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Introduction

The intention of this literature reviewts advocate for the incorporatiah Adapted
Primary Literature (APL) int@econdary scienceadsroom instruction in order to adch
science curriculunm achievingbalanced authenticitpAPL is a valuable instruction&kxt option
due toits noveldesign,an optimal compromise between authenticity and accessibility. APL is a
superior reflection of audntic science as it is f@rofessionals of scien@ndin representation
of the nature of sciend®OS)than Secondary Literatu(§L) and textbooksthe dominating
scientific text genreof mostsecondary science classroom instructiet, APL is more
accessible itext sophistication and structutteanarguablythe most authentigenre Primary

Scientific Literature (PSL).

In other words, due to suctegotiateddesign, APLcould prove invaluable @ddressing
a multitude ofscience education olggvesassociated with authenticity, such as thpsgainng
to the following common categorical headings: literacy, argumentatiquiry, concept
competenceand the nature of science, to name a fevaddition APL may address the
contemporary science education goals of increagetkent interest, motivationnd pursuit of
scientificendeavors. After althe current and likelfuture direction of the global economy,
professionhatmosphere, consumer decisimaking technological advancements, and
environmatal threats hasequired that science educationdmcerned with far more than just

student memorization of contewtithin an isolated, singuladisciplinary year

Suggested remedies for potential incorporation challenges, areas in need of further
research, and common contrary research positions will be included to provide a comprehensive
and supportive examination of APL implementation. No instructive techniquiéhisuty

tradeoffs. Like any other educative method, the success of APL implementation is greatly
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influenced by the quality of surrounding instructi®essessing scientific authenticiiyy some
defined way is never sufficient justification by itself foigaging in an educational practice.

Authenticity is no guarantee of effectiveng@ss ( N o r r2009, p407). a |

Authenticity

Authentic Label

A culmination of the Primary Scientific Literature (PSL) results in a plethora of
descriptors and associationstashe meaning, achievement, and rewards of authenticity to
science education: development of models, exp
practices, 0 and fArecognition of the strengths
(Chiu, Dejaegher, & Chao, 2015, p. 39%rd, 2009, p. 387Researchers dhuthentiéscience
education arguthat suchtermed learning experiencpessess a unique and effective capacity to
gain learners access to scientists meaning and pugroseotingstudent adaon of scientific
practices by way afinderstanding he fnatti tudes, tools, technigqu
science (Falk & Yarden, 2009, p. 358)though the value ofauthentiélearning experiences
toward achievingqiumerousontempoary science education objectives, including those of the
NGSS,seems to bevell agreedupon by leaders of such stydlge necessary constiion of an

exerciseo earn the consideration @&uthentiGremains heavily debated.

Somemeasure the degreeofae ar ni ng e n d e aithoegabdso itaaccutate nt i c i
reflection of practies as they are conducted by professionatsiehcerelatedfields (Osborne,
2009, p. 400Q)Othersprotestsuch a caelation, providing the exampthat a sports commentator
need not have excelled as an athlete to become revered in their prof@ssiome, 2009, p.

400).0bjectorscontinue that this overused definition of authentipity o mot es fAa si ngul
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imperialist concption of the natureofsce nces uyl ti ng in figrave miscon

2009, p. 386).

Rather some field experts regard the extent of a learning experiences authenticity in
terms of the knowledge enhancement and comprehension enlargement that occurs a¥f a result
theactivtyy, i n addition t o tohfe sauccccoenspsa n yrienvgeakfaeteil oinn g
follow (Osborne, 2009. 400Q. In this way, aithenticity is not dabel of judgedyenuineness by
one or a committee of0 parso fae sissishinvail dswfa Ibdbust dc csmnii
it o seek wunder s tframahiexpgiena@@sthorne, 2009, p. g other
words,theall too commordefinition of authenticityas solely dependent upéna c t-based t y
school science curricula that emphasizes streetiyp i r i ¢ a |l masphe broadendde s 0
beyond this outdated view to encompass the knowihgadetarners can define their own

aut hentic interactions with natureo (Ford, 20

For this literature review, the teréauthenti¢ity) 5- any comparisoto it or measure of it
- encompassethe most frequent argumernity research best practiced) science as it is done
by professionals of scientific fields, (2fcurataepresentation of the nature of science, and (3)

reflectionof future citizenélikely science encounters

6Hapdnsd vs -OnBMi nds

It has been suggested in the research that there are two forms of authentic investigation or
inqguirdyandidi asdafidecpophRal k & Yarden, 2009, p. 3
that fall undethe dirst-handécategory- perhaps more commonly known@sh a-o d-@refi t h e
mani pul aekkpe 0 i tha dlowdfdr student problem solvirfyorris, Stelnicki, &

Vries, 2012, p. 634; Falk & YardeB009, p. 353). Théseconéhand-o0 r 0 1o in4@ahsist
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of results obtained by scientistgpically presented to studentsabgh software or text (Norris
et al.,2012, p. 634; Falk & Yarden, 2009, p. 358)endso n 6 rebedved much of the
authentic attentiorby past science cuatla neglectinghe valuable and, perhaps, irreplaceable

benefits ofémindsondto authentiombjectivesNorriset al, 2012, p. 634Falk & Yarden, 2009,

p. 353.

Providing further justificationtote aut hent tomibt,y riwasfoadantharad s
great deal of scientistsd understanding is ac
seconchand | earning (Falk & Yardeondé2e@®) apn B8ha
significant portion of science ot solelyfi n i-g rt i yéxpeyinderation, observation,
manipulationor datagatheringbutii c o n ¢ angtt uvead r et i cal 60, fAconcerned
rational,thoughts, theories, and communication activities (Phillips & Norris, 2009, p. 314;

Osborne, 2009, 897-398). Evenwvh e n  éomadn d ss ¢ 0 n @ un dpgemasively 6 mi nd s
surrounding, infiltratingmediating and consuminthe activity Therefore, Falk and Yarden
recommend t o:mdtimgte&harsdof Aproviding evidenc

t han orldwrfapr @a acticeo (20009, p. 353).

Researchers vary in their opinion of which is more significant to scientific understanding
and, therefore, sa@n&nareo medda rc@stbioo m:e -asmi pnpdosr t s 6
superiority, stating thai h a-o0 d 6 subsidiagyactivity t hought s fAdare the ¢
of in them our wunder st a@a9, p3P7-399). Othdrsemorw evenlyd i s
feel that dioadmi asiagipmrande®sf sciemdeasameéadnl
science is Awrongheadedo (Phillips & Norri s,
componentd h a-a d 8 o0 r-o -deignssdieme. Ranking asididere is agreement on

the necessityfdothto scierte, just as there is relativmiversal t y r egar di ngdgo t he i |
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conceive of science without r ePhiipsandNoais wr i t i n
explainmenta 6 mdimé&sacti vities are fAmedi a-the d aldy ngpok

wr i ting, dordciestificditeracy20@p0p. 314).

Scientific Literacy

Significance of Literacy to Science

It is argued that an understanding of scie
whet her within a scientific community or with
386).According to Phillips and Norris, reading is regarded by scieritistss teldosthesin
wor k a nmimaysaurceaof dieative stimulati(2009, 314)By conducting a survey of
scientists,;Tenopir and Kind provide quantitative data to supportgigsificanceof reading to
science They determinethat roughly 23% of a scientists total work time (or 553 hours per year)
is spent r ewamwimmiggandwighalc hitevi ng sci entelestbns o fr om

exceeding this allocatiof2004).

Broadening tb examination beyontthe reading component of scientific literacy, Phillips
and Norris found, 0 average, 58% durveyed scientistetal work timeis spent ina form of
communication, whethespeaking, writing, oreading (2009, 314 his figure supports one of
their argument statements from an earlier publicaficegding and writing are inextricably
linked to the very nature and fabric of scien
Phillips, 2003, p. 226)t is no surprisethen that scientific literacy ipartof contemporary
educatiod s etd provide futurecitizenswith decisioamakingcapability(Falk & Yarden,

2009, p. 351).

Meaning of Scientific Literacy
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Research has defined two components of scientificlyerac t he Af undament al
the fAderived senseo (Falk & Yarden, 2009, p.
fundamental pertains to abilities associated with the reading, interpreting, and writing of
scientific text, while the derived referskon o wi ng fisci enti fi c i deaso ar
Ascientific mannero (2003). To form the whole
compl ement each otderainlgonei must leiatlileltceaccurdtelyrremad a téxto n :
before intepretation can begin, however connectiamedewithin thetext and to outside
knowledge ar@ecessary for interpretation (Norris & Phillips, 2003, p. 2B&)uiry thinking is

argued taesidewithin the derived component, as it is under this side of tiretbat scientific

thinking is considered to fall (Falk & Yarden
the core of scientific |iteracyo resides scie
351).

Reading agby Inquiry

Researchers argue that the fiment al activit
similar to tho&e IifirelntoaliadidpingtofsaenganyuargPhillips
& Norris, 2009, p.318P hi I I i ps and No gispriscipladringetpetatiorhoat fr e a-
text. o Readers of science recognize kitnks bet
information. This detectionis then followedwith an integration of such connections that allows
for inference, exploration, andterpretationPhillips and Norris enlighten that this way,

reading in itself,can be considered an act of inquiry (2009, p. 318).

Inquiry learning, similarly t@uthentic science investigations and scienilitécacy, has
been considered intermstofwo di mensi ons: Al earning science

& Yarden, 2A3008quipry85n¢éfens to understanding
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including historical perspective of ®&@yher ods i
inqu ryd i nvol ves a bingscientifie imquiay:sgsestioning, hypathesigi t h d o
generation, experimental design, evidence ana

explanations, 0 and communication (Falk & Yard
Nature of Science (NOS)

Understanding the nature of science (NOS) shares a relation with learning ssience
inquiry, in that NOS represents fAscience as a
and | imitations i ntr i n&ivarden, 009 358).rContempoary k n o w
science education considers student understanding of the following three aspects of NOS
i mportant to current objectives: (1) Athe nat
knowl edge, 0 (2) rftaH e siorcti eorl mgly earfd seexteence, and

sciencé (Falk & Yarden, 2009, p. 351).
Argumentation

Arguably ecbkbom& edlomiynathiamg trenderini sal eink
into written scientific arguments is nonethelessaceht@alc us of scienti fic pr e
p. 386).In addition to the obvious value as a source of factual informdtmnad, argueshat
scientists more predominantly utilize professional téxtswo general purposes: (1) as a means
to formulatefi ¢ aulyevfitten arguments that demonstrate their passion for science and that
attempt to convince Aot hers aboutothdrécientidtse gi t i m
evaluationof the argumen2009, p. 387)Extrapolating on the latternandicationof scientific
expertise and a centr al constituent to unders

evaluate written argumentso (Ford, 2009, p. 3
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students Ato undieestaend theyidmast ohesessaril:
of |l anguage used to present and support these

386).

Science Education Must Include Literacy

Literacy isanfiactivity that makes science what itad to neglect it is to distort the
nature of science to a degeee ( N o r 12018, p.&634)Bardm.Tsabari and Yarden explain
that fAo6trued scienfielfement ¢ escfacyd®i emtciofmpa@a sisme\se
6scienti fi c dicaleasbning, evidential reli@hée, ekderonental role, critical
thinking). I n addition, an individual truly Iiterat
scientific Athinking for individualforeumetht soci a
science students to gain a 6trueo fidwwei enti fic
decisionmakingas it pertains to science in everyday |

science can do, butéhd®). science is doneo (200

Text Genres

In order for science educationpossesauthenticity by any definitionand reap allhe
benefits associateduthentic scientific texts must be incorporated into instruclient genres
are fAdefined by drastices,tandecommungaive pwpose [ B-a@sakmiin
& Yarden 2005, p. 404)According to Goldman and Bisartzzh e A communi cati on of
i nformationodo has t hree c kkamenfinicdtienmmong soientgis;ii n o u
(2 popuiarizinginformation generated by the scientific commuriity; ( pBoyiding formal
educati on o Fdrth® gurpases pf.this &cientific text analysis, condltkese three

roles as they reside @nspectrumOn one end of the scale liespository textswith the intent
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Aito expose i nd orBrdesdkEnmekryaraden2005,¢p.e4@4% On the opposite end
of the contimum exist:arrative texts, a category written more for entertainraadtor

educationapurposes (Baraniisabari & Yarden2005, p404).

Found toward thexpository text pole isrimary Scientific Literature (PSL), such as
scientific research articlewhich qualify undethe first communication rolBaramTsabari &
Yarden 2005, p. 404). While Secondary Literature (S$hgJudingJournalistic Reprted
Versions (JRV)such as fipopularscience articleé the second communication role, reside
toward the narrative text tgiBaramTsabari & Yarden2005, p. 404). Traditional adolescent
sciencdextbooks the third communication roleyould also fallnearthe narraive text tail

(BaramTsabari& Yarden 2005, p. 404).

As for which is more narrative in nature, SL or textbooks, there is no consensus in the
research. It would likely depend upon the particular texts being compaugedtition, whether
or not SL is used for educational purposes, and therefore qualifies for consideration under
communication role three, would depend upon the instractechool/district curriculum
Yardenproposegetanother underlying spectrum to cahesi here, a gradual transition from
Areal sci enc e o, withoealBcseocbydSL andscammeanicatiencrole one, and
school sciencbey textbooks and communication role th(see Appendix A for a visual

representation of this scientific textrge analysisj2009, p. 309).

Primary Scientific Literature (PSL)

PSL Defined

PSL(Primary Scientific Literaturedi f ound i n journal s, technic

proceedings, pateetotigma wrdimgsiona sciercesalgo@Norris,
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Macnab, Wonham, & Vrie009, p. 322). Simply puBSLA i s mbiy scierttists for

s ¢ i e nNorrisdt a, 8009, p. 322)Reminiscent of previous discussion, this text genre is

primarily argumentative: consists of evidence supported csiatls (primarily located within

the Methods and Results sections), possessoO a
Methods, Results, Discussion), and presents scientific uncertainty (Yarden, 2009309307

Information about the practice and regentation of the scientific process in laboratories and
fworkplaces of scienagijn additiontoc hr oni cl es fAof how amd why kn

contained within this text genf&lorris et al, 2009, p. 322).

Value of PSL

Reading such texts arguablyas close t@erformingauthenticpractices okcience as
one can achieve, seconddanducting or participating ithe study itselfTherefore, as Yarden,
Brill, and Falk conclude, PSL has the invaluable potential to substantially shriak the
prevalents e p a r lzetweea publié knowledge and the frontiers of scientific inguiry( 2 0 0 1) .
The authors further explain that PSL can aid in student development of the following scientific
literacy elements: research plan rational, researchadelbgyand appropriateness the
research question, scientific communicationos
scientific research conclusisandgoalsand t he scienti fic Yadsnear ch |
et al, 2001).BaramTsabariand Yarden supply additional benefits of PSL reading to science
education, student skill developmemithiit he nat ur e of asdi dmstcii feind i 1fae
i nvest.iTheaame esedrchers agovide theenlightering perspectivehatfistudents
mayfindr eadi ng research ar t i,atirgs stademoouvatiotapd and a

higherlevel scientificcomprehensiof2005, p. 404).

Challenges of PSL
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Yet, the fAjargon and technical | anguage sp
sourcegproblematic fofinons ¢ i e nt i s ddslesaenstadentstandaducatots,
understandNorris et al, 2009, p. 322)Unlike popular science mediagseach articles are far
more tolerantofii nf or mati on gafpsidemaldy & afc datdpos@asler s uc h
anal ogi es and -Teabau & [fdrders 2005( pB4D4).dnradditionjence writing
utilizes fApassive vanc®, d osulivteirbst &@s amalbstepa
actiono with Aver bs -Tedbari&lyardem A0, p. 405)eSJuehtqualdiesd ( B a
have a tendendyp exclude and alienatearnergBaramTsabari & Yarden, 2005, p. 405).
AAccor di rstgal formulaafor the ohjective measurement of readability, scientific
magazine8, whi ch are categorized under PSL, earne
rank of A v(BaragTsdbarf & Yarden, 2009 p. 409)he tradeoff to autheticity, in

this case, is accessibility.

Secondary Literature (SL)

SL T Definition, Pros, and Cons

Perhaps thenost reader friendly and broaddience accessible forms of scientific text
areSL (Secondary Literature) or JRV (Journalistic Reported Versigng) ¢ h evespapers and
ma g a z i n e(Naris et al,2008, p.B22)Thepress of such publications a a
A me d i eetiveen the original PSL upon which the SL is based and the readers, eqthipping
audiencewith likely lackingfiexternal criteria s o t hat fiehatugte theavgrkamee t t e r
put it i n it s asgitediBaramTgabaridsYarden,t2009, .@1)9This
reduction in information gaps is reasoned to allow students better understanding than that from
reading PSL (Bararisabari & Yarden, 2005, p. 419). The origicahonical mannefii nt er nal

| ogi co and s eigraneonedneSecoraldry Litehatur Paisé the interest of
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readergBaramTsabari & Yarden, 2005, p. 41&onsequentlyscientific epistemology isat

often well portrayed bynediareportsp ar t i cul arl 'y fAscientific reasdc
sci ent i f i(Morrigetaj, 200 m 406Ford, 2009, p. 3§6Yarden states that ti&l

text genrgprovides minimal evidence and false certainty of the facts presented (2009, pn309).

this case, authenticity is sacrificed for accessibility.

Necessity of SL

Some researchers contend that sughu b | i ¢ forche ahscieneedliterature are those
mostl kely to be encounter ed (Forg, 2009, p. 88&skdorme, ii n t he
2009, p. 399)The arguments logical path then leads to a demand for SLdR3Al reading
skill development as part of sciencarricula given thastudents neetb cultivatet h eill aimd
abilityo to critically readand comprehensluch text genreis order to beomen | -ofge
| e ar meaddifod to independent, healthily skeptiqaipductive and safe citizen€sborne

2009, p. 399Yarden, 2009, p. 30BaramTsabari & Yarden, 2005, p. 4p2

BaramTsabari and Yarden argue that in order for science education to accomplish such
extraor disntaud/e gtosad sat tiiretted dezandaty btevaduredeadng h € e d s
t o be r egleuthetm wi t Gae dteddn2005, p. 42 Any negative
associatio(s) toward the readingnd comprehensiaof scientific text such as low sefficacy,
willincreaset he | i kel i hood of such studentsd scienti
and practicevill hinderthesest udent sé chances of I mproving th
sustaininghe negative vievand skill deficit Such students will be lesapable ofesponding to
science exposures as citizelmsaddition, such students are less likely to pursue science related
endeavorsTracking this chain of events from negative scientific textnotatiorieads to

conclusions that are contrary to confmrary science education efforlsis therefore important
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for scientific literacy instruction to consider productive studentesfiifacy an incorporated

objective.
Traditional Science Classroom Textbooks
Limitations
K-12 extbooksar e typically Awritten by science ed
present science as a certainty, consisting of

(Yarden, 2009, p. 309Fkrom an analysis of statements within common science textbooks

conductedy Phillips and Norris, 51% to 77%eredevoted to providing truths (facts of
conclusions)3%allottedto the way in which research was conductaad less than 2%

allocated to providing some form of reasoning (2009, p. 3ié)ce the all too@mmonfuse of

the presenttende6t he structure of DNA is a double hel.i
or conditionality in t hei PhillpgaadNermsearueshatsuchOs b or
a significant misrepresentation result@in idi st orti ono of science to
unrecognizabilityleading to incorrecind overly simplifiedstudent views of not only science

reading and writing, but science over@009, p. 316).

Arguably even worse stillhts omission othejustification, discoveryand Al ogi c all
c o h e r & scieregrontrary to the very nature of scienoéien infiltrates andnfluences, if
not dominates, the context of the classroom (Osborne, 2009, pT&a8her discoursand
course readingrasoftenbund t o be Al argely confined to dev
understandings of phenomena and situaiony N o r 2018, p.634)Such has been argued
to result in poor student reading ability of scientific text (Phillips & Norris, 20031).

Specifically, students tend to exhibit a fAcer
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a weak interpretation and evaluation of the t
own beliefs about the reading and the textuadewce provided, and a differing in explanation of

the textds meaning from what was actually rea

Perhaps ofraverconcern, the authors observe such underdevelopment contitaes
and often persists in higher educat{@millips & Norris, 2009, p.317Co |l | ege st udent s
the same i mpoverished view of reading as thei
accumulation of background knowledge unable to much improve their interpretation of science
texts (Phillips & Noris, 2009, p. 317)These limitatios of SL and textbooks resemble many of
the current shortcomings e€ience education thedsearch and reform is attempting to address.
This makes sense, given that textbooks and SL are the primary form of scientificrmst
curricula. In other words, the quality of scientific literacy instruction and the success of student
scientific literacy skill development greatly determines the strengths and weaknesses of the

classroom.

Justification

However, given that theajority of science classrooms concentrate on developing
student understanding bésic science concepts,e xt s t hat pr-agreedle fAiconser
explanatory account[@]mayhave their place (Osborne, 2009, p. 388)ddition, it can be
argued that foundational understanding and background knowledge accumulation, frequently
resembling an established understanding of terminology, is necessary for more complex mastery.
In this way,Osborne argues thextbooks shoulthe judgedoy the quality with which
explanations of contemporary understanding is communicattair how effectively such is
accessed by the intended audience, adolescent students. They should not then be assessed by

their provision of competing theoser their accurate portrayal of scientific paths as they truly
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unfolded, despite the significance of such qualities to current scientific understé@@dbayne,

2009, p. 398)There is, after all, only so much time an instructor can spend on each concept

Adapted Primary Literature (APL)

Addressing Science EducationGaps with an APL Bridge

From narrative to expository, the authentic nature of thanertases, while the ease of
accessibilityto a precollege student and teacher populati@ereases. Is this counterbalance
that instructors must battie orderfor students to understaatid reap the benefits atithentic
scienceextexperiencesThe difficulty for students, and, perhaps teachers, in reaaidg
understandingSL has resulted itextbamksand SLdominding classroom reading (Norris et,al.
2012, p. 634). Consequently, students tend to lack a sense of scientific text genres and familiarity

with scientificliteracy(Norris et al, 2012, p. 634).

In their 2012 publicationorris et al.stated that researdi science curriculurhas
i ndi cat ed ft woatihehigle sthool leverhd fiesi,flauirleesd r egar d f or
of scientific reasoning and ar gumetather as syst
connectionwitfi s ci ent i f i @he secomdatk wfstudent exposute some of
modern sciences most fascinating andaaltideas, particularly those arising from
interdisciplinary examination@. 635).Noted by leaders of the fieldyb substantial gaps in
science educatioarei b e t w e-wonld scieneeland school science and fAbet ween sc
research and school i nquiry |l earni mgihquiyFal k &
tend to be simple, superficial, and certagsulting in the dewepment ofcognitive skills far

distant from that of real scientific practices (Falk & Yarden, 2009, p. 352).
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Recent national standard revisions reflect such areas of concern, calling for more than
memori zation, fAa bal ance iobte t(Weoernr206)me&@db)eadlg.e an
The new vision obcience educatiosa s fia opfr oicneqgsusi r yo f or whi ch st
and deliberatalternatives to present scientific research explanafidogis et al., 2012p. 635).

In addition,changes to standards have included a demandl&rance, the connection of
sci ence familastiesyadde @ m® @ s t rtleethought prazdsses) assumptions, and

evidence scientistso ous(eNofirtr2018 pedhc halt.hei r conc

Norris et al.explain that Adaptive Primary Literature (APL)psojected to address these
circumstancebased upon three qualitiddost notably, APL is focused on the centrality of
reading to science learningsulting inresources for the learnimg sciencehat concumwith
practices as they are conducted by scient8#sond, APIst r esses fiscienti fic
t houghts interconnected t o ftoereadingasolgtddet ed ar g
scientific terms Third, APL contributes a facet of authentic sciehca ¢ ki ng-oin® 6 hands

aspects (201,3. 635).

Ford claims APL provides an opportunity fo
with some of the uncertainty anaadoesnetexisnress of
science. For example, with regard to imperfect correlation specifically, authentic science
frequently involves the use of #fAless than per
anomal i es, gaps, 0 edndncifgclaims. Rofd argudseghisérdtoigo me nt o f
di fficult to conGeynvbsbughtodoObasdsn which stu
intended succesStudents have a tendency to regard the finding of anything except the

anticipated result a failurélowever, Ford reasons the examination of a scientists reported data

v
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in the written form of APL Acan i ntroduce the

from typical classroom social dynamicso (2009

Falk and Yarden present yet anothety in which APL addresses current science
educational needs by supplyiiga cont ext that promotes both di
(2009, p. 351). In another publication, Yarden carries on to explaiAiais a valuable tool to
Arepresent O6real scienced in schoolso, aiding
skills, such as argumentation and reasoning, far better than textbooks or SL (2009, p. 309).

Generally speaking, APL is an effectitaol to bridge academic secondary science and

professional science so thatrrent students may Ipgepared to contribute to a better future.

APL Design

AdaptedPrimary Literature (APL) is a relatively novel text genre tlegides toward the
center of tle previously discussespectruns of scientific textspossessing reasonable
accessibility and preserved authenticAfL consists of articles adapted from P&igstii o f t e n
by science writers (dordetale2009epnw3Rd] Falk Yardengd0@nt i st s
p. 350). APLiscreated o0 mai nt ai n @At he c aftheorigicahdocurheattomo o r
the greatest extend possibjet reasonably match tleegnitive andi c o mpr ehensi on | ev
adolescent science stude(orris et al, 2009,p. 322 Falk & Yarden, 2009, p. 3%0The
conservedior gani zati onadasdd uwapered rodf edratread t o, ¢
di s c i mntailsthe $oliowing with regard to observation generated gegaetation,
demonstration of relevandte the scientific problem, description i@ollection and analysis
methods, andinterpretationNorris et al, 2012, p. 636). Extrapolating on the latter, the

identification, acknowledgement, and, if appropriate, impeachment of alternative interpretations



APL: AN EFFECTIVEAUTHENTIC TEXT OPTION FOR THE SCIENCELASSROOM 22

is also included (Norris et aR012, p. 636)Worth noting, PS8t heor et ioc ali kien yna't

possesafidi f ferent ocd Nomjr2012,p.686d. a m .

Due to the structural similarity ®BPLAscien
promising fAas an or gani z dBarafrleabariktYardee, B005@ s ci e
419).Phillips and Norris add that APL conveys a crucial feature of scientific writing, one that the
authors urge should be a goal of science educajimtification of arguments to support
conclusions (2009, p. 316). In this way, students are less perplexed and intimidated by the origin
of scientific understanding (Phillips & Norris, 2009, p. 3I¢searchers confess that any
alteration however minimaltotheij ar gon and techni cal | anguagebo
to impact authenticity, as sugfere selected by the authors for a reason, to convey an exact
meaning that may not be preserved by any substit(ilorris et al, 2009, p. 322). However
research results thus far have demonstrated support foagBlmoreuthentic and accessible

combinationtext genre than others currently available.

Defended By Research

BaramTsabari & Yarden examined thaquiry skill and comprehension effeait
sepratelsraelistudent groupseach varying in degree of prior knowledge in biolaggding
one oftwo randomly assignetéxt genre§ADPorSL)based on a fAbreakthroug
artiRSLaboufia pol yval ent i nhi Bhetopiawadselectechf&itsant hr a
authenticity and potential to elicit student interest, due to popularity in current events, standing as
a current realorld issue, and interdisciplinary incorporation of science, technology, and society
(ST-S). Thecontentof both texts was designéal be as identical as possiliteorder to analyze
results in terms of text structure only. The researdioersd superior demonstrations of inquiry

skills by APL readers than those who rélael secondary literature versjomhile studers that
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read the secondary literature genre had greater comprehansidretter attitudes toward the

textthan those who read the adapted primary literg085, p. 418).

To determine the generality of the Bardisebari and Yarden results, Nagret al.
performed a similar study in Canada (2012). Mirroring the original research to the greatest extent
appopriate for comparison, Norris et achieved similar but not identical results. The Canadia
study found tasubstantalPengfpwers eSIlsdé6i n terms of HAone
scienti fic 1 nguRecalBaramlsabariand adrdert fdundrak averadj . 0
scientific inquiry advantage for APLhe confirmingauthors argue that this result corresponds
to the wor k thathave successfully wilizad the grisary literature format as a
means to increase critical thinkindn comparison to the APL studenidorris et alfound better
summary questionnaire performance for SL studevtide BaramTsabari and Yarden found a
true false questionnaire advantage for SL studétawever, despite this discrepancytin

guestionnaires were measuafstudent text comprehension.

Norris et alstatet h e y oficonalude with confidence thiat t hesultsdifféd f r o m
those of BeamTsabari and Yarden, explainitigepossibilityo f each st udyds nume
i ndividually i mpacti ng withthetnéetef@tibeing the sarkeion g hei f f
authors urge for more researtchconclude the effects of various sci@attext genres on the
thinking and comprehension of adolescent stud@sris et al, 2012, p. 64345). Although
differences were found at multiple levelse results are promisinthe almost duplicateffect
on critical thinking of both studiesuggest student experience wittexts that resemble
canonical scientific formhave the potential to elicit the utilization fadriticalth i n ki ng s ki | |

alreaq present. Furthermore, Norris etatgue that the distinct locations of both studies
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suggets such resultcan occur across different cultures, languages, student ages, science topics,

and other contextwual differenceso (2012, p. 6

Discussion

Implementation Recommendations and Cautions

A study of an APL based biotechnology curriculum, caneld byFalk, Brill, and
Yarden began the realization that different sections of an APL are associated with different
student difficultieg2008) The authors found that the Methods and Discussion sections posed
the greatest challenges for studentsMreet hods | i kely due to its dab
application of prior knowledge for comprehensitre Discussion likely for questions that

challenge reader confidence in text understandiralk et al. 2008).

Arguing that the Methods and Results sectiorst h  d e a | i n the dAparti
Falk and Yarden sought to further examine work ofthe 2008 publicatioby analyzing the
specific student difficulties and the corresponding optiinal p i spraetice® associated with
thedi f f eri ng fge nRewlss aral Didcussianlsext®mnds a biotechmadogy APL
(2009).Theyfound that application of the enactment model to the Results and Discussion
sections of APL allows students to develop batjuiry dimensiongasinquiry andby inquiry)
and Ascientifically aut henfTheautherpalssrecegnzed pr act
Athe emergence of a rich variety of coordinat
synergistic effect of both reading and scientific research associated coordination (Falk & Yarden,

2009, p. 380).

Falk and Yarderontinued researching the differing student and instructional challenges

associated with APL sections, in addition to investigating possible strategies for overcoming
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them, by examining the teaching and leearning
different models: the conversational model, the prokdeiring model, and the scientific

literacy model (Falk & Yarden, 20115or this study, the opening sections reterthe Title,

Abstract, and Introduction. An APL conserves plogpose and comphnension levebf the

original PSL opening sections, with the Title and Abstract servingsas@nct summarizingf

the research and the Introduction connecting the research to other experiments of the domain.
The authors chose to focus on instructiothef opening sections due to three concerns that arose
from conversations with teachers reluctant to incorpor&k iAto their classes. The first,
intimidation of students from a fAsudden expos
idea® . T bng,prieréizing of content over inquiry and NOS as aulesf text challenges.

The third,instruction reversion to teacheentered approaches in an attetopaid student

comprehension challengésalk & Yarden, 2011, p. 78).

The conversational modéli s b a s e d-medatedaconstricivishdalogue
bet ween t he st uf(rak&Yardea,2@ll, p. A8 he istructoprovielas
students the necessary guidance to increase their questions in sophistication and research
orientation (Falk& Yarden, 2011, p. 79). With students guided to expect answers to their
guestions through further reading, the process becomes a reading inquiry (Falk & Yarden, 2011,
p.79.However, feedback has indicateahsumigios amadde]l ¢

Atediouso (Falk & Yarden, 2011, p. 81).

The problerrsolving modebegins prior to student exposure to the APL, by presenting
students with a problem akin to that of the APL and asking for a reasonable methodology and
experimentation that addressefHalk & Yarden, 2011, p. 79). Students collaboratively utilize

their prior knowledge, inquiry skills, and any relevant information provided by the ¢tstyas
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the teacher guides studesutggestions toward superiority, if necessary, providing oppnsitio
supported by fApractical and experiment al I 1 mi
important to be aware that this model has a tendency to allocate greater weight of the knowledge

provider role to the instructor than the article (Falk & Yarded12(@. 81).

The scientific literacy moda$s more flexible in structure than the other two, including
student exposure to different text genres presenting the same scientific concept (Falk & Yarden,
2011, p. 80). In the case of this study, two differemytar media reports represented the
scientific topic in a narrative genre of simple language, aiding comprehension, while an APL
article of the same topic provided the detail necessary for inquiry (Falk & Yarden, 2011, p. 80).
The £quence of exposure iexXible (Falk & Yarden, 2011, p. 80)h& popular textould be
introduced firsto establish a general baseline of understanding and elicit Heyredr
guestioningto be addressed by the ARiat follows (Falk & Yarden, 2011, p. 80). Or, students
couldachieve scientific understanding by first reading the APL and then comparing the popular
media report in order to emphasize recognitio
exaggerations, shortcuts, analogies, personifications, etc. (Falk & Yarddn 2@0).

Whichever format is chosen, a primatyj@ctive is comparison among differgéakt genresthe
audience, the depth of information provided, the NOS aspects included (Falk & Yarden, 2011, p.
80). Exposing the discrepancy between popular science and the origin will result in students
developing the critical reading skills necessary to become successful and safe citizens.
Unfortunately, it can be difficult to find different text genres on the seoneepthat are

appropriate for the instructorés needs (Falk

Multiple models can be used togetieorder to reap the benefits and minimize the

limitations of each (Falk & Yarden, 2011, p. 8Epr example, the conversational miole
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problemsolving model could be used for the reading of the first article in the scientific literacy
model (Falk & Yarden, 2011, p. 80)he authorstatetheydo not favor one model over the

other two,as each addresses different valuable scientfils{Falk & Yarden, 2011, p. 81).

Additional Application Recommendations and Cautions

Content selectiofor the APLIis critical in terms of theuccess and valu such a text
implementatiorto desired educational objectivédeally, APL chosen topics should hold a
balanceamongi di ver se de mamased tiecpgiamalaradsnstrai nt s,
accessible to students, engaging and motivat.

(Ford, 2009, p. 388).

Notaomncern unique to APL, but #dAany curricul .
supports for teachers (Ford, 2009, p. 388). There are a greatleraayds placed on a
secondary teacher of scienagluding strong content understanding, nature of scipragtice
awareness, current in scientific research, an
388). There is concern regarding high school science content specialist teacher preparation to
perform the latter, and all that it entailo(8, 20®, p. 388). Successful reading comprehension
of a science tex¢éntails more thanfagte ut fAacti vati on of multiple Kk
structure, aut h(ard, 2000tpe3B3A d rad kt lod Iciokndd dence w
associated Pedagogid Cont ent Knowl edge (PCK)Oo can resul
incorporate APL(Yarden et al.2009, p. 393). In addition, Fa¢k al.found that that instructor
APL associated PCK is crucial to enactment success (26@8Y. d suggeshased ifia r ese
pedagogy of s ci donncreaserirsteuctar wilgngniess m incompgrate APL into

their instruction and the success with which they d(26609, p. 388).
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Yarden et aloffer four supports utilized for their research and applicabladce gneral
aid considerations. The authors label thistlist e At i p oaf towhdt is necessafpre r g 0
the vision to be realized: thasion beingtheut i | i zati on of APL to addre
necessity for authentic inquir@ne supporta n natteent model based on a constructivist
dialogue between the students and the article, with mediatioh rthe teaclier Another, a
Amul ti media curriculum guideod including a que
on suitabilityto purposestudents, class, and needsa | o n g -tapet dlassfenactdento
sequences accompanied by pedagogical commentso fo
expectations, teaching plans and stratedidhird, varied forms of professional development
workshops: acquaintance, summer, and follgw And finally, the fourth, a web site equipped
with pictures for teacher presentations, animations for methods instruction, and a forum to ask

guestions and share materials (2009, p-398).

Theauthors express their hope that these recommendations alleviate teacher concern,
resulting in greater APL implementation, and improve teacher effectiveness with APL
instruction so that science education objectives are better met. In addition, the antioorage
the design of other models, including modification and personalization of those provided here,

and continued research to improve APL success.
From Here i Suggestions for Further Research

The research and corresponding results presented andezhagz primarily involved
implementations of APL content from the biology discipline, with interdisciplinary associations
such as mathematics and technology. Further studies are needed to determine if the results found
to justify APL with biological conéntareexpandablecross the science disciplines, given

Adi scipline specific epistemologieso (Ford, 2
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As with most I mplementations at the second
progr ess i datiat geadunlly lsuids the developmeniskills to be called upon in
science discipline courses and beyond allows for greater practice, exploration, and extension
prior to graduation (Ford, 2009, p. 38Bpr years, curriculum development has included a focus
on the organization of fundamehta sci ent i fi ¢ knowl edge finto gr:
reflectand aid in a process of increasiithggest udent
(Yarden et al.2009, p. 392)Further research is needed to determine what scientific text
charactestics might be a suitable precursor to ABlgagemendat the secondary level (Febr
2009, p. 388). Ford recommends incorporating literature into science learning in order to
establish the normal role of reading and writimgadditonof6 ha-odé components, t
scientific inquiry (2009, p. 388}-ord also predicts that successful incorporation of APL at the
secondary level could result in opportunities for PSL incorpordditem on perhaps more likely
in advanced coursework (2009,388). In addition, student practice with the elevated
sophistication of APL content and structure may better prepare students for college and/or career

text reading and writing requirements.

Admittedly, greater researdi the nuances associated with ARfeetiveness and
implementations needed before any concrete conclusion or curriculum design alterations are
made. Still, these research results show great promise that adapted primary literature has great
potenti al to equi p tedsamtaskils tat afutureltitizenraed décisienr | et y
maker shoul d -Tsabaris2005,p0422hBar @&mas t he ability to
complex, authentic, and cutting edge examples of actual scientific arguments to high school
| e ar meaddisioh toassisting student understanding of the various ways in which scientific

ideas may be communicatéébrd, 2009, p. 388).



APL: AN EFFECTIVEAUTHENTIC TEXT OPTION FOR THE SCIENCELASSROOM 30

Conclusioni A Call for Balance

This defense of APL is not advocating for the replacement of other forms of science text
instruction, lut, rather, to encourage a balanced curriculum in which the plethora of science texts
are incorporatedexposing students tihe diversity of scientific text genreslows for the
development of skillwithth@ v ar i e d pliciedtby sashitypBarvamTsabari &
Yarden, 2005, p. 4Q3-ord, 2009, p. 386Textisficentralt o any wunder standing c
(Osborne, 2009, p. 402). Therefore, assisting student reading of scien¢evtbether
textbooks, APL, or SL should be included in any scienegucation(Osborne, 2009, p. 402).
The unique lessons offered by each scientic t e xt g e nraes ccaonmpblee meengtaarrdy
(Norriset al, 2009, p. 406 &409).t i s i mportant to be capable o
epistemologyandreadingpopular scientific news reporgslorriset al, 2009, p. 406 & 409).
Therefore, the text genres that best address each, APL and SL respectively, should hold a place
in allocated literacy instruction. Field experts argue that curricularfibae be founddr both
by reducing the over whel mi negal,2009 p. 406 & 400). f act ua

BaramTsabari andfarden proposevr appi ng APL suitable for tF
cognitive level, in order to improve NOS inquiry understanding, withiné$La c k age of
populars ci ent i fic articleso. Both the APL and SL,
SL articlesmaypartially compensate fanformation holegpresent within the APL. Such a
design is intended to allow students lacking parteqtiired prior knowledge an enhanced
understanding; provide missingtside measuragcessary for an evaluationtofe x t 6 s
implicatonsiand i mprove studedir@atédduBke tewdradgskod

participation in the futuréBaramTsabari and Yarden support the potential of this framework to
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nurture an interacti onauvekitnfecernmeAd Lf watnwdr eS Lc i tcir z

422).
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Adapted Primary Literature (APL): Sample Impact of Human Noise

Lauren Thresh
The College at Brockport

Original Primary Literature (PL) Source

Mason, J. T., McClure, C. J. W., Rarber, J. R. (2016). Anthropogenic noise impairs owl hunting behavior.

Biological Conversation, 1929-32. http://dx.doi.org/10.1016/j.biocon.2016.04.009

NYS Standards

The Living Environment Core Curriculum, The University of the State of Nevk,Yidre State Education

Department, http://www.nysed.gov

Key Idea 7: Human decisions and activities have had a profound impact on the physical and living environment.

A 7.1c Human beings are part of the Earrinidoesentycosyst
alter the equilibrium in ecosystems. Humans modify ecosystems as a result of population growth,
consumption, and technology. Human destruction of habitats through direct harvesting, pollution,
atmospheric changes, and other factors isatereng current global stability, and if not addressed, ecosystems
may be irreversibly affected.

A 7.2a Human activities that degrade ecosystems result in a loss of diversity of the living and nonliving
environment. For example, the influence of humans berairganisms occutkrough land use and
pollution.

A 7.2b When humans alter ecosystems either by adding or removing specific orgagiigms,consequences
may result.

A 7.2c Industrialization brings an increased demand for and use of energy amésihbeces including fossil
and nuclear fuels. This usage can have positive and negative effects on humans and ecosystems.
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TheAbstract is a

brief summaryof

the article to

come, often
containing:

- Purposd
rationale of
study
(why was this
study done)

- methodology
(how was this
study done)

- results
(what was
foundi in
brief)

- conclusion
(what do the
findings mean
and why does

ABSTRACT

The evidence of recent studies has
noise is negatively impacting natural communities (plant an
animal). Yet, the impact of such noise on predators that use s
to hunt is less studied. The results of this experiment show th

the noise from natural gas compressor stations negatively eff

L argumentative
/ text structure
shownahttropogenic

Anthropogenic
i from human
activity,
primarily from
environmental
pollution

the hunting success of sawhet owls fegolius acadiljg— Latin species

Natural Gas Compressor Station:

Compressor stations (facilities) assist in the transport of natural
gas from one location to anoth&r that the gas may be

delivered to its destination. More specifically, special turbines,
motors, and engines of the compressor stations perform the
essential task of compressing / pressurizing (increasing the
pressure of) the natural gas, providing endcggove the gas
through the pipeline. The number of compressor stations located
along a pipeline depends on numerous factors: pipe diameter,

names written
in italics, first
letter of first
name
capitalized, the
second name all
lowercase

SawWhet Owl:

TN

small, North
American native

[4]

it matteri in volume (amount) of gas to be moved, and terrain of surface gas
brief) [1] moved acrosg3]
. Industnal users
Gathering
A lines :
Crude oil & ('or?jgzrml
natural gas from Pump / A
wells on land compressor ‘
9 *‘““m Transamission 0 )
- v /  lnes 3 ""“t_
Storuge mdﬁ » 4 < To end users, <,
treatment @, S distribution <
facilities @ A Netirad dae v - systemsand
l i - L consumers
processing Pump / (PP ’
| facilty / oil @ compressor A Residential
} refinery and station v uscrs
Crude oil & chc;mcal
natural gas prmt
transmission
lines Storage
Natural gas & crude facilities

o1l from offshore
drilling platforms

13
<> @(‘mdc oil & liquified
" natural gas offloaded

from overseas
tankers

For this study, 31 sawhet owls wee caught from the wild and

samplesize /’pmnt with their prey (mice). The tent was designed

Transportation
fuels

https://primis.phmsa.dot.gov/icomm/FactSheets/FSPumpSta

Materials Safety Administratiorf2011, December 1). Fact
tions.htm.

U.S. Department ofransportation: Pipeline & Hazardous
sheet: Pump and compressor stations. Retrieved from

environment of

ﬁ/g’ " sawwhet owls
avian flight and was given a field setting. The acoustic (soung captured

conditions within the tent mimicked those produced by a
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Unmitigated i not

reduced or lesseneC
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compressor station (8800 m). Twohypotheseswvere developed

to assess how such noise affects hunting. Tm- Hypothesisi
. N .. proposed
levelincreasesthe negative impact on huntimgcreasesgthe explanation to be
tested

doseresponse hypothesis). The second, all noise levels teste

; i ; Dependent
produceequalimpact on hunting or nonpact at all (the threshol Variable i often

hypothesis). Theependent variablesested in this study were | represented V\gth
6y6 an
overall hunting successdeach step of the atta¢grey axis of a graph,

. . . dependent on
detection/discovery, strike, and capture). The results of the | gnother variable

(or the
independent

level increased (per decibel), hunting success decreased by { variable), the
observed, the

prey detection decreased by 11%, and strike behavior decreg effect

experiment support the desesponse hypotlses. As the noise

by 5%. In other words, these results show timanitigated noise | Independent

Acoustically
specialized

predatorsi species
that have evolved tg
hunt using specific

sound techniques

Ecosystemi a

. . e Variable i often
can decrease the hunting succeSacolustically specialized represented with

6x6 and
axis of a graph,

T . . : : : what the scientist
likelihood of producing offspring). This will decline the presen changes, the

of such predatory species in these noisy habitats. The loss of cause

predators, reducing survival and reproductive success (the

community of
interacting

organisms and their

environment

predators is likely to havergpple effect on théecosystento

which it was part.
Vi

Woasis

Thpeeilent varish e

What is thistud/ INTRODUCTION .-l_.a-.?:l::.uk.d-dl M

about?

. =4 . .
environmental = | another example, traffic noise has been found to reduce th

constant for more

reliable comparison
between noise and

quiet

Recent studies have found that anthropogenic noise impagd| Thelntroduction
. . C . i sé the
animal behavior, distribution, and reproductive success. Fo background, what
is known about
the topic, what is
been found to decrease by ethed at loud compressor statiof| not known about
. . . . i the topic,
comparedo quiet sites still at natural gas extraction fields. Y previous work,
current
understanding of
presence of songbirds while other species almost completq topic examined /

. . . studied, question
avoid such areas. Yet lacking is information from the want answered

example, size and variety of songbird species populations

examination of how nee affects predators that rely on soun 4

hunt. Studies conducted within laboratories found that acoust

(sound) conditions matching those of a highway (50 m) cause
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Echolocation the
bat emits a high
frequency call and
listens to returning
echoes that bounce
off prey and
landscape, creating
map.

APL: Sample * Impact of Human Nois&9

bats to increase their prey search tirfleld. While bats use
high-frequency acousticformation to hunt, owls use low
frequency. Lower frequency has a larger wavelength and tray
farther than higher frequency. Therefore, the owl may be mor
vulnerable to human noise across larger distances, resulting

greater overall impact.

Higher

One Millisecond Duration

O

Low Pitch
(Waveform of

ANVA YA

ear
cavity

Bass Guitar)

High Pilch

AAAAAAAN

VAV

(Waveform of
Whistle)

VAVAVAVAVAVAY

The odd arrangement of
an owl’s ears is usually
masked by its feathers

Lasbury, Mark. (2011, September 28). As many exceptiol

as rulesBlogger. Retrieved from

Vesely, Sophia. Sound: The
relationship between pitch and
frequency Weebly Retrieved from
http://sophiakeatonsound.weebly.c
om/therelationshipbetweerpitch-
andfrequencyof-a-sound
wave.html.

The earmasymmetry of birds is critical for their sound detection

ability. Although owls have sensitive visual systems (good sig
they may not be able to see their prey under snow, vegetatio
dark conditions. Therefore, owls have developed seasit

hearing to locate their prey. The more sensitive the hearing, t

better able the owl is to find prey, survive, and reproduce. Ea

asymmetry hasvolved/ﬁjependently (separately, isolated) at
least 4 times in owls, with the samhet owl possessing the

greatest degree of ear asymmetry of any known owl. Therefo
the sawwhet owl is a good candidate for this study focused ot
the impact of human noise on acoustically specialized avian

predators.

Evolution of Owl Hearing, At a Glance:

As the result of gaetic mutation and/or variation (at the DNA
level), an owl with superior hearing ability will hatch. This owl
will be better at locating prey, outcompeting other owls for
limited resources (prey). This will result in better survival,
health, and thereforepore offspring. Some of those offspring
wi || inherit their parentéos
better hunt, survive, and reproduce too. After generations,
superior hearing will increase throughout the population, with

Asymmetry i
unequal, lack of
symmetry

Evolution 1 a
theory, a
generation
interval

http://biologicalexceptions.blogspot.com/2011/09yaor

havebeugly-to-hearwell-owls.html.
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Ambient -

more owls possessing teensitive hearing trait. Then, with
another genetic mutation and/or variation, an owl will hatch that
has even superior hearing still, outcompeting the others for
resources. Resulting in a greater number of offspring. And the
cycle continues, resulting mverall highly sensitive hearing in

Sawwhet owls encounterhronic noise from compressor

owls.

surroundings

stations that can reach ab@ambient background and across at

entire natural gas field. At this time, it is not known if noise

affects owl hunting behavior

Schematic geology of natural gas resources

:

k‘»

Cormvendonal
non-assocated
0as

S

- N

el

eia: U.S Energy Information
Administration (2011,

February 14). Today in energy:
The geology of natural gas
resources. Retrieved from
http://www.eia.gov/todayinener
gy/detail.php?id=110.

Threshold (in the
case of this study))
a magnitude or
intensity level tha
once exceeded,
produces a
consistent result

Land surtace
4 1
Coaibed melhans
Canventicnal

associated
0as —

Sancsione Tight sand —

) o
{

~ 1

For this study, 31 sawhet owls hunted miceMus musculusin

Chronic i
persistent,
constant,
recurring, long
standing, long
term

Typical Sound Levels (dBA)

140 - Threshold of Fain

130 - Jet Taking OFf (200 £t auwauy}
120 - Cperating Heawy Equipment
10 - Hight Club {w/ music)
00 - Construction Site

A0 - Bailer Faom

80 - Freight Train €100 . awo)
70 - Classroom Chatter

B0 - Comversation (3 ft auwauy}

50 - Urban Residence

40 - Soft Whisper (5 awayh

30 - Marth Rim of Grand Canyon
20 - Silent Study Room

]

0 - Threshold of Hearing {1000 Hz)

Driscoll, Dennis P. OSHA
technical manual: Section IlI:
Chapter 5: Decibel scale.
United States Department of

a field setting flight tent with sound conditions replicating thog (asor. retieved from

https://www.osha.gov/dts/ost
a/otm/new_noise/.

from a compressor station @00 m or 4673 dBA). Two

hypotheses were created and compared. Therdgpense
hypothesis predicted that owl hunting success would decreas
with conditions closer to the compressor stations (greater noi
The threshold hypothesis predicted that all of the sound level
tested in this experiment would result in the same negative in
on hunting, as all of the sound levels would be above the
threshold. Hunting success and the predatory attack sequenc
(prey detection / finding, attempted prey capture / strike, and
succesill prey capture) were defined and specified in order t¢
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Mist-Nets:

used by
ornithologists
and bat
biologists to
capture birds
and bats for
research
typically a
nylon or
polyester mesh
of varying sizes
suspended
between two
poles like a
volleyball net
horizontal lines
create a loose
pocket

not visible to
owls

owls fly into
them,fall into a
pocket and
become tangled
intended to
minimize injury
to birds/bats
permitrequired
to purchase and
use [2]

APL: Sample * Impact of Human Noisé1l

determine the exact areas of qwidation affected by human

noi se. A better understandi
predators is essential to revealing the full consequences of h
noise on ecgstems, predicting likely future changes to the

environment, and developing plans to correct negative chang

" Predationi the

preying of one
animal on others,
the action of
attacking

MATERIALS AND METHODS M/

- Compressor Station Noise Recording:

o Noise from a compresso

Compressor Station, WY) was recordegifiles to be ]

TheMaterials
and Methods
section answers
the question:

How was the
experiment done?

played back during the study trails

o Noise was recorded between 24@0 hours (142
degrees C) and at distances ofS8® m from a
compressor station

o0 The noise emitted / produced by the station was recol
with a Sennheiser ME66 micropm® (4320,000 Hz; +
2.5 dB) and Roland R5 recorder (sampling rate 824
kHz)

- Capture:

o «— |
o0 Intermountain Bird Observatory pefsonnel captured th

owls with mistnets

pockelﬁ %

3 _./-;'-—Tr—-—?{‘;’-'::;—‘--——-r,'>" Tt e e e T
G ATEa TR e s S N T e S 5 -

RIC. (1998).Inventory Methods for Bat§Vol. 2). The Province of British Columbia: Resources Inventory Committee.
Retrieved fromhttps://www.for.gov.bc.ca/hts/risc/pubs/tebiodiv/ibats/assets/bats.pdf.

experienced /
trained
individuals to
minimize injury
to the owls
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(0]

- Flight Tent / Study Environment:

The flight tent (8 x 7 x 4 m) wdgyht-proofand located

~1 km from thetrap site(location from which owls were
caught)

Mice were introduced through one of two possible

(random selection)
to eliminate bias
during study that
could influence the
results, resulting in
more reliable results

reducing the impact]
of disorientation on
the study results
(reducingpossible
variables but those
examined by
researchers)

used so that — |
researchers could
see and examine
hunting

(0]

>0

(0]

(0]

(0]

filming did not — >0

produce light visible
to the owl (darkness
maintained)

- Acclimation Period:

surroundings
- Trials:

- Data Collection and Analysis:

tubes (choserandomly that led the mouse to an
elevated runway covered in soil and fir needles
The owl was provided a p&r (1.7 m high and 0.4 m

wide) located 2.5 m from the runway

The owls were given a ofréght acclimation period
before the study began in which the tent was illuminalt
with visible light (head lamp)

This was to allow the birds to beme familiar with their

The experiment was done at night and without light th
owls could see (5 infrared LED arrays) \
The noise condition of each hunting opportunity was
randomlyselected and played through Bose speakers
(Freespacél, 250 Hz12 kHz+ 3 dB) powered by a
Kicker (1X500.2) or Lepai amplifier (L020A)

Each trial took place at night and consisted of 4

consecutive hunting opportunities oveB 2ights

All trialswere filmed with infrareesensitive Canon XA
10 and Sony CX video cameras (high definition, 30
fps)

Videos were analyzed using Adobe Premiere Pro (CS
Hunting success and components / parts of huntj
sequence defined and examimedependently

_ Light-proof so
that the light
conditions inside
the tent could be
controlled and
changed by the
experimenters
to minimize
travel time and
disorientation of
the owls, to keep
as many other
variables
consistent as
possible so that
results of study
are more
reliable

- Study Triali
one sequence,
attempt within
study, test
interval

~darkness to
mimic normal
hunting
conditions of the
owls

N noise supply
created an even
sound field of:
2 dBA
throughout the
hunting area

alone, separate
from other
hunting
behaviors
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i&’i :”'w

A

Extraneousi
external, separate

additional factors
that could have
influenced the
results were
examined

noise level did not
influence mousN
movement

Hunting Success,
Prey Detection, and
Strike variables =
support dose
response hypothesis

only the capture
variable supported
both hypotheses
(threshold and dose
response)

Mouse detection by owl o w | facial discdirected
toward mouse for at least one video fra%e\

A Strikei owl left perch to catch mouse

Capture’ owl successfully caught mouse

Extraneous Variables

o Trial order
o Night of trial
0 Mouse movement
0 Year (study was done in 2012 and 2013)
Independert Variable | Dependent Variables Controls
- Compressor - Hunting Success | - Owl Species
Station Noise - Hunting Sequence] - Owl Capture
- Prey Method
Detection - Prey Species
- Strike - Study Location /
- Capture Setting

RESULTS<—

~ Facial disc:

~Variable i a
quantity or
quality that
varies

2012: 12 owls, 32 trials total found (data,

2013: 18 owls152 trials total tables) [1]

TheResultssection
presentsvhat

calculations, graphs

was

No relationship was found between noise level and mous
movement
Odds of hunting succesgcreasetdy 8% (Cl 4%11%) for

eachdecibelincreasen noise
\L

Decibeli unit of

Odds of owl detecting a moudecreasely 11% (Cl 7%
16%) for each decibéhcreasen noise

Odds of a strike decreased by 5% (CI-6%) for each
decibel increase in noise

Odds of mouse captutecreasetly 9% (Cl 2%16%) for
each decibeihcreasan noise, 11 times less likely to capy

a mouse with all noise levels compareadntrol conditions

sound intensity

Control
conditionsi no
noise


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi82ozE39DPAhUDPRoKHQRaCC0QjRwIBw&url=http://people.eku.edu/ritchisong/birdbrain2.html&bvm=bv.135258522,d.d2s&psig=AFQjCNHaHlkRitQypjag9WJNTWViO-uzwQ&ust=1476206350876892
http://www.bcna.org/owls/flam_owl.html
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Y-Axis /
Dependent
Variable - \
Likelihood of
variable (prey
detection, strike,
hunting success)
occurring

X-Axis /
Independent ——_
Variable (changed /
set by researchers)
compressor station
noise level

Shaded area of
graph represents
standard err@r
There is always
some degree of
error in any
experiment, as
human skills are
imperfect
(human error).
Animals are also
imperfect and
the environment
is ever changing,
further creating
possible error.

1 -
~— Detection
- Strike
0.8 - — Success
&
= 0.6 1
£
]
ﬁ.n
204 -
a.
0.2 S
0 D - e —— - .
29 34 39 44 49 54 59 64 69 73
\ dB (A)

DISCUSSION /’

ability

strike prey decreased with increasing noise level. The prese

Asaww h e t owl 6s t o su

any additional noise negatively impacted asalw et o wl

to capture prey after a successful strike. Above 61 dB(@),
mi c e Noi se |

were captured.

to gather and/or process sound information from prey, a criti
aspect of hunting for owls (acoustically specialized predators

Compressor station noise of-200 m overlapped the sodiof

The
Discussion
section covers
t heé
conclusion,
significance,
meaning,
context in
broader
scope, answer
to posed
question
(hypothesis
supported or
not
supported) [1]

mouse footsteps. Hence the owls of this study did not

successfully catch mice within these noise levels.

Between year 2000 and 2012, an average of 50,000 new gas
were drilled each year. Although no studies have examined tl
presence of owls abmd these areas, the results found here

suggest that the noise from such structures may drive owls o
otherwise suitable habitat, or harm their condition (health) sh
they remain. A change in a top predator will likely impact the

ecosystem to whicthe owl was part.

Trophic Cascade:
The absence or reduction in a predator can cause an increase in

the population of its prey. This in turn causes a reduction in the
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vegetation that the prey eats. Reduced vegetation can harm other
species who depend oretkame vegetation for food or shelter
and/or change landscape.

Trophic Cascades. Retrieved from http://www.geo.hunter.cuny.edu/tbw/trophic.cascade/index.ht

Human acoustics (noise) should be mitigated (lessened) and
managed in order to reduce haimthe environment. For
ARGUMENT =< | example, noise walls surrounding compressor stations shoulg

implemented (put into place) to reduce the noise that is relea

into the surrounding areas.

-
r It is common for
further research
Furtherresearchs needed t o det er mi [ suggestions to be
presented
- the impact of compressor statgan owl populationgsize toward the end
and healthpf surroundingareas 82;“;33;‘:'9' No
Trophic ) . . answers all
Connections - changes ocaung in ecosystems surrounding compressor possible
relationship betwedi - gtations asaresultofh e st at i on @wsl n o |duestionsona
trophic levels of an topic completely.
ecosystem populatiors Further
investigation,
Trophic Levell - predator and prey relationships vulnerable to human nois¢ examination, and
organisms of an \ ) ) ] study is always
ecosystem that shgp=  how thosérophic connectionare being changed needed.
the same place . .
within a food chain]| - the overall impact of human noise ecosystems

Additional videos and data can be foundhiyp://dx.doi.org/10.1016/j.biocon.2016.04.009



(1]

(2]
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Adapted Primary Literature: Samplg Zaurine in Cats

Lauren Thresh
The College at Brockport

Original Primary Literature (PL) Source

StrattonPhelps, M., Backus, R. C., Rogers, Q. R., & Faso&ttd. (2002). Dietary rice bran decreases
plasma and whotblood taurine in catslournal of Nutrition, 136), 1745S1747S.

http://jn.nutrition.org

NYS Standards

The Living Environment Core Curriculum, Thmiversity of the State of New York, The State

Education

Department, http://www.nysed.gov

Key Idea 1: Living things are both similar to and different from each other and from nonliving things.

A 1.2h Many organic and inorganic substances dissolved inatielg necessary chemical reactions to
take place in order to maintain life. Large organic food molecules such as proteins and starches must
initially be broken down (digested to amino acids and simple sugars respectively), in order to enter
cells. Once nutents enter a cell, the cell will use them as building blocks in the synthesis of
compounds necessary for life.

Key Idea 5: Organisms maintain a dynamic equilibrium that sustains life.
A 5.2h Disease may also be caused by inheritance, toxic substancas tpition, organ malfunction,
and some personal behavior. Some effects show up right away; others may not show up for many
_ years.
A 5.2 Biological research generates knowledge used to design ways of diagnosing, preventing,
treating, controlling, or curindiseases of plants and animals.
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Dietary rice bran decreases plasma and whtaded taurine in cats

The Abstract is a

health

Al acids peptice protesn

- helps regulate water and minerals in blood (electrolyte
balance), hearing function, immune modulatimsulin

sensitivity f.l'.lll

- large amounts found in the brain, retina of the eye, heart,
platelets (blood cells involved in clotting)
- sources: meat and fish (vegetarian and/or vegan diets mg
lack adequate amounts)
- found in many energy drinks (some studieggast
improves athletic performance)
- believed by some to be associated with longevity (long lif
span)
- available as human supplement
0 used to treat congestive heart failure (CHF), high blg
pressure, liver disease (hepatitis), high cholesterol
(hypercholeterolemia), cystic fibrosis, seizure
disorders (epilepsy), autism, attention deficit
hyperactive disorder (ADHD), retina disorders,
diabetes, alcoholism
0 used to improve mental performance and antioxidan
(protect body cells from oxidation, chemical reantio
involving oxygen)[5][6][7]

Synthesizei to
make, combine, _ ) )
produce Cats carsynthesizea small amount of taurine fronysteine

Metabolic | However, this source of taurine is not enough to maintain

Function i W‘n . , . :
all processes importantmetabolic functions Therefore, cats require taurin
(chemical v | from their diet. If inadequ
reactions) 1 T

involved in (not enough) taurine is
maintenance of e ) .

living organism Galfvadder & supplied by the diet, mor

Bile Duct

taurine is lost in feces

Portal Vein

Reabsorption
of bile saits,
Ifat and toxins

(poop) asile acidsthan is
~ s SYNthesized (made).

ABSTRACT brief summanyof
Taurine is an amino acid that cats must acquire (get) throug} | the article to
come, often
their diet (food). containing:
- Purposd
Taurine: s i .os rationale of
- anamino acida chemical required building block of proteil 27 4 . — ,ﬂ-} study
- supports neurological development and cardiovascular e "._ ¢ (why was this

study done)

- methodology
(howwas this
study done)

- results
(what was
foundi in
brief)

- conclusion
(what do the
findings mean
and why does
it matteri in
brief) [3]

Cysteinei amino acid

0

HSAl)J\DH

NH;

Bile Acidsi found in
bile (stored in gall
bladder), made by
liver for processing of
cholesterol and fats in

‘ the intestine

Fat globule

&
K
%!
Bile salts

i N
&S =

Fat droplots
coated with
bile salts
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A deficiency (not enough, lack of) of taurine resultscimical<_|
diseasessuch ageline central retinal degeneratianddilated

cardiomyopathy

"Clinical Diseases a

disease (abnormal
condition, disorder)
with recognizable

. . : clinical signs /
— Tapetum (reflective layer) Upper eyelid Pupil
S symptoms
= cells of retina
& .§ decline h Retina . Eyelash
g function, Comea Retinai tissue lining
55 resulting in Lens it back inner surface of
O o/ impaired vision eye, light sensitive,
20| orblindness [4] Third eyelid rods and cons _
© (transparent (structure of retina)
- for visibilityy transmit images
Optic nerve Lower eyelid through nerves to the

left ventricle of Normal Heart  Dilated Cardiomyopathy brain, resulting in
2 heart (the main v vision
s pumping Dikat
§ chamber) is e
g enlarged and
5 weakened,
g doesnot
S fill with blood
% properly,
3 reduced blood

pumping ability

[1]

~+ Commercial Cat
. ﬁ/‘ Dietsi in stores for
Although mosicommercial feline (cat) diets have been public to purchase,

merchandise, to make

supplemented with taurine to satisfy this requirement, tauring profit

deficiency is still diagnosed in cats.
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WordPress. (2016, June 9). Hand the animals: The world of animal: Dog food brands list.

Retrieved from http://handhddyrometer.com/doépod-brandslist.
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Cats orcannedood diets need more taurine than catslon
(kibble) diets in order to prevent taurine deficier

Taurine in canned cat food hiass
Bioavailability
T proportion
that can be usec
by organism in

the way needed

— bioavailability due to processing. R
DRY FOOD ?
- The fiber and fat content of canned cat food affects taurir

metabolism by altering intestinal bacteria and changing tl

excretion of bile acids.

| —7
Excreti(( - Cats fed canned food diets (hpabcessed or he#aieated
process of purified) havelower concentrations qmlasmam
eliminating or _ ) _
expelling blood taurine and excret@gherconcentrations of total an

waster matter . . .
secondary bile acids compared to cats fed dry diets

(containing less soluble fiber, fat, and 1/3 less taurine).

Plasmai liquid
component of blood
that holds blood cells

Whole Bloodi blood
draw directly from the
body, no components
(plasma or platelets)

o Causecé
|

1. difference in intestinahicroflora

1 a.k.a. gutflord diverse

community/ecosystem of microorganisn

tract

o0 important for health,

digestion/metabolism, absorption o

nutrients, synthesis of vitamins B
and K [2]
to the det (within 3

2. fatlevels in diet
decreasén fecal cholyltaurine hydrolase

Whiteman, Honor.
(2015, March 11).
The gut microbiome:
How does it affect
our healthMNT.
Retrieved from
http://www.medicaln
ewstoday.com/article
s/290747.php.

o Reversed by addition @ntibiotic
weeks)
A Howé
1
activity (enzyme produced by intestinal
bacteria)

decreasdn total fecal bile acid excretion

—
[ ==

including bacteria, living in the digestive “=

removed

g s

-« plasma

« WHCs & platelets
/ \l

< RBCs
Freeman, James. (2015, June 12}
What is the different between
blood plasma and blood cells?
Quora Retrieved from
https://www.quora.com/Whas-
the-differencebetweerblood
plasmaandblood-cells

Antibiotic T a group
of medications used tc
treatinfections caused
by microbes such as
bacteria and parasites
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Conjugatedi
combined at
molecular level
(through bonds,
sharing of
electrons)

—

ARGUMENT

Dry Matter

o Catsconjugatebile acids
Musively with taurine. Therefore,
any dietary factors thacrease
excretion of fecal bile acids will
increasdlietary requirement for

taurine.

Taurine A BileAcids, t hereforeé
- Bile Acid Excreted (made & expelled)=®Taur i ne
- Taurine Requirement

(Tau

IllllllllllllllllllllllllllllllllllllllllllllllllllllllllIIIIITIIIIIIIIIIIIIII

rine use

Thelntroduction i s é

INTRODUCTION «—— |

Rice bran and whole rice products

topic, previous work, curr

the backgro

known about the topic, what is not known about t

ent understanding of top

examined / studied, question want answered [3]

0 Sources of moderately soluldlber
o Contain relatively high amounts t#t
A Fiber, fat, and/or protein content of rice bran rr’v
increaseexcretion of bile acids, causing
development of taurine deficiency

Taurine deficiencyas beemocumented i group of 15

Newfoundland dogs fed commerciaimbmeaknd rice diet

Rats fed a diet of rice bran at a 10% concentrﬂation (DM) had

(DM) - mass
when
completely dry,
remains after

water
evaporation

greaterexcretion of fecal bile acids than those fed a diet of 1(
supplemented wheat bran (DMRice products are @@mmon
ingredient in commercial pet food¥et, no studies thus far have
reported the impact of fufiat rice bran on taurine in cats. C3ts
fed rice bran diets may experience a similar loss of tauring
through increased excretion of fecal bile acids, increasing
dietary requirement for taurine. This study sought to detert
the effect of a purified diet (26% fuiat rice bran (DM)) on

whole blood and plasma taurine concentrations in young gei

cats.

L, Lamb Meali all lamb
tissues (except blood,
hair, hoof, horn, hide
trimmings, manure,
stomach, and rumen
contents), cooked
(rendered)

Hypothesig proposed
explanation to be
tested

Objective
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DIRIIQ (PN1RY Datriaviad fram httn-llrihiic ranmiahmat

The Materials
and Methods
section answers
the question:

How was the
experiment
done? [3]

nourishment

for the seed PHYTON

MATERIALS AND METHODS

sample size —_|

Condition all ]
cats with the
same beginning
(background/his
tory), reduce
impact of any
prior diet on
study results

Conditioned
diet NRC
recommended
levels of
ingredients

Feline Nutrition
and Pet Care
Center,
University of
California,
Davis- proven
to support
maintenance
requirements
via feeding
trials

Sample: /
=0 16 malejntact (not neutered), domestic shbdir
(DSH) cats 222 weeks old
- Environment:
0 Housed in metabolic cages (60 x 60 x 60 cm) in roon
with controlled temperature (212°C) and 14h
light/10-h dark cycle

Diet:

0 Access to food and water throughout the day
. 0 AdaptationDiet Feeding Period:

A Prior to experimental diet implementation (befol
study began), all cats were adapted to a casein
lactalbuminsoy proteinbased purified diet
containing 1.5 g/kg taurine concentration (DM) 1
2 weeks

o Experimental diets (dis tested/studied in this

experiment):

le@Taurine in Cat52

hull (seed - not edible/indigestible)
‘ / “Quter shell”, FIBER
bran Rt VITAMIN B
) MINERALS
(brown rice — hull removed) rroten
Whlte rice Endosperm,  CARBOHYDRATES/STARCH
provides PROTEIN
energy VITAMIN B
(hull and bran removed)
germ Small, MINERALS
nutrient-rich ANTIOXIDANTS
(kernel) core, VITAMIN A, B, E

FATS/OIL

UTRIENTS

| Cats of mixed ancestn

(not purebred or
belonging to a specific
and recognized breed’
are indicated by coat
length, either domestic
shorthair (DSH), the
less commonly
referreddomestic
mediumhair (DMH),
or domestic longhair
(DLH)

A
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Expen_r_nental\
Groupi
exposed to
experimental
conditions /
procedure,
independent
variable tested
upon, changes
observed /
recorded

—
Control Group

T independent
variable does
NOT influence,
used to rule out
the influence of
other factors /
variables on the
experimental
results

APL: Sample @ Taurine in CatS3

A Baseline Diet:

1 casein/lactalbumibased purified diet ingredients
(g/kg diet):
o0 casein 180
o lactalbumin 180
o chicken fat 310.5
o taurine 0.5shown to support maintenance

in cats)

choline chloride 3
vitamin mixture 10
L-methionine 3
L-arginine 3
mineral mixture 50

O Oo0O0ooOo

(o]

roups:
1 Experimental DieGroup 260 g/kg (26%)
full -fat stabilized rice bran (12.1% DM acit
detergent fiber and 31.3% DM neutral
detergent fiberaddedo baselinaliet
Control DietGroup 260 g/kg(26%)corn

starchaddedo baseline diet

N

1T

o Cats remained on assigned diet throughout the study

o Diets stored at% between preparation and feeding (1
prevent spoiling)

Data:

o Individual cat food intake (amount eatemw)lected

o Each cat weighed weekly
o Cardiac auscultation and retinal (heart and eye)
examination done before study began and after stud)
completed
Blood samples
A Collected at end of adaptatiaiet feeding period
(time 0 sample) and once during weeks 1, B, 4,

8, 12, 16, 22, and 40

A Each catandomlyassigned to one of the two

+ Providing enough
taurine to support
maintenance in cats
will reveal if rice bran
in the diet impacts
taurine in cats

Randomization used il
experiments to reduce
impact of bias/human
choice on results




Centrifuge 1

machine that 7

rapidly rotates
to apply
centrifugal
force that
separates
contents
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TheResults
section
presents
what was
found(data,
calculations,
graphs,
tables) [3]

\

W isolation from whoIW

RESULTS

A Collected into heparinized syringes and separa;
into two tubes (whole blood and plasma)

0 ~centrifuge heparinizedblood
sample at 10,000 x g for 15 min

0 deproteinize (remove protein) with

equalvolume 0.24 mol/L

sulfosalicyclic acid

centrifuge 10,000 x g for 15 min at

4°C

All samples stored a7(°C until analysis

Erythrocytes (red blood cells) lysed (membrane

broken down) after 2 freezbaw cycles

Diluted 1:1 with deionized water

Deproteinizatn with equal volume 0.24 mol/L

sulfosalicycle acid

Taurine content analyzed using amino acid

analyzer

At the start of the study, there waredifferences immean
plasma or wholdlood taurine concentrations between the
two groups.

At 12 weeks, mean plasma taurine concentrationl ovasr

in the experimental group than the control group, and
continued to decline thereafter (with experimental group
mean plasma taurine concentrations consistently lower t
control group)

At 6 weeks, man wholeblood taurine concentration was
lowerin the experimental group than the control group, al

continued to decline thereafter (with experimental group

L Heparin i
anticoagulant (blood
thinner), prevents
blood from blotting

Meani average, sum
of all values in list
divided by the number
of items in list

LS
N

Used to reduce impac
of slight discrepancies
bound to exist when
dealing with living
organisms
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- mean wholeblood taurine concentrations consistently low

than control group)

- Critically low levels of plasma and whaoldood taurine were

found in the experimental group at weeks 6 and 22

M P Tt | Mean Whole Blood Taurine
200
160 4 [ Rice Bran =
‘E Diet E C]Rlce Bran Diet
E 120 M Control Diet E .Conuol Diet
Gl &
o 40 4 . =
0 -
0 4
! . o . .
Dependent The line above each bar indicates possible error margins and are comm( Independent
Vaﬁabl e among scientific diagrams in aedto be completelionest and Variable i often
often representative. represente
represented TheDiscussions ect i on cove and on the axis of a
with 6y conclusion, significance, meaning, conte graph, what the
the yaxis of a in broader scope, answer to posed quest scientist changes, the
graph, DISCUSSION (hypothesis supported or not supported) cause

dependent on
another variable
(or the
independent
variable), the
observed, the
effect

Youngadult, intact, male cats that were fed a purified diet
containing 26% fuHlfat stabilized rice bran (DM) had lower
plasma and wholblood taurine concentrations than those fec

purified diet containing 26% corn starch (DM) instead.

Cats require taurine from the diet (dietary requirement) due {
limited activity of cysteine dioxygenase and cysteinesulfinate
decarboxylase (the enzymes needed to convert cysteine to
taurine, the only way a taan make its own taurine). In
addition, cats conjugate bile acidsly with taurine, even when
taurine is deficient. The only taurine degradation that occurs
cats is due to intestinal bacteria.




argument
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The decline in taurine observed with the additioniaé bran to
t he t h

- Anincrease in intestinal bacteria population due to the rig

cat diet is due to ei
bran, which causes an increase in taurine degradation ar
decrease in taurine concentration in plasma and wiioted

- Anincrease in the excretiaf fecal bile acids, which cause
an increase in the loss of taurine through feces

Further research is needed to determine specific quantitali

relationships between rice bran and taurine in cats.

Since enough taurine was supplied in both group diedsgport
_maintenance in cats (based on previous study), the observe
decline in taurine concentrations of plasma and wbtded in
the experimental group can be attributed to the presence of
_bran. Therefore, rice bran in diets lowers taurine levetsin
plasma and wholblood. Cat diets containing rice bran shoulc
also contain higher concentrations of taurine than that deem

necessary to support maintenance (than in similar products

without rice bran).
GUARANTEED ANALYSIS: ’

INGREDIENTS:

Walmart (2016). Purina Friskies Savoury 8etionsi Four Flavours Cat Food. Retrieved from
http://www.walmart.ca/en/ip/purirfriskies savouryselectiongour-flavourscatfood-3kg/6000071700395

It is common for
further research
suggestions to be
presented toward the
end of the article. No
one study answers all
possible questions on
a topic completely.
Further investigation,
examination, and
study is always
needed.

recommendations
based upon study
results
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TAURINE

i

FOI’ cats, taurine is an essential amino acid.

\2) (O EYES

== é | 7 gﬁ'f'ig:l?s? can lead to
p BRAIN & The harder a
NERVES muscle works,

, Nk A the more
¥ Taurine plays many roles taurine it

" ¥ innerveand cell function. U
N -~ J Taurine crosses the blood- contains.
_ I Dbrain barrier.

(l:):rf‘i’?iency can cau%e
deaﬂ:myo.pathy - It takes many
months or years
DIGESTION for symptoms of

X Combines with bile acids Ao

for proper digestion.

| IMMUNE
FUNCTION

Taurine affects immune
system responsiveness.

FETAL
DEVELOPMENT

Deficiency can cause stillbirths,
low birth weights and birth
defects in kittens.

fehneNutntlonl oundatlon.org

Kaspar, Marta. (2015). No bull, taurine is a must for kigline Nutrition.Retrieved from http:/felin@utrition.org/nutrition/nebull-taurineis-amustfor-kitty.
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Standard 4

Key Ideal - Living things are both similar to and different from each otherfeord nonliving things.

Key ldea 5 Organisms maintain a dynamic equilibrium that sustains life.

Key Idea 6- Plants and animals depend on each other and their physical environment.

Key Idea 7- Human decisions and activities have had a profound impatiegohysical and living environment.
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Warmer soil increases growth of invasive plant species

Soil Microbiology
is the study of
organisms in soil.

1 gram of soil in
and around plant
roots (region called
rhizospherg can
contain up to 10
billion bacterial
cells. [1][4]

ABSTRACT

The Abstract is &rief summaryof the article to come, often containing:

- purpose/rationale of studywhy was this study done)

- methodologyhow was this study done)

- results(what was found in brief)

- conclusion(what do the fidings mean and why does it maften brief) [3]

Increased soil temperature (soil warming) increasesobial
activity within the soil. Plant nutrients in the soil are produced
microbial activity. Therefore, increased microbial activity
increases plant nutrient production. This increase in available
nutrients increases plant performance (growth, production of

andor seeds, health, etc.).

= soil temperature A = soil microbial activity A - plant nutrients available in soilA - plant performance

Microbial Activity :

- processes
performed by
soll
microorganisms

- indicatorof soil
quality

- plants depend
on products of
soil microbial
activity for
growth and
development

- decomposition
of organic
matter

- production of
carbon and
nitrogen
(carbon and
nitrogen cycles)

(1][4]

Shoot __
System

Organic Matter: V
- plant and animal litter, residue, waste &

(fallen leaves, feces, dead animals, etc.)

)’

Soil Microorganisms
(bacteria, actinomycetes,
fungi, algae, protozoa)

L

Plant Nutrients
Phosphorous
Carbon
Iron
Calcium
Nitrate (NO,)
Humic Acid / Organic Acid
Protein / Amino Acids / Enzymes
Antibiotics{plant resistance)
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Root —
System




food_web.htm.

Ingham, Elaine R. (2016). Soil
biology: Chapter 1: The soil food
web. University of lllinois Board
of Trustees. Retrieved from
https://extension.illinois.edu/soil

/SoilBiology/soil

Invasive specie$ a
plant, animal, or
pathogen species
not native (alien) to
an ecosystem in
which it has been
found living and is
likely to cause harm
to that ecosystem (i
thasndt a
done so)
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Seasonal Microbial Activity

early

Bacterial and Fungal Activity

n a temperate grassland or cropland.

This study tested thrervasive pLIant species under three

higher
temperature
increases rate of
enzyme activity
(even in soil
microorganisms)
A which
increases rate of
microbial activity
A increasing
plant nutrients
produced by soil
microbes

different warming histories over the course of four years 10
examine the effect of experimental soil warming on the growt
such species.

invasive to
temperateboreal
ecotone of North
America (study
site)

INVASIVE PLANT SPECIES STUDIED

Trifolium pretense (legume)
a.k.a.thered

Phleum pretense (grass)

clover a.k.a. Timothy

Plantago lanceolato (herb)
Flowering plant in plantain family

LOCATION: temperate-boreal forest ecotone of Minnesota (USA)

ecotone — area of transition between two biomes, where two communities meet and mix, examples: between a fleld and forest,

between a forest ecosystem and grassland ecosystem

biome = community of plants and animals, occupy a distinct region, usuzlly defined by climate and dominantvegetation,

examples: grassland, tundra, desert, tropical rainforest, deciduous forests, coniferous forest

borezl forest = narthern hemisphere, a.k.a. Taiga, cold, heavy snow fall, average annual temperatures 5°C to -5°C, coniferaus

forests (pines, spruces, larches)

ternperate forest — northern and southern hemispheres (temperate regions), further categorized by climate and geography that

results in dominating tree species, can be a mixture of the following:

*  temperate rainforest

temperate coniferous forests (evergreen)

(heavy rainfall and dense humidity)

temperate deciduous forests (broadleaved, leaf-shedding: maple, elm, caks)

This study was conducted at the transition between a boreal forest and
temperate deciduous forest.

(51071

WARMING HISTORIES (OVER 4 YEARS)

ambient

amblent + 1.7°C | ambient

+3.4°C

ambienti temperature of surrounding area / environment

(temperaturéboreal forest of Minnesota, USA)
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Boreal / Taigaorest

elson, Rob. (2003). Taig®oreal forestThe Wild
Classroom & Exploring Biodiversity: Biomes of the

World. Retrieved from
http://ww.thewildclassroom.com/biomes/taiga.html.

N

Annual Precipitation vs. Temperature for Various Biomes

Tropical
Wy T farest
e r

=
3

Annual precipitation {om)

210 o 10 2 30 Northern Boreal Forest
Average termperature °C) (Taiga)
McGrawHill Global Education Amse| Sheri. (2016).

Holdings, LLC.: Glencoe O(2D16). . . . . . . . .. .
Science: Biology: The dynamics off 1 €Mperature risewill have many implicationgoil warmingis just one. Soil | iz with species

life, Indiana edition: Chapter 3: | \warming will effect plants in many wayscreasing microbial activitys just | named.Exploring Nature

Communities and biomes.

Northern boreal forest

Retieved from one. This study is examiniege pathwith which increasing temperature will| S5.cato2! Resouree: tie
htip://glencoe.mheducation.comisi| glter the current state of the planet. Studies examimgeondition at a time. | Physical Science Resource
tes/0078675626/student_view0/un for K-12. Retrieved from
it2/chapter3/chapter_test.html. https://www.exploringnat
ure.org/db/view/4557.
The Introduction INTRODUCTION
isé the 71

. . . " . .
background, what Temperature is predicted to rise for thé'2éntury, warming soil

is known about temperature. Higher soil temperatures will increase soil micrg =
the topic, what is . _ o . . .
not known about || &ctivity. Since soil microbial activity produces plant nutrients,
the topic, previous
work, current

understanding of Il nutrients. This change in soil composition (increase in plant

topic examined / _ _ o
studied, question [[| hutrients available for uptake) will impact the growth and

want answered [3]

increase in such activity will increatige production of plants

survivability of plant species.

Plant Functional Traits i a
Type (PFT) / Grousp, characteristic
i plant species are | Plant furictional groupand even plant species within a | determined by

grouped according _ o genes/DNA
to their function community have dierent genetidraits YDNA) that produce a | (inherited) or

(purpose, role) in ar environment
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ecosystem and theil variety of photosynthetic rates (rate of photosynthesis) and
use of resources,

used by modelers tq nutrient uptake rates (rate in which plant takes / uses nutrient
simplify the great ) . . .
diversity of plants | from soil). Therefore, changes in soil temperature will effect p
in order to analyze
how vegetation is

likely to respond to | that gl plants will experience the same increase in nutrient uj
climate change

species differetty. Greater nutrient availability does not mean

and, therefore, the same increase in benefit (growth, for exan

For example, it has been reported that legume species have
lower response than grass species to the presence of additiol
nutrients. In addition, legume species can benefit other plant

species with which they coexist by nutrient transfer in the roo

zone. A plant species ability to benefit from the increase in

nutrientavai |l abil ity wil/ depen &

(success) at capturing the nutrients made available.

6:5;9 -U')‘,
exploiting nutrient availability. Therefore, invasive plant spect

are likely to enefit from soil warming. In addition, soils with
extreme weather history have been shown to promote growth

invasive plant species more so than soils without such history

I Perhaps, invasive species will benefit more from soil warming than native plant sgemegand reproducing

I' faster than native species. This would likéad to invasive species outcompeting native spdaiespace and other
| resources, reducing negi plant specieBiodiversity of the ecosystem would decrease, likely harming other spe
1 human activity, and the resilience of the ecosystem to survive future changes/threats.

—— — ——

BB Al \,W ey |
ARIZONAS 10 MOST

, UNWANTED

, INVASIVE SPECIES
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INVAISVE SPECIES

Invasive species are often introduce to a new ecosystem by human activity. The non-native species thrives (breeds and spreads)
quickly in the new ecosystem, harming native species by...(1} outcompeting native species for resources, (2) preying on native
species that have not evolved any defense againstthe new predator, (3) spreading disease to native species for which the native
species has not developed any immunity, and/or (4) preventing native species from reproducing. Invasive species have the
potentialto greatly alter ecosystems: reduce biodiversity and the robustness of an ecosystem to future threat, put species on
engendered or extinction lists, and harm human endeavors (crops, fishing, etc.)

Zebra Mussel Killer Algae Burmese Python Northern Snakehead Fish
(Dreissena polymorpha) (Caulerpa toxifolia) (Python melurus bivittatus) (Channa argus)

o b ] L

Killer Bee / African Honeybee Lionfish European Starling Kudzu
(Apis melifera scuteliata) (Pterois volitans) (Sturnus vulgaris)

[2]

, Hypothesis:

\

Hypothesisi Plants will show different rates gfowth under different soil

roposed . . . . . . .
Expﬁ’anation tobe | warming histories partially due to changes in soil condition (t¢ ARGUMENT

tested N availability) caused by the impact of warming histories on s

microbial activity. Specifically,

(2) the growth of the three invasive plant species selected for
study will be greater in soil with experimental warming
history

(2) the three invasive plant species will vary in degree of grov
response to experimental warming history, with grass and

herbs having a greater growth response than legumes

gf EE N EEEEEEEEEEEEEEEEENEEEN,
This is based oprevious research that shows legumes to have &g
lower response to additional nutrient availability than grass. Theg
research also shows that grass and herbs have greater dependg
on soil nitrogen availability than legumes. Nitrogen is produced g
soil microbial activity. Therefore, an increase in soil microbial m
activity (due to soil warming) will increase the nitrogen availableg
HE EEEEEEEEEEEEEEEEEEEEEEENEN




This experimentvas
considered a

microcosm.
Microcosm i
fismal | w0
representation on
small scale,

miniature depiction
of characteristics of
something much
larger
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MATERIALS AND METHODS \

- Location ecotone regioetween a temperate and boreal
forest, Minnesota, USA
0 two sites located ~100km apart: Cloquet (Cloquet
Forestry Center) anlly (Hubachek Wilderness
Research Center)
A six random blocks at each site
1 three warming treatments within random bloc
1 surrounding vegetation consisted of 11 tree
species (5 temperatepbreal, and 1 invasive)

- ExperimentaWarming infrared heaters and resistance

heating cables artificially simulated warming both above a
below ground
o three warming treatments
A ambient
A ambient +1.7C
A ambient +3.4C

- Time: experiment run since 2008

The Materials
and Methods
section answers
the question:

How was the
experiment done?

(3]

- PlantPreparation5 seeds of each invasive?pecies per

microcosm(15 seeds total per microcosm)
o three invasive plant species tested

A legumei Trifolium pretense

A grass Phleum pretense

A herbi Plantago lanceolata

- Data Collection

o soil N (nitrogen) concentration
A soil collected (2.5cm diameter, 10cm depth) from
each plot
A N concentration measured by combustias

chromatography using a CHNé&halyzer

model /
representational
plant species

Latin name of
species:
italicized, only
FIRSTletter of
first name
capitalized
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Biomassi total

Nitrogen in Atmosphere (N,)

Denitrifying

Nitrifying
bacteria

Fertilizer

production

aerobic and anaerobic
bactena and fungi
Nitrogen-fixing
bactera in root
nodules of legumes

Nitrogen-fixing
bacteria in soil

Nitrifying
bacteria

—> 1

mass of organism ir
given area or
volume

—!

CerezgJohn. (2016). Exploring the nitrogen cy&8etterLessonRetrieved from
http://betterlesson.com/lesson/640166/explorinthe-nitrogen-cycle.

o plant growth
A plants harvest 34day from start
A plants dried 48 h at 7Q before measurements of

shoots and rootsken

The Resultssection presentshat was found
RESULTS N (data, calculations, graphs, tables) [3]

shootbiomassmeasured
root totalbiomassestimated (roots of individua

pl ants couldndét be s

The thin brackets toward the topedch bar represent standard error. They
account for the possible influence of error in the results (such as human ¢
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