I Journal of College Biology Teaching

Volume 453)

December 2019




I Journal of College Biology Teaching

Volume 45(3) December 2019

ISSN 1539-2422

A PeerReviewed Journal of the

Association of Collegeand
University Biology Educators

Editor-in-Chief.
Robert W. Yost
Indiana Universityi
Purdue University
Indianapolis

An archive of all publications of the
Association of College and University
Biology Educators (ACUBE) can be
found athttp://acube.org/bioscene

Bioscene is published in May (online) and
December (online andhipaper format).
Manuscriptsubmitted for consideration
by Bioscene should follow the guidelines

for submission

Cover image:

Flamingo tongue snail€yyphoma
gibbosum feeding on a common sea fan
(Gorgonia ventalina)

Location:

Shallow reef within the Sapodill
Cayes Marine Reserve, Gulf of
Honduras,

Belize

Photographer.
Paul Pickhardt, Associate Professor
of Biology, Lakeland University

CONTENTS

EDITORIAL & GOVERNANCEINFORMATION........cccvuvvvviiinnnnn. 2.

ARTICLES ... 3.
SpanisHanguage Version of the Science Identity Survey (SISE):

,,,,,,,,,,,

Liz HernandeaVatias, Pablo A. LlerandRoman, Limar PérezDonatq
Natalia Calzadalorge, Stephanie Mendoza, Faviola Laurediores,
AValance WashingtoMichelle Borrero

INNOVATIONS
Plant TracerA Program to Track and Quantify Plant Movement from

,,,,,,,,,,,,,

Angelica M. Guercio, B.A., Yixiang Mao, M.S., Victor N. D. Carvalho,
M.S., Jiazhen Zhang, B.S., Changyuan Li, M&=ng Ren, M.SWinnie
Zhao, Yao Wang, Ph.D., and Eric D. Brenner, Ph.D.

The Color of Survival: An Inquinpased Intedisciplinary Studyof Bacterial

,,,,,,,,,,,,,,,,,,,,,,,,,

José de Ondarza, Ph.D

Using Studengenerated Press Releases in a Vertebrate PhysiomggeCto

,,,,,,,,,,,,

Shawn K. Stover

Linking Phrases for Concept Mappgim Introductory College Biologg . 3 4
Robert Javonillgnd Catherine MartinDunlop

PERSPECTIVES
Why Teach Biology If It Is Rejected? How to Teach Evolution So That It

,,,,,,,,,,,,,,,,,,,

Clinton Laidlaw and Jamie Jensen

SUBMISSION GQUIDELINES........ooiiiiiiiiiee e 48

64" ANNUAL MEETING

The 64th AnnubBACUBE meeting will be held at Rockhurst
University onFriday October 23rd Saturday Oct 24th in Kansas
City, MO.

Volume 45 B8) DecembeR019 Bioscene 1


http://acube.org/bioscene

Bioscene Journal of College Biology Teaching
Volume 45(3 -December2019

A Publication ¢ the Association of College and University Biology Educators

Bioscene Editors

Robert W. Yost, EditorIn-Chief,

Department of Biology

Indiana Universityi Purdue Universityndianapolis
723 W. Michigan St., Indizapolis, IN 46202
Telephone: 312781147

FAX: 317-274-2846

Email: ryos@iupui.edu

Denise SlaybackBarry, AssociateEditor,
Indiana Universityi Purdue Universityndianapolis
723 W. Michigan St., Indianapolis, IN 46202

Editorial Board

Melissa Anderson,Lindenwood University

Eric Brenner, Pace University

Rebecca Burton Alverno College

Luciana Caporaletti, Penn State, WilkeBarre

Jim Clack, Indiana Univergy i PurdueUniversity
Ashley Driver, University of Wisconsin Stevens Piat
Neil Haave,University of Alberta

Barbara Hass Jacobus|ndiana Univergiy 1 Purdue
University

Liz Hernandez, University of Puerto Rico

Luke Jacobus,Indiana Universityi Purdue University
Judy Maloney, Marquette University

Paul Pickhardt, Lakeland College

Scott Shreve Lindenwood University

Sharon Thoma,Universityof Wisconsin- Madison
Conrad Toepfer, Brescia University

Jason Wiles,Syracuse University

ACUBE Mission Statement

Members of ACUBE share ideas and address the uniq|
challenges of balancirtgaching, research, advising,
administration, and service.

We are a supporting and mentoring community that
provides professional development opportunities to:

develop and recognize excellence in teaching;
incubate new and innovative teaching ideas;
involve student research in the biology curriculum;

advise and mentor students in and out of the
classroom;

enhance scholarship through our nationally, peer
reviewed journalBioscene

ACUBE Governance

Jason Wiles Syracuse Univ.President

Rebecca Burton,AlvernoCollege PastPresident
Christina Wills , Rockhurst Univ, Executive Secretary of
Membership, Whsite editor, local arrangements chair
Greg Smith, Lakeland CollegeExecutive Secretary of
Finance.

Paul Pickhardt, Lakeland CollegeExeautive Secretary
Jessica Allen Rockhurst Univ. Member

Ashley Driver, Univ. of WisconsirStevens Point,
Member

Melissa Haswel|] Davenport Univ., Member

Holly Nance, College of Costal GeorgidMember

Scott Schreve Lindenwald Univ= Belleville, Member
Heather Seitz, Johnson County Community College,
Member

Conrad Toepfer, Brescia Univ, Historian

Robert Yost, Indiana Univi Purdue Univex officb
Jessica Allen Rockhurst University, program chair

Volume 45 8) Decembe019 Bioscene


http://www.acube.org/

Articles

Spaniskhlanguage Version of the Science Idgn&urvey (SISE): Translation,
Cultural Adaptation, and Evaluation

Liz HernandeaViatiast, Pablo A. LlerandRomari*, Lizmar PérezDonatd, Natalia Calzaddorgé,
Stephanie MendoZaFaviola Laureandorres, A. Valance WashingtérMichelle Borrerd

aBiology Department, University of Puerto Rico, Rio Piedras Campus, San Juan, PR 00931

bPuerto Ricelouis Stokes Alliance for Minority Participation @0 de Recursos para Ciencias e
Ingenieria Universidad de Puerto Ri&ip Piedras Campus, San Juan, PB310

¢ Current address: United States Department of Agriculture , Forest Service, El Yunque National Forest,
Rio Grande, PR, 00748625

dBiology Department, University of Puerto Rico, Bayamén, PR 00959

Corresponding author: Michelle Borrero, Ph.D. Uniugrei Puerto Rico, Rio Piedras Campus, San Juan,
Puerto Rico, 00931; Phone: #884-0000 ext. 88026; Fax: 78774-8011; Email:
michelle.borrero@upr.ed

Abstract

Multiple worldwide efforts, including research experiences and internships for students,eeaveldveloped to

increase diversity in STEM. In order to understand the outcomes of these research experiences, instruments have
become available, but surprisingly, Spanish instruments for these purposes are scarce. The evaluation of diverse
scientific exgriences and their influence on science identity is imperative. For this reason, we aimed to translate, and
evaluate a Science Identity Survey for Puerto Rican high school students. A committee of experts evaluated the
original survey of Science ldentitynd it was translated to Spanish using baekslation. Thinkaloud results
revealed that studentso6é perception of their: (1) scienc
and learning; (2) performance is based on design and céomptéta scientific task; (3) recognition is based on the

value that others give to sciendéie survey was analyzed to determine its dimensionality and reliabil@yoAbach's

alpha of .857 was obtained, which suggests that the items have a good coiesistency. Exploratory factor analysis

was performed and three factors; competence, performance and recognition were retained. This version of the survey
was deemed to be an appropriate instrument to address student science identity.

Keywords sciencddentity, high school students, Spanish translation, quick assessment, scale

1990 Lopatto, 20042007; Lopatto and Tobias, 2010;
Russel, 2007). Some examples of developed surveys

Introduction
A recurring global issue in Science, Technology,

Engineering and Math (STEM) education is the poor

academic performance and retention of students.

(Sitholeet al.,2017; Therriault et al., 2017). Multiple
worldwide efforts, including research experiences and
internships for students, have been provided to
increase diversity in STEM. (Eedst al., 2017;
Laurseret al.,2010, 2015; Lopatt@®010). In order to
identify program outcomes and define gains, multiple
surveys have been developeadofwin et al, 2015
Hanaue and Dolan 2017; Lopatto, 2004, 2010;
Weston and Laursen, 2018hd a growing body of
research has been report&hger and Bennett, 2003;
Hathaway 2002;Kardash, 2000; Kremer and Bringle,

and instruments are the Classroom Undergraduate
Research Experience (CURE) survey, Survey of
Undergraduate Research xgeriences (SURE),
Laboratory Course Assessment Survey (LCAS),
Project Ownership Survey (POS) and Undergraduate
Research Student Selssessment (URSSA).

While each of the aforementioned surveys
measure research experience outcomes, each of them
evaluateshe experience within a particular theoretical
framework. For example, the project ownership
survey (POS) measures project ownership, and
positive emotions towards the experience of the
laboratory course (HanauandDolan, 2017). The
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CURE survey focuess on measuring the outcomes of
research experiences by using a-guarse survey, a
postcourse survey, anan instructor report of course
elements (Lopatto, 2010he precourse survey is
focused on student level of expertise, science attitude,
and leaning style. The postourse survey estimates
cognitive gains and benefits as well as attitude towards
science. The SURE survey focuses on gains in
laboratory technical skills, independence, intrinsic
motivation, active participation and persorsMills
(Lopatto, 2004). L CAS measur es
perceptions of biology lab courses; in particular it is
focused on collaboration, discovery, relevance, and
iteration (Corwin et a). 2015). URSSA measures
personal gains related to research work, skills,
attitudes ad behaviors, as well as thinking and
working like a scientist (Weston and Laursen, 2015).
The data gathered with these instruments and other
research strategies has found that undergraduate
research allows students to acquire beneficial learning
and perspnal gains such as concept understanding,
thinking like scientists, elucidation of what they want
to study, and whether to further pursue graduate
education, specifically in STEM.

Although these instruments comprised multiple
important factors that influe® research experiences
and persistence of different populations including
Latino/Hispanic populations, the impact of scientific
experiences on the science identity of Latino/Hispanic
high schoolstudentsremains incompletely defined.
Due to the increasingopulation of high school
students whose first language is Spanish, it is critical
to understand the science identity ofrthiaking into
consideration culturalipatterned differences, native
language, and familiar concepts to obtain a better
understandig of their science identity (Ramirez et al.,
2017). Since diversity and inclusion of everyone into
science, including the Latino/Hispanic population, is
i mportant for t he
development, the study of science identity and key
compnents for retention is imperative (Malcom and
Feder, 2016).Unfortunately, in a review of the
literature, no single validated Spanigimguage
assessment instrumet science identity was found.

Il dentity as described
of persorone is seeking to be and enact in the here and
nowo. When it comes to

agree that there is a component of self or intrinsic
factors and a component of fitting into the norms and
practice of the scientific community that leadsthe

recognition of the person in the specific community. A
growing amount of research has argued that the
components that build up studehtience identity

of fers fAthe most
trajectories and persistence in sciende aet e d
(Fraser and Ward, 2008rogh and Andersen, 2013).

nati onRmongyC oMweni & urandy ss otCH aAtl

Although science identity has taken many different
meanings, we will focus on the definition given by
Carlone and Johnson (2007) because of their
methodological and practical implications. hi§
selection does not deny other useful approaches that
could be taken using other definitions; it gives us a
framework for data analysis and interpretation.
Carlone and Johnsonods
contextualizeascience identity model is formed the
foll owing question: fAHow woul
whodeaRssS@ strong science idert
science identity concept as the kind of person that
Aimakes visibl e t o (per for ms
competence in relevant practices, and, in response
ot her s recogni ze oneds
(2007). In other words, their science identity model
captures the key elements that build and describe a
person that belongs to the scientific community.
Interestingly, this model is based on the intereslat
dimensions of competence, performance and
recognition that an individual can envision at different
degrees and configurations (Carlone and Johnson,

appr c

per f o

2007) . Competence i s defined
understanding of science <con
defnedas fisoci al performances of
practices such as: ways of ta

recognition by fArecogni zing c

iscience persono (Carlone and
Multiple researchers have developed surveys

addressinga@ence identity (Colg2012;Estradeet al,

2011;Hanauer et al. 2016; Schqr2015; Stetst al,

2016; Vincent andchunn 2018) These instruments

attempt to define science identity using the following

constructs: self-identification, performance,

recgni ti on, student so i

reflected appraisals, science sefficacy, science

behavior, interest, fascination, values, competency

beliefs, project ownership, emotion, and networking.

nt erest

st ud:
identity and follow the structure and specific
dimensions of Carlone and Johnson is Jennifer

Schord Science Identitysurvey (SIS)(Schon, 2015)

The SIS instrument measures intrinsic and extrinsic
components of science identity using 15 items.

b JAlth@ughethe 18 hStriment imgasuiies koenpetemnca d

using knowledge and understanding of science topics,

s ¢ thesaiteres aie do coritdrased and thezefore @an beh e r s

used for the evaluation of interventions of a wide range

of topics. Its length and approach make this instrument

suitable for the evaluation of a variety of short
interventions Thereforewe have selected this survey

to study high school students

The SIS was translated, contextualized, and

compl et e edlfat® (StHo@ N2015)N @ith OSpanifiakirge nt s 0
Car e&ftoRian highschool students as research
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subjects. Survey evaluation was conducted following
amixed method approach, as the one performed by the
original SIS developers (Schaz015).

SIS development and use

The SIS was created to evaluate the impact of
stuent s6 experiences
(Schon, 2015). Since informal education experiences,
such as museums, afterschool programs, and activities
in off-school venues differ in style, context, and
content, the developers of the survey createdoat sh
noncontent based survey
experiences based on a mixed method approach
(Schon, 2015). First, interviews were held to gather
i nsight on
then constructed, followed by thirdtoud and pilo
testing (Schon, 2015).

The three different dimensions or constructs of
science identity described by Carlone and Johnson:
competence, performance, and recognition were
included and studied in the SIS. The competence
category consists of 5 items that aetated to student
perception of knowledge and learning. Performance
consists of 5 items based on student perception of
science skills as experimental design, making
observations, and using the scientific method.
Recognition includes 5 items that identiffy the
students feel like a scientist or if they perceive that
friends or relatives see them as scientist. For each of
these categories, a 5 to
agreeodo to fiStrongly

The original instrument was used fof &nd &
grade students at the University Of Idaho College Of
Natur al Resourcesd McCalll
(MOSS). For the confirmatory factor analysis, they
report the following indices: comparativiéd index
(CFI) = .934, adjusted goodnesisfit index (AGFI) =
.869, root mean square error of approximation
(RMSEA) = .07, standardized root mean squared
residual SRMR= .065. This instrument was further
used to evaluate
after an informal education experience at MOSISOA
a follow up evaluation was performed after a month.
Results showed that the experience at MOSS was a
positive influence on the
(Schon, 2015).

Methods

Participants

The Institutional Review Board at the University
of Puerb Rico approved this study (IRB protocol
1718036). Participants did not receive any incentive
for their participation. Anonymity of all participants is
guaranteedWe selected participants based on their
grade level (10th, 11th and 12th grade), and

at i n

availebility and willingness to complete the survey.
An informative brochure of the study together with the
consent/assent formas given to student$wo weeks
after the initial approach, consent/assent forms were
collected and during the same day, participants
answered the survey or participated in interviews.
Buoveyncantent evdluation wasocaddressesd rusing rthe
think-aloud method (Trencet al.,2011). One group

of three and another of four students participated in
this process to confirm that participants untteyd the
intended meaning of the questions. A preliminary
avaluation avasuparforsned with (B2 partitipsrés (19
females and 12 males) from one school located in San
Juan, Puerto Rico. For the construct evaluation, three

student 6swesec i e riffarentihigh sehrots éram the r5anelgagioniwere ms
pantsb

approached. The partici
according to their specialization (science, sports, or
languages) in order to include students with a diverse
range of interests. A total of 180 participants

completed the survey.

Translation

The SIS was translated from English to Spanish
as suggested by the World Health Organization
guidelines (2007). A bilingual translator, who was
familiar with science identity constructs, and whose
mother tongue is Spanish performed the forward
translaton step. Once the initial translation was
completed, a bilingual panel composed of 4 experts in

the field wk sciences edygation, franglalipn,fia8d/or o n g | y
di s a g rinsteipentydgvelopinenk discussed each item. The

expert panel evaluated each item for discrepancies
between the original version and the translated
versign, guiiugal. disegepangies, ccancegt ctiansigtipn.
jargon, and clarity. Once the expert panel solved
discrepancies and reached a consensus on all items, the
revised Spanish version was given to an independent
translator whose mother tongue is English and did not
have any knowledge of the studied concepts of science
identity. The independent translator translated the

student s GPARISH;VEryon of [hey SUvey tPagk g ERGUSP e

(backward translation). Subsequently, the expertlpane
compared the English version of the survey to the
original version and discrepancies were discussed

unfil congepta) agd.cujtiral euivalgnceofthe é“r"?yd ent i

was achieved. © Each panel discussion took

approximately 4 hours.
Survey content evaluation

The final version of the translation process was
given to groups of 4 participants as suggested by Virzi
(1992). Participants were asked to answer: (1) what
was their first thought about the item, (2) what was
their answer, (3) if something was not clear, argbif
what was not clear to them, and (4) if they had a
suggestion to improve the item. Participants evaluated
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each item and their suggestions were incorporated in
the survey. The final version of this process was a
consensus among all the participantsth&tend of the
process, the interviewer read daotid the survey and
final changes, or suggestions were incorporated. This
process was repeated until it reached saturation of
responses (Trenor et @011).

Survey construct evaluation

Think-aloud suggegins were incorporated into the
survey and administered to participants. During this
process we realized that the numbered Likert scale was
not clear to participants. For this reason, we
incorporated another session of thilbud with 4
additional partighants, in which two versions of the
survey were given, one with a scale labeled with
numbers and another one labeled with descriptive
word answers. Participants were asked to answer the
survey in both formats and talk about their answer
selection procesdlawing us to define and correct any
misconception and select the best scale format for our
survey.

The survey was administered to 180 participants.
Survey descriptive statistics, reliability, and goodness
of fit analysis were calculated using IBM SPSS
Statistics software package, version 24. Cronbach's
alpha was used to estimate the internal consistency of
the survey (Cronbach, 1951). Measurement criterion
was as f ®l I0owd®d:( hilgh
or items may be redundan)® . 80
consistencyJO . 70 (adequate
(Nunnally, 1978).Skewness and kurtosis acceptable
criterion for normality was set at |2.0| as suggested by
George D. and Mallery P. (2010KaiserMeyer
Olkin, measure (KMO) of sampling adequacy
threshold was set at 0.5 as used by Hanauer and Dolan
(2014).

Student s perceptions
performance and recognition are variables that cannot
be directly observed (latent variables). To study these

responses to specific questions (measurable variables)
to make inferences abbthe studied latent variables.
Exploratory Factor Analysis (EFA) with principal axis

extraction method was selected instead of the Principal
Components Analysis, becauswe wanted to
determine interpretable constructs that explain
correlations among measurable variables and not in
find components that explain as much variance as
possible (Preacher and McCallum, 2008nekta,
Runyon and Eddy, 2019).

To identify the best teucture to interpret our
results we rotated the factor solutions. Among the
rotation methods that are available we selected the
oblimin method, which allowed correlation among
factors (Preacher and McCallum, 2003). Parallel
analysis was performed to deténe the number of
factors to retain; Principal Axis Factor was used as the
method of extraction, 1000 data sets, 95 percentile,

and Pearson correlation
Characteristics Number students
Age range 14-17
Female 93 (1.6%)
Male 86 (48%
Other 1 (0.5%)
Metropolitan area o 155 (86%)
San Juah
Othef 25 (14%)

Table 1 Student demographicsncluding

i nt e Baatnbn, CadiMms Cafakio® GudyMabo, and Trujillo
ergad o d  Ajtd) # Corozal, Gurabo, Toa Baja, Aguas Buenas,
I N T Sfadblinco$, Pa8 Bidd@d, Peliek, %ah

Lorenzo, Ro Grande, Cadvanas.

@ enly

Results

Participants

Participantsd age ranged
1), The tpropor.tion of females and males was fairly

didthbltld, Bu® QRAEIN WBr& Cremales

participated. Most of the participantsvdi in the

. D .metropolitan area of San Juan, Puerto Rico. As it is
unobservable variables, we analyze parfrant s §

shown inTables 2 and 3, some participants failed to
indicate their parentds
study, and/or occupation because they had no
knowledge about this information, deed to answer,

Education High School Two-year Bac hel o1 Postgraduate on N/A*
Associate Degree Professional
Degreé
Father highes| 9 (5%) 5 (3%) 57 (32%) 57 (32%) 52 (29%)
degree obtained
Mother highest| 24 (13%) 5 (3%) 38 (21%) 42 (23%) 71 (39%)
degree obtained

Table 2 Parents highest degree obtair@dcluding master's, doctorate, medical or law degrden't know/refused

to answer.
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N/A* | STEM | Other
Father field of study| 68 33 79
(38%) | (18%) | (44%)
Mother field of study| 37 36 107
(21%) | (20%) | (59%)
Father occupation | 32 27 121
(18%) | (15%) | (67%)
Mother occupation | 31 23 126
(17%) | (13%) | (70%)

Table 3. Parents field of study and occupatiteon't
know, refused to answer, unemployed.

or

| eft

unanswered

From the participants who answered, most of their

esll O alre

1. | an good & science

ansiated ques

Soy bueno en cienda.

parents obtained a postgraduate or professional degree
(includes Master6s,
degrees). A few participants had parents who
graduated from Associate degree programs. Most
parents sidied in a field and/or have an occupation

that is not related to STEM

Content evaluation

Two groups of four participants discussed each
item of the Spanistranslated version of the survey,
suggesting a total of 8 changes, all of which were
incorporatedTable 4). Changes were mainly focused
on verb usage and the inclusion of not just task, but
projects in item number 12. Participants also requested
to delete fAimiso (Amyo) on

b e c.a u s epersopas me vgmcenmo um gieptificp cuanglo corppario r

orporation o aloud
onnalre SUQgQgesti O

Soy bueno en dendia.

2. | knowalot aboutscience

Se mucho decienda.

Se mucho deciencia

3. 1 an good @ mog science
experiments

cient¥icos

Soy bueno haciendo experimentos

Soy bueno llevando a cabo
experimentos cient?fi cos

4. | undestand <cience topics

cienda.

Entiendof &lmente lostemasde

Domino lostemasdecienda.

5. | learn new science topics easily

cienda.

/Aprendof @lmente nuevostemasde

Aprendof &lmente nuevostemasde
cienda

6. | can use science equipment and/or
technology o ollect daa

tecnolo gapaaobtener

Puedo usar equiposcient#ficosy/o

Puedo usar equiposcient¥icosy/o

daos tecnolo gaparaobtene daos.

7. 1 knowhowto us the scientific

Sec: musar € m®&odo cientfico.

methodfprocess Sec- musar  mAodo cient#fico.
8. | can talk with others aboutscience [Puedo hélar con otas personas sobrefPuedo hablar con otras personas sobre
related topics temas decienda. temasdeciencia

9. | can areate my own sience
expeiments

cienti cos.

Puedo crear mis propios experimento

Puedo dise emis propios
experimentos cient?fi cos.

10. | an ue my observationsto createPuedo usar mis observaciones para

a hypohesis

hacer unahip -eds.

Puedo usar obervaciones para hacer
unahip -eds.

11. My friendssee me as someonetha
is good & science

Mis amigosme ven como unapersongMis amigosme ven como unapersona
quees buenaen dencia.

queesbuenaen ciencia.

12.When giving ascience report, |
feel like a scientist

Cuandohago mistrabg
mesiento como uncien

Cuandohago trabgosy/o proyectos
deciencia, me siento como un
cient?fi co.

osdecienda,
2fi co.

13. Ghers see me as ascientist when |
share my observations

observaciones.

L as personas me ven como un
cient¥fico cuando comparto mis

Las pe'sonas me ven como un
cient¥fico cuando @mparto
observaciones.

14.When | share daa l've collected, |
fedl like ascientist

cient?i co.

Cuando omparto losdaosquehe
obtenido me siento como un

Cuandocomparto losdaosquehe
obtenido me siento como un
cientfico.

15. | an hdp others with science

related topics

tienen dudas decienda.

Puedo ayuda alas personas cuando

Puedo ayuda alaspersonas cuando
tienen dudas decienda

Table 4. Translation of the items and the result of thadudprocessTranslation of the Science identity
guestionnaire published by Jennifer Schon was performed usingrbaskation followed by a committee expert
evaluatio. Think-aloud was performed twice usiaggroup of 3 to 4 students.
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Aimi s0O observaciones) S i
when they are sharing observations of other scientists
as well as their own.

Participants also commented that the numbered
scale is gbjective, and the descriptive scale is clearer
to them. From the thinkloud interviews we gathered
t he foll owing
English version at the bottom of each quote):

iMe enfrento
lapuert a. En |l a escala de
fi Wh e n cdnfroated with the words scale
my humility knocks on the door. With the

words scale | feel of | es
AEs m8s claro (en
il t iergin woldg),aaumberare more

subjectiveo

iPal abras es m8s <cl aroo.

nce

participantdsebsaguet &8

etivo. o
i Wi t h n u mebrgratasion ts Hifeerent; it is
subjectiveo

ﬁtcf‘i’@%_”f/“ﬁf‘%’l os| jlkae
subj

Therefore, the following descriptive word scale was
incor porated: AMuy de

i Mugn des a The enodifiedoversion was

0 menos . 0
Answers mean valuer the items ranged from 2.8

to 4.3 (Table 5). All the items had a skewness and
kurtosis below |1.0]. Intraubscale correlations ranged
from 0.325 to 0.724 andommunalities range from

pal abr as D.463n0/01785. Restlss shody s Sudrd, ealue vfo .

1125.633 significance 0.000, Qiwach's alpha
coeffident value of 0.867, and KaiséteyerOlkin,
measure (KMO) of sampling adequacy of .855. Also,

fiseedetnanserdbed

a |l a escala d é’?‘dnﬁir‘é{sjteéeg r 19 3189 Qﬁlrtidﬁ’ma[]tﬁwi f‘Prd GOgstryct ¢ 4
p S‘@'&a&'?"‘a s valan

0

isnctied Rt ¢ lsacsl -

acuer doo,

n

spheric

AWith words it is clearera.‘.Bartlet.tc?.S test of
maftix, showed a significance of 0.000. After the
analysis and interpretation of the measurements above

ltem | Mean | Std. Skewness | Kurtosis Corrected Item
Deviation Total correlation

1 3.8 0.84313 | -0.528 0.664 0.602

2 3.4 0.7907 -0.015 0.271 0.591

3 3.9 0.82827 | -0.402 -0.31 0.438

4 3.6 0.79451 | -0.386 0.793 0.615

5 3.7 0.84643 | -0.379 0.184 0.568

6 4.2 0.7541 -0.759 0.689 0.473

7 4.2 0.69171 | -0.318 -0.501 0.325

8 3.9 0.89872 | -0.571 -0.349 0.503

9 34 0.92727 | -0.089 -0.326 0.406

10 4.3 0.60051 | -0.208 -0.573 0.355

11 34 1.06871 | -0.242 -0.448 0.724

12 34 1.14525 | -0.265 -0.678 0.374

13 2.8 0.92244 | -0.027 -0.033 0.59

14 3.2 1.13551 | -0.146 -0.769 0.491

15 3.7 1.01882 | -0.651 0.176 0.661

Table 5.Descriptive statistics for each of the items. n=180

Number of items 15
Number of responses 180
Average intefitem correlations 0.306
Standard deviation ohteritem correlations 0.15
Cronbachds al pha 0.867
KaiserMeyer-Olkin Measure of Sampling Adequacy| 0.855
Bartlettds Test of Sphe|l1ll125.633
Bartlettds Test of Sphe|0

Table 6. Scale and Reliability Statistics of the survéy.items, n=180
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Component Matrix
Item 1 2 3 4 Total variance
explained
Soybueno en ciencia. .873 5.492 (33.71%)
Semucho de ciencia. .701
Dominolos temagle ciencia. .699
Aprendo facilmente nuevos taside ciencia. .654
Puedo ayudar a las persowasndo tienen dudas de | .590
ciencia.
Mis amigc me ven como una persona québesna en | .565 -.402
ciencia
Cuando hago mis trabajos de cienai, siento como .950 1.834 (10.174%)
un cientificico.
Las personas me ven como un cientifico cuando .801
comparto mis observaciones.
Cuando comparto los datos que he obtenido me sig .659
como un cientifico.
Se ®mo usa el método cientifico. .704 1.478(96.083%)
Soybueno llevando a cabo experimentos cientificos .539
Puedo usaequipos @ntificos y/o tecnologia para 494
obterer datos.
Puedo usar observaciones para hacer urtadsis. 419
Puedo hablar con otras personas sobre temas de Ci -.643 | 1.02 (3.35%)
Puedo disfiar mispropis experimentos cientificos. -.431

Table 7. Exploratory factor analysidJsing Oblimin rotationfour factors were found that explained 53.32% of the
variance.

mentioned and descriptive statistics we confirmed that a las personas cuando tienen dudas de ciz(8I&

the sample was adequate ahdttits dimensionality or i gi n a tan help ethers withlscience related

could be explained using a factor analysis (Table 6). t opi cs 0) . -aloud, partitigamts confmiernrekl
The internal structure of the test items was that in order to help others and to be recognized as a

identified using the exploratory factor analysis.  Personthatis good at science, they needed to know the
Principal axis factoring using theblimin with Kaiser material and have good grades. Thus, they related
normalization rotation was oaducted Results these items to their ability to understand and know

indicate a 4actors solution (Table 7). Thefdctor sciencetopics , which directly associates to science

solution explained 53.32% of the variance. Each item  Competencies.

was explained by one factor, with the exception of The third and fourth factors are mainly composed

item 11. Factor 1, which accounts for 33.71% of the  of performance items. One item previously included
explained variance, was constted of competence in the competenceollevandoean si on:
and recognition items. Factor 2 (10.174% variance cabo experi mentos <cient?2fico
explained) was constructed of recognition items. a m good i n mo st science e X
Factor 3 (6.083% variance explained) was constructed i ncor por at ed i n t he third
of performance and one item of competences. Factor 4 interpretation of this item focused on experimental

(3.357% variance explained) waconstructed of design, methods, and experimentation. Partitpa
performance items. emphasized that the item is open enough that it can be

In general, these factors were consistent with what  interpreted as experimental design or experimentation.
was originally described for the SIS. In detail, the first ~ The fourth factor was composed of two performance
factor, that Comprised main|y Competence items, items. ACCOFding to the paral|8| analySiS and because
included the fo”owing items that were previous|y of the small number of items in faCt@J’jUSt factors 1,

categorizd i n the recogniti on2and3war relined (Figure H.Mi s

amigos me ven como una persona que es buena en Based on the exploratory factor analysis, parallel
cienciaodo (SIS original it analysis, andvilyinkldbud comments we seeoemended a s
someone who i s,amgfiPoedoagutar s ¢ iaeear@mgément of the items on each of the dimensions
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and the deletion oforiginal items 8, 9, andll. incorporated. This result is consistent with previous

Cronbach's alpha index wasaalculated for the final research on scales that found that numbered scales are
version of the survey and we obtained a result of .857.  subjective to participant interpretations and are more
The final version of the survey is presented able 8 problematic for respondents that do ntilerate
and it has incorporated the afmentioned ambiguity (Johnson et al., 2005). Interestingly, our
modifications. results show that participants tend to assign higher
Discussion scores when using the numbered scale

Although science identity has been mainly studied 6.0
in undergraduator higher degrees, it is known that 5.5 1
high school science identit: 57212 udent s
persistence, the role of the community, and level of “14
science at school (Aschbacher et al., 2009). 0713 26 (el
Unfortunately, the impact of scientific experiences on i Simulated data
the sciege identity of Latino/Hispanic high school 0]
students remains relatively undefined (Gandara, 2006; 3 2:
Rochin and Mello, 2007; Tabak and Collins, 2011). To g 1; ) 3
characterize the effectiveness of research experiences a 10 i "..‘
and identify which components actually are impartan 0.5 ‘~~.‘_
for STEM retention of high school Latino/Hispanic i Mo 5 = SO
population, an assessment in Spanish was necessary. B8 ey
This study presents evidence of the translation and 1.0 4
evaluation of the Spanish version of the SIS (SISE, for 1.5 4
SIS-Espafiol), using Puerto Rican high schstadents 20 +—T—T—T—v— 111111
as research subjects and taketo inonsideration SAYAE LA IIITORNS

Factors

culturally patterned differences.

After the think aloud process, participants agreed Fig 1. Parallel angbis. Method of extraction:
that the numbered Likert scale was subjective, and the Principal Axis Factor, 1000 data sets, 95 percentile,
descriptive word scale was more informative. i and Pearson correlation.
reason, the original numbered scale on 818 was
replaced and the word descriptive scale was

Muy de De Niem Em Mu yen
aucerdo| acerdo| desacuerdo desacuerdq desacuerdd
nide
acuerdo
1. Soy bueno en ciencia.
2. Se mucho de ciencia.
3. Soy bueno haciendxperimentogientificos.
4. Entiendo &cilmente lose mas de ciencia.
5. Aprendo &cilmente nuevos temas de ciencia
6. Puedousar equis cientificos y/o tecnologiia
para obtenere datos.
7. Se émo usar elréodo cientifico.

8. Puedo usaobservaciones paraq hacer una
hipétesis.

9. Cuando hgo mistrabajos de ciencia, me
siento como un cientifico.

10. Las pesonas me ven como un cientifico
cuando compartomi observaciones.

11. Cuando comto los datos que he ob tenidc
me siento como un cientifico.

12. Puedo aywta las peronsasguando tienen
dudas de ciencia.

Table 8 SISE Suggested changes
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than when they are using the descriptive word scale. <eIe1ences

This effe¢ may be influenced by the submissive ASCHBACHER, P.R., LI, E., AND E.J. ROTH. 2009.
response (simpatia) style documented among Latinos | s Science me ? Hi gh school
and Hispanics (Johnsoet al., 2005). Our results participation and aspirations in $oce, Engineering,

suggest that the use of a descriptive word scale can and Medicine. Journal of Research and Science

help participants to think about the best word that  Teaching. 47(5): 564682.

describes t_elr answer a}nd not on giving the highest BANDURA, A., AND E.A. LOCKE. 2003. Negative
score possible to each item. ) -
self-efficacy and goal effects revisitedournal of

After content evaluation and scale changes, an lied Psvcholoav8s(1): 8799
exploratory factor analysAlpps a¥1d g%:r(o)'n‘éa'chﬁs al pha

index were calculated to explore the structure and BAUER, KW., AND J.S. BENNETT. @03. Alumni

reliability of the survey. A 4actor solution was perceptions used to assess undergraduate research

suggested, but one of the factors was not reliable. As a  experience. The Journal of Higher Education. 74(2):

result, this factor was deleted. 2101 230.

Limitations and Suggestions CARLONE, H.B., AND A. JOHNSON. 2007.
One limitation of the SIS is that its evaluation was Understanding the science experiences of successful

performed using just one informal cent&iven that women of color: Science identity as an atiallens.

participants of th SIS evaluation were sedélected, Journal of Research in Science Teaching. 44(8):

they may have a predisposition to science careers and 1187 1218.
this selection process excluded those students that may
not like science and are not interested on a STEM
career. To overcome this limitation, we chose schools
specalized in various areas to have a diverse group of
students with different levels of interests in science.
We are aware that this selection does not imply or CORWIN, L.A., RUINYON, C., ROBINSON, A.,

ensure participantsod i nteANDStELT OOLAN Cc 20e5) CThe ldbardtoryi t doe
gather different student profiles. A potitimitation cours@ssessment survey: A tool to measure three

of the survey for future SISE users is that it has only  dimensions of researatourse design. CBE Life

been validated wi t h P u e r $Scienceddducaion. 14(4):19.h school &

students, and there are cultural differences across

Spanishspeaking communities. We encourage future COSTELLO_' A.B., AND J.W. OSBORNE. 20.05' Best

users of the SISE to validate this\ay with a similar practices in exploratory_ factor - analysis: Four

population to the one that will be further tested, taking ;ﬁ)rg?;endg?ggﬁcgfr %\E:stggsr;g?]t moielg);?cgoug

into account culturally patterned differences and scale Evaluation.10(7): 1 9. CRISPN., AND A. NORA.

COLE S. 2012. The development of science identity:
An evaluation of youth development programs at the
museum of Science and industry, Chicago. (Doctoral
dissertation)
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Acknowledgments Engineering, and Technology (STEM): -16
We would like to thank Dr. Jorge RdduezLara representation, preparation and participation San
and the Center for Science and Math Edion Antonio: Hispanic Association of Colleges and
Research [CSMER; NSF#1038166] for insightful Universities. Accesed from

discussions, suggestions, and advice. Research https://www.hacu.net/imagescu/OPAI/H3ERC/20
reported in this publication was supported by the NIH ~ 12_papers/Crisp%20nora%20

grant [RO1HL090933]. We would also like to thank %20hispanics%20in%20stem%620

teachers, students and parents involved in this rdsearc ~ %20updated%202012.pdf

for their time and contribution. Finally, we will like to CRONBACH, L.J. 1951. Coefficient alpha and the

thank the Research Initiative for Scientific . :
| f . Psych ka. 1 =297
Enhancement (RISE) Grant: [SR25GM06145/] for ggtirna structure of tests. Psychometrika. 16(3)-29

their support to LHM. Also, we would like to thank
Dr. Jo® Agosto and Dr. Paul Bayman for their help EEDS, A., VANAGS, C. CREAMER, J,
and insights in the instrument translation. LOVELESS, M., DIXON, A., SPERLING, H.,

. MCCOMBS, G., ROBINSON, D., AND V.L.
Declaration of Interest ] . SHEPERD. 2014. The school for Science and Math at
The authors declare no conflict of interest. Vanderbilt: An innovative researdiased program for
high school students. CBE life sciences cation.

13(2): 297310.

Volume 45 (3) December 2019 Hernandéatias et al. Spanish Language Version oftScience Identit Sur veéy éXl., . .


https://doi.org/10.1187/cbe.15-03-0073
https://doi.org/10.1187/cbe.15-03-0073

ESTRADA, M., WOODCOCK, A., HERNANDEZ,
P.R., AND P.W. SCHULTZ. 2011. Toward a model
of social influence that explains minority student
integration into the scientific communityournal of
educational psychologg03(1): 206222.

GANDARA, P. 2006. Strengthening the academic
pipeline leading to careers in Math, Science, and
Technology for Latino students. Journal of Hispanic
Higher Education. 5(3): 22237.

GEE, J.P. 1999. An introduction to discourse analysis:
Theory and method. NeYork: Routledge.

GEE, J.P. 200QL. Identity as an analytic lens for
research in education. Review of Research in
Education. Accessed from
http://citeseerxst.psu.edu/viewdoc/download?doi=1
0.1.1.462.2577&rep=repl&type=pdf

GEORGE, D., AND P. MALLERY. 2010. SPSS for
Windows Step by Step: A Simple Guide and
Reference 17.0 Update. 10th Edition, Boston: Pearson.

HANAUER, D.l., AND E.L. DOLAN. 2014. The
project avnership survey: Measuring differences in
scientific inquiry experiences. CBE Life Sciences
Education. 13(1): 14958.

HANUER, D. I., GRAHAM, M. J., AND G.F.
HATFULL. 2016. A Measure of college student
persistence in the Sciences (PITS). CBE Life Science
Education. 15(4): 410.

HATHAWAY R.S., NAGDA B., AND S.R.
GREGERMAN. 2002. The relationship  of
undergraduate research participation to graduate and
professional education pursuit: An empirical study.
Journal of College Student Development. 43(5):-614
631.

JOHNSON, T., KULESA P., CHO, Y.l., AND S.
SHAVITT. 2005. The Relation between culture and
response styles. Evidence from 19 countries. Journal
of Crosscultural Psychology. 36(2): 6Z7.

KAISER, H.F. 1958. The varimax criterion for
analytic rotationin factor analysis. Psychometrika.
23(3): 187200.

KAISER, H.F. 1960. The application of electronic

computers to factor analysis. Educational and
Psychological Measurement. 20(1): 1¥91.
KARDASH, C.A.M. 2000. Evaluation of an

undergraduate research exignce: Perceptions of
undergraduate interns and their faculty mentors.
Journal of Educatital Psychology. 92(1): 19201.

KREMER, J. F., AND R.G., BRINGLE. 1990. The
effects of an intensive research experience on the
careers of talented undergraduatedournal of
Research & Development in Education. 24(%5.1

KROGH, L. B., AND H.M. ANDERSEN. 2012.
AActuall vy, I may be
identity as a | ens to i
towards science and university. Research in $eien
Education. 43(2): 71i1731.

ROCHIN R. I, AND S.F. MELLO. 2007. Latinos in
science trends and opportunities. Journal of Hispanic
Higher Education. 6(4): 30355.

LAURSEN, S. L. 2015. Assessing undergraduate
research in the sciences: The next generaGomincil
of Undergraduate Research. 35(3)18.

LAURSEN, S., SEYMOUR, E., HUNTER, A. E,,
THIRY, H., AND G. MELTON. 2010. Undergraduate
research in the sciences: Engaging students in real
science. Hoboken, NJ: Wiley.

LOPATTO, D. 2004. Survey of undergraata
research experiences (SURE): First findings. Cell
Biology Education. 3(4): 27AQ77.

LOPATTO, D. 2010. Undergraduate research as a
high-impact student experience. Peer Rev. 12(10).

LOPATTO, D., AND S. TOBIAS. 2010. Science in
solution: The impact of ndergraduate research on
student learning. Washington, DC: @wil on
Undergraduate ReseartALCOM S., AND M.
FEDER. 2016. Barriers and opportunities foyear
and 4year STEM degrees: Systemic change to support
students' diverse pathways. Washington : Dihe
National Academic Press.

MARTIN, J., MATTHEW, K. M., AND K.G.
GIPSON. 2011. Utilization of a thinloud protocol
to cognitively validate a survey instrument identifying
social capital resources  of  engineering
undergraduates. 2011 ASEE Annual Confere &
Exposition. Accesed from
https://peer.asee.org/18492

NORRIS, M., AND L. LECAVELIER. 2010.
Evaluating the use of exploratory factor analysis in
developmental disability psychological research.
Journal of Autism and Developmental Disorders.
40(1): 820.

NUNNALY, J. Psychometric Theory. New York:
McGrawHill; 1978. Streiner DL. Starting at the
beginning: An introduction to coefficient alpha and
internal consistency. J Pers Assess. 2003; 8032

Volume 45 (3) December 2019 Hernandéatias et al.Spanish Language Version of the Science Identity Survey (SISE}?

clever
nvest.i


http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.462.2577&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.462.2577&rep=rep1&type=pdf

06 COONORR, B. P. 2000.
for determining the number ofomponents using
parallel analysis and Velicer's MAP teBthavior
Research Methods, Instrumentation, and Computers.
32(3).396-402.

PREACHER, K.J., AND R.C. MACCALLUM. 2003
Repairing Tom Swiftods
Understanding Statistic&: 13 44.

RAMIREZ, A.S., WILLIS, G., AND L.F. RUTTEN.
2017. Understanding Spanidnguage response in a
national health communication survey: Implications
for health communicatio research. Journal of health
communication. 22(5): 44250.

RUSSELL, S.H., HANCOCK, M.P., AND J.
MCCULLOUGH. 2007. Benefits of undergraduate
research experiences. Science. 316(5824 548

SCHON, J. A, MILLER, B., EITEL, K. B,
WAPETT, M. AND F. LAWRENZ. 2015. Science
identity in informal education. UMI Dissertation
Publishing. 1171. (Doctoral Dissertation)

SITHOLE, A., CHIYAKA, E.T., MCCARTHY, P.,
MUPINGA, D.M., BUCKLEIN, B.K., AND J.
KIBIRIGE. 2017. Student Attraction, persistence and
retention in STEM programs: Successes and
continuing challenges. Higher Education Studies.
7(1): 4659

STETS, J.E., BRENNER, P.S., BURKE, P.J., AND
R.T. SERPE. 2017. The science identity and entering
a science ccupation. Social Science Research. 64: 1
14.

STREINER, D.L. 2003. Starting at the beginning: An
introduction to coefficient alpha and internal
consistency. Journal of Personality Assessment. 80(1):
99-103.

S P S FABAK H.A.,RNEF.Sp COblgNSa2®disl. Weaving

a richer tapestry in biomedical science. Science.
333(6045): 940941.

THERRIAULT, S., LI, Y., BHATT, M.P,
NARLOCK, J., (ED), R.E.LN., AND I,
EDUCATION DEVELOPMENT CENTER, I

e | (EDC}, & (ER), N.C. oocEtEOAND RaAn2817 . \Peertcs .

Rico school characteristicand student graduation:
Implications for research and policy (REL 20266).
Regional Educational Laboratory Northeast and
Islands. TRENOR, J.M., MILLER, M.K., AND K.G.
GIPSON. Utilization of a thirkaloud protocol to
cognitively validate a survey instrumeidentifying
social capital resources  of  engineering
undergraduates. ASEE Annual Conference &
Exposition, Vancouver, BC.

TSANG, S., ROYSE, C.F., AND A.S. TERKAWI.
2017. Guidelines for developing, translating, and
validating a questionnaire in periopévat and pain
medicine.Saudi journal of anesthesikl(1): 80-89.

VINCENT-RUZ, P. AND C.D. SCHUNN. 2018. The
nature of science identity and its role as the driver of
student choices. International Journal of STEM
Education, 5 (1): 41.2.

VIRZI, R. A. 1992 Refining the test phase of usability
evaluation: How many subjects is enough? The
Journal of Human Factors and Ergonomics Society.
34(4): 457468.

WESTON, T. J., AND S.L. LAURSEN. 2015. The
undergraduate research student -sslfessment

(URSSA): Validation for use in program evaluation.
CBE Life Sciences Education. 14(3) ar33LQ

WORLD HEALTH ORGANIZATION. 2007. Process

of translation and adaptation of instruments.
Accesed from
https://www.who.int/substance_abuse/research_tools/
translation/en/

Volume 45 (3) December 2019 Hernandéatias et al. Spanish Language Version of the Science Identity Survey (SISE}3


https://doi.org/10.1126/science.1140384
https://doi.org/10.1126/science.1140384
https://www.who.int/substance_abuse/research_tools/translation/en/
https://www.who.int/substance_abuse/research_tools/translation/en/

Innovations
Plant Tracer: A Program to Track and Quantify Plant Movement from
Cellphone Captured TimeLapse Movies
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Abstract Despite the fundamental importance of plants towary survival, student interest in plant biology is in
decline as technology draws us further away from nature. Here we introdRlaat Tracer
(http://www.planttracer.coina Matlabbased program, which can qtiéntime-lapse videos of plant movement. We
demonstrate tha&lant Tracecan be used to distinguish altered movement qualities in the inflorescence (flowering)
stem in theArabidopsispgm1 (phosphoglucomutasehutant when compared to wildtype, providiaggenetic
platform for students to evaluate how plants sense and respond to gravity and circumnutation {gmettoattk
swaying of plant organs). We show that both gravitropism and circumnutation is diminisheggmtthemutant

when compared to witglpe. In this wayPlant Traceris a promising instructional tool for biology labs to quantify
the genetics of plant movement using smartphones.

Keywords plant biology, plant movemer®lant Tracer software, movement quantification, movement tracking,
gravitropism, circumnutationArabidopsis thaliana

Introduction While this method of having students create plant

Time-lapsephotography has proven itself to be a ~ Movement timdapse movies was successful at
promising instructional tool in biology lectures to  Increasing engagement, it yielded only qualitative, not
stimulate interest in plants, enabling student guantitative data, hence, the development of software

visualization of the complexities of plant déwgment that not only tracks, but alemalyzesplant movement
and movement (Fitzgerald, 2012; Hangarter, 2000; is the Ioglcal nex_t step for students to directly become
HarrisonPitaniello, 2013;Stark, 2008). Building active in the field of planmovement research.
upon this technology, a plant tirepse photography Developing thls method is espeually useful in that
educational lab was created where students use their Currently available plant movememacking software
personal digital devices to record and udilize is targeted exclusively to acadam research

movement in the flowering stems of the genetic model ~ l2boratories, thus necessitating the use of expensive
plant, Arabidopsis thaliana (Brenner, 2017). cameras, and requiring knowledge of computer coding

Arabidopsis thalianaxhibits rapid positional changes languages (Stolarz, 2014; Wagner, 2017; Greenham,
in the inflorescence in a little more than an hour ~ 2015). In addition, most existing plant movement
(Brenner, 2017 Niinuma, 2005; Masson, 2003)is tracking software is merely limited g&xamining only
active learning lab not only increased student interest ©N€ type of movement, one organ, or one species of
in plants but also inspired nearly half of the students to ~ Plant. Here we introduce a Matkatased (MATLAB,
share their smart phone deriveiieos with friends 2015b) graphical user interface (GUI) software

and family (Brenner, 2017), effectively amplifying the program, Plant Tracer to not only bring the
educational impact of thigaroach dynamism of the plant into the classroom, bub dts

provide investigators with tools to analyze this
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movement and gather quantifiable data to better
understand plant movements.

Among the fascinating and sophisticated
movements that plants make are tropisms (movement
towards or away from a stimulugind nutations (back
and forth movements that occur with no obvious
stimulus). Timelapse technology can capture these
movements to stimulate student engagement by
revealing this dynamisnB¢enner, 2017Fitzgerald,
2012;HarrisorrPitaniello, 2013Hayden ¢ al. 2011).
Gravitropism, the r@rientation of plant organs in
response to gravity has been well documented by
Charles Darwin (Darwin, 1865). Darwin hypothesized
in 1903 that the mechanism of gravitropism is
activated by the settling of mobile starsyrthesizing
organelles called statoliths in root tissue in response to
gravity, and this hypothesis was further augmented by
Zimmerman in 1924. Statoliths are easily stained and
observed in the classroom, where they are found in the
gravity sensing columelleells of the root cap (Kiss,
2000). It is still not known exactly how statoliths
initiate the gravitropic cascade, but it is theorized that
statoliths activate mechanosensitive pathways in the
actin cytoskeleton that subsequently cause the
asymmetric distbution of the major regulatory plant
hormone auxin, causing a response in the stem to bend
in reorientation against gravity (Chen, 1999;
Blancaflor, 2003; Band, 2012; Wyatt, 2013). One
strong piece of evidence that statoliths function as the,
or one of he gravity vector sensor(s), comes from the
Arabidopsis mutant, phosphoglucomutase (pgm
(Vitha, 2000; Weise, 1999). This mutant is blocked in
a key step involved in starch formation, and thereby
consequently deprived of statoliths (Weise, 1999). As
a wey of easily demonstrating the role of statoliths in
shoot gravitropism, students can easily obs&rve
during a single class laboratérympaired shoot
reorientation inpgml compared to wildtype (Kiss
2000).

Circumnutation is another type of plant
movement.It is a complex and poorly understood
process that is universal to all plants (Darwin, 1880;
Stolarz, 2009). Circumnutation is the beakdforth
swaying found in plant organs (Darwin, 1880; Stolarz,
2009), but little is understood about why and how it
ocaurs. Like all nutations, circumnutation is
influenced, but also exists independently of external
stimuli  (Stolarz,  2009; Schuster, 2010
Circumnutation is influenced by the circadian clock,
light, temperature, chemicals, organ morphology, and
age (Stolarz2009; Schuster, 2010Niinuma, 2005;
Kitazawa, 2005). Circumnutation has been shown to
be influenced by gravisensing cells, auxin, ion
channels, and proton pumps but its mechanism and
purpose is not well understood (Stolarz, 2009;
Schuster, 201Niinuma, 2005; Kitazawa, 2005). To
engage student interest in plants, circumnutation is a
highly dynamic and intriguing process where one
nutation (back and forth motion) can be observed

within one lab period using the model genetic plant
Arabidopsis thaliangBrenner, 2017).

With Plant Tracer students first create plant
movement footage using the applicatibapse It
(http://www.lapseit.com as described in Brenner,
2017 and then upload these tiapse movies into
Plant Tracer (which currently runs as an executable
Matlab-originated (MATLAB, 2015b) program
available for download), in order to quantify
movement rate, and periodicity (distance moved)
during gravitropism or circumnutatioflant Tracer
enables students to natlg quantify changes in plant
movement, but also compare movement values
between different strains, mutants, and other plant
variations for scientific discovery. Here we &ant
Tracerto demonstrate reduced movement qualities in
the Arabidopsis thaliaa mutant, pgml, when
compared to wildtype.

Methods
Plant TracerSoftware Development
Plant Tracer was developed in Matlab

(MATLAB, 2015b) and functions as an executable
program, allowing it to be downloaded without charge
and to be run independentlytbe base prograr®lant
Tracer is installed on a personal computer running
either Mac OS or Windows operating systems.

To track Arabidopsis thalianaapex movement,
we modified the basic block matching algorithm to
detect a moving inflorescence stem apég.(1) (Lu
& Liou, 1997). This algorithm is used as a method of
locating matching blocks in a sequence of digital video
frames for the purposes of motion estimation. The
underlying assumption behind this method is that the
visual pattern of a block enclog the apex stays
approximately the same from frame to framePlant
Tracer, starting with a manually annotated block in an
initial frame, its position in the current frame is
determined by an exhaustive search, which calculates
a matching cost functiobetween the block in the
previous frame and each candidate block in the current
frame centered at each possible location in a search
window. The candidate block with the least cost is then
chosen for the current frame, and the process continues
to the nexframe.

(N*N) Block in
the current
frame

(N*N) Block
under the
search in the
next frame

Search
window in the
current frame

Figure. 1. Mechanism of Blocknatching Algorithm.
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, 1 - _
Cost Function = szivzol ny:ollpij - Cijl + Wallxp — xcllz + Wil (xp — x¢) — (Xc —Xp) 2 ,

Figure. 2. Cost Function Equation.

Block matching is based on minimizing a cost
function (Fig. 2). In Plant Tracer we have modified
the cost function of the basic bleckatching
algorithmto incorporate constraints on possible apex
movements.

The cost function equation is shown whétéas
block width (which is assumed to be the same as block
height),F; andC;; are the luminance intensity values
of pixels in the current and previous blsck
respectively. xg, Xc and xp are the block center
coordinate vector in the current frame, the previous
frame, and the previous frame before that,
respectively. W2 and W3 are weighting parameters.
The first term is the mean absolute difference (MAD)
which calculates the intensity difference betwésn

connected framesThe second term represents the
distance the apex traveled between two frames. The
third term is the difference magnitude of the apex
movement in two successive infieame periods. Note
that 2 indicates the L2 norm or length of a vector. By
adding the second and third terms, we favor candidate
blocks that undergo small and smooth motion from the
previously determined blocks, among those that have
similar MAD as the previous blockThrough
empirical trial and error with our testing videos, we set
W, andWsto 0.375 and 0.175, respectively.

To alleviate the influence of any pattern(s) on the
background on continuous tracking, we apply
background subtraction prior to the block matching
algorithm. Here we assume the background is
stationary and obtain the background image for a
frame by averaging the past 10 frames. Then, we
subtract the background image from the current frame
and threshold the difference image. For each pixel, if
the absolute alue of the difference is smaller than a
threshold value, this pixel is set to 0 in the current
frame. Otherwise, the original value is kept. We then
apply the block matching algorithm on this
backgrouneremoved frame. A threshold value of 20
is found to verk well (the intensity range is from 0 to
255).

Plant Culture Methods

Standard Arabidopsis cultivation methods were
performed as described according to Brenner (2017).
Seeds from theArabidopsis thaliana genotype
Columbia (Col) as the control, and theutant
phosphoglucomutasgpgm1) (which can be ordered
as a Aiteaching kito
Resource Center (#CS19985B)¢re cultivated in 2 Y2
inch (side) square plastic pots containing MetroMix
360 (Sun Grow) soil or on hydrated jifff/ soil pdlets

t hr 08S 50 not d[st.().rtvthe r[l’elz.is.urgd val_ygs

(Carolina Biologicals). Water was applied to the tray
under the flat holding the plants so that water seeped
into the soil from below. In both cases plants were
fertilized with water containiniliracle Grow Bloom
Booster Flower Food fertilizer powdfNPK of 1530

15, with the following microelements: B (0.02%), Cu
(0.07%), Fe (0.15%), Mn (0.05%), Mo (0.0005%), and
Zn (0.06%)) at day 10 after the seeds were sown.
Plants were cultivated for approximately64weeks
under fluorescent lights on growtkarts. Light
conditions consisted of 16 hours of light and 8 hours
of dark.

Staging a Time Lapse Recording

Recordings were made using a standard portable
electronic device such as a tablet or smartphone. The
developmental stage used for this analysie&hed
when the inflorescence stem is approximatey @n
tall. At this stage the first flowers are just beginning to
undergo anthesis (flowering opening). It is important
to choose plants with only a small number of
inflorescence shoots, or ideally a gla shoot. If a
plant with more than one shoot is tested for
gravitropism, it is important to avoid situating the
plant, so that one shoot might move across the path of
another shoot, leaf, or other structure, which may
cause the tracking algorithm to loseack of the
subject.

During testing of either circumnutation or
gravitropism digital recordings were made with
Arabidopsisstrain Columbia, as a control vs. thgm
1 mutant, as shown ifig. 3 Key materials for the
imaging setwp include a solid blackackground
(shown here as a black office folder), a metric ruler
(with white lettering and white increments set on a
black background for best contrast). The ruler is used
to calibrate the true distance within the movie. Labels
are placed in close proxingito the plants so that the
identity of the plant strain/genotype can be clearly
seen in the recording.

An experiment designed to measure the
movement parameters of gravitropism is initiated by
tipping theArabidopsisplant 90 degree® position it
on its side Fig. 3) whereas, an experiment to measure
circumnutation is set up by simply leaving the plants
in their original upright orientation as shownFig. 3
For both gravitropism and circumnutation the ruler
must be placed in the same focal planthasapices so

ol ogi cal

Making Time-Lapse Videos with Lapselt
Lapse ltis a free, simple, and publichvailable
time-lapse App compdile with Android and iOS
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Figure 3. Experimental Staging of Timkpse Recording

devices (http://www.lapseit.coh To create a time

_

lapse recording oArabidopsisin the Laspdt settings . ~
page, the fCapture Inter v ¢| O _tos/fwmwpiantiracercom_* _ " f*R % lan i mag«
once every two minutes and the render settings are set o
forr 20 AFrames per Second?o ' : in
Arabidopsisis typically complete after at least 1 hour : — PI.A“T
and 30 minutes but can be run longer if desired. ClickMarab lconto niate :
Circumnutation studies run for at least three hours B nnczﬁ
minimum (the approximate time for one full nutat) | -
but can be continued for3 days (or until the apex has h m,“"
moved out of camera frame). Upon completion of the L &
movie, the video Iapsetahdd b €erigure. 4 ThePlant TracerWebsite. Arrow refers to
then saved to the devi cedvatlabicon. Clickicon to initiate download Bfant d € 0
should then be transferred to a compuiteranalysis Tracerprogram.
usingPlant Tracer
. i clicking on the 6lder (Icon 1) to upload a rendered
Downloading and Installing Plant Tracer Lapselt video into Plant Tracer Upon upload, the
An fiexecut abPlastdracerean bei 0 n first frame of the video is shown in the viewer. There
downloaded at http://www.planttracer.com Plant is a panel to the right of the viewer, where one enters
Tracer is compatible with both Mac and Wiad's information necessary for quantification. The first step
operating systems. To download click on the Matlab s to trim the movie to the region of interest by using
icon on the website front page as showfrig. 4. In the slider bars at the bottom of the interface (Icon 2).
the downloads folder, double click on the If the softwareLapse Itwas used to create the time
6Pl ant Fmaacc.ezrilp. & or - 0 P | |apse movie, be certain to trim off thapse it logo
windows. zipd file to deco thatappearsattheendofthe neovio dothis,usethe n t he
downloas folder, right click on MyApplnstaller and right slider to trim the logo (Icon 2).
select open from the menu to begin installation. The Next, before O6tracingd pla
program installer will popip, and you can navigate parameters are inputted infdant Tracer First, the
through the installer to complete installation. Once  cantre interval used to make the video is entered into
installed, navigate to the Applications folder thielé t he b o X besi de i @ 8p Ther e int e
t i t Plantdracéd . PlantTracer> application > Capture interval is found in settings irapse Itas
one can find the PlantTracer program. Right click and  hictyres taken per minute (the default value of 0.5 [one
select open to access the interface. picture is taken every two minutes] works well for
Using Plant Tracer recordings of Arabidopsis inflorescence stem
Before uset is helpful to view this tutorial video, movement). The second value to enteahis internal
showing how to utilizePlant Trace for either glstance calibration. Tq do this, check the box beS|de_ _
circumnutation n_Set sc_al_ eo (lcon 4). T_hl S Wi
https://www.youtube.com/watch?v=VN2cBPugBzk click on two points in the video frame along the margin _
or for gravitropism of t he rgl_er t o dre_lw a straig!
https://www.youtube.com/watch?v=evsTLrZacwE di S tanc dhe )ln_e aphdars spanning the ‘W.O
tracking cllcked. points, next right cl
The steps to usBlant Tracerfor video analysis keyboqrd to exit the line drawing mpde. Next enter the
- S, value (in mm) of the length of the line drawn into the
are also shown iRkig. 5. Analysis is initiatedy data entry box for ASkt scal e
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3)

NG

Input Capture

; & » O interval
l Click Select area of interest. .
Open time-lapse ‘ \ 4 )
video file \: y e —
N’ : Capture interval (fr/min) 05 Input Iine
1 Select Set scale (mm) 10— |ength drawn
( )
=/ movement | Taing along ruler
type Circumnutation 8
2 Select

area of interest ‘ 6 \

Select Box B | Tracking

box or / P Ewh Select

path - / | areatobe
tracing Press to traced
= start tracing
O/
Select initial frame *]_| 3 Y A
Seleci erd frame < He] Use slldmg bars to trim
video

Figure. 5ThePlant Tracerinterface. Boxed text and lines in green point out action steps RlaheTracerinterface

to analyze dime-lapsemovie of plant movement. Tasks should be completed in consecutive order from: liomm 1
8. See the vided&ircumnutation Tutorial ahttps://www.youtube.com/watch?v=VN2cBPugB®k Gravitropism

Tutorial at https://www.youtube.com/watch?v=evsTLrZacvilit a descriptive walk through of thelant Tracer

program.

heading ATrackingo t he uPlant Tracer will automatically run the bloakt
movement behavior of interest, either circumnutation  matching algorithm. While the computer is tracking

or gravitropism (lcon 5). Nex, cl i ck on 0 thenoving plant the program follows the path of the

of I nteresto (lcon 6), whiigravitropingo or cir counthruawat,
tracking rectangle on an organ, or segmentofanorgan cl i cki ng on APl ot grapho the
to O6tracebd. Next, t he us egraph revealing the x (horizontal) and y (vertiead)t b o x
path tracingo (lcon 7) t ocomponents along a Cartesian (x,y) grid systéth@x o r a
tracing Ine that will follow the path of movement. positional changes of the object as showhim 6 A,

Once the area of interest and movement type has been B. For gravitropism, the vertical direction is chosen to
chosen, iPress to start t measurethe ascendance ofthe flowering stemlapex. k e d a

@ Gravitropism ‘ @ Circumnutation

=
E=

(fr/r
- Dl v Capture interval (fr/min) 0.5 - 7 Capture interval (frimin) 0.5

7 Set scale (mm) 10
/' Set scale (mm) 10

Tiacking

: s
. Graviropism o

2 Select area of interest Circumnutation
160 - -
Path o | Tracking Select area of interest
s Tracki
Plot graph Path ¢ Tracking
Plot graph

Amplitude: 17.86 mm
Rate: 0.10 mm/min

£
3
Ampitude: 40.04 mm g
Rate: 0.27 mm/min i

Save data as xis file
Save data as xIs file

100 . '
2 “© L) 0 100 120 b [} 2 “© 0 © 100 120 140 160 10
Time (min) Time (min)

Figure. 6 Still shots reveal progression of plant movement duitant Tracer andysis of gravitropism and
circumnutation fromArabidopsis thalianawildtype genotype, Columbia. Still shots demonstrate progression of
movement coupled with an x,y output plot alongside the program interface. Movement calculations include amplitude
and rae forA. vertical displacement during a gravitropisi. horizontal displacement during circumnutation.
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For circumnutation, the horizontal direction is chosen
to measure the periodic baakdforth swaying of the
flowering stem apex. The output plot waek are
reported in thélant Tracerincluding amplitude (mm)
and movement rate (mm/min) flowering shoot apex
(Fig. 6 A, B).

Results

Plant Traceras a tool to measure plant movement
Plant Tracer is designed to measure plant
movement from timéapse recorihgs. In order to test
the accuracy oPlant tracer the actual distance an
Arabidopsis apex moved was hand measured and
compared to the
there are concerns about theD3movement of the
plant being reduced to two dimémss, analyses of
handmeasured vs Plafftracer computed amplitudes
and rates of movement show no significant difference

(Fig. 7).

sof t war ed

We testedPlant Tracerto determine if it could
detect impaired movement qualities inArabidopsis
thaliana line that is déicient in gravitropism, the
starch mutant line phosphoglucomutasepgml,
during both gravitropism and circumnutation in
comparison to wildtype, Columbigaggm1 has been
previously reported to exhibit a slower gravitropic
response in both movement rateahange in angle
due to a perturbation of the stardBpendent
gravisensing mechanism (17). In a pairwise
comparison of 16 control Columbia plants compared
to 16 pgml mutant plants, all mutant plants were
shown to have significantly smaller amplitude of
movement and a lower movement rate dqﬂpg |
gravitropic responseF{g. 8) Furthermore,pgnml
mutants showed a decrease in circumnutation rate and
amplitude of horizontal movement (Fig. 8).

&
B) |

/\A/“ Amplitude Measurements |

NS.

Rate Measurements

NS

1

Method
E Hand-Measured
B PlantTracer-Computed

Fig. 7 Testing the accuracy &flant Tracer Comparative bgxots of handmeasured an&lant Tracercomputed
amplitude measurements. Rate measurements are not significantly different

Discussion

Time-lapse photography is an excellent way to discern
and analyze plant movement and can encourage
student interest inlant biology. It brings the plant
world --that to many is often seen as statiato the
relatable dynamic present. Bringing the dynamism of
plants to life makes plants more relatable and
interesting to students. Along with this tH&ant
Tracersoftwarealso enables them to analyze the data
from their videos to characterize this process.

While we have begun to use this software to look
at circumnutation and gravitropism in a handful of
Arabidopsismutant lines, we envision the flexibility
of the progranto potentially measure other movement

properties iMrabidopsisand movement in other plant
species in future iterations. We have chosen
Arabidopsishecause it has fast growth and movement,
when compared to other easily grown species and also
because it t& tremendously rich genetic resources
which would enable the further identification of genes
that may be involved in movement processes (23). In
addition, Arabidopsis is easily grown indoors and is
highly suited for classroom studies (10, 23). Currently
we are working to create a versionrRiaint Tracerthat

will operate independently on the smartphone, which
we believe will dramatically increase userability
among students (a beta test version of App can be
download from  www.planttracer.com). The
developmenof Plant Tracerin Matlab is the first step
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towards our ultimate goal of constructing a hduedd
App. Through the use odPlant Tracerwe aim to

as well as give students the opportunity to easily
perform novel experiments and make original

expose these dynamic processes to a wider audience, discoveriesn the field of plant movement

®

Gravitropism
(Vertical Displacement)

(Horizontal Displacement)

Circumnutation

“ .
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Fig. 8 Comparative analyses betweasgm1 vs. Wildtype Columbia Arabidopsis lines. Boxplots show median value
differences andsito 4" quartile differences between niads Columbia (yellow) vgpgm-1 starch mutant (green)

lines after repeated tests (n=16, n=16). Asterisks indicate a significant difference in median values obtained via

St u d etast. @ree adterisk indicates p<0.05, two p<0.005, and three p<00@Q6plitude and rate of vertical
displacement (gravitropisnB. Amplitude and rate of horizontal displacement (circumnutation).
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The Color of Survival: An Inquinpbased Intedisciplinary Study of
Bacterial Rgments
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Abstract. Pigments are lighibsabing substances that are abundant in nature, serving roles in coloration,
camouflage, mate/pollinator attraction and photosynthesis among higher life forms. Among microbial
organisms, pigments can also be found in a wide range of phyla. While someegdigmsnts function

in photosynthesis, namely among algae and some bacteria, the great majority of microbial pigments play
entirely different roles. The exploratory study presented here will stimulate students to think about the
cost and benefit of a healtle trait (pigment production) of microscopic organisms and its effects on
survival in a competitive and hostile environment. Exploring and understanding the roles these pigments
play allows for a number of crossciplinary learning opportunities thatrobine physics, chemistry,

biology and even art, and can be set up as an infasgd learning module suitable for sagatbup and

active learning experiences.

Keywords: Interdisciplinary; inquirybased; bacterial pigments; microbiology; physics

Introduc tion

Pigment production in bacteria. If you have ever
had the opportunity to grow bacteria in a classroom,
you will likely have noticed that these microbes can be
surprisingly colorful. I am fascinated by the colors
produced by bacteria, both in teachingdargraduate
microbiology and through my own research. Many
bacteria have the ability to produce pigmentation,
spanning the spectrum of color from dark purple to
yellow. Pigments include violacein (purple),
prodigiosin  (red), carotenoids (orangellow),
fluorescein (greenishellow), and pyocyanin (blue
green). Colorful bacteria can be isolated from many
common sources, including soil, water and human
skin. The frequency with which such pigmented
bacteria can be isolated from environmental samples
suggestghat pigments must play an important role,
since each pigment requires enzymatic pathways to
synthesize them that can be quite complex and
therefore costly. The production of prodigiosin by
Serratia marcescens, for instance, requires more than a
dozen diferent enzymegHarris et al., 2004)Have
you ever wondered what function these pigments
really play?

The following is an inquirsbased approach to
studying pigments that can be used in diverse settings,
including nonmajors biology, ecology, chemistry,
and physics courses as well as genenrobiology
classes. The aboveentioned question is an excellent
starting point for having students think about science
at multiple levels, including structuré function
relationships, heritability and expressionbidlogical
traits, natural selection and the cost/benefit of pigment
production, physical and chemical properties of
pigments, and so on.

Pigment studies as an imn@isciplinary STEM
project. Although the most obvious questions about
bacterial pigmentserl at e t o t heir
miss the opportunity to delve into intdisciplinary
ideas! Pigments are often quite complex chemical
compounds composed of one or more cyclic
hydrocarbon skeletons. The spectrum of light that is
absorbed by a pigme(d.k.a. its absorption spectrum),
and hence its color, depends on the chemical structure
of the pigment, and changes to this structure can
change the color. Use this pigment study to integrate
concepts of organic chemistry and physics of light into
your dass. Likewise, the calculations of dilutions and
bacterial numbers integrate math skills.

An inquiry -based module

pigmented bacteria

learning using

Do bacterial pigments have a purpose beyond the
merely decorative? Your students are sure to have
some gooddeas. An opernded group discussion is
going to produce a variety of possible answers, many
of which are testable in a class setting. The following
sequence of handm activities can be adapted to your
classroom setting by selecting those for which you
have the time and resources available. Alternatives are
suggested at each level, and detailed protocols
included at the end of this article. Although students
should be encouraged to come up with their own ideas,
prior lessons or readings could be usedstiggest
some possibilities, namely that bacteria produce
pigments for: 1) photosynthesis, 2) antibiotic
properties, 3) UV/light protection, 4)
competition/predation  protection and 5) as
antioxidants. Water samples often contain
cyanobactgedenal aded)ue whose
pigmentation consists of chlorophyill.
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Chromobacterium violaceumand other purple (Lau et al., 2004)as isStaphylococcus auretls g ol d e n
pigmented bacteria can be isolated from water and soil pigment (Liu et al., 2005) Ser r ati a marcesc

samples(Agate et al.,, 2016)and its deep purple prodigiosin (red) has antmicrobial, energyspilling,
pigment (violacein) has antibioti®uran & Menck and cancekilling properties(Williamsonet al., 2006;
2001) and antioxidant properties(Konzen et al., Haddix et al., 2008; Vijayalakshmi & Jagathy, 2016)
2006) and protects against predatigiatz et al., Yellow, orange, pink and red pigments are common
2004) Other pigments protect bacteria from harmful amongMicrococcusspecies (Fig. 2) and may be anti
photodamagéRajagopal et al., 1997%0il and water microbial orprotect them from oxidants and radiation
samples may contalPseudomonasvhose bluegreen (Arrage et al., 1993; Mohammadi et al., 20Mohana

pyocyanin pigment is a factor in causing infections et al., 2013; Rostami et al., 2016)

pigment source o] (o] Putative functions
Serratia marcescens Red Antibiotic, energy management
Chromobacterium violaceun Purple Anti-microbial, antioxidant
Micrococcus lutes Yellow UV absorption
Micrococcus agilis Red ?
Pseudomonas aeruginosa Green/blue Virulence
Micrococcus nishiominensis Orange ?
Staphylococcus aureus Golden virulence
Micrococcus roseus Pink antimicrobial?
Table 1 Bacterial pigments and some of their putative functions. Citations are given in the text that follows.
A. lIsolation of naturally occurring pigment- B. Functions of pigments Once students have the
producing bacteria. You may wish to start by having opportunity to observe colorful bacteria, you can have
your students culture bactarfirom soil, water, or skin them come up with hypotheses about their function.
swabs, having student s fi 8ams goodwjeestits to staht a diseussionamiayobe:f u |

bacteria as they go along. Alternatively, many of the
pigmented bacteria can be purchased from biological
supply companies. You can easily isolate and grow
pigment producers froraoils, water, air, plants, and

1 How common are pigmented bacteria (as a
percentage of the entire population)?
1 Which colors predominate?

human skin through a simple swab inoculation or ' Why do you think bacteria produce pigments?
streak plating of samples on agar (Fig. 1). Once
students have grown their own bacterial colonies, have
them compare plates to select the most colorful
colonies.

Figure 2. A palette of pigmented bacteria, clockwise
from bottom:Micrococcus(yellow, orange, pink and
red),Serratia(dark red) andChromobacterium

(purple)
Figure 1. Bacterial colonies from a water sample Although not all ideas that students are likely to
growing on agar include many pigmented Species_ come up with are testable, many can be |nvest|gated
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and will make for a colorful lesson! Alternately, you
can provile readings for students to explore and
discuss. The summary above includes many references
that can serve as a starting point.

C. Preparing pure cultures of bacteria To study
pigments, bacteria must first be grown in quantity as a
pure culture; eitherreagar plate or liquid medium can
be used. Have your class work in groups to prepare
cultures of growth medium each containing a
differentcolored microbe. These cultures can be used
to extract pigments, paint pictures on agar (Fig. 3), or
study pigment factions. By observing cultures under
different conditions, students can study the effect of
temperature, light, or nutrients on color development.
You can also freeze portions of these for future use.

Figure 3. Agar plate with bacterial growth illustrate
the beauty of bacterial pigmentation

D. Extraction and analysis of pigments. Your
students can now extract the pigments from the cells
using solvent extraction. The solvent to be used
depends on the type of pigmgiiunn et al., 2004)
The extracted pigents can be analyzed with a
spectrophotometer by measuring the amount of light
absorbed at different wavelengths (absorption
spectrum,; Fig. 4) .
spectrum is unique and can help identify specific
bacteria(Sahin, 2011)

E. Examining pigment function in bacteria. Some

of the possible roles of pigments can be studied in the
laboratory with minimal resources, such as
antimicrobial properties and UV light resistance.
Other interesting concepts you can tie in to your
lessons include quom sensing, a phenomenon where
pigment production iSerratiaandChromobacterium
requires a certain cell
place(Mcclean et al., 1997; Van Houdt et al., 2007)
temperaturelependent pigment productioBdrratia
produces pigmentonly below 35°C; competition

Each

(many pigmented bacteria
pigmented rivals); and predation.

ecvompete non

F. The physics and chemistry of light and color.
Interwoven with the chemical and biological
aspects of pigmentation is the understanding of
how light works. The visible spectrum of light
consists of a range of wavelengths (40000 nm)
which, when impinging on a molecule, may be
absorbed, reflected or transmitted. Wavelengths which
are absorbed or reflected by an object determine the
color that is pereived by the human eye; in the case
of chlorophyll, those reflected wavelengths are
predominantly green light, hence the color of most
plants. In other cases, it is the complementary color of
the absorbed wavelength that is seen. The chemical
structure ofpigments determines the wavelengths that
are absorbed, and is influenced by chemical bonds,
pH, and molecular size (see Clark, 2019 in the online
resources section).

G. A place for math. While all of the experiments can
be set up f or &d oppbrunity ®©,
engage them in the calculations they may need to
perform. Serial dilutions are a frequent necessity in
microbiology as the number of bacteria in samples
often measures in the billions. Calculating dilution
factors and using scientific raiton are incorporated
into this exercise. Analyzing and graphing data, even
if done using software, builds analytical skills such as
scaling, normalizing data, and comparing populations
using statistical tests.

Procedure

Protocols for culturing and analypg pigmented
bacteria. Whether using bacteria for artistic or
scientific experiments, here are a few protocols to get
you started. Students should always practice safe
laboratory techniques when handling bactétiandle
these soil/water bacteria astifey were hazardous,
even if they are perfectly safe. Sterilize and dispose of
all cultures properly after the experiments are done.

Materials needed for a class 024

General: per group: Bunsen burner or bacticinerator;
inoqylati@gﬂ@mst 180sul ang) Jy mgligrqpipsittqrspapd
pipette tips; balance; weigh paper

Soil culturing: Saline solution (9 g sodium chloride in
1 L distilled water), 3 Erlenmeyer flasks (250 ml size),
stoppers or tin foil, 24 Trypticase Soy Agar (TSA)
plates (can be purchased jpnade), srile screwcap
test tubes for collecting soil

Skin Swabs:24 TSA plates, 24 sterile cotton swabs,
100 ml sterile saline or water

n kakewreskream water: 24 §SA plates ngterile bettles ¢
for collecting water sample

Pure culture study: 24 TSA plates, pure cultes of
Chromobacterium violaceurMicrococcus luteus
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