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This summer packet aims to address the Science Practices for AP Science Courses -

Science Practice 1: You should be able to use representations and models to communicate scientific phenomena and solve
scientific problems.
1.1 Ysu should be able to create representations and models of natural or man-made phenomena and systems in the
domairn
1.2 You should be able to describe representations and models of natural or man-made phenomena and systems in the
domain
1.3 You should be able to refine reprasentations and models of natural or man-made phenomena and systems in the
domain
1.4 You shouid ke able to use representations and models tc analyze situations or solve problems qualitatively and
guantitatively
1.5 You should he able o re-express key elements of natural phenomena across multiple representations in the domain.

Science Practice 2; You should be able to use mathematics appropriately
2.1 You should be able to Justify the selection of a mathematical routine to solve problems
2.2 You should be able to apply mathematical routines to guantities that describe natural phenomena
2.3 You should be able to estimate numerically quantities that describe natural phenomena

Science Practice 3: You should e able to engage in scientific questioning to extend thinking or to guide investigations within the
context of the AP course.

3.1 You should be able to pose scientific questions

3.2 You should be able to refine sclentific questions

3.3 You should be able to evaluate sclentific questions

Science Practice 4: You should be able to plan and implement data collection strategies in relation to a particular scientific
question.
4.1 You should be able to justify the selection of the kind of data needed to answer a particular scientific question.
4.2 You should be able to design a plan for collecting data to answer a particular scientific question
43 You should be able to collect data to answer a particular scientific question
4.4 You should be able to evaluate sources of data to answer a particular scientific question.

Science Practice 5: You should be able to perform data analysis and evaluation of evidence
5.1 You should be able to analyze data to identify patterns or relationships
5.2 You should be able to refine observations and measurements based on data analysis
5.3 You should be able to evaluate the evidence provided by data sets in relation o a particular scientlfic question

Stience Practice §: You should be able to work with scientific explanations and theories
6.1 You should be able to justify claims with evidence
6.2 You should be able to construct explanations of phenomena based on evidence produced through scientific practices
6.3 You should be able to articulate the reasons that scientific explanations and theories are refined or replaced
6.4 You should be able to make claims and predictions about natural phenomena baseéd on scientific theories and models.
6.5 You should be able to evaluate alternative scientific explanations

Science Practice 7: The student Is able to connect and relate knowledge across various scales, concepis, and representations in
and across domains
7.1 You should be able to connect phenomena and models aeross spatial and temporal scales
7.2 You should be able to connect concepts in and across domain{s) to generalize or extrapolate in and/or across enduring
understandings and/or big 1deas




Dear AP Biology Students,
Welcome to AP Biology!

| am excited about working with you as you continue to expand your scientific understanding. Advanced Piacement
courses are reasonably arduous and AP Biology is no exception. We cover a two-semester college course in
addition to a lab course. Occasionally, you will be asked to stretch yourself and some task will seem overwhelming.
However, | will work with you to make it less stressful. While the course may be challenging, it will be worthwhile!
Your summer assignment begins by:
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1. Sign up for REMIND 101 Text @wshapbiol4 to {615)212-2686

2. Check out the class website- The summer assignment will be located there along with all links.
https://sites.google.com/site/wshsbio/




QELON
Read chapter 1 and 2 of Camp

06)24 )24

bell and Reece’s Biology 9 edition, AP edition texthbook. And pay attention to the

objectives included in the packet. A copy of the textbook can be found on my webpage and the link can be accessed
through the school web page Along with the assigned reading, you will be required to complete the guided reading and
activities before August 1, 2016. You will take an assessment on this chapter and the entire packet the first Friday of the
school year,

CHAPTER 1-INTRODUCTION: THEMES IN THE STUDY OF LIFE

After reading this chapter, -

1.

IS

o,

8.
9,

Briefly describe, in your own words, unifying themes that pervade the science of biology, and suggest
why they are considered unifying themes.

Explain how the properties of life emerge from complex organization.

Describe five emergent properties associated with life, and suggest why they are essential.
Distinguish between holism and reductionism, using analogies.

Explain how technological breakthroughs contributed to the formulation of the cell theory and our
current knowledge of the cell.

Using a Venn diagram, distinguish between prokaryotic and eukaryotic cells.

Explain, in your own words, what is meant by "form fits function.” Describe five organs or cell that can
be used to explain this.

List the five kingdoms of life and use a Venn diagram to compare and contrast them,

Distinguish between inductive and deductive reasoning using nonscientific and scientific examples.

10. Explain how science and technology are interdependent using several appropriate examples.

CHAPTER 2 THE CHEMICAL CONTEXT OF LIFE

After reading this chapter,

1.

No W

State four elements essential to life that make up 96% of living matter, and propose why they are
essential.

Describe the structure of an atom and the importance the structure plays in its properties and
function.

Explain how eiectron configuration influences the chemical behavior of an atom.

Define electronegativity and explain how it influences the formation of chemical bonds.

Distinguish among nonpolar covalent, polar covalent and ionic bonds using an analogy.

Describe the formation of a hydregen bond and explain how it differs from a covalent or ienic bond.
Explain why weak bonds are important to living organisms and give an example of how it plays a role in
life. '

Describe how the relative concentrations of reactants and products affect a chemical reaction.
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Biological concepts and models are hecoming more quantitative, and biological research has become critically
dependent on concepts and methods drawn from other scientific disciplines. The connections between the biological
sclences and the physical sciences, mathematics, and computer science are rapidly becoming deeper and more
extensive,” BIO2010 report of the National Research Council {2003}

4

Therefore, it is imperative that today’s students develop and apply quantitative skills as part of their exploration into
biology. A good grasp of quantitative methodology and reasoning is particuiarly important in the laboratory experience.
Visit these websites and others you may find, and become familiar with the following statistic concepts:

1. Mean

2. Standard deviation

3. Standard error of mean

4, Chisquare

hitps://www.youtube.com/watch?v={gqYISKoXak

http://www bhozemanscience.com/chi-squared-test

http://www.bozemanscience.com/standard-devigiion

http://www.bozemanscience,com/standard-error/




Article 1:

Does the Presence of Venomous Coral Suakes Affect Predation Rateson
Their Mimies, Kingsnakes?

Introduction- The Article and Phenomenon Under Study

Many poisonous animals have warning coloration that signals to potential predators
they are dangerous. Sometimes a harmless species, with warning coloration that
mimics the dangerous species, benefits when predators confuse them with the harmful
species, This phenomenon is celled Batesian mimicry. Batesian mimiery should only be
effective if predators have experience with the dangerous species. In order to test this
mimicry hypothesis in nature, investigators designed field experiments with coral
snakes and their mimics,

Article 2:
Can Diet Influence the Frequency of Birth Defects?
Introduction- The Article and Phenomenon Under Study

Birth defects that result from embryonie abnormalities in neural tube development
include spina bifida and anencephaly. For decades, researchers have worked to
understand possible causes of neural tube defects (NTDs), both genetic and
environmental, and to develop health care practices to reduce their incidence. The
British physician R.W. Smithells led pioneering work on possible prevention of NTDs by
administration of vitamins to mothers around the time of conception.




“requericy-dependent Batesian mimicry

sredators avold look-alikes of venomous snakes only when the real thing Is around,

» species look like damgerous species
¥ hecavse both are then protected from
medation™®, But this protection should
seal dowm where the dangerous mode! is
bsent, whea predators woildd not be under
alection to recofnize the model or any
ither species resembling  as dengerous™”,
Jere we provide experimental evidence to
uppart this caltical prediction of Batesian
mimicry by demonstrating that predators
wold harmiless {ook-zlikes of venomous
oral snakes only In aveas that are inhabited
1y these deadly snakes,

Many coral snakes and non-venomous
‘ingsnakes possess red, yellow (or white),
nd black ringed markings®, which preda-
ors avold’, though often without prior
xperience’, To determine whether this
xoidance depends an the madel’s presence
1 the vicinity, we constructed snake repli-
a¥ (15 emX¥18 em cylinders of pre-
oloured, non-toxic plasticine threaded
nio an S-shaped wire) with a trieolowy
inged patiern, a striped pattarn with iden-
ical colours and proportiens as the ringed
epHcas, ar & plain brownpattern.

Ringed replices conformed to the Jocal
nimic: scazdet kinganakes { Lampropeitis tri-
wigubam clapsoides), which resemble east-
an coral snakes (Miorerus fulvius, or
:onoran motntaln kingsnakes (L. pyrome-
anta), wrich resemble western coral snakes
Micrurotdes eutysambus)®; striped and
wown replicas served s controls. We
wranged three different replicas {lriplets)
t mt apart ln natural habitat (each was used
mee only), At each site, 10 triplets were
slaced 75 m apazt In 2 )ine, After collection,
L persan without knowledge of the replica's
ocation zcored attacks by noting any
mpressions corresponding to & predator’,

We tested -whether predators aveid L. &
slapsotdes only in areas inhebited by Mirru-
#ies by placing 10 triplets at eiglit sympatric
fitey (sites wib mimic and mrodel) and
dight allopateic sites {altes with only the
mimic} in Norih and South Caroling, USA
480 replicas allopatyic sifes were more
han 8 km outstde Micruruds range™’;
s{tes wete 16-420 ki apart}, After 4 weeks,
25 (5.2%) roplivas had been attacked by
sarplvores, The inean ( *hs.e.m.) proportion
of vinged replicas attached was significantly
areater in allopatry (0,654 + 4,107) than in
symparey (0,083 % 0,116 P=0.009, 2-talled
Wilcaxon twa-group test),

We next investigated whether predators
avold L. pyromelann only in sympatey with
Micruroldes by placing 30 triplets at 24 sltes
{720 replicas) elong an elevational gradien?
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Flnuere 1 Frequemmy-tiependest mimiry, The prpeition of cainiore akaeks on Tinged replieas of scarist kinjsnahos (lob 1t a mimic of
eastemn roiel snakes) and sonpran mounizl Knganekes dlop righ & mimke of wealers cors! sneked) oresed with & lslitide
{y=— 13314+ 6801, P< 1035, FF=0345 end b, elevalion f= —0420 000002, P< 0,084, /7t=0,310). Hofzonlal
tashied I propoition of aftactis on Hinged feplicas expected vader randoimness, Yeitical chished fne: niaximip: lathude and eleveiton

for caehaniakes ln Noth Carolia and Artzane, Tespootvely,

{1,204-2,886 m) near Portal, Arizona
{Micrieroides ogly occur at altinwdes befow
1,770 m (ref. 10); there were 14 sympatric
and 10 allopatric sites 3-100 km apart),
After 2 weeks, 49 {6.8%) replicas had been
attacked by carnivores,

The mean proportien of tinped rephicas
attacked was significantly greater in allopatry
(0.496+0.078) -thigny I sympaby
(0,138 0.060; P=0.006), Mortover, in sym-
patrg, the proporilon of ringed replicas
attacked {0,158) was significantly less than
randomness {0833 P==0.010, 2-tafled
Wilcoxon signed-rank test). By contrast
attacks were random in allopatry (P=0.188),
Thiss, predators avold coral snale mimies
only in syropatry with the model.

Coral snakes become ncreasingly rare
wih  iocreasing  latitude  (Spearmizn
p=—0.57, P=0014)"" and eevaticn
{p=—0.77, P=0026 oor unpublished
results). Comsequently, selection to avoid
rifged patterns  should  wealen with
increasing latitude and elevation. As expect-
ed, the proportion of ringed replicas
attacked increased gradually with Jatitude
and elevation {Hg. 1}, suggesting that selec-
tion fo avold ringed patterns i indeed sen-
sitive to the abundance of coral snakes.

Qur results do not filly resolve why
mimetic patterns oceur where roodels are
absent™®, Posgbly sefection for mimicry

£ o 2001 Macmillan Magazines Lid

in sympatry, coupled with gene flow
between sympairic and allopatrie popula-
tions™, maintaing mimetic patterns in both
egions, Nevertheless, cur sesults verify the
critical prediction of Batesfan mimisry and
demonsirate that the benefite of mimicry
depend on abundance of the model.
David W, Pfennig®, William R Harcomba*,
Karin S, Plennigh

*Digpartmest-of Biologss Undversity of Noveh
Carotinn, Chapel Hill

Nordh Cirolisn 27599-3280, USA

e~itrail dpfennig@emailsme.adn

+Section af Itegrative Blology, Univorsity of Texns,
Austin, Texas 787 12- 1064, USA
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Guiding Questions for Reading This Article

A. About the Article
1. Give the name of the journal and the year in which

this.article. was published,

2, How many sympatrie sites and how many allopatsic
gites were tested in Norih Carofina and South
Carolina? How mauy sympatiic sites and how many
allopatric sites wete tested in Arlzona?

2. What age the last names of the three authors?
At what university was the wogk done?

3, Specialized vocabulary: Write a brief definition
of each leym.

Defined in the article:
Batesian mimicry

Not defined In the article:
sympatric

aliopatric

4, What type of organism is being studied? Give genus
and species names, as well as common names, for
two of the study species. :

5. This study is designed to test wha prediction of
Batesian mimicry?

B. About the Study

6. From what materiais did the investigators make the
sxperimental models?

7, Ateach study site, investigators placed how many
snake models of what three color patterns?

»

9. Tn Figure 1a, what is the x-axis? What is the y-axis?
Which is the dependent variabls? In Figure 1b, what
is the x-axis and what is the y-axis?

10, What are the patterns of coral snake presence and
ahsence by latitude and by elevation?

11. Hypothesis: Predators avold Batesian mimics only in
areas that are inhabited by the dangerdus raodel.

() Prediction (a) under this hypothesis: The propor-
tlon of total atiacks on ringed replicas at fafitudes
where coral snakes are present will be

~_ (higher? fower? no different?)

that at latitudes where coral snakes do not oceur

{b) Prediction (b) under this hypothesis: The propor-
tion of total atiacks on ringed replicas at eleva-
tions where coral snakes ate present will be

{higher? lower? no differsnt?)

than at elevations where coral snakes do not

oecur.

{2. Null hypothesis: There is no relationship between
predator avoidance of Batesian mimics and presence
of the dangerous model.

(a) Prediction (a) under this mill hypothesis: The
proportion of total attacks on ringed replicas at
tatltudes where coral snakes ave present will be

(higher? lower? no different?)

than at latitades where coral snakes do not ocour,

T ST
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(b) Prediction (b) under this null hypothesis: The 20. The resuits in Figars 1b Iead vs to do which one of
proportion of total attacks on ringed replicas at these? (A) Reject the hypothesis; (B) reject the moll

14

+

15.

16,

17

18,

19,

elevariony WHETe cota] SHakCs & prcsErit‘wiﬁb'a'""'-—*-—~——h-ypethesisf—»-—-- .
{higher? Iower? no different?)
than at elevations where coral snakes do not ocenr.

2. Is this an observational study, in which quantitative,
observational data are taken but ho experimental ma-
nipulation is made, or is this an expertmental study, in
which reseatchers make manipulations by which the
effects of different variables age tested, one at a time?

In Rigure 1z, Jook at the proportion of total attacks
on ringed replicas placed at different latitudes in
North Carolina and South Carofina. In which areas
are the agtack rates on ringed replicas higher: in
aratis where coral snakes are present or in areas
where coral snakes are absent?

22. 1s this a field study, with data collected on organisms
in their naturai habitat, or is this 4 lab study, in which
anirmals are studied under controlled conditions in the
leboratory?

Do the results in Figure 1a (#13) agree with
prediction (g) under the hypothesis?

Do the results in Flgute 1a (#13) agree with

prediction (a) under the null hypothesis? C. General Conclusions and Extensions of the Work

23, This system fo measure predation on mode} snakes
allows us to test specific predictions about Batesian
mimicry. It is possible that other factors, besides the
advantages of mimiery, explain the results observed.
Perhaps it is shmply the combination of bright red,
yellow, and black colors on the snake replicas—not the
ringed pattern itseli—that explains the difference in af-
tack rates. How could investigators test that possibility?

The results in Figure 1a lead us to do which of
these? (A) reject the hypotbesis; (B) reject the null
hypothesis.

In Figure 1b, look at the proportion of total attacks
on ringed replicas placed at different elevations. In
which ateas are the attack rates on ringed replicas 24
higher: in areas where coral snakes are ptesent or in
areas where coral suakes are absenl?

. What if a particular milk snake subspecies is a poor

mimic of the coral enake? Make a prediction; If this
N test is yepeated in a geographic area where the milk
snakes do not resemble coral snakes af ali, would
more ringed replicas be attacked?

Do the resulis in Figure [h (#17) agree with
prediction (b) under the hypothesis? *

25. Jragine that you were a member of this research
team and involved in these experiments. What could
be 4 possible follow-up test that extends this work?
Briefly state another sxpetitnent of measurement
you wauld do within this research system.

Do the results in Pigure 1b (#17) agree with
prediction (b} under the nuil hypothesis?
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Preliminary Communication

POSSIBLE PREVENTION OF NEURAL-TUBE
DEFECTS BY PERICONCEPTIONAL VITAMIN
SUPPLEMENTATION

R, W, SMITHELLS S, SHEPPARD

C. ]. Scioran

Department of Peediarrics and Child Health, Unfvarsity of
Leeds

M. 1. SeLLER
Padiatric Reyearch Unit, Guy's Hospital, London

M. C. Navin

Department of Medical Genstios, Queet’s University of
Belfasr -

R. HARRIS A, P Rean
Depariinent of Medical Genctics, University of Munchester

D, W, FIELDING .
Department of Padintrics, Chester Hospitals

Summary  Women who had previously given birth

to one or more infants with a neural
tube defect (NTD) were recculted inte a trial of perivon-
ceprional multivitamin supplementation, 1 of 178 in-
fants/Petuses of fully supplemerited mothers (0-6%) had
an NTD, compared with 13 of 260 infants/fetuses of un-
supplemented raothers (5 -0%),

INTRODUCTIOR

Trs well-knowp social-class gradient in the incidence
tf newralwbe defects (INTID) snggests that nutritional
faclors might be jnvelved in NTD =tiology. A possible
link between folate deficiency and NTDs in man was
first reported in 1965.1 More recently, significant social-
clags differences in dietary intakes in the first tyimester,?
and In fisst-trimester values for yed cell folate, lencocyte
gscorbic acid, ved-blood-cell riboflavin, and serum vity-

min A have been reported,’ dictary and biochemical .

values being higher in classes T and X1 than in classes I,

', and V, Furtherroore, 7 mothers, of whom 6 subse-
quently gave blrth 1o NTD infants and 1 to an {ofant
with unexplaived microcephaly, hed firseirimester
mesn values for red celf folate and lencocyre ascorbic
ucld thal were significantly lower than those of con-
1rols.} .

These observations are compatible with the hypoth-
esis that subclinical deficiencies of one or more vitaming
contribute to the cansation of NTDs, We report prelim-
inary results of an intervention study in which mothers
a1 increased risk of baving NTD infants were offered
periconceptonal multivitamin supplements.

PATIENTS AND METHODS

Women who had had one or more NTD iufants, were plan-
ning # further pregoancy, bt were mot yot preguant were
admizted to the study, All women referred 1o the depertments

Invelved in the study end who met these erlteria were invited
to take part. Most patients were recruited from genetic coun-
selliug clinics, although some were referred by obstetricians
and peneral practitfoners informed of the study. Patients came
from Morthern Ireland; South-Bast England, Yorkshire, Lan-
cashire, and Cheshire. 185 women who recelved full vieamin

. supplementetion (see below) became pregnant,

The control group comprised women who had had one o
more previous NTD infants but were elther pregnant when
referred ta the study centres or declined to take part in the
study. Somit: centres were able to sclect a cottrol for cach sup-
plemented mother, matched for the number of previous NTD
births, the estimated date of conception, and, wherc possible,
ege. There were 264 control mothers. The numbers of fully
supplemented (S) and control {C) mothers in each centre were
as follows: Nocthern Ireland 8 37, C 122; South-East Englend
5 70, C 70; Yorkshire § 38, C 35; Laacashire 8 31, C 27;
Cheshire 8 9, C10.

All mothers in supplemented and control groups were
offered ammiocentests. ¢ mothets in MNorthern Irefand (3 sup-
plemented; 3 controls) declined amniecentesis and their preg-
napeles eontinue. They are not included in the figures above
or in the accompanying teble. ANl mothers with raised amni-
ptie-flnid alpha-feroprotein (AFP) values {1 supplemented; 11
controls) accepted terinination of pregnancy.

Study mothers were piven a multivitamin and {ron prepara-
tion (*Pregnavite Forte F’ Baneard), 1 tablet three times a day
for not Tess than 28 days before conception and continuing at
lenst untll the date of the second missed perjod—iie., until well
after the time of neural-tube closurz, Pregnavite forte ¥ pro-
vides daily vitamin A 4000 LU, vitamis D 400 LU, thiamine
1.5 mg, riboflavin 1.3 mg, pyridoxine 1 mg, nicotinamlde 15
mg, escerbie acid 40 mg, foliccacid 0,36 mg, ferrous sulphate

nivalent 1o 75.6 mg Fe, and calchmm phosphate 480 mg,

'omen concefving less than 28 days after starting supplemen-
tation, or starting supplementation shorily after conception, or
known to have missed tablets for more than 1 day, are
regarded ag partly supplemented, They were excluded from the
main study and thefr reanlts wiil be consideredelsewhars,

In Northesn Ireland, Yorkshire, and Cheshire women tuking
oral contraceptives (OCs) wera asked to adopt altertiative
means of contraception from the date of starling vitaming
because OCs may lower blood levels of certain vitamios,*

RESULTS

187 control mothers have delivered 192 infants
(including 5 twin pairs) without NTDs, and a further 38
have normel amwjotic-fnid AFP valves (table) 13
mothers have been delivered of NTD infants/feruses, 1

OUTCOME OF PREGNANCY IN FULLY SUPPLUMENTED ARD
CONTROL MOTHERS

Fully supplemented | Contivols
Fufuniffetus with NTD 1 1z
Infamt without NTD 140(3) 1933)
Subtotal (1) . 141(3) 204(5)
Normal apmiotic 48P 24 38
Subtotal (2) 167(3) 244(5)
Spontansous abartfons
Bxamined, NTD 0 1
Bxamined, no NTD 11 17
Subtotal {3) 178(3) 260(5)
Not examined : 10 9
Total 184(3) 263(5)

Allambere rélate i infante/fetuses,
Figures in parentheses indicate numbers of twin pairsincluded,
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by spoutaneous abortion, 11 by termination after
arpniocentesls, and 1 by spontaneous delivery (skin-

THYE LANCET, *ERRUARY L6, 1980

fied urgently: The only measure introduced by the study
other than.vitamin supplementarion (and that only i

covered lesion, normal AFP). 17 feruses of a further 26
conitrol mothers who aborted spontaneonsly were exam-
ined and had no NTD. The provisional recurrence-rate
of NTDs is 5.0% (13 in 260). 26 control mothers were
at incremsed risk by virtue of having had 2 ‘previous
NTD infants. 3 of them had 2 further affected child, a
recurvence-rats of 11.5%. Both these recurrence-rates
are consistent with those previously reported and widely
adopted in genetic counselling,

137 fully supplemented mothers have given birth to
140 babies (including 3 wwin pairs) without NTD, 26
have normal amniotic-fluid AFP values and their preg-
na#ncies continue, and 1 has had a further affected i,
fant, 11 fetusese of 21 mothers who aborted spon-
taneously were examined; pone had an NTD. The
provisional recurrence-rate in the supplemented group s
therefore 0-6% (1 in 178). 15 supplemented mothers
were at itoreased risk by virtue of having had 2 previous
afected N'TD infants. None had a forther affected child.

Comparison of NTD fregquencies in the supplemented
and control groups by Fisher's exact test showed vignifi-
cant differences (p<0-01) for subtotals (1), {2), and (3)
(table), .

GISCUSSTON

Despite problems with choosing controls, the control
women in this stody have shown recurrence-rates for
NTDs entirely consistent with published data. By con-
trast the supplemented mothers hed 2 significansly lower
recurrence-rate, Possible interpretations of this observa-
tion include the following:

(1) A group of women with a naturally low recurrence
risk has unwittingly selected irself for supplementa-
slon~—~Apart from geographic and secular variations
there is no gvidence to suggest that any particular sub»
group within populations, whether by soctal class or any
other division, hae & higher or lower recurrence tisk. In
penetic counselling clinics it is customary to quote the
same risk for elf mothers after one affceted child, We
cannot exclude the possibility that womeh who volun-
reeted and cooperated in the rial might have had a
reduced risk of recurrence of NTD. However, one might
have expected such an effect to be found in mothers who
cooperated In poiatc-avoidance trials, but this was not
seen’

(2) Supplemented movhers aborted more NTD fetuses
than did controls,—The proportion of pregnancies end-
ing in spontanecus abortion is similar in the two groups
(supplemented 11.4%, control 9.6%). If the supple-
mented mothers have sborted more NTD fetnses, they
must have aborted fewer other fetuses or had a lower in-
itial risk of abortion. 11 of 21 abortuses of supplemented
mothers have been examined and none had an NTD. 18
of 27 aborruges of controt mothers were examined and
1 had an NTD, An explanation based on selective abor-
tion of fetuses with NTD seems improbable, especially
since move abortions are likely to have been ascertained
in the supplemented group siace controls wers enrolled
larer in pregnancy,

(3) Something other than vitamin supplementation has
reduced the incidence of N'TDs in the treated group,—
‘Fhis is 2n almost untestable hypothesis, but if anything
has reduced the incidence of NTDs it needs to be identi-

some centrés) was disconiinuation of OUs at laast 28
duys befdte coroeption. Although the possibility of sex
hormopes haying teratogenic action is not yer entirely
resolved, evidénce® strongly suggests that the phenem-
snonwe tepoit is ot attributable to stopping OCs,
(4) Vionin sapplementation  has  prevented some
NTD—This is the most straightforward interpretation
and is consistant with the clrenmstantial evidence link.
ing nutrition with NTDa, If the vitamin tablsts are
directly responsible, we cannoy tell frem this swdy
whether they operate via a nutritional of a placeby
effect,

We hope that the data presented will encourage others
10 initiate similar and related studies. We intend to pub-
Hsh a more detailed report when the last of the present
cohort of women receiving vitansin supplemenss hos had
her baby (due April 1980),

We thank the women taking part in' this evudy; medleal collaagres
who referred themy gnd Dr Jennifer Huanay Mise Wendy Johngon,
Mre Monica Stant ond Mre Mary Weetrpon (heatth vieoes), This
study iz supporied by Action Research for (he Crlppled Child, the
Chikdren's Reseasch Fund, and Beechanr Pharmacemicals Ltd,

Requests for reprints should be addressed to R W, 8., Depaciment
of Prdiatries and Child Health, University of Leeds, 27 Blundelt
Straet, Leeds LS 1 31T,
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Guiding Questions for Reading This Arficle
A, About the Article

How did investigators treaf data on women who
concsived before taking the supplements for a month
and-those-whe-missed-some-of the-supplements?

1. Give the name of the journal and the yeer in which

this arlicle was published.

2. State the last name of fhe first anthor, his department,

and his university.

. Specialized vocabulary: Wme a brief definition

of each fertn,

ammnioccentests

neural tube defects (NTDs)
periconceptional

placebo

vitamin

B. About the Study
4,

The anthors point out that the observed hlghel
incidence of NTDs in lower social clusses as
comparad to higher social classcs might be due

- to what factors?

What criteria were used 1o select women for
this study?

. The control group consisted of whora?

. How many mothers wete in the fully supplemented

group, and what was thelr f::;atment?

10,

11

. In controlled experiments in general, the

experimental group and the control group are alike
in afl factors except in the one being tested. In this
study, the test factor is the nunitional suppiement.
(a) Some study centers nsed pairad controls, in
which a supplementad mother was paired for
comparison with a control mother. What criteria
were used for metching the pairs? (b) In this stady,
what are some other ways the supplemented mothers
end the control mothers might have differed, besides
whether or not they received the supplement?

From the table showing outcome of pregnancy in
fully supplemented and control mothers, what is

the difference in number of NTD infants between the
supplemented and control groups? What was the
difference in percentage of NTDs in the two groups
of women?

The apthors state that their data agree with the
bypothesis that vitamin supplementation during the
petiod around conception is sssociated with fower
incidence of NTDs, In their Discussion section,
they mention three alternative cxplanations for this
association, Briefly list the three explanations in
yOUr OWn Words.

C. General Conclusions and Extensions of the Work
2.

Do you think the observed difference is significant
enough to conclude that vitamin supplementation
has prevented some NTDs in women who have
previcusty had NTD infants? Do you think the
results can be generalized to conclude that vitamin
supplementation will prevent NTDs in all women?
Why or why not?




13, In 1983, B. Lipsett and J. C. Eletcher published a
paper entitled “Do vitamins prevent neural lbe '
defects {and can we find out ethically)7” in the
Hastings Center Report (13:508). They documented

——firrenrly history of R WrSmithells’s- work-on

{4, Imagiué that you weis a member of (his research
team and volved In these investigations, What
could be a possibte follow-up test that extends this
work?

multivitamins and birth defects, Including the paper
in this exercise. They pointed out that, before
beginuing his studies in 1976, Smitheils had
requested approval from severa] ethics comimittess
to do a “randomized, placebo-controlled” clinical
trial, but his requests were refused. (a) How wortkd
the study procedures be different If trials were
“andomized™? (b) What is a “placebo™? How would
the stady procedures be different with the use of
placebos? (o) Why do you think the ethicy
commiittees denied Smithells’s request? Do you
think they should heve approved the research
request?




AR ARAT R Ammm m

E ST

Analyzing a Journal Arficle

Desnribe the purpose of the study {as you undesstaad It} in your own
words. .

Does DNA replication follow the conservative,
iseriiconservative, or dispersive model?

EXPERIMENT At the Calfornia Instiute of Technology, Matthew
Vieselson and Frankdin Stahl cultured £, colf for several generations In a
nedium containing nucleotide precusors |abeled with a heavy Isotope
Sf nitrogen, SN, They then transferred the bacteriz to @ medium with
Jnly 14N, @ lighter isotope. A sample was aken after DNA replicated

ances another sample was taken after DNA seplicated again, Thay ex- -

wacted DNA from the bacteria in the samples and then centrifuged
aach DNA sample to separate DNA of different densiifes,

& Baciala =T &b bacterla
culiurad in Cn transferred 1o
medium —_ i medlura
with with
150 (heavy ["‘htl (Eigi)'lter

sctope

isotope) - ,
RESULTS /

Lty

& DNA sample |77 &} DNA sample Lass
centrifuged | centrifuged dense
after first after second =4
replication replication -4‘; More

L2 7 dense

CONCLUSIOR Meselscn and Siahl compared thelr resuits to thase pre-
dicted by sach of the three models in Figure 16.10, as shown below,
Thafirst feplication in the i medium produced a band of hybrid (*5N-
1y DNA, This result eliminated the conservative modal, The second
replication produced both fight and hybrid DNA, a result that refuted
the dispersive modal and supported the semiconsetvative model, They
therefora concluded that DNA replication Is semiconservative,

Predictions: First replication Second replleation

vk
A

Conservative M,
model PATEN]

PN

Ly
Satniconservative FaAl
model }W@:\
' AN

R
Dispersive ¥ %%
moda} AW

LA

SOURCE M. Meselson and £ W, Stahl, The replication of DNA In

Fecherichia cofl, Proceedings of the National Acedamy of Sclences USA

44:571-682 (1958},

IMGUIRY IN ACTION Read and analyze the orlginal paper in Inqulry In
Action: Interpreting Scientiic Papars.

(@] See the rejated Experimental Inqulry Tusorial in MasteringBiology.

ATITTRETEM |f Meselson and Stahi had flrst grown the cells in
M _containing medium and then moved them into 15\-containing
mechium before taking samples, wiat would hisve baen the result?

2,

4,

8.

8

9.

10.

1L

What was the “gap” In the resaarch that the authors were trying to il
by doing thelr study?

Malce some notes about the authors’ mafor conclusions or findings as
you understand them

How did the authors analyze thelr data? What test/s did they use?

Do the authors suggest any problems with the study that could lead to
unrefiable results?

Was there anything that was feft unfinished? Did the author raise
questions o make points that were left orphaned In the paper?

Welte {ln your own words} the significant contributions of the
em_:arimental work In this journal article as reported by the authoes.

What are three implications of the result?

What future study tan you conduct from this study?

State three questions you can generat:. . from this study

State two guastions you can generati 1 from the conclusion




R

pnalyzing 2 Journa Articla

Descriie the purpose of the study (as you understand it} in your own
words,

Y Flgure 1574

Do melecular signals In the cytoplasm regulate ™
thecelfeyele? = = T T o L

IXPERIMENT Researchers at‘the Universiy of Colorads wondered
whether a calls progression through the ceft aydle s controlled by cyto-
slasmic molecules. To investigate this, they selected cultured mam-
wnalian cells that were at differant phases of the cell eycls and Induced
thern 10 fuse. e such experiments are shown here.

Expetiment 2

Experiment 1

RESULTS ¢

5, I pekclix T
When a celi In the
5 phase was fused with
acell in Gy, the Gy
nucieus immadiately

When z cell inthe

M phase was fused with
3 cellIn Gy, the Gy
nucleus immediately

entered the 5 began mitosis--a spindle

phase—DNA was forrmed ard the chromo-

synthesized. sores condensed, even
though the chromosomes
had not been duplicated.

CONCLUSSON The results of fusing a Gy cell with 2 cell in the 5 or
M phase of the call cycle suggest that molecules present in the cyte-
plasm during the § or M phase cortrol the prog ression to those phases,

SOURCE R. T, Johnson and P. N, Rao, Mammaltan cell fusion: hduction
of premature chiorosome contensation in interphase nuclel, Nature
226:717-722 {1970},

mic molecules and each phase began when the previous one was com-
plete, how would the Tesults have differed2

a single cell with two nudel, If one of the original cells was in
the § phase and the other was in Gy, the Gy nneleus immedi-
ately entered the $ phase, as though stimulated by signaling

molecules present In the cytoplasm of the first cell, Siopflady, -

a cell undergoing mitosis (M phase) was fused with another
cell in any stege of its cell cycle, even Gy, the second nucleus
tmmediately entered mitosis, with condensation of the chro-
matin and formation of a mitotic spindie (Figure 12.14).

The Cell Cycle Control System

The expertment shown in Figure 12.14 and other experi-
ments on amimal cells and yeasts demonstrated that the se-
quential events of the cell cycle are ditected by a distinct cell
cycle control system, a cyclically operating set of mole-
culés i the cell that both triggers and coordinates key events

EERTFRETER If the progression of phases did not depend on cytoplas- -

4.

5

%

What was the “gap” in the research that the authors were trying to Filk
by doing thelr stady?

Make sora notes akout the authors” major conclustons or findings as
you understand them

How did the authors analyze thelr data? What test/s did they use?

Do tha authors suggest any problams with the study that couid jead to
unreliable results? ’

Was thare ahything that was left unfinished? Did the author ralse
auesticns or male points that were left orphaned ity the papar?

Write {in your awn wordg) the significant eontributlons of the
experimental work in this journal article as reported by thae authors.

What ara three implications of the resuit?

What futura study can you conduct from this study?

10, State three questions you can generat. . from this sto dy

11, State two guestions you can gepsrat. - from tha conclusion




Analyzing 3 Journal Artlcle

Describe the purpose of the study (as you understand it} in yourw
awn words,

4

9,

i0.

i1,

What was the "gap” in the research that the authors were trying
to fili by dolng their study?

Make some notes about the suthers” majar conclusions or findlngs
as you onderstand them

How did the authors analyze their data? What test/s did they use?

Da the authors suggest any problems with the study that couid
lead to unrefiable results?

Was there a'nythlng that was left unfinished? Did the author rise
tuestions or make points that were left orpharied in the papar?

Wirite {in your own words) the significant contributions of the
experimental worl Tn this journal artlcle as raported by the
authors,

What are threa impilcations of the result?

What fuitira study ean you canduct from this study?

State three questions you can generat  from this study

State twe guestions you can generat  from the conclusion

¥ Figure 5023
How do mammals detect different tastes?

EXPERIMENT To investigate the basis of mammalian teste perception,
Ken Mueller, Nick Ryba, and Charles Zuker used & cheimical called
phenyl-p-o-glucopyranoside (PBDG). Humans find the faste of PRDG
exiremely bitter, Mice, however, appaar to tack a receptor for PRDG,
Whereas mice ‘avoid drinking water contalning other bitter tastants,
thay show no aversion te water that contalns #BDG,

Using a molecular cloning strateqy, Muellar generated mice that
made the human PBDG receptor in cells that nomally make either a
sweet receptar or 2 bitter receptor. The mice were glven a choice of
two botiles, one fliled with pure water and one fllled with water con-
taining PBDG at varying concenttrations. The researchers then abserved
whether the mice had an atiraction or an aversion to PEDG.

RESULTS

§ ;0_ . 8 PBDG fecentor. -
=t X expression fn.cells”
5 1 ; . for sweet taste
B 601 2 - e

£ . f. @ No PIDG

Bl ' recepior gene -
2 1t & PEDG receptor

H 20 -5 expression in cells
R A - 4o for bitfer taste
et '.III(I L L L LEL) FAE BT T I L 13 O, - .

110
. Cantentration of PBOG (rafd) (og scale)

Relative consumption = (Fluid Intake from boitle containing
PBDG -+ Total fiuid Irtake} X 100%

CONCLUSION The researchers found that the presence of a bitter re-
captor in sweet taste cells is sufficiant 1o cause mice to be attracted to a
bitter chemical, They cancluded that the mammallan brale must there-
fore percelve sweet or bitter taste solely on the hasls of which sersory
newrons are ectivated.

SOURCE K. L Muelier et al, The receptors and coding logic for bitter
taste, Nature 434:225-229 (2005).

EHYREEAR Suppose Instead of the PBDG teceptor the rasearchers
Rad used a receptor specific Tor a sweetener that humans crave but
mice lgnore. How would the results of the experimant have differed?

Teproglam gustadon In a raouse (Figure 50,23), Based on these
and other studies, the researchers concluded that an individual
taste cell expresses 2 single receptor type and detects fastants
Tepresenting only one of the Sve tastes,”

The receptor cells for taste inn marnmals are modified epithe-

<Hal cells organized into taste buds, which are scattered In

several areas of the tongne and mouth {Figure 50.24), Most
taste buds on the fongue awe associated with nipple-shaped
projections called papillae. Any region of the tongue with taste
buds ran detect any of the five types of taste. (The frequenty
reproduced “taste maps” of the tongue are thus not accurate)
Taste receptors fall into two categories, each evolutionarly
related to receptors for other senses, The sensation of sweet;

1102 wwiy seyen  Antmal Form and Fonetion
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Analyzing a Journal Article .

Dascribe the purpose of the study (as you understand it) in your
own words.

Z

3

4,

7

10.

11,

What was the “gan” in the research that the suthors ware trylng
to il by dolng thelr study?

Make soma notes about the authors’ major condlusions or findings
as you understand them

How did the authors analyze their data? What test/s did they use?

Do the awthors suggest any prablems with the study that couid
laad to unyelisble results?

Was thers anything that was left unfinished? Did the author raise
guestions or make points that wera left otphaned in the paper?

Write {In your own words) the significant contributions of the
experimental work in this journal article as reported by the
authors,

What are three implications of the result?

Vithat future study can you conduct from this study?

State three questions you can generat. - srom this study

State fwa guestions you can generat' » fram the conclusion

¥ rlgm‘e“'l LiE )
Which wavelengths of Iight are most effectwe
n dnwng photosynthesis? . 2

EXPERMAENT Absorption and actlon spectra, aiong with 3 dassic a!
periment by Theodor W, Engalmann, reveal which wavelengths of ligh
are photosynthetically important.

RESULTS

Absorpiion of light by
chloroplast pigments

Wave]ength of light (n%'n)_

{a} Ahsorption spectra, The three curves show the wavelengths of ligh
best absorbed by three types of chlcmplast pigmestts.

Rate of photosynthesis
(measured by O, release}

(b} Actlon spectrum, This graph plots the rate of photesynthesls
versus wavelength, The resuiting action specirum rasembles the
ahsorption specirum for chlorophyll a but daes not match exactly
(see part a}. This is partly due to the absorption of light by accesson
pigments such as chlorophyit b.and carotenoids,

{0) Engelrtann's experimant. in 1883, Theor.lor W. Engelmenn
iHuminated a filamesrious alga with light that had been passed
through & prism, exposing different segments of the slga o differen
wavelengths, He used aerobic bacteria, which concentrate near an
oxygen source, to determine which segments of the alga were
releasing the most 0, and thus phalosymthesizing mast, Bacterls
congregated in greaiest numbers around the parts of the alga
Hluminatad with violet-blue or red light.

CONCLUSION Light In the violet-blue and red portions of the spec
trum 3z most effective in driving photosyrthesis,

SOURCE T. W. Engalmann, Bacterium photornetricum, Eln Beirag zur ver
glelchenden Physiclogle des Ucht- und farbensinmes, Archiv fir Phisiologi
30:95.124 {1883),

@'}‘ Sea the related Experimantal inquiry Tutorial in MastariagBiology.

EETTENESB (f Engelmann had used & filter that allowed only red lighr
to pass through, how would the resuits have differed?




Analyzing a Journa] Artlcle

¥ Hgura 129

1. Describe the purpose of the study (as you understand it} in your
own words,

2. Whut was tha “zap” In the research that the authors were trying
to il by dofng thelr study?

3, Make some nctes about the authors’ major conclusions or findings
as you understand them

4. Mow did the authors anaiyze their data? What test/s did they use?

5, Do the authors suggest any problems with the study that could

lead te untaliahle results?

6 Was there anything thet was feft unfinished? Dld the author raise
yuestions or make points that were left crphaned in the paper?

7. Write (in your own words] the gignificant contributions of the

experfmentst work in this journal article as reported by the
authors.

8. What are three impllcatlons of the result?

9, What fext.ure study tan you conduct from this study?

10, State three questions you can generat * from this study

11, Stats two guestfons you can generat: : from the conclusion

At which end do kinetochore 7in'iéroft;bu]_es"' "
shorten during anaphase? A el
EXPERIMENT Gaty Borky and colleagues at the Unlvarsity of Wiscone
wanted to determine whethe? kinetochore microtubules depolymerze
the kinetochore end or the pole end as chromosomes move toward
potes during mitsls, First they labeled the microtubules of a pig Kdn
cell in early anaphase with 2 yellow flucrescent dye,

Then they markad a reglon of the kinetochaore microtubudes betwee
one spindle pole and the chromosomes by using a laser to eliminate t
fuarescence frot that region, while leaving the micotubules Inta
(see below). As anaphase mroceeded, they monitored the changes
micotubule length on either side of the mark,

RESULTS Asthe chromosomes moved poleward, the microtubule ses
merits on the kinetochore side of the mark shortenad, whila those ¢
the spindle pola side stayed the same length,

CoNCLUSION Durlng anaphasa In this cell type, chromosome mowi
ment Is correlated with kinetochore micretubules shortening at the
Kinetochere ends and not at thelr spindla pole ends. This experimel
supports the hypoihe§is that during anaphase, a chromosome is walke
zlong a microiubule as the microtubule depolymerizes at its kinetc

L
Chromaosome,
_moverment.;

SOURCE G, L Gorbsky, P ). Sammak, and G, G. Borisy, Chromosors
move poleward in anaphase along stationary microtubules that toord
nately disassemble from their kinetochore ends, Journal of Cell Blojog
104:9-18 {1987).

"reellag in“ at the poles was the mzin cause of chromasome mowv

ment, how would the mark have moved relative to the poles? Hov .

wotild the microtubele lengths have changed?

3 If this experiment had been done on a <ell fype in whic




K.

Pledge

Academic Honesty
High integrity and academic honesty is expected. Students should not do anything that would bring their

integrity into question.

All assessments (homework, labs, quizzes, exams, projects, etc.} are expected to be completed only by the
student.

Students MUST consuit with instructor before using ANY internet site to study for a quiz, test or exam. This
includes, but not limited to, sites like QUIZLET®

Collaboration and teamwork may be allowed on homework with prior approval from instructor; however,

individual work must always be distinctly original from the lab partners’ work or zero credit will be earned.

ALL papers must be emailed to the instructor and second copy turned in as a hard copy.

Always properly cite and credit sources that are not your own (text, data, pictures, etc.).

Copying work, full or in part, is in violation of the academic honesty policies and students sharing testing
information between classes are also in violation of the academic honesty policy.

DISHONESTY is not tolerated and may result in a "0" on that test/assignment, a referral, and removal from the
Honcr Society (and/or'equivaie_nt school organizations), contact to home and possibly further disciplinary
measures as per school/district policies.

Students copying and students allowing others to copy their work are both academically dishonest, Do not put
your classmates in an uncomfortable position by asking to copy.

Instructor reserves the right to modify or add new directives to this, either verbally in class of in writing without
prior notice to students.

Students will write the following statement on every assignment, test, or project turned in:

% On my honor, | have neither given nor received unauthorized aid on this assignment.?

Please read and sign below the following

4 pledge to maintain a high level of respect and integrity as a student representing White station High School.
[ understand and will uphold the Honor Code in letter and spirit to help our school advance authentic learning.
1 will not lie, cheat, plagiarize or be complicit with those who do. | will encourage fellow students who commit

honot offenses to acknowledge such offenses to their teacher. | make this pledge in the spirit of honor and”

trust.”?

Student Signature

1
2,

River Hill High School, Clarksville, MD — Public — htip://www.howard k12 md.us/rhhs/honerfhonoreouncil2.htm
http://www.ethicsed.org/programs/integrity-works/pdf/HonorPledgeExamples.pdf




CLASS MATERIALS

For the classroom

1. 40 lab supplies-essential
or
All of the following-

Donations
1. Large hox of tissue

2. Sanitizing wipes for desks

For students to keep

Microsoft Office® applications will be the primary software applications used, Adequate computer resources

are available in the classroom as well as throughout the schoal.
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CONSTRUCTING LINE GRAPHS*.

Suppose we are studylng some chemical reaction in which a substance, 4, Is being used
up. We begin with a large quantity (100 mg) of A, and we measure in some way how
mach A is left after different times. The results of such an experiment might be presented
pictorially like this:

JUIRT [2Y
et 3. o o o 5[]
geauRatn SUUUTLID

2.00

Figure A.1

This is the kind of picture graph that you often see in newspapers. This information can

be presented much more simply on 2 graph — a line graph is permissible — because our
experience tells us that when A is disappeating in a chemical reaction, it is disappearing

more or less smoothly and will not suddenly reappear. In other words, the progress of a

chegaical reaction is 2 continuous process, and because time is a continuous process it

is permissible to relate the two kinds of information to one another on a line graph. The

procedure for constructing the fine graph is shown in Figure A2,

100mg A=m==1<
. 130
i o
C
ith, = ool
1
I o o 2
]
Dé 60 : T ?
] 7
A I
§’ ! Wiy
- --Eﬁ-——ri——- i 7 T
_}_ A !

. v
‘a -
} , ‘ 1200 100 200 300 400

Time

Figure A.2

* Hased on 2 handout by Dr, Mary Stllier, Purdue University,

AppendixB A3 2
EE




Ad AppendixB

Tt should be clear from the diagram that each point corresponds both to a particular
measurenient of the amount of A remaining and to the particular time at which that
amount remained. (A heavy dot is made opposite both of these two related quantities.)
‘When all the measurements have been recorded in this way, we connect the dots with 2
line, shown in Figure A.3. (Figures A.21-A.23 explain when to connect the data polns.)

100

80

g0

&

\X
N

40

Mg of A Hemaining

20

S5/ SU SN NN EEEED DRI RSN
Fa

0 1 2 3 4 5
Time (hours)
Figure A3

It should be clear by Iooking at otr graph that the only measurements we actually made
are those indicated by the dots, However, because the information on both scales of the
graph is assumed to be contimous, we can use the graph to find out how much A would
have been found if we had made our measurernents at some other time, say 2.5 houzs,
We merely locate the line that corresponds to 2.5 hours on our time scale and follow

it up until it crosses our line graph at the point X; then we look opposite X to the "Mg
of A Remaining” scale, and read off 50 mg. We conclude, then, that if we had made a
meagurement at 2.5 hours, we would have found 50 mg of A left. In a similar way, we
can find out from our graph at what time a given amount of 4, say 65 mg, would be left,
We have merely to find the line that represents 65 mg on the vertical scale and follow

it across uniil it cuts the line graph at polnt Y. Then we see 1.75 hours on the “Time”
scale opposite Y. This tells us that had we wished to stop the reaction with 65 mg of A
remaining, we would have had to do so after 1.75 hours.

You will notice that patt of the graph has been drawn with a broken line. Tn making
a line graph we are properly allowed to connect only the points representing our actual
measurements, It is possible that measurements made after 3 hours will give points
that will fall on the broken-line extension of the graph, but this is not necessarily so. In
fact, the reaction may begin to slow up perceptibly, so that much less A is used up in
the fourth hour than in the thied hout. Not having made any messurements during the
fonrth hour, we cannot tell, and we confess our ignorance quite openly by means of the
broken line. The broken [ine portion of the graph is called an extrapolation, because it
goes beyond our actual experlence with this particular reaction. Between any two of our




measured points it seerns faitly safe to assume that the reaction is proceeding steadily,
and this is called an interpolation, Inferpolations can only be made between measured
points on & graph; beyond the measured points we must extrapolate. We know that the
atnount of A remaining after 4 hours is somewhere between 0 and 40 mg, The amount
indicated by the broken line on the graph, 20 mg, is only a logical guess.

Unfortunately, it somelimes happens that even professionals take this sort of
limitation of line graphs for granted and do nat confess, by means of a broken line, the
places where they are just guessing, Therefore, it is up to readers of the graph to notice
where the last actual measurement was made and use their own judgment sbout the
extrapolated part. Perhaps the extrapolated part fits quite well with the reader’s own
expertenice of this or a similar reaction, and he or she is quite willing to go along with the
author’s extrapolation. On the othet hand, the reader may be inierested only in the early
part of the graph and be indifferent to what the author does with the rest of it, It may
also be that the reader knows that the graph begins to flatten out after 3 hours and so
disagrees with the author, The point is that we, the readers, must be aware of what part
of the graph is extrapolated, that is, predicted, from the shape of the graph up to the time
when the measurements were stopped, Hence, you must clearly indicate on a line graph
the points that you actually measured, Regardless of what predictions or conclusions you
want to make about the graph, you miust give the reader the fiberty of disagreeing with
you. Therefore, it is very impropes o construct a line graph conslsting of an unbroken
line without indicating the experimentally determined points,

% BASIC REQUIREMENTS FOR A GDOD GRAPH

The following procedure applies primprily to graphs of experimental data that are going
to be presented for critical evalnation. It does not apply to the kind of rough sketch that
we often use for purposes of illustration.

Every graph pressnted for serious consideration should have a good title that tells
what the graph is about, Notice that we need more than just a tifle; we need a good title,
Before we try to muke a good title, Jet us look at an example and try to decide what kind
of title is a useful one. Look at Figure A4,
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If you like pizza, it might be very useful to know when this party is being held. Without
a title, you cannot tefl even whether the graph refers to any particular party at all. 1t
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might represent average figures for all the parties held last year, or it might represent the
expected figures for a party that is going to be held tonight. Let us suppose that these
data refer to a study party given by AP Biology stadents on March 9, Here, then, are
some possible titles:

{a} The APs Have a Party
{b} Pizza Rules! Bujoy it with AP

{c) An AP Biofeast]

None of those titles is espectally useful or informative because none of them tells what
the graph is all about. Now Iook at these two fitles:

{d) Anticipated Consumption of Slices of Pizza at the AP Biology Party, March 9

{e} Anticipated Consumption of Stices of Pizza at the AP Biology Party, March 9,
2011, 7:00 p.m.~11:00 p.m.

You should be able to see that only title (e} is helpful and useful, It enables you to tell, by
glancing at the calendar, whether or not you can attend the party; and it helps make that
graph fall a lttle more steeply. The point we are driving at is that a good title is one that
tells exactly what information the author is trying to present with the graph. Although
brevity is desirable, It should not substitute for completeness and clarity,

Now that you are clear on titles, look atthe graph in Figure A.5. s title tells yon that
here is some potentially useful information, The graph suggests that, at least for 2011,
there was an upper limit to the amount of time people could usefully spend in studylng
for an exam, and you might wonder, for example, how long you would have had to study
to malee a perfect score.
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Figure A.5: Relation Between Study Time and Seore on a Biology Exam in 2011

Unfortunately, however, you cannot tefl, because the graph has no labels of numbers ox
units the scales, Even though this graph has a descriptive and intriguing title, it is of no
use to us at all without these very important parts, Obviously, before we can take full
advantage of the information that the graph is trying to present, we need to have some
additiorsal details,




Tn. Bigure A,G the additional information has been supplied, information that seems to
malke the graph more useful to us in preparing for the exam.
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Figure A6; Relation Between Study Time and Score on a Biviogy Exam in 2011

This additional information inchades scales, or axes, that are carefully macked with
niumbers, and Jabels and units that ars neatly presented, Obviously; one cannot label il
the points along the axes; that would make the numbers crowd together and look sloppy.
The units should be marked at intervals that correspond more or less to the intervals
between the experimental points. The small marks, called index marks, can be drawn in
if the experimental points ace very widely spaced, Most elegantly, a frame is put around
the whole graph, and index marks are placed all around. This malkes it easy to lay a ruler
across the graph when interpolating between the experimental points. The diagram in
Figure A.7 summatizes some features of a good graph.
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# STEEPNESS OR SLOPE OF A LINE GRAPH

Look at the graph in Figure A.8 for the disappearance of A in a chemical reaction. Such
graph, in which the amount of some quantity is shown on the vertical scale, or ordinate,
with ime shown on the horizontal scale, or abscissa, is frequently called a “progress
graph” or "progressive curve,” because it shows how some process progresses in time,
This graph may also be called a “time course” for the process because it shows the extent
to which the process has occurred at different times.
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Figurs A.8

Let us call the process represented by the graph “Process [ and consider anzother
reaction, “Process IL)” in which 4 is also consumed. Suppose that we starl Process Ii
also with 100 mg of A, and that after 1, 2, and 3 hours there are 90, 80, and 70 mg,
respectively, left. The progress curve for Process I is displayed in Figure A.9.
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Now, suppose we want to compare the graphs for the two processes, Because they have
exactly the same scales, we can put both fines on the same graph, as shown in Figure
A.10. Notice, howevet, that now in addition to the labels on the scales, we need labels on
the two [ines o distinguish between the two processes.

Look at the 1-hour mark on the time scale of the graph. Opposite this put an X on the
line for Process Tand a Y on the line for Process II. Then, oppusite X on the ordihate you
should be able io see that 80 mg of A are left in Process [; opposite Y you can see that 90
mg of A are left in Process T1, Apparently, Process I has used up 20 mg of A and Process
1 has used up only 10 mg in the same amount of time, Obviously, Pracess 1 is faster; and
the Hne graph for Process I is steeper than the graph for Process 1L
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Figure A.10

The rate for Process [ is 20 mg A used/hz, while the rate for Process 11 is 10 mg A
used/hr,

We have seen that a steeper line graph means a faster reactlon when the progress
curves for two reactions are plotted on the same scale. (Obviously, if the progress curves
ate plotted on different scales, we cannot compare the steepness of the line directly, but
have to calculate what the slope would be if the two curves were plotted on the same
scale.}

Suppose, now, that we make a new kind of graph, one that will show the steepness, or
stope, of the progress curve. Because the slope of the progress curve is a measnre of the
speed of velocity, ov rate of the reaction ot process, such a graph is frequently called a
“rate graph” or “rate curve!” The diagram in Figure A.11 shows how a rate carve can be
made for Process L

AppendixB A3 B
B




7
=,

A0 Appendix B

Mg of A Remaining

100
80
60
40

20

~20mg Aused UP w=m—— -~
d=lea~tL  infirst hour 4
~20mg Aused up g~ =l —
1= insecond hour 3 i
i 20 mg A used up —% -4—0~=~l-“-——-‘1—-\
<| i third hour & ' R \a
o < 20 -4 4=F1=t
S
% 2 0
1 2 8 4 5 Z 0 1 2 3 4 5
Time (hours) Time {hours}
A4 4
“"“'EZZ"::IZ:ZZZ:ZZIIZI:Z::::t..,j ?
____________________________ 1
Figure A.11

Notice that the time scale of this rate graph is exactly like the time scale of the progress
curve from which it was derived, but that the ordinate is different, The ordinate of the
progress curve shows milligrams of A remaining; the ordinate of the rate curve shows
milligrams of A wsed per hour, Obviously; a rate graph must always show rate on one

of its scales, and it ks ordinarily the vertical one that Is used., This is because the rate of

a reaction or process is what mathematiclans call a dependent variable, Time is the
independent variable in this experiment; it is independent of changes in the dependent
variable (the rate of reaction), and it is the variable that ks shown on the horizontal axis.
Regardless of whether the process is the increase in height or weight of a plant, or the
using up or producing of something in a reaction, the rate graph for the process must
always show amount of something per unit time on one of its axes. One very common
type of rate graph is the one shown In Figure A.11, with a rate on the ordinate and the
tirae on the abscissa. Other kinds of rate graphs may have temperature or molarity on
the abscissa. The rate of growth of a plant, for example, depends on how many factors
that we might wish to vary, and so we can have as many different kinds of rate graphs for
thet process as there are independent variables,

Let us emphasize: a progress curve always shows amount of reaction on the vertical
scale and time on the horizontal scale. The corresponding raie curve may show time
or some other variable on the horizontal scale, but it always shows rate, or amount of
reaction per unit tilne, on the vertical scale, This poirt is very important, When we look
al 2 rate curve that has time on the horizontal scale, we must visualize the progress curve
from which the rate curve was derived. When we look at a rate curve that has any other
variable except time on the horizontal scale, we shall see that each point on the rate
curve represents a separate progress curve,

Ini the sare way as for Process 1, a rate curve can be made for Process 1T, Plotted on
the same graph, the two should Jook something like the diagram in Figuze A.12.
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There ave two things to notice in this example. First, the curve for Process [ lies higher
than that for Process 11 'This is in nccord with the facis as we have seen them, namely,
that Process I is faster and so has a greater slope or higher value for the steepness.
Second, notice that both curves are perfecily flat, Naturally, because the progress curves
for the two processes were both perfectly straight lines, having everywhere the same
slope, the rate of steepness graph must show exactly the sume thing, that is, that the rate
or steepness is everywhere the same.

On the other hand, consider the graph In Figure A.L3, which represents the
disappearance of A in yet another reaction, Process ITI,
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Figure A,13: Time Gourse of Disappearance of A in Process 1|

You can see that Process I differs from Processes I and ILin that the progress curve for
11 is not a perfectly siraight line. It is steepest at the beginning, becomes less steep after
1 hour, and again after 3 houss, Obviously, because the raie of the process is changing
with time, the corresponding rate curve will not be perfectly flat. The rate has to start
out high, then drop at 1 howr and at 3 hours, and you can se¢ in the graph on the right

Appendix @ A1 B

St




A2 Appendix 8
R

that this is exactly what it does, In fact, the rate curve looks like steps becanse whenever
the slope of the progress curve decreases, the rate curve must show a drop to a lower
value, Conversely, if the progress curve for a process should get steeper, as sometimes
happens (the reaction goes faster after it gets “warmed up”), the rate curve must show a
cotresponding increase to a higher value,

Until now we have been able to read the steepness, or slope, of the progress curve
directly from the scales of the graph because the progress ctirves we have been studying
were either perfectly straight lines or else made up of straight-line segments, In most
real sttualions, however, we cannot do this becatzse the slope of the progress curve does
not change sharply at a given time, but, gradually, over a period of time, You probably
remember how fo measure the slope of a curved line, but let us review the process
anyway. (See Figure A.14.)
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Figare A.14

Suppose we want to measure the slope, or steepness, of the curved line C at time 2 hours,
We can see that the curve rises 5 units total in the 2 houxs, so that the average siope is
2.5 units per hour, However, it is easy to see from the graph that this average is very
misleading; the progress curve is almost flat at the beginning (i.e, has 0 slope) and then
accelerates rapidly, so that the line curves upward. If we want to find the true sfope at 2
hours, we must draw line L in such a way that L has the same slope as C at the 2-hour
point, Then we can see that L rises about 5 units between 1 and 2 hours, just twice the
average slope for the first 2 howrs,

We have seen that a perfectly flat curve, like that for Process I or I1, means that the
corresponding progress curve is a perfectly straight line having the same slope at all
points, Conversely; a progress curve that changes in slope, like that of Process III, will
give & rate curve that looks like steps. You should be able to figure out that the “steps”
on the rate curve wifl be sharp and square If the progress curve has an abrupt change in
slope, and more rounded off if the progress curve changes slope gradually, Tn any case, in
regions where the rate curve is perfectly flat it is clear that the progress curve must have
constant steepness, or slope, However, if the progress curve itself gets perfectly flat, then
that portion of the progress curve has 0 slope; in other words, the reaction has stopped.
This kind of situation is pictured in Figure A, 15 where the rafe and progress curves for
another reaction, call it Process IV, are shown.
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Levels of Scientific Inquiry

+ Confirmation: Students confirm a principle through
an activity in which the results are known in
advance.

« Structured: Students investigate a teacher-
presented question through a prescribed
procedure.

* Guided: Students investigate a teacher-presented
question using student-designed/selected
procedures.

» Open: Students investigate topic-related questions
that are formulated through student-
designed/selected procedures.

THE SCIENTIFIC METHOD
» Scientific knowledge grows through a process
called the scientific method.
* This process involves
- ghservation and measurement
— hypothesizing and predicting

—and planning and executing investigations designed to
test formulated hypotheses.




THE SCIENTIFIC METHOD

* Observations, Hypotheses, and Predictions

Making Observations

* Many types of observation
can be made on biological
systems. They may involve:

® observation of certain
behaviors in wild populations

= physiological measurements
made during previous
experiments

® ‘accidental’ resulis obtained
when seeking answers to
completely unrelated
guestions

* The observations may lead to
the formation of questions
about the system being
studied.

5/15/2018 .




THE SCIENTIFIC METHOD

» Observations-

* Observation is the basis for formulating hypotheses and making predictions. An
observation may generate a number of plausible hypotheses, and each hypothesis
will lead to one or more predictions, which can be tested by further investigation.

Observation 1: Some caterplllar Observation 2: Some caterpliiar

specles are brightly colored and appear species are cryptic in their
to be consplcuous o predators such as appearance or behavior, Their
insectivorous birds. Predators appear camolflage 1s so convincing that,
to avold these specles. These when alerted to danger, they are
caterpillars difficult to see against their
are often found In groups, rather than background. Such caterpiliars are
as solitary animals. usually found alone.

THE SCIENTIFIC METHOD

* A hypothesis offers a tentative explanation to
questions generated by observations and leads to
one or more predictions about the way a biological
system will behave.

* A hypothesis is like “stereotyping”:

— For example, We know that tomatoes are fruits, that
many fruits produce ethylene, and that ethylene
promotes fruit ripening.

— If tomatoes produce ethylene, then placing them in a
container that traps ethylene will cause the tomatoes to
ripen faster.
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THE SCIENTIFIC METHOD
* Hypothesis:

— A scientific hypothesis is a tentative explanation for an
observation which is capable of being tested by
experimentation.

— Hypotheses lead to predictions about the system involved
and they are accepted or rejected on the basis of the
investigation's findings.

— Acceptance of the hypothesis is not necessarily permanent:
explanations may be rejected iater in light of new findings.

* Forming a Hypothesis

— Features of a sound hypothesis:
i. Itis based on cbservations and prior knowledge of the system,
it offers an explanation for an observation.
It refers to only one independent variable,
it is written as a deflnite statement and not as a guestion.
It is testable by experimentation.
It leads to predictions about the system,

B vop W

THE SCIENTIFIC METHOD

* Testing a Hypothesis

—Features of a sound method:
1. It tests the validity of the hypothesis,
2. ltis repeatable.

3. ltincludes a control which does not receive
treatment.

4. All variables are controlled where possible.

5. The method includes a dependent and
independent variable.

6. Only the independent variable is changed
(manipulated) between treatment groups.
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THE SCIENTIFIC METHOD

7 noam

* Types of Hypothesis

Hypothesis involving Hypothesis of choice Hypothesis involving
manipulation Used when investigating observation

Used when the effect of species preference, e.g. fora  Used when organisms are
manipulating a variable on a particular habitat type or being St”d‘?d in their
blologlcal entity is being microclimate. natu ra‘! environment and
Investigated. Example: Woodpackers condttions canrot be

changed, Example:
Fernabundance is influenced
by the degree to which the
canopy Is established.

Example: The composition of (species A) show a
applied fertllizes influences the  preference for tree type
rate of growth of plant A, when nesting.

Involving satipolton

Involeln g observatisn '




Formative assessment
« 1. Why might an accepted hypothesis be rejected at a later date? ---

* 2. Explain why a method must be repeatable:

+ 3. 1n which situation{s) is it difficult, if not impossible, to contral ali
the variables?

The Null Hypothesis

* For every hypothesis, there is a corresponding null
hypothesis; a hypothesis against the prediction, of no
difference or no effect.

& A hypothesis based on observations is used to generate the null
hypathesis (Ho}. Hypotheses are usually expressed in this form
for the purposes of statistical testing.

£ Ho may then be rejected in favor of accepting the alternative
hypaothesis (Ha) that is supported by the predictions.

@ Rejection of the hypothesis may lead to new, alternative
explanations {hypotheses) for the observations.

« Scientific information is generated
as scientists make discoveries
through testing
hypotheses.

F - Hoi Thers |5 no gmerenss -,
- betwaen.four différent feeds an: |
- the growth of neiwborn rats. . .
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The Null Hypothesis

Creating a null hypothesis enables a hypothesis to
be tested in a meaningful way using statistical
tests.

If the results of an experiment are statistically
significant, the null hypothesis can be rejected.

If a hypothesis is accepted, anyone should be
able to test the predictions with the same
methods and get a similar result each time.

Scientific hypotheses may be modified as more
information becomes available

Generating Predictions

There are several hypotheses and
predictions that could be generated
to account for the two previous
observations:

@ Hypothesis 1: Bright colors signal to
potential predators that the
caterpillars are distasteful.

s Prediction 1: inexperienced birds will learn ;
from a distasteful experience with an m Bad to cat
unpalatable caterpillar species and will
avold them thereafter.

& Hypothesis 2: Inconspicuous
caterpillars are palatable and their
cryptic coloration reduces the chance
that they will be discovered
and eaten.
® Prediction 2: Insectivorous birds will avoid

preying on brightly colored caterpillars and
they will prey readily on cryptically colored
caterpillars if these are provided as food.

H Good to eat ,77(' j,
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Assumptions

* In any experimental work, you will make certain assumptions
about the biological system you are working with,

» Assumptions are features of the system (and your
experiment)} that you assume to be true but do not {or
cannot) test. ‘

» Possible assumptions for the previous hypotheses (and their
predictions) include:
@ Birds and other predators
_ have color vision.
& Birds and other predators
can fearn about the palatability
of their prey by tasting them.

' Formative assessment

*» 1. Study the example above illustrating the features of cryptic and
conspicuous caterpillars, then answer the following:

— {a} Generate a hypothesis to explain the observation that some caterpillars
are brightly colored and conspleuous while others are cryptic and blend Into
their surroundings:

— {b) State the null form of this hypothesis:

- (c) Describe one of the assumptions being made in your hypothesis:

- {d) Based on your hypothests, generate a prediction about the behavior of
insectivorous birds towards caterpillars:__
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Planning An Investigation

Use a checklist or a template to construct a plan as outlined below:

@ Preliminary

2 Alm and hypothesls are based on
observaticn.

& Studyis feasible and the chosen
arganism is suitable for study.
@ Assumptions and variables

3 Assumptions and variables have been
identified and controls established,

3 Preliminary treatments or trials have
been consldered.

& pata collection

& Any necessary changes have been
made to the initial plan.
1 Aresults table accommeodates all raw data. Observatlon is the staring point for

any Investigation
2 Data can be analyzed appropriately.

Variables

» Avariable is any characteristic or property able to take any
one of a range of values. Investigations often look at the
effect of changing one variable on another {the biological
response variable}.

* ltis important to identify all variables in an investigation:
independent, dependent, and controlled. Note that there
may be nuisance factors of which

* In ali fair tests, only one
variable (the independen
variable) is changed by
the investigator.

5/15/2018
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Identifying Variables

+ All variables {independent, dependent, and controlled}
must be identified in an investigation.

Dependent variable

Indapandent varlable

Dependent and Independent Variables

How the dependent variahle
changes depends on the
changes in the independent
variable, i.e. the dependent
variable is influenced by the
independent variable

When heating water, the
temperature of the water rises
over time.

& Therefore the temperature of
the water Is dependent upon
the length of time it is {eft for.

@ Time is independent as It Is not
influenced hy the temperature
of the water.

Temperature

Water Temperature vs Time Heated

Time

5/15/2018
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Variables and Data

Data are the collected values for monitored or measured
variables.

@ |ike their corresponding variables, data may be gualitative, ranked,
or quantitative E)r numerical).

Types of Variables

Examples of Investigations

* Once all of the variables have been identified in an

investigation, you need to determine how these
variables will be set and measured.

* You need to ba clear about how much data, and what

type of data, you will collect.
® Some examples of investigations are shown below:

5/15/2018
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Stages In An Investigation

* Investigations involve written stages {planning and reporting), at
the start and end. The middle stage is the practical work when the
data are collected (in this case by data loggers as shown below}.

@  Practical work may be based in the laboratory
or in the field {the natural system).

& Typlcally 1ab work Invoives investigaling
how a biological response: Is affected by
manipulating a particular varlabls.

o Field work often involves investigating
features of & population or community.
Investigations in the field are usually more
complex than those in the lab because
natural systems have many more variables
that cannot easily be controfled.

Sample Size

* When designing your field study, the
size of your sampling unit and the
sample size (r7) should be major
considerations.,

& A sampling unit might be (for example}
an individual organism or a quadrat.

@ The sample size might be the number
of individuals or the number of
quadrats.

*+ For field studies, sample size is often
determined by the resources and
time available to collect and analyze
your data.

* [tis usually best to take as many
samples as you can, as this helps to
account for any natural variability
present and will give you greater - ;
confidence in your data. Sample (7=23)

v af
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~ Replication
* Replication in experiments refers to the number of
times you repeat your entire experimental desagn
{including controls).

8 Increasing the sample size (n) is not the same as true
replication. In the replicated experiment below, n=6.

i %%% b i
e #

g@.

ii*%% Yiiiiiiii 15!\!!

Waterlng regime Wakornp waglmz Wetarlreg raglme {contrel} Watarlng raglma
150 mi per daywaleral pH 3 160 ml par dayweler al pH & 50 ml par day water al pH 7 160 mi pet Gay waler et pH 2

] fE i
e R R 88

Wetering regima ‘Wataring roglme Watsring regime {gonlrel] Walering regime
168 mi par dey waler ol plt 3 150 mi per dayweler el pH & 160 mi pa; dey water alpH 7 150 ml per day water at pH 8

Making Investigations 1

* An example of a basic experimental design aimed at
investigating effect of pH on the growth of a bog adapted
plant species follows:

@ Observation: A student noticed an
abundance of a common plant (specie
in a boggy area of land. The student
tested the soil pH and found it to be
quite low {betwseen 4 and 5). Garden
soil was about pH 7.

@ Hypothesis: Species A 1s well adapted
to grow at low pH and pH will influenc
the vigor with which this plant species
grows.

& Prediction: Species A will grow more
vigorously (as measured by wet weight
after 20 days) at pH 5 than at lower or
a higher pH.

5/15/2018
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Making Investigations 2

*  Experiment: An experiment was designed to test the prediction that the plants
would grow best at low pH. The design is depicted graphlcally below and on the next
slide, It s not Intended to be a full methodology.

Fluoresceni strip Iighﬂng Fluarescent strip lighting

bii
HH

Watering reglme Watering reglme Watering regime Watering regime
150 mi per day water 150 md per day water 1560 mi per day water 160 i per day water
atpH3 atpH 5 at pH 7 {control} atpH @

Making Investigations 3

Each freatment contains 6 plants (n =

}

Plan view of the
experimental layout

3=pH3
5=pHS
G =control (pH 7)
9=pHY

= Note that in experiments with a large number of treatments and
replication, it is important to randomize the arrangement of the
treatments to account for any effects of location in the set-up.

@ In this case, n = 6, there are four different freatments and the
experiment has been replicated six times.

5/15/2018
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Making Investigations 4

Control of variables:

&  Fixed variables include lighting and watering
regime, soil type and volurne, age and history of
plants, pot size and type.

@ The independert variable is the pH of the water
provided to the piants.

& The dependent variable is plant growth rate
(g day) caleulated from wet weight of entire
piants {washed and blotted) after 20 days.

& Other variables Inciude genetic varlation
between plants and temperature,

Assumptions include: Al plants are essentlally

no different to each other in their growth

response at different pH levels; the soil mix, \ a

light quality and quantity, temperature, and m

water volume are all adequate for healthy

continued growth.

Cartaln variables, such as pot size

and plant age, can be fixed when

plants are grown under confrolied
conditions

Collection and Analysis

* Data collected by measuring

or counting in the field or

laboratory are called raw
data.

& As part of planning an
investigation, a suitable
results table must be
designed to record raw data.

Once all the required data

has been collected, they

need to be analyzed and
presented.

@ To do this, it may be
necessary to transform or
process the data first,

5/15/2018
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Transformations

Data are often transformed as a first
step in the analysis of results.

& Transforming data can make them
more useful by helging to highlight
trends and make important
features more obvious.

Transformations include drawing a
frequency table, or performing a
calculation such as a total, rate,

Photosynthetic rate at
different fight intensities

percentage, or relative value.
@ Calculation of a rate is a commonly

performed data transformation,
and Is appropriate when studying
the growth of an organism {or

paopulation).
@ Blological Investigations often

compare the rates of events in
different situatlons, as shown in

the example right.

Constructing Tables 1

* Data can he presented in a number of ways.

& Tables provide an accurate record of numerical values and allow
organization of data in a way that makes relationships and trends
apparent, An example of a well consiructed tabla is shown below:

Tabie 1 Length and growth of the third internode of bean plants receiving three
dHferent hormone treatments (data are given + standard deviation).

5/15/2018
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Constructing Tables 2

* The rules for constructing tables are shown below:

Tables sheuld have an accurate, descriplive fite.
Number lables consecufively through the report,

(ndependent variable
in l=fi column
‘Tabiz 1: Length and growth of the third internode of bean plants recetving
thres different hormone freatments (data are given + standard deviation).

Heading and
subheadings
iderdify each
Control values [ daia and show
should be uniis of
placad atihe
beginning of the
table, | Tables oan bo used
19 show a calculated
A Ml x measure of spread
| \Y) of the values about
Each row should show & Calumns that need 16 be themean (eg,
ditferent expsrimental restment, compared should be placed standard devlaton).
organism, sampling site ete, alengside each other,

Organize the columris so hat
each calegory of kke numbers
ar aitributes Is listed vartically.

Show vaiues only to the level
of sigaificance allowable by
your measuring technigue.

Constructing Graphs 1

» Graphs are useful for providing a visual image of trends in the
data in a minimum of space.

Fig. 1: Yield of two bacierial strains at different antiblotic
levels, Vertical bars show standard efrors {n =6}

Yield (absorbance at 550 nm)

2 3 4
Anfibiotic (g m™}

5/15/2018

18




5/15/2018

Constructing Graphs 2

» The rules for constructing graphs are shown

below:
Graphs {caliad igures) sheuld have a conclss, explanatory
title, They should be numbered consecuiively in yous report.
Plot poinis accurataly,
Different rasponses ean Fig. 1: Yield of iwo bacterial siralns at different antlhletic
be dissinguished using lavails. Verfleal bars show standard errors (n = 6)
different symbols, ines \, The spreed of the data around
or bar co!:::. - : he piotied meaa value can be
= shown an the graph, Such
L abel hoth aXes sr— g 10 measures Include sfeasdard
(provide S! upiis ﬂ devialion and range. The values
of measurement " 1T ] are plotted as ermorbars and glve
if necessary) @ anindication of the reilabilily of
g a8 the mean value,
The dependent variahte e.g. .g 07 o
blolopteal response, Is plotisd ——+ 8 A key identifies symbols.
on the verfical (y) axls 2 45 This informalion sometimes
A appears in the tlie,
o oes
Abreakin an asis allows &
economical bee of space If ] i 2
thare are o data in the 81 2 3 4 &+ Eachexschould havean
‘broken” area. A floaling axis Antibiotie (g m's] appropriate scale, Deolde
{where zero points da notmeet} on the scate by findiag fha
allows dala points to be plotted Tha Indepantant variabie, e.g. T —"—
away from the veriicat axls. treatment, is on the hotizontal {(x) axls valuas for sach variable,

Descriptive Statistics 1

» Descriptive statistics, such as mean, median, and mede, can be
used to summarize data and provide the basis for statistical
analysis,

@ Each of these statistics is appropriate to certaln types of data or

distributions, e.g. a mean is not appropriate for data with a skewed
distribution.

« Standard deviation and standard error are statistics used to

guantify the amount of spread in the data and evaluate the
reliability of estimates of the true (population) mean {p).

Msan {avaraga) helght of this
group of people is 1.7 m. But,
what s the vardation In this
stafistic in the population?
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* Ina set of data values, it is useful to know the value around which

Descriptive Statistics 2

most of the data are grouped; the center value.
« Basic descriptive statistics can summarize trends in your data,

Staflstle Definition and use Method of calculation
Average of all datz eniries. Add o dota entdes.
Mean Measute of central iendency for Divide by the nunber of
remal distibutlons antrins.
Middls valuewhen dataareln rank | Arange dataly Increasing
Medlan | order, Measure of central tendency tank arder, ldentifytha
forskewed distributions. middie value,
hiost comman data value, Gonl dentfy the category wilh
Mode for bimodal distrbutions and tha highest number of data
qualliatve data. entries.
The differencebetiveen the
smallest and largast dals valuas. Ientty largest and smaliest
Range Glves a oruda indication of data vales and caloulete the
. spread. diference between them,

* Variability in continuous
data is often displayad as a
fraquency distribution.

»  Afrequency plot will
indicate whether the data
have a normat distribution,
or whether the datg is
skewed or bimodal.

* The shape of the
distribution will determine
which statistic {mean,

median, or mode) best

describes the central
tendency of the sample

data.

Y03 TR 15TER IS B G BuE {1t TR

Weight {g)
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Measuri

ng Spread

+ Standard deviation (s) is a frequently used

measure of the variability

(spread or dispersion)

in a set of data. Two different sets of data can

have the same mean and

range, yet the

distribution of data within in the range can be

quite different.

@ in a normally distributed set of data:

5 68% of all data values will
lie within one standard
deviation of the mean;

0 95% of all data values will
lie within two standard
deviations of the mean.

* The variance (s?) is another

such measure of dispersion
but the standard deviation is
usually the preferred of
these two measures.

25
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The Reliability of the Mean

* The reliability of the sample mea
population mean can be indicated

n {x) as an estimate of the true
by the calcutation of the standard error

of the mean (standard error or SE). The standard error then allows the
calculation of the 95% confidence interval (95% CI) which can be piotted

as error bars.

* The 95% confidence limits

given by the value of the me
95%Cl.

F  A95% confidence limit {l.e. P =0.05)

fells you that, on average, B5 times

out of 100, the true population mean

will fall within these limiis.

&  For example, if we caloulated the mean

number of spots on 10 ladybirds, th

95%C! will 1ell us how reliable that statistic
|s as an indicator of the mean number of

are
an +

given by » £ §5%CI

Dependent variable
{blologivat response}

=

carapace spots in the whole popu]aﬁoﬂ. Ramge of the independent variable

5/15/2018

21




Statistical Tests

» Different statistical tests are
appropriate for different types of
data. The type of data collected
will determine how/if it can be
tested.

* The null hypothesis of no
difference
or no effect can be tested
statistically and may then be R :
rejected in favor of accepting the The weight change of shore crabs held et

. . t different salinifies can
alternative hypothesis that is bo analysed statistioally

supported by the predictions. using a regression.
» Statistical tests may test for:
& a difference between treatments or
groups.
& a trend (or relationship) in the data,

for example, cotrelation and
regression,

Sampling Populations

* Generally populations are too large to be examined
directly (by direct count or measurement of all the
individuals in the population}, but they must be sampled
in a way that still provides representative information
about them.

+ Most studies in population ecology involve collecting
living organisms. Sampling techniques must be
appropriate to the community being studied and the
information '
required by the investigator.
@ Sampling techniques include:

& point sampling

& transect {line and helt}
& quadrat sampling

@ mark and recapture

Inserting a visual implant tag in a mark
and recapture study of cap

5/15/2018
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Mark and Recapture

* Mark and recapture is used to determine the total
population density for highly mebile species in a certain
area.

& For a precise population estimate, mark-recapture methods
require that about 20% of the population is marked, which
can be difficult, Also, marking is difficult for small animals.

! Flrst capture Release Second capture

Y
L
1

Inhe first capture, & random ‘The marked animals from the first The population Is sampled agalm;
sample of animals from the rapiure ate released back inte cnly a proporton of the sscond
popuiation is selecied. Each the natural population and left to capiure sample will havs anfrmals
selected animal Is marked ina mix with the unmarked : that were markad In fie previous
distinctive way. individuals, capiure,

The Lincoln Index

* This equation Is used to estimate the size of the overall populatian,

1. The population is sampled by capturing as many
of the incividuals as possible and practical.

2. Each animal in the sample is marked to
distinguish it rom unmarked animals,

3, Animals are refurned io thelr habitat and left to
mix with the rest of the popuiation.

4, The population is sampled again {this need rot be
the same sample size as the first, but it must be
large enough to be valid}.

5. The numbers of marked to unmarked animals in
this second sample is determined. The Lingoln
Index Is used to estimate overall population size.

5/15/2018
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Accuracy and Precision

* The terms accuracy and precision are often
confused, or used interchangeably, but their
meanings are different.

* In any study, accuracy refers to how close a
measured or derived

¢ value is to its true value.

» Simply put, it is the correctness of the
measurement. It can sometimes be a feature of the
sampling equipment or its calibration.

* Precision refers to the closeness of repeated
measurements to each other, i.e. the ability to be
exact. A balance with a fault in it could give very
precise (i.e. repeatable) but inaccurate {untrue)
results.

Conclusions:

1. Summarize Results

2. See if hypothesis was support/rejected and
evidence that lead you to this conclusion

3. Biological concept explains results?
4, Possible errors in experiment

5/15/2018
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