
“The whole of science 
is nothing more than a 
refinement of everyday 
thinking.” 
—Albert Einstein
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Are all swans white?





The Scientific 
Process



“Pseudoscience often uses  
the terminology of science  
and observation but  
does not use the full rigor of 
controlled experiments and 
falsifiable hypotheses.”
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Hypothesis 
vs. Theory



coming up with hypotheses or theories 
about what happened in Piedmont?

The Andromeda Strain
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Eating cheese 
before bed gives 
you nightmares.



http://www.npr.org/templates/story/story.php?storyId=4851485

Study: 
Eating 
Cheese Can 
Alter Your 
Dreams

http://www.npr.org/templates/story/story.php?storyId=4851485


Breaking News on Dairy Processing & Markets

Cheese unlocks your wildest dreams, says
study
By Chris Mercer, 12-Dec-2005

Related topics: Markets

Eating cheese before you go to bed will not give you nightmares but different varieties could help you
choose the dreams you do want to have, says a study by the British Cheese Board.

Not one of the 200 volunteers who took part in the British Cheese Board's 'cheese & dreams' study reported having
nightmares after eating 20g of cheese 30 minutes before bed.

The industry body said 72 per cent of participants slept very well and 67 per cent remembered their dreams.

The study, believed to be the first of its kind, serves to dispel the old wives' tale that eating cheese before bed
means a restless night in-store. It was endorsed by Neil Stanley of the Sleep Research HPRU Medical Research
Centre at the University of Surrey.

Dr. Judith Bryans, a nutrition scientist at Britain's Dairy Council, added the science bit: "One of the amino acids in
cheese - tryptophan - has been shown to reduce stress and induce sleep."

The research, in an intriguing twist, also found that different cheeses appeared to give participants different kinds
of dreams.

Cheddar, officially Britain's most popular cheese with 55 per cent of the market, enhanced dreams about
celebrities. One girl said she dreamt of helping to form a human pyramid under the supervision of film star Johnny
Depp.

Stilton was the wild card, especially for women. Around 85 per cent of women experienced bizarre dreams after
eating Britain's iconic blue cheese, including talking soft toys, dinner party guests being traded for camels and a
vegetarian crocodile upset because it could not eat children.

Of the others, Red Leicester is likely to have you dwelling on the past and Lancashire will get you focused on the
future.

The boring award goes to crumbly Cheshire, which gave more than half its consumers dreamless nights. Cheshire
and Red Leicester, however, gave the best nights' sleep.

So there it is, although with more than 700 varieties of British cheese it seems there is much left to discover.

The British Cheese Board said it hoped to use the results to encourage more cheese eating before bed. Britons
currently eat 30g of cheese every day on average, yet continental Europeans eat twice as much.

The Cheese Board says 30g of cheddar contains around 30 per cent of the recommended daily calcium intake for
adults.
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200 volunteers 

20 g of cheese  
30 min before bed 

72% slept well 
67% remembered dreams



What are the 
independent 
and dependent 
variables?



What are the 
problems with 
this study?





Sixth-Grader's Science Project Catches Ecologists' Attention

Lauren Arrington's sixth-grade research project is cited in a science journal.

Courtesy of Lauren Arrington

(July 24, 2014: See the editor's note at the bottom of this page for an explanation of the story's new
headline.)

When 12-year-old Lauren Arrington heard about her sixth-grade science project, she knew she wanted to
study lionfish. Growing up in Jupiter, Fla., she saw them in the ocean while snorkeling and fishing with
her dad.

Her project showed that the lionfish can survive in nearly fresh water. The results blew away professional
ecologists. The invasive species has no predators on the Florida coast, so if they were to migrate upstream
in rivers, they could pose a threat to the ecosystem.

"Scientists were doing plenty of tests on them, but they just always assumed they were in the ocean,"
Lauren, now 13, tells NPR's Kelly McEvers. "So I was like, 'Well, hey guys, what about the river?' "

In the beginning, she wanted to conduct her test by placing the lionfish in cages at different points in the
river, but she had to simplify the project.

"It was just a small, sixth-grade project, and I really didn't have all the tools necessary," she says. Her dad,
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hypothesis? 
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Kinds of 
Sources



Primary Sources 
publish original research 

Scholarly journal articles, 
dissertations



Secondary Sources 
refer to, review, comment on or 
critique primary sources 

Popular press articles, textbooks, 
encyclopedias, science books



Scientific 
Journals



Articles in scientific journals 
are... 

submitted by researchers, 
considered by editors and 
peer-reviewed.



Hermaphroditic, demasculinized frogs after exposure
to the herbicide atrazine at low ecologically
relevant doses
Tyrone B. Hayes*, Atif Collins, Melissa Lee, Magdelena Mendoza, Nigel Noriega, A. Ali Stuart, and Aaron Vonk

Laboratory for Integrative Studies in Amphibian Biology, Group in Endocrinology, Museum of Vertebrate Zoology, Department of Integrative Biology,
University of California, Berkeley, CA 94720-3140

Communicated by David B. Wake, University of California, Berkeley, CA, March 1, 2002 (received for review December 20, 2001)

Atrazine is the most commonly used herbicide in the U.S. and
probably the world. It can be present at several parts per million in
agricultural runoff and can reach 40 parts per billion (ppb) in
precipitation. We examined the effects of atrazine on sexual
development in African clawed frogs (Xenopus laevis). Larvae were
exposed to atrazine (0.01–200 ppb) by immersion throughout
larval development, and we examined gonadal histology and
laryngeal size at metamorphosis. Atrazine (>0.1 ppb) induced
hermaphroditism and demasculinized the larynges of exposed
males (>1.0 ppb). In addition, we examined plasma testosterone
levels in sexually mature males. Male X. laevis suffered a 10-fold
decrease in testosterone levels when exposed to 25 ppb atrazine.
We hypothesize that atrazine induces aromatase and promotes the
conversion of testosterone to estrogen. This disruption in steroi-
dogenesis likely explains the demasculinization of the male larynx
and the production of hermaphrodites. The effective levels re-
ported in the current study are realistic exposures that suggest that
other amphibian species exposed to atrazine in the wild could be
at risk of impaired sexual development. This widespread com-
pound and other environmental endocrine disruptors may be a
factor in global amphibian declines.

In the last 10 years, a great deal of attention has focused on the
global presence of endocrine-disrupting contaminants in the

environment (1, 2). Similarly, a great deal of attention has
focused on global amphibian declines (3, 4). In the case of
amphibian declines, efforts focus on identifying causes (5),
whereas for endocrine disruptors, the ‘‘causes’’ have been iden-
tified and studies focus on identifying effects of endocrine
disruptors in the environment (6–11).

Atrazine (2-chloro-4-ethytlamino-6-isopropylamine-1,3,5-
triazine) is the most commonly used herbicide in the U.S. and
probably the world. The U.S. Department of Agriculture reports
that more than 30,000 tons (60 million pounds) are used annually
in the U.S. alone (12). Atrazine has been used for over 40 years
and currently it is used in more than 80 countries. Despite its
widespread intensive use, atrazine is considered safe because of
its short half-life and negligible bioaccumulation and biomagni-
fication (13). Also, atrazine seems to have very few effects on
adults and reportedly induces abnormalities and deformities only
at very high doses. As a result of the high doses required to
produce deformities, it has been suggested that ‘‘direct toxicity
of atrazine is probably not a significant factor in recent amphib-
ian declines’’ (14). Here, we test the hypothesis that atrazine may
interfere with metamorphosis and sex differentiation at ecolog-
ically relevant low doses via endocrine-disrupting mechanisms.

Materials and Methods
Animal Breeding and Larval Care. We report results from two
experiments that used frogs from two separate sources. Adults
from Exp. 1 were from a long-term captive colony maintained at
the University of California, Berkeley, whereas adults from Exp.
2 were obtained from Nasco (Fort Atkinson, WI). In both
experiments, three females and three males were injected with

human choriogonadotropin (1,000 international units) 6 h before
harvesting gametes. Eggs were manually stripped from the
female and fertilized in vitro in 0.3 ! modified mammalian
Ringer’s solution by using the sperm obtained from the dissected
testes of the three males. The embryos were allowed to hatch.
After 4 days, the larvae were all mixed and netted into tanks 5
at a time repeatedly, until all tanks contained 30 larvae. Larvae
were reared in 4 liters of aerated 10% Holtfreter’s solution (15)
and fed a solution of ground Purina rabbit chow daily. Food
levels were adjusted as the animals grew to maximize growth.

Dosing. In Exp. 1, we exposed larvae to atrazine at nominal
concentrations of 0.01, 0.1, 1.0, 10.0, and 25 parts per billion
(ppb), whereas the second experiment used 0.1, 0.4, 0.8, 1.0, 25,
and 200 ppb atrazine. Concentrations were confirmed by two
independent laboratories (PTRL West, Richmond, CA, and the
Iowa Hygienic Laboratory, Univ. of Iowa, Iowa City, IO). All
stock solutions were made in ethanol (10 ml), mixed in 15-gallon
containers, and dispensed into treatment tanks. Controls were
treated with ethanol such that all tanks contained 0.004%
ethanol. Water was changed and treatments were renewed once
every 72 h. Each treatment was replicated 3 times with 30
animals per replicate (total of 90 animals per treatment) in both
experiments. All treatments were systematically rotated around
the shelf every 3 days to ensure that no one treatment or no one
tank experienced position effects. Experiments were carried out
at 22°C with animals under a 12-h!12-h light!dark cycle (lights
on at 6 a.m.). Animals were exposed throughout the entire larval
period, from hatching [Niewkwoop–Faber (NF) Stage 48 (16)]
until complete tail reabsorption (NF Stage 66). In all experi-
ments, all treatments and analyses were conducted blindly with
color-coded tanks and treatments and number-coded specimens.

Gross Measurements. At metamorphosis (complete tail reabsorp-
tion—Niewkwoop–Faber Stage 66), the date was recorded for
each animal. Each animal was weighed to the nearest 0.002 g on
a Mettler AT 261 Delta Range balance and its total length was
measured to the nearest 0.5 mm. Animals were anesthetized in
0.2% benzocaine (Sigma), assigned a unique identification num-
ber, fixed in Bouins’ fixative, and preserved in 70% ethanol until
further analysis.

Gonadal Analysis. Initially, the sex of all individuals was deter-
mined based on gross gonadal morphology (Fig. 1). Sex identi-
fication was confirmed by histology for 10 animals per tank.
Further, histological analysis was conducted on all animals for
which the sex was ambiguous when determined by gross mor-

Abbreviation: ppb, parts per billion.

*To whom reprint requests should be addressed. E-mail: tyrone@socrates.berkeley.edu.

The publication costs of this article were defrayed in part by page charge payment. This
article must therefore be hereby marked “advertisement” in accordance with 18 U.S.C.
§1734 solely to indicate this fact.
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ARTICLE

Audible Television and Decreased Adult Words,
Infant Vocalizations, and Conversational Turns
A Population-Based Study

Dimitri A. Christakis, MD, MPH; Jill Gilkerson, PhD; Jeffrey A. Richards, MA; Frederick J. Zimmerman, PhD;
Michelle M. Garrison, PhD; Dongxin Xu, PhD; Sharmistha Gray, PhD; Umit Yapanel, PhD

Objective: To test the hypothesis that audible televi-
sion is associated with decreased parent and child
interactions.

Design: Prospective, population-based observational
study.

Setting: Community.

Participants: Three hundred twenty-nine 2- to 48-
month-old children.

Main Exposures: Audible television. Children wore
a digital recorder on random days for up to 24
months. A software program incorporating automatic
speech-identification technology processed the
recorded file to analyze the sounds the children were
exposed to and the sounds they made. Conditional lin-
ear regression was used to determine the association
between audible television and the outcomes of
interest.

Outcome Measures: Adult word counts, child vocal-
izations, and child conversational turns.

Results: Each hour of audible television was associated
withsignificantreductions inage-adjustedzscores forchild
vocalizations(linearregressioncoefficient,−0.26;95%con-
fidence interval [CI], −0.29 to −0.22), vocalization dura-
tion (linear regression coefficient, −0.24; 95% CI, −0.27
to −0.20), and conversational turns (linear regression co-
efficient, −0.22; 95% CI, −0.25 to −0.19). There were also
significant reductions in adult female (linear regression
coefficient, −636; 95% CI, −812 to −460) and adult male
(linear regression coefficient, −134; 95% CI, −263 to −5)
word count.

Conclusions: Audible television is associated with de-
creased exposure to discernible human adult speech and
decreased child vocalizations. These results may ex-
plain the association between infant television exposure
and delayed language development.

Arch Pediatr Adolesc Med. 2009;163(6):554-558

T ELEVISION VIEWING DURING
very early childhood is a
growing but understudied
phenomenon.1-6 The Ameri-
can Academy of Pediatrics

discourages television or video viewing be-
fore the age of 2 years, suggesting instead
that parents focus on interactive play to fos-
ter appropriate child development.6

Language acquisition is a critical de-
velopmental task in early childhood that
is promoted by certain activities, includ-
ing interacting with adults.7-9 In a prior
study, we found an association between in-
fant television or video viewing and de-
layed language development.10 What fac-
tors might mediate this association is not
entirely clear, however. One small labo-
ratory-based study found that parents in-
teract less with their children in the pres-
ence of a television set that is turned on.11

In a separate retrospective study con-
ducted in a low-income population, tele-

vision exposure time was associated with
self-reported decreased parent-child vo-
cal interactions.12 To date, no study has
prospectively examined the effects of child
television viewing on the frequency and
nature of adult-child interactions in a
population-based sample outside of a labo-
ratory setting. We hypothesized that tele-
vision exposure would be associated with
decreased adult and child vocal activity.

METHODS

DATA SOURCE

Data for this study were obtained from the
LENA Foundation Natural Language Study.13

LENA is a language environment analysis sys-
tem (LENA Foundation, Boulder, Colorado)
designed to provide parents, clinicians, and re-
searchers with information about the lan-
guage environment of infants and toddlers. The
LENA system contains a digital language pro-

Author Affiliations: Center for
Child Health, Behavior and
Development; and Department
of Health Services, University of
Washington (Dr Christakis);
Seattle Children’s Research
Institute (Drs Christakis,
Zimmerman, and Garrison),
Seattle, Washington; and LENA
Foundation, Boulder, Colorado
(Drs Gilkerson, Xu, Gray, and
Yapanel, and Mr Richards).
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Bidirectional developmental potential in
reprogrammed cells with acquired pluripotency
Haruko Obokata1,2,3, Yoshiki Sasai4, Hitoshi Niwa5, Mitsutaka Kadota6, Munazah Andrabi6, Nozomu Takata4, Mikiko Tokoro2,
Yukari Terashita1,2, Shigenobu Yonemura7, Charles A. Vacanti3 & Teruhiko Wakayama2,8

We recently discovered an unexpected phenomenon of somatic cell
reprogramming into pluripotent cells by exposure to sublethal stim-
uli, which we call stimulus-triggered acquisition of pluripotency
(STAP)1. This reprogramming does not require nuclear transfer2,3

or genetic manipulation4. Here we report that reprogrammed STAP
cells, unlike embryonic stem (ES) cells, can contribute to both embry-
onic and placental tissues, as seen in a blastocyst injection assay.
Mouse STAP cells lose the ability to contribute to the placenta as
well as trophoblast marker expression on converting into ES-like
stem cells by treatment with adrenocorticotropic hormone (ACTH)
and leukaemia inhibitory factor (LIF). In contrast, when cultured
with Fgf4, STAP cells give rise to proliferative stem cells with enhanced
trophoblastic characteristics. Notably, unlike conventional tropho-
blast stem cells, the Fgf4-induced stem cells from STAP cells con-
tribute to both embryonic and placental tissues in vivo and transform
into ES-like cells when cultured with LIF-containing medium. Taken

together, the developmental potential of STAP cells, shown by chi-
maera formation and in vitro cell conversion, indicates that they
represent a unique state of pluripotency.

We recently discovered an intriguing phenomenon of cellular fate
conversion: somatic cells regain pluripotency after experiencing sub-
lethal stimuli such as a low-pH exposure1. When splenic CD451 lym-
phocytes are exposed to pH 5.7 for 30 min and subsequently cultured
in the presence of LIF, a substantial portion of surviving cells start to
express the pluripotent cell marker Oct4 (also called Pou5f1) at day 2.
By day 7, pluripotent cell clusters form with a bona fide pluripotency
marker profile and acquire the competence for three-germ-layer differ-
entiation as shown by teratoma formation. These STAP cells can also
efficiently contribute to chimaeric mice and undergo germline trans-
mission using a blastocyst injection assay1. Although these charac-
teristics resemble those of ES cells, STAP cells seem to differ from ES
cells in their limited capacity for self-renewal (typically, for only a few

1Laboratory for Cellular Reprogramming, RIKEN Center for Developmental Biology, Kobe 650-0047, Japan. 2Laboratory for Genomic Reprogramming, RIKEN Center for Developmental Biology, Kobe 650-
0047, Japan. 3Laboratory for Tissue Engineering and Regenerative Medicine, Brigham and Women’s Hospital, Harvard Medical School, Boston, Massachusetts 02115, USA. 4Laboratory for Organogenesis
and Neurogenesis, RIKEN Center for Developmental Biology, Kobe 650-0047, Japan. 5Laboratory for Pluripotent Stem Cell Studies, RIKEN Center for Developmental Biology, Kobe 650-0047, Japan.
6Genome Resource and Analysis Unit, RIKEN Center for Developmental Biology, Kobe 650-0047, Japan. 7Electron Microscopy Laboratory, RIKEN Center for Developmental Biology, Kobe 650-0047, Japan.
8Faculty of Life and Environmental Sciences, University of Yamanashi, Yamanashi 400-8510, Japan.
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Figure 1 | STAP cells contribute to both embryonic and placental tissues
in vivo. a, b, E12.5 embryos from blastocysts injected with ES cells (a) and
STAP cells (b). Both cells are genetically labelled with GFP driven by a
constitutive promoter. Progeny of STAP cells also contributed to placental
tissues and fetal membranes (b), whereas ES-cell-derived cells were not found
in these tissues (a). Scale bar, 5.0 mm. c, Percentages of fetuses in which injected
cells contributed only to the embryonic portion (red) or also to placental
and yolk sac tissues (blue). ***P , 0.001 with Fisher’s exact test. d, qPCR

analysis of FACS-sorted Oct4-GFP-strong STAP cells for pluripotent marker
genes (left) and trophoblast marker genes (right). Values are shown as ratio to
the expression level in ES cells. Error bars represent s.d. e, Contribution to
placental tissues. Unlike parental STAP cells and trophoblast stem (TS) cells,
STAP stem cells (STAP-SCs) did not retain the ability for placental
contributions. Three independent lines were tested and all showed substantial
contributions to the embryonic portions. f, qPCR analysis of trophoblast
marker gene expression in STAP stem cells. Error bars represent s.d.
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