For more detailed insight feedback refersype 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 bgreating 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 armbotess
connections.Through the employment of these design principles writing in sciasks 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 sciemte 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 conceptudilif.

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 evaluatecehefe 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 portitins GNPare
classified as symbolic or degative 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 thmoadlaltitasks
inserted in appropriate places within the context of the note packet. Linguistic representations
have a higher capacity for representational power, wherel@gictive representation can appear
to be fragmented ideas, put together in series. Depictive representations, as opposed to linguistic

representations, are not | imited by a written
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perceptions, interprations 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 vistektual contradiction and the formulatioh

misconceptions. The frameworks and dimensions of writing in science that are used within
the current research can be applied within the-talieg process, so long as the writing task is
correctly paired with the cognitive demand and skill dimensidreperformed.

Consideration for implementation:

In the era of standards and common assessments it is essential that within the
development othe GNP, both the new NYS Common Core Standards and the NYS Physical
Setting/Earth Science Core Curriculum weised 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 comprisafd 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 activitiesrad 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 cteat&NP a cooperative collection of nete
packetsto guide students in identifying important conced&ve major educational problems
can be moderated by the implementation of guided note packets; curriculum overload,
fragmented content, incoherent transfer of knowledge, lack of relevancey andarete 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 gommication. Embedding muthodal communicative
tasks within the GNP presents a mouthpiece for the transfer of knowledge and encourages
student engagement. Facilitating muftodal explorations during key lecture points provides
students with an opportugifor 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 theinnoald
counterpartTo 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. Itistheedusatb r esponsi bil ity
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 mutiple 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. Foresxanmpbsitional 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 suatbreakdown 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 understatings, 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 commurecdiscourse. 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 nofeackets. In this instanceustents 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 withirhe 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 notetaking, as well as provide several opportunities for practice and review. The level of
guidance and muHinodal opportunities afforded within the ngiacket should be adjusted for
student skill levels and should focus on developing a reflestudent 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 wouloe 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 corectness 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. Suppldreeggement 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 naiesheir 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 modication. | 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 websitet://goo.gl/y6udl(revisable,)
http://newyorkscienceteacher.cdoriginal form). However, it is important to note, as Konrad,
Joseph and Eveleigh (2009) state, fian adequat
the handout to encourage active attegdina n d e n g a g e Teachdrsanugt guide this4 0 ) .
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 identif
it, they are required to activate the schema necessary to continue learning about the topic
This strategyreates a pathway for deeper understanding and learning, as ideas are scaffo
throughout the notes. By activating prior knowledge and communicating that knowledge ir
several different ways students learn to reflect on their understanding of thegfopeibis
introduced.

Location(s):
Page 1, Slide 2

Reference
Thinking Questions; Kagan (1999)

Strategqy. Summative Cognitive Reflection

Modes of Communication Descriptive, textual/pictorial

Rational: Throughout the notpackets students aasked to copy and create several drawings
Summative descriptive strategies provide students with the opportunity to combine the ma|
and drawings from within the lecture; into a cohesive statement of understanding. Throug
process students @meachers can monitor how students make connections between new id
previous knowledge. These strategies provide insight into student comprehension and pe
of segmented and holistic scientific systems and processes.

Location(s):
Page 6, Stle 26

Reference
Thinking Questions; Kagan (1999)

29



Strategy: Summative Cognitive Reflection

Modes of Communication Depictive, Symbolic

Rational: Units within the Earth Science curriculum, introduce students to major ideas abo
physica world around us with tremendous amounts of detail. Students must understand th
details to properly communicate the broader ideas within a unit. Summative depictive stra|
provide students with the opportunity to work through and review thealerformation within
their notes. As they review these new ideas and relationships students illustrate their think
processes through graphic organizers or mind mapping tasks. These strategies allow teag
students to visualize connections thtatdents are making with new information and promote
discussion and assessment of internal comprehension.

Location(s):
Page 11, Slide 43

Page 14Slide 54
Page 17, Slide 62
Page 18, Slide 666
Page 19, Slide 6%,7

Reference
Mind Mapping; Kagan (1998
Thompson & Thomason (1999)

Strateqy. Visual Representation

Modes of Communication Descriptive, pictorial, iconic

Rational: Visual representations are meant to provide students with an illustration of an ide
word without demanding more frorheir working memory. Visuadescriptive strategies allow
students to illustrate properties of an idea, rather than focus on the textual information. Sty
perceptions of the concept and its properties are prominent in this strategy. Teachers skot
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 inforation provided within the notes students create ment
and physical images. The vistgdpictive strategy will aid in the creation of mental models a
note taking occurs. In each instance the student is asked to interpret the text and create g
illustration that depicts their understanding. This creates an internal connection between tl
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

Strateqy. MathematicaRepresentation

Modes of Communication Depictive, pictorial, symbolic

Rational: Mathematicalsymbolic strategies focus on the development of simple graphic ima
to represent the relationships between two or more variablesd&elopment of each instance
varies from linear to axial locations and labels. Each variation was chosen to draw the attg
to the specific variables and how each behaves in relation to one another. Students and t(
should engage in scientifdiscourse as the relationships are identified and represented.

Location(s):
Page 10, Slide 39

Page 13, Slide 50
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Minerals & Rocks

I. Minerals are -

1. occurring.

2. Inorganic- No organic matter;

or the remains of living things.

3. Solid - definite
4. Definite
5. Definite

a) Examples:
(1) Graphite -
(2) Sulfur -

(3) Talc -

A. Chemical Composition:
1. Minerals are classified into 2 major classes.

a) - minerals that have silicon and oxygen

groupings;

(1) combined one or more

» Talc-Mg3Si4010(0H)2
(2) Largest group of minerals

@) the earth's



b) -Silicate - minerals that

(1) into several other classes
(a) native - gold, sulfur, silver
(b) - galena, pyrite
() - gypsum
()] - hematite, magnetite
(e) - halite, fluorite
® - calcite, dolomite

(2) Extremely rare; 8% of the Earth's crust

(3) Few are relatively common, such as calcite.
B. Crystal Structure:

1. A minerals

2. Atoms and molecules are arranged in

geometric
3. basic crystal systems/patterns
a) / isometric: Galena, Halite, Pyrite
b) : Chalcopyrite
c) : Quartz, Calcite
d) : Olivine, Topaz
e) : Mica, Gypsum

f : Feldspar, Turquoise



4. Minerals form when...

a) Lavaor cools to
b) Water and leaves minerals behind.
c) becomes supersaturated with mineral particles;
will out of the water and

as a precipitate.

C. Identifying Minerals: pg of ESRT

1. Minerals can be their physical and chemical

a) Physical Properties: Color

Cleavage

Density

b) Chemical Properties: mineral

2. Color: Not a reliable property; some minerals

a) Color may due to

(1) Natural

(2) Weathering;

b) Malachite -

c) Quartz-

d) Sulfur-

e) Hematite -

3. Streak: The color of a mineral in its

a) Determined by using a

(1)Quartz-_____

(2) Hematite -



4. Luster: The way a mineral

a) Metallic - Reflects light like a

1)
b) Nonmetallic - Reflects light in more subtle ways
(1) Pearly -
(2) - Quartz
(3) Dull/. - Bauxite
“4) - Talc, gypsum
(5) Brilliant -

5. Hardness: A measure of

a) Determined by a minerals

strength of the bonds and crystal shape.
b) When a mineral is scratched by a substance, that mineral is said to be

than the substance.

c¢) When a mineral scratches a substance, that mineral is said to be

than the substance.

d) Moh’s Hardness Scale -

Common Objects
| Hardness | Name of Mineral |
1 Talc
2.5
2 Gypsum
3.5 Copper
pp \ 3 Calcite
- __issofterthan_ 4.5
T 4 Fluorite
S _GlaSS-—-—._‘___’ 5 Apatite
6.5 Steel File 6 Feldspar
L - 7 Quartz
8 Topaz
9 Corundum__|
is harder than
- 10 Diamond




6. Cleavage: When a mineral splits/

(a) Mica - one direction; ina

(b) Galena - Three directions; in a _shape

a) Determined by atomic of minerals.

(1) is the way a mineral breaks.

(2) is formed as the crystal grows.

7. Fracture: When a mineral breaks into curved or

a) Examples: , bauxite, hematite,

8. Density or - Minerals have different , and

vary in weight given the same sample
9. Chemical Properties:
a) Effervescence:

(1) Calcite- reacts with ; producing

b)

(1) Reaction between Iron (Fe) and the in the air

(a) Example:
(2) Reaction between copper and air; causes a
discoloration.

(a) Example:

10. Special Properties:
a) Lodestone- Magnetite: naturally

b) Iceland Spar- Calcite: produces double

c) Pitchblend -




D. Uses of Minerals:

1. Ore - A mineral that contains and , that
can be and removed in amounts; for a
profit.

a) Metals - elements with surfaces, are able to conduct

and , and are
1)___ ___ - Hematite/Magnetite
(2) - Bauxite
(3) - Chalcopyrite/Malachite
“4) -Gold
b) Nonmetals - Elements that have surfaces and are
conductors of heat and and are
(1) Halite -
(2) Gypsum -

(3) Calcite -

(4) Kaolinite -

2. Alloy - A mixture of two or more or a mixture of




a) Tin+ = Bronze

b) Copper + Zinc =

c) Iron+ Chromium + =

d) Lead + Tin =

3. Gems - Minerals that have ; such as

hardness, , luster, , rarity...

a) Precious Stones:

b) Semi-precious Stones:

c¢) Gems that are not minerals:

E. Minerals and Rocks:

1. Many kinds of are

a) Ex: 4 , feldspar and

2. Mono-mineralic - Rocks that are composed of only

a) Ex: is only composed of
3. Poly-mineralic - Rocks that are composed of minerals.
4. There are approximately different ;

Common Rock Forming Minerals

8% 12%

M Quartz

B Potassium Feldspar
@ Plag-Feldspar

@ Pyroxene

B8 Amph/Hornblend

B Biotite Mica

BClays

E Olivine

B Other




II. Rocks are -

A. There are different rock

B. Sedimentary Rocks: form in

based

their method of

from the accumulation of

, organic matter or

chemical precipitate.

1. Usually form

2. Mostly composed of quartz, feldspar and

in lakes, seas or oceans.

Layers of Pressure/weight

accumulate

and squeezes lower layers.

Sediment is

and
into rock.

3. Types of Sedimentary Textures: pg of ESRT’s

a) : form from mineral and

that are

(1) Compaction:

and

together. (Lithification)

by the weight of overlying rock

(2) Cementation:

by natural cements in water. (calcite)



After deposition Compaction Cementation

INORGANIC LAND-DERIVED SEDIMENTARY ROCKS

TEXTURE GRANN SIZE COMPOSITION COMMENTS ROCK NAME MAP SYMBOL
Pebbles, cobbles, Rounded fragments Conglomerate
and/or boulders
embedded in sand, Mostly
silt, and/or clay quanz Angular fragments Breccia

Clastic Sand {8 ickapar, A0

clay minerals; i
(ragmental) | (0.2 to 0.006 cm) ma);r i Fine to coarse Sandstone
Silt fragments of )
(0.006 to 0.0004 cm) other rocks ety ol Rl
and minerals =
Clay Compact; may split Shale
{less than 0.0004 cm) easily
b) /crystalline: form from minerals

in water, which settle-out or

(1) Dissolved are

after water evaporates.

CHEMICALLY AND/OR ORGANICALLY FORMED SEDIMENTARY ROCKS

TEXTURE GRAIN SIZE COMPOSITION COMMENTS ROCK NAME MAP SYMBOL

Varied Halite Crystals from Rock Salt

chemical 7
Crystalline Varied Gypsum precipitates Rock Gypsum /////

and evaporites
Varied Dolomite Dolostone

R

)

c) /bioclastic: form from the accumulation of

that undergoes a

transformation into rock.

Cemented shell T T 1

Microscopic to coarse Calcite fragments or precipitates Limestone T 1
of biologic origin T 1

Bioclastic

Varied Carbon From plant remains Coal




Burial pressure, heat, and time

Q £ @
=

Anthracite

4. Sedimentary Rock

a) Composed of , mineral or

b) Can contain a wide of

(1) Pebbles, cobbles, boulders, in a sand, silt or clay matrix.

@ :rounded fragments
(b) : angular fragments.
c¢) Can containa sediment
(1) :0.2 cm -0.006 cm; fine to coarse sand.
(2) :0.006 cm -0.0004cm; very fine silt.
3) :less than 0.0004 cm; minute clays

d) Canbe organic and may contain

(1) Limestone, sandstone,

e) Generally are formed in rock layers; called
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. Igneous Rocks: form from the and

of molten lava or

1. When molten or magma cools and so

of different minerals form.

lidifies; the ____

crystals

2. The rock contains a crystalline structure of
of different and
3. Types of rocks: based on the origin of formation
a) /Volcanic: form from the
cooling of on or near the Earth’s
(1) Rapid cooling allow time for crystals
to
(2) Volcanic rocks have to
giving it a smooth/. texture.
©
o {usualiy?gggs’ag!rg black) Reasillc glss é Tii Glassy ver;i%r:i]ar
= g Pumice Scoria i Vesicular
§ % Vesicular rhyolite ‘;:‘gg:i'g Vesicular basalt E ol o pos: aeg[s)
Rhyolite Andesite Basalt 8 -
b) /Plutonic: form from the cooling of
within the Earth.
(1) Slow allows time for crystals to
grow.
(2) Plutonic rocks have crystals; giving them a
/rough texture.
w ) : peri- |£ |E E Non-
%g Granite Kot Gabbro dotite é kS = Coarse | yesicular
gi Pegmatite | : | S EE’ . 4

12



Environment of formation

Rate of cooling Grain Size Texture Example

< Obsidian

. Very Fast -crystalline Pumice

Extrusive
(Volcanic) sl
asa

Fast Less than Imm Rhyolite

Intrusive o IS el Granite
(Plutonic) g Diorite

¢) Crystal size Vs.

(1) in the Earth’s crust

the cooling _and crystal

Very Fast Cooling | A
Fast Cooling |
Slow Cooling |
"
B
Rate of Cooling
4. Igneous Rock Identification: pg of ESRT’s
Scheme for Igneous Rock Identification cavstal TEXTURE
pe
Obsidian E Non-
&y (usually appears black) Basaltic glass ¢S | classy | vesicular
E s v |
3 %é Pumice Scoria S Ve(smular
= - |as
& |E 3 Vesicular rhyolite Vesicular | vesicular basalt 5 pocgkets)
w X< o
[T w £ Fine
o Rhyolite Andesite Basalt g-
E Diabase =
H w T Peri B E E Non:-
3 |uw_ -2 2
S % 2 Granite Diorite Gabbro dotite é EQ = Coarse veskclar
s |32 ‘
= | H
& Ec pegmatte | ) |EoE| e
[ [ [
LIGHTER |« L coron - L ls{panxer
LOWER } DENSITY - | }> HIGHER
FELSIC MAFIC
(rich in Si, Al) COMRONIION > (rich in Fe, Mg)




a) Mafic vs. Felsic

(1) Felsic - ex:

(a) Composition -

(b) Density -

(c) Color -

(2) Mdafic - ex:

(a) Composition -

(b) Density -

(c) Color -

FLESIC MAFIC

™~~~ [HOWALKE? | «—

«—1 HOW DIFFERENT N |

WITH REGARD TO

PATTERNS OF SIGNIFICANCE:

14



D. Metamorphic Rocks: form from rocks; (sedimentary,

igneous, ) that have been
1. Crystals and are rearranged and form new rocks
due to with extreme heat (magma) or extreme
(orogeny.)
2. Often found in regions; where deeper

is exposed due to weathering and erosion.

3. Types of Metamorphism:

a) Metamorphic rocks must experience the following conditions in order
to undergo metamorphism:

)

2

(3

b) Contact

(1) When rocks undergo metamorphism due to direct

with or

c) Metamorphism

(1) When rocks undergo metamorphism; due to extreme

applied during events.

4. Metamorphism Results :

a) Recrystalization - environments within the crust have
temperatures and pressure; cause rocks to
by recrystallizing the old rock material.

(1) No true melting occurs; it is called a
)
(3) Chemical Change/

(%) /

15



Pressure (kbar)

5. Types of Metamorphic Rocks/ i

a) : Rock has mineral crystals arranged
in or parallel
e Ex: Mineral Alignment (. ) & Banding(.
Scheme for Metamorphic Rock Identification
TexTuRe | SRAN | COMPOSITION | perhiicnonism COMMENTS ROCKNAME | MAPSYMBOL
2 Low-grade N ;
Eine) metamorphism of shale Slate
8.5 | Regional
E Eg (Heat and Foliaticn surtaces shiny
| ws Fine pressure from microscopic mica Phyllite
9|28 to increases) crystals
22 | mediom |§|y x| I ; ;
< sels Platy mica crystals visible
= § @i from metamarphism of clay Schist
g 5 5 w or feldspars
; o w
(=P0) Medium w|Z|®x High-grade metamorphism;
5 2 to g L ] mineral types segregated Gneiss
@ coarse into bands
(1) Mineral : Minerals join together;
but do form layers.
(a) Creates a shine or on the rock
(b) Phyllite and Schist
As parent rock is metamorphosed, (2) Banding: mineral join and
it progresses from low-grade to
(b) high-grade metamorphic rock.
0 0 in ; Gneiss
1
2 .
E - (@) An in and
4 ™
5 £ usually produces
6 20 g
74 25 & s
s a bands of alternating .
9 1 igmatite
10— 35 (b) Distorted : the
:; ‘ 40
0 200 400 600 800 1000 of mineral due to extreme
Temperature ('C)
exerted on the rock.
b) /unfoliated: rock
have minerals arranged in s

break in layers/sheets.

(1) Ex:




| T [ I |
Fine Carbon Hegional y&t;?ggg 'ngg |°' Anthracite coal
i Various rocks cnanged Dy
Fine r\r{ sk Cr? ntelm heat from nearby Hornfels
4 (heat) magma/lava
g
<
= Metamorphism of
2 i Quartz quartz sandstone Quartzite
5 to [ Regional
= coarse | Caicite and/or Metamorphism of
dolomite o limestone or dolostone Martle
contact
Coarse o Pebbles may be distorted | mMetaconglomerate
Texture Metamorphic Original Rock Rock Type
Rock
F l . t d Slate Sedimentary
Schist Metamorphic
Gneiss Igneous
N f 10 t d Marble Sedimentary
Quartzite Sedimentary
Anthracite Coal Bituminous Coal Sedimentary

Metamorphism

17



The Rock Cycle: pg of ESRT’s

6.

as shown by the diagram below.

Rock Cycle in Earth’s Crust

gor__——0 )
o= an;&;s"f"?
Uy

Upg
agmatt)

. £ 74 B %

,§; Ié 5 « and/or Préssurg £ |'E

glo e z “tamorphism g2

/ 30 l:v 1. wetad =) .’E
\= | /19

) =

METAMORPHIC

ROCK

Rock Relationships

18



Minerals & Rocks
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MINERALS & ROCKS




WHAT QUALITIES DEFINE A MINERAL?

»In the area provided:

»Draw, describe, OR provide an example of a mineral.

»Provide a brief explanation if you choose drawings or
examples

»How could you test if something was a mineral?
»|Is there anything common to all minerals?



MINERALS

I. A mineral is:

A naturally occurring,
Inorganic, (mext siide)
Solid, (the siide after that)
That has a definite chemical composition, and
A definite crystal structure

1) Graphite - pencil lead, batteries
2) Sulfur - matches, fireworks
3) Talc - Powder, ceramics

AN R

» not minerals: cement, steel (man-made)




INORGANIC - NOT COMPOSED OF ORGANIC

MATTER; OR THE
REMAINS OF LIVING THINGS.

» Coal is NOT a mineral because it comes from
plants

» Amber is NOT a mineral because it comes from
tree sap

» Pearls is NOT a mineral because it comes from
oysters




SOLIDS

3. Have a definite volume and a definite shape.

» Mercury is not a mineral because
it is liquid at room temperature




CHEMICAL COMPOSITION

Silicate Minerals Non-silicate minerals
a) silicon and oxygen b) DO NOT contain SiO,
groupings; Si0, 1) subdivided into several
1) combined with one or other classes
more metals 2) Extremely rare
» Talc- Mg;Si,0,,(0H), » 8% of the Earth's crust
2) Largest group of 3) Few are relatively
minerals common

1) 90% of the earth's crust » calcite




NON-SILICATE SUBDIVISIONS

a) Native Elements -elements found in nature
in their mineral form.

> gold (Au), sulfur (S), silver(Ag) Tt = o=

b) Sulfides - minerals that contain sulfuf jons.
~ Galena (PbS), Pyrite (FeS,) &

- N-\\ 4

v
d) Sulfates - minerals which include the sulfate

ion (S0,%).
~ Gypsum (CaSO0,-2H,0)




NON-SILICATE SUBDIVISIONS

d) Oxides - minerals that contain oxygen bonded
with one or more metals

» Hematite (Fe,0,), Magnetite (Fe;0,)

> minerals containing (OH) are typ
included in this class. (h |
~Portlandite (Ca(OH),) S
e) Halides - minerals with that contain Fluorine,
Chlorine, Bromine and lodine ions.

» Halite (NaCl), Fluorite (CaF,)

ically




NON-SILICATE SUBDIVISIONS

f) Carbonates - minerals that contain a
carbonate ion, CO%~;

» Calcite (CaCO;), Dolomite (CaMg(CO5),)

> Many more subdivisions; each with chemical similarities



CRYSTAL STRUCTURE

1. The internal structure or arrangement of
atoms within a mineral -

» Halite (NaCl)

2. Atoms/molecules are arranged in repeating
geometric patterns.

10



BASIC CRYSTAL SYSTEMS

a) Cubic - Galena_ alite, Pyrite

c) Hexagonal - Quartz, Calcite

11



SIX BASIC CRYSTAL SYSTEMS

e) Monoclinic - Mica, gypsum

: Il/l’,/l’ :

A '_/‘ S

12



Qrthorhombic Monoclinic Trigonal

QP ¥

Rhombohedra Trigonal Trapezohedron

Hexagonal

LR

Haxagonal Prism and Base Hoxagonal Pyramid Haxagonal Prism and Pyramid

l“

-
Pyramid
Tetrahedron

- 00 $ oo
el V

Prism, Domes and Two Pinacoids

Tetragonal and Ditetragonal Prism and Basa Tetragonal Pyramid Prigm and Pyramid




MINERAL FORMATION

4. Minerals form

a) When lava or magma cools to solidification

b) When water evaporates and leaves minerals remain

c) When water is supersaturated with a mineral;
minerals will settle out of the water and deposit as a
precipitate. -

14
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