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Abstract 

Multiple worldwide efforts, including research experiences and internships for students, have been developed 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 experiences 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 Identity and it was translated to Spanish using back-translation. Think-aloud results 

revealed that studentsô perception of their: (1) science competence is based on their grades, understanding, knowledge, 

and learning; (2) performance is based on design and completion of a scientific task; (3) recognition is based on the 

value that others give to science. The survey was analyzed to determine its dimensionality and reliability. A Cronbach's 

alpha of .857 was obtained, which suggests that the items have a good internal consistency. 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 science identity, high school students, Spanish translation, quick assessment, scale 

Introduction  

A recurring global issue in Science, Technology, 

Engineering and Math (STEM) education is the poor 

academic performance and retention of students. 

(Sithole et al., 2017; Therriault et al., 2017). Multiple 

worldwide efforts, including research experiences and 

internships for students, have been provided to 

increase diversity in STEM. (Eeds et al., 2017; 

Laursen et al., 2010, 2015; Lopatto, 2010).  In order to 

identify program outcomes and define gains, multiple 

surveys have been developed (Corwin et al., 2015; 

Hanauer and Dolan, 2017; Lopatto, 2004, 2010; 

Weston and Laursen, 2015) and a growing body of 

research has been reported (Bauer and Bennett, 2003; 

Hathaway, 2002; Kardash, 2000; Kremer and Bringle, 

1990; Lopatto, 2004, 2007; Lopatto and Tobias, 2010; 

Russel, 2007). Some examples of developed surveys 

and instruments are the Classroom Undergraduate 

Research Experience (CURE) survey, Survey of 

Undergraduate Research Experiences (SURE), 

Laboratory Course Assessment Survey (LCAS), 

Project Ownership Survey (POS) and Undergraduate 

Research Student Self-Assessment (URSSA).  

While each of the aforementioned surveys 

measure research experience outcomes, each of them 

evaluates the 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 (Hanauer and Dolan, 2017). The 
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CURE survey focuses on measuring the outcomes of 

research experiences by using a pre-course survey, a 

post-course survey, and an instructor report of course 

elements (Lopatto, 2010). The pre-course survey is 

focused on student level of expertise, science attitude, 

and learning style. The post-course 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 personal skills 

(Lopatto, 2004).  LCAS measures studentsô 

perceptions of biology lab courses; in particular it is 

focused on collaboration, discovery, relevance, and 

iteration (Corwin et al., 2015). URSSA measures 

personal gains related to research work, skills, 

attitudes and 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 personal 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 influence research experiences 

and persistence of different populations including 

Latino/Hispanic populations, the impact of scientific 

experiences on the science identity of Latino/Hispanic 

high school students remains incompletely defined. 

Due to the increasing population of high school 

students whose first language is Spanish, it is critical 

to understand the science identity of them taking into 

consideration culturally-patterned differences, native 

language, and familiar concepts to obtain a better 

understanding of their science identity (Ramirez et al., 

2017). Since diversity and inclusion of everyone into 

science, including the Latino/Hispanic population, is 

important for the nationôs economic and social 

development, the study of science identity and key 

components for retention is imperative (Malcom and 

Feder, 2016). Unfortunately, in a review of the 

literature, no single validated Spanish-language 

assessment instrument for science identity was found. 

Identity as described by Gee (1991) is ñthe kind 

of person one is seeking to be and enact in the here and 

nowò. When it comes to science identity, researchers 

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 leads to the 

recognition of the person in the specific community. A 

growing amount of research has argued that the 

components that build up studentsô science identity 

offers ñthe most complete understanding of studentsô 

trajectories and persistence in science related careersò 

(Fraser and Ward, 2009; Krogh and Andersen, 2013). 

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. This 

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 Johnsonôs approach to define and 

contextualize a science identity model is formed by the 

following question: ñHow would we describe a person 

who has a strong science identity?ò They define the 

science identity concept as the kind of person that 

ñmakes visible to (performs for) others oneôs 

competence in relevant practices, and, in response, 

others recognize oneôs performance as credibleò 

(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 interrelated 

dimensions of competence, performance and 

recognition that an individual can envision at different 

degrees and configurations (Carlone and Johnson, 

2007). Competence is defined as ñknowledge and 

understanding of science contentò; performance is 

defined as ñsocial performances of relevant research 

practices such as: ways of taking and using toolsò; and 

recognition by ñrecognizing oneself and others as a 

ñscience personò (Carlone and Johnson, 2007).  

Multiple researchers have developed surveys 

addressing science identity (Cole, 2012; Estrada et al., 

2011; Hanauer, et al. 2016; Schon, 2015; Stets et al., 

2016; Vincent and Schunn, 2018). These instruments 

attempt to define science identity using the following 

constructs: self-identification, performance, 

recognition, studentsô interests related to science, 

reflected appraisals, science self-efficacy, science 

behavior, interest, fascination, values, competency 

beliefs, project ownership, emotion, and networking. 

Among the surveys that study studentsô science 

identity and follow the structure and specific 

dimensions of Carlone and Johnson is Jennifer 

Schonôs Science Identity Survey (SIS) (Schon, 2015). 

The SIS instrument measures intrinsic and extrinsic 

components of science identity using 15 items. 

Although the SIS instrument measures competence 

using knowledge and understanding of science topics, 

these items are not content-based and therefore can be 

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.  Therefore, we have selected this survey 

to study high school studentsô science identity. 

The SIS was translated, contextualized, and 

evaluated (Schon, 2015) with Spanish-speaking, 

Puerto Rican high-school 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 (Schon, 2015).  

SIS development and use 

The SIS was created to evaluate the impact of 

studentsô experiences at informal education centers 

(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 created a short 

non-content based survey to evaluate studentsô 

experiences based on a mixed method approach 

(Schon, 2015).  First, interviews were held to gather 

insight on studentôs scientific experiences. Items were 

then constructed, followed by think-aloud and pilot 

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 are related 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 identify if 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 1 Likert scale from ñStrongly 

agreeò to ñStrongly disagreeò was used.  

The original instrument was used for 5th and 6th 

grade students at the University Of Idaho College Of 

Natural Resourcesô McCall Outdoor Science School 

(MOSS). For the confirmatory factor analysis, they 

report the following indices: comparative fit index 

(CFI) = .934, adjusted goodness of fit 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 studentsô science identity before and 

after an informal education experience at MOSS. Also, 

a follow up evaluation was performed after a month. 

Results showed that the experience at MOSS was a 

positive influence on the participantsô science identity 

(Schon, 2015). 

Methods 

Participants 

The Institutional Review Board at the University 

of Puerto Rico approved this study (IRB protocol 

1718-036). Participants did not receive any incentive 

for their participation. Anonymity of all participants is 

guaranteed. We selected participants based on their 

grade level (10th, 11th and 12th grade), and 

availability and willingness to complete the survey. 

An informative brochure of the study together with the 

consent/assent form was given to students. Two weeks 

after the initial approach, consent/assent forms were 

collected and during the same day, participants 

answered the survey or participated in interviews. 

Survey content evaluation was addressed using the 

think-aloud method (Trenor et al., 2011). One group 

of three and another of four students participated in 

this process to confirm that participants understood the 

intended meaning of the questions. A preliminary 

evaluation was performed with 32 participants (19 

females and 12 males) from one school located in San 

Juan, Puerto Rico. For the construct evaluation, three 

different high schools from the San Juan region were 

approached. The participantsô schools where selected 

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-

translation step.  Once the initial translation was 

completed, a bilingual panel composed of 4 experts in 

the field of science, education, translation, and/or 

instrument development discussed each item. The 

expert panel evaluated each item for discrepancies 

between the original version and the translated 

version, cultural discrepancies, concept translation, 

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 

Spanish version of the survey back to English 

(backward translation). Subsequently, the expert panel 

compared the English version of the survey to the 

original version and discrepancies were discussed 

until conceptual and cultural equivalence of the survey 

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, and if so, 

what was not clear to them, and (4) if they had a 

suggestion to improve the item. Participants evaluated



 

Volume 45 (3) December 2019 Hernandez-Matias et al.: Spanish Language Version of the Science Identity Survey éé...é 6 

each item and their suggestions were incorporated in 

the survey. The final version of this process was a 

consensus among all the participants. At the end of the 

process, the interviewer read out-loud the survey and 

final changes, or suggestions were incorporated.  This 

process was repeated until it reached saturation of 

responses (Trenor et al., 2011). 

Survey construct evaluation 

Think-aloud suggestions 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 think-aloud with 4 

additional participants, 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 process allowing 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 followed:  Ŭ Ó 0.90 (high internal consistency 

or items may be redundant) Ŭ Ó .80 (good internal 

consistency) Ŭ Ó .70 (adequate internal consistency) 

(Nunnally, 1978). Skewness and kurtosis acceptable 

criterion for normality was set at |2.0| as suggested by 

George D. and Mallery P. (2010). Kaiser-Meyer-

Olkin, measure (KMO) of sampling adequacy 

threshold was set at 0.5 as used by Hanauer and Dolan 

(2014).  

Studentsô perceptions of their competence, 

performance and recognition are variables that cannot 

be directly observed (latent variables). To study these 

unobservable variables, we analyze participantsô 

responses to specific questions (measurable variables) 

to make inferences about the studied latent variables. 

Exploratory Factor Analysis (EFA) with principal axis 

extraction method was selected instead of the Principal 

Components Analysis, because we 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, 2003; Knekta, 

Runyon and Eddy, 2019).  

To identify the best structure 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 determine the number of 

factors to retain; Principal Axis Factor was used as the 

method of extraction, 1000 data sets, 95 percentile, 

and Pearson correlation (OôConnor, 2000).  

Characteristics  Number students 

Age range 14-17  

Female  93 (1.6%) 

Male  86 (48%) 

Other  1 (0.5%) 

Metropolitan area of 

San Juan*  

 155 (86%) 

Other#  25 (14%) 

Table 1. Student demographics. *including 

Bayamón, Carolina, Cataño, Guaynabo, and Trujillo 

Alto. # Corozal, Gurabo, Toa Baja, Aguas Buenas, 

Dorado, Juncos, Las Piedras, Vega Alta, San 

Lorenzo, Río Grande, Canóvanas. 

Results 

Participants 

Participantsô age ranged from 14 to 17 years old (Table 

1). The proportion of females and males was fairly 

evenly distributed, but overall more females 

participated. Most of the participants live in the 

metropolitan area of San Juan, Puerto Rico. As it is 

shown in Tables 2 and 3, some participants failed to 

indicate their parentôs highest degree obtained, field of 

study, and/or occupation because they had no 

knowledge about this information, declined to answer, 

Education High School Two-year 

Associate 

Bachelorôs 

Degree 

Post-graduate or 

Professional 

Degree*  

N/A+ 

Father highest 

degree obtained 

9 (5%) 5 (3%) 57 (32%) 57 (32%) 52 (29%) 

Mother highest 

degree obtained 

24 (13%) 5 (3%) 38 (21%) 42 (23%) 71 (39%) 

 

Table 2. Parents highest degree obtained. *including master's, doctorate, medical or law degree. +don't know/refused 

to answer. 
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 N/A+ STEM Other 

Father field of study 68 

(38%) 

33  

(18%) 

79  

(44%) 

Mother field of study 37 

(21%) 

36  

(20%) 

107 

(59%) 

Father occupation 32 

(18%) 

27  

(15%) 

121 

(67%) 

Mother occupation 31 

(17%) 

23  

(13%) 

126 

(70%) 

Table 3. Parents field of study and occupation. +don't 

know, refused to answer, unemployed.  

or left unanswered because it didnôt apply to their case. 

From the participants who answered, most of their 

parents obtained a postgraduate or professional degree 

(includes Masterôs, Doctorate, Medical, or Law 

degrees). A few participants had parents who 

graduated from Associate degree programs. Most 

parents studied 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 Spanish-translated version of the survey, 

suggesting a total of 8 changes, all of which were 

incorporated (Table 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 ñmisò (ñmyò) on  item number 13, (Las 

personas me ven como un científico cuando comparto 

 

 

 

Original questionnaire Translated questionnaire 

Incorporation of think-aloud 

suggestions 

 1. I am good at science Soy bueno en ciencia. Soy bueno en ciencia. 

 2. I know a lot about science Se mucho de ciencia. Se mucho de ciencia. 

 3. I am good at most science        

experiments 

Soy bueno haciendo experimentos 

cient²ficos. 

Soy bueno llevando a cabo 

experimentos cient²ficos. 

 4. I understand science topics 

 

Entiendo f§cilmente los temas de 

ciencia.  

Domino los temas de ciencia.  

 

 5. I learn new science topics easily 

Aprendo f§cilmente nuevos temas de 

ciencia.  

Aprendo f§cilmente nuevos temas de 

ciencia.  

 6. I can use science equipment and/or 

technology to collect data 

Puedo usar equipos cient²ficos y/o 

tecnolog²a para obtener datos. 

Puedo usar equipos cient²ficos y/o 

tecnolog²a para obtener datos. 

 7. I know how to use the scientific 

method/process Se c·mo usar el m®todo cient²fico. 
Se c·mo usar el m®todo cient²fico. 

 8. I can talk with others about science 

related topics 

Puedo hablar con otras personas sobre 

temas de ciencia. 

Puedo hablar con otras personas sobre 

temas de ciencia. 

 9. I can create my own science 

experiments 

Puedo crear mis propios experimentos 

cient²ficos. 

Puedo dise¶ar mis propios 

experimentos cient²ficos. 

 10. I can use my observations to create 

a hypothesis 

Puedo usar mis observaciones para 

hacer una hip·tesis. 

Puedo usar observaciones para hacer 

una hip·tesis. 

 11. My friends see me as someone that 

is good at science 

Mis amigos me ven como una persona 

que es buena en ciencia. 

Mis amigos me ven como una persona 

que es buena en ciencia. 

12. When giving a science report,  I 

feel like a scientist 

 

Cuando hago mis trabajos de ciencia, 

me siento como un cient²fico. 

 

Cuando hago trabajos y/o proyectos 

de ciencia, me siento como un 

cient²fico. 

 13. Others see me as a scientist when I 

share my observations 

 

Las personas me ven como un 

cient²fico cuando comparto mis 

observaciones. 

Las personas me ven como un 

cient²fico cuando comparto 

observaciones. 

14. When I share data I've collected, I 

feel like a scientist 

 

Cuando comparto los datos que he 

obtenido me siento como un 

cient²fico. 

Cuando comparto los datos que he 

obtenido me siento como un 

cient²fico. 

15. I can help others with science 

related topics 

Puedo ayudar a las personas cuando 

tienen dudas de ciencia. 

Puedo ayudar a las personas cuando 

tienen dudas de ciencia.  
 

Table 4. Translation of the items and the result of think-aloud process. Translation of the Science identity 

questionnaire published by Jennifer Schon was performed using back-translation followed by a committee expert 

evaluation. Think-aloud was performed twice using a group of 3 to 4 students. 



 

Volume 45 (3) December 2019 Hernandez-Matias et al.: Spanish Language Version of the Science Identity Survey éé...é 8 

ñmisò observaciones) since they feel like scientists 

when they are sharing observations of other scientists 

as well as their own. 

Participants also commented that the numbered 

scale is subjective, and the descriptive scale is clearer 

to them. From the think-aloud interviews we gathered 

the following participantsô quotes (see translated 

English version at the bottom of each quote): 

ñMe enfrento a la escala de palabras y mi humildad toca 

la puerta. En la escala de palabras valgo menos.ò 

ñWhen I am confronted with the words scale 

my humility knocks on the door. With the 

words scale I feel of less valueò 

ñEs m§s claro (en palabras), n¼mero es m§s subjetivo.ò 

ñIt is clearer (in words), numbers are more 

subjectiveò 

ñPalabras es m§s claroò.  

ñWith words it is clearer.ò 

ñCon n¼meros la interpretaci·n es diferente; es 

subjetivo.ò  

ñWith numbers the interpretation is different; it is 

subjectiveò 

Therefore, the following descriptive word scale was 

incorporated: ñMuy de acuerdoò, ñDe acuerdoò Ni en 

desacuerdo ni de acuerdoò, ñEn desacuerdoò, and 

ñMuy en desacuerdoò. The modified version was 

administered to 180 participants for construct 

evaluation. 

Answers mean value for the items ranged from 2.8 

to 4.3 (Table 5). All the items had a skewness and 

kurtosis below |1.0|. Intra-subscale correlations ranged 

from 0.325 to 0.724 and communalities range from 

0.463 to 0.785. Results show a Chi-Square, value of 

1125.633 significance 0.000, Cronbach's alpha 

coefficient value of 0.867, and Kaiser-Meyer-Olkin, 

measure (KMO) of sampling adequacy of .855. Also, 

a Bartlettôs test of sphericity, tests of correlation 

matrix, showed a significance of 0.000. After the 

analysis and interpretation of the measurements above 

 

Item Mean Std. 

Deviation 

Skewness Kurtosis Corrected Item-

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 0.72541 -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 3.4 0.92727 -0.089 -0.326 0.406 

10 4.3 0.60051 -0.208 -0.573 0.355 

11 3.4 1.06871 -0.242 -0.448 0.724 

12 3.4 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 inter-item correlations 0.306 

Standard deviation of Inter-item correlations 0.15 

Cronbachôs alpha 0.867 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.855 

Bartlettôs Test of Sphericity 1125.633 

Bartlettôs Test of Sphericity Significance 0 

Table 6. Scale and Reliability Statistics of the survey. 15 items, n=180 
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Component Matrix 

Item 1 2 3 4 Total variance 

explained 

Soy bueno en ciencia. .873    5.492 (33.71%) 

Se mucho de ciencia. .701     

Domino los temas de ciencia. .699     

Aprendo facilmente nuevos temas de ciencia. .654     

Puedo ayudar a las personas cuando tienen dudas de 

ciencia. 

.590     

Mis amigos me ven como una persona que es buena en 

ciencia. 

.565   -.402  

Cuando hago mis trabajos de ciencia, me siento como 

un cientificico. 

 .950   1.834 (10.174%) 

Las personas me ven como un cientifico cuando 

comparto mis observaciones. 

 .801    

Cuando comparto los datos que he obtenido me siento 

como un cientifico. 

 .659    

Se cómo usar el método cientifico.   .704  1.478 (96.083%) 

Soy bueno llevando a cabo experimentos cientificos   .539   

Puedo usar equipos cientificos y/o tecnologia para 

obtener datos. 

  .494   

Puedo usar observaciones para hacer una hipótesis.   .419   

Puedo hablar con otras personas sobre temas de ciencia    -.643 1.02 (3.35%) 

Puedo diseñar mispropios experimentos cientificos.    -.431  

 

Table 7. Exploratory factor analysis.  Using Oblimin rotation, four factors were found that explained 53.32% of the 

variance. 

mentioned and descriptive statistics we confirmed that 

the sample was adequate and that its dimensionality 

could be explained using a factor analysis (Table 6). 

The internal structure of the test items was 

identified using the exploratory factor analysis. 

Principal axis factoring using the oblimin with Kaiser 

normalization rotation was conducted. Results 

indicate a 4-factors solution (Table 7). The 4-factor 

solution explained 53.32% of the variance. Each item 

was explained by one factor, with the exception of 

item 11. Factor 1, which accounts for 33.71% of the 

explained variance, was constructed of competence 

and recognition items. Factor 2 (10.174% variance 

explained) was constructed of recognition items. 

Factor 3 (6.083% variance explained) was constructed 

of performance and one item of competences. Factor 4 

(3.357% variance explained) was constructed of 

performance items.  

In general, these factors were consistent with what 

was originally described for the SIS. In detail, the first 

factor, that comprised mainly competence items, 

included the following items that were previously 

categorized in the recognition dimension: ñMis 

amigos me ven como una persona que es buena en 

cienciaò (SIS original item: ñMy friends see me as 

someone who is good at scienceò), and ñPuedo ayudar 

a las personas cuando tienen dudas de cienciaò (SIS 

original item: ñI can help others with science related 

topicsò).  In the think-aloud, participants commented 

that in order to help others and to be recognized as a 

person that is good at science, they needed to know the 

material and have good grades. Thus, they related 

these items to their ability to understand and know 

science topics , which directly associates to science 

competencies. 

The third and fourth factors are mainly composed 

of performance items.  One item previously included 

in the competence dimension: ñSoy bueno llevando a 

cabo experimentos cient²ficosò (SIS original item: ñI 

am good in most science experimentsò) was 

incorporated in the third factor. Participantsô 

interpretation of this item focused on experimental 

design, methods, and experimentation. Participants 

emphasized that the item is open enough that it can be 

interpreted as experimental design or experimentation. 

The fourth factor was composed of two performance 

items. According to the parallel analysis and because 

of the small number of items in factor 4, just factors 1, 

2 and 3 were retained (Figure 1).   

Based on the exploratory factor analysis, parallel 

analysis, and think-aloud comments we recommended 

a rearrangement of the items on each of the dimensions 
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and the deletion of original items 8, 9, and 11.  

Cronbach's alpha index was re-calculated for the final 

version of the survey and we obtained a result of .857.  

The final version of the survey is presented in Table 8 

and it has incorporated the aforementioned 

modifications.  

Discussion  

Although science identity has been mainly studied 

in undergraduates or higher degrees, it is known that 

high school science identity is influenced by studentsô 

persistence, the role of the community, and level of 

science at school (Aschbacher et al., 2009). 

Unfortunately, the impact of scientific experiences on 

the science identity of Latino/Hispanic high school 

students remains relatively undefined (Gándara, 2006; 

Rochin and Mello, 2007; Tabak and Collins, 2011). To 

characterize the effectiveness of research experiences 

and identify which components actually are important 

for STEM retention of high school Latino/Hispanic 

population, an assessment in Spanish was necessary. 

This study presents evidence of the translation and 

evaluation of the Spanish version of the SIS (SISE, for 

SIS-Español), using Puerto Rican high school students 

as research subjects and takes into consideration 

culturally patterned differences. 

After the think aloud process, participants agreed 

that the numbered Likert scale was subjective, and the 

descriptive word scale was more informative. For this 

reason, the original numbered scale on the SIS was 

replaced and the word descriptive scale was 

incorporated. This result is consistent with previous 

research on scales that found that numbered scales are 

subjective to participant interpretations and are more 

problematic for respondents that do not tolerate 

ambiguity (Johnson et al., 2005). Interestingly, our 

results show that participants tend to assign higher 

scores when using the numbered scale 

 
Fig 1.  Parallel analysis. Method of extraction: 

Principal Axis Factor, 1000 data sets, 95 percentile, 

and Pearson correlation. 

 

 

 Muy de 

aucerdo 

De 

acerdo 

Niem 

desacuerdo 

nide 

acuerdo 

Em 

desacuerdo 

Mu yen 

desacuerdo 

1. Soy bueno en ciencia.      

2. Se mucho de ciencia.      

3. Soy bueno hacienda experimentos cientificos.      

4. Entiendo fácilmente lose mas de ciencia.      

5. Aprendo fácilmente nuevos temas de ciencia.      

6. Puedousar equipos cientificos y/o tecnologiia 

para obtenere datos. 

     

7. Se cómo usar elmétodo cientifico.      

8. Puedo usar observaciones paraq hacer una 

hipótesis. 

     

9. Cuando hago mis trabajos de ciencia, me 

siento como un cientifico. 

     

10. Las personas me ven como un cientifico 

cuando compartomi observaciones. 

     

11. Cuando comparto los datos que he ob tenido 

me siento como un cientifico. 

     

12. Puedo ayudara las peronsasw cuando tienen 

dudas de ciencia. 

     

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

This effect may be influenced by the submissive 

response (simpatía) style documented among Latinos 

and Hispanics (Johnson et al., 2005). Our results 

suggest that the use of a descriptive word scale can 

help participants to think about the best word that 

describes their answer and not on giving the highest 

score possible to each item.  

After content evaluation and scale changes, an 

exploratory factor analysis and Cronbachôs alpha 

index were calculated to explore the structure and 

reliability of the survey. A 4-factor solution was 

suggested, but one of the factors was not reliable. As a 

result, this factor was deleted. 

Limitations and Suggestions  

One limitation of the SIS is that its evaluation was 

performed using just one informal center. Given that 

participants of the SIS evaluation were self-selected, 

they may have a predisposition to science careers and 

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 

specialized 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 

ensure participantsô interest for science, but it does 

gather different student profiles. A potential limitation 

of the survey for future SISE users is that it has only 

been validated with Puerto Rican high schoolô 

students, and there are cultural differences across 

Spanish-speaking communities. We encourage future 

users of the SISE to validate this survey with a similar 

population to the one that will be further tested, taking 

into account culturally patterned differences and scale 

interpretations.  
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Abstract Despite the fundamental importance of plants to our very survival, student interest in plant biology is in 

decline as technology draws us further away from nature. Here we introduce Plant Tracer 

(http://www.planttracer.com), a Matlab-based program, which can quantify time-lapse videos of plant movement. We 

demonstrate that Plant Tracer can be used to distinguish altered movement qualities in the inflorescence (flowering) 

stem in the Arabidopsis pgm-1 (phosphoglucomutase) mutant when compared to wildtype, providing a genetic 

platform for students to evaluate how plants sense and respond to gravity and circumnutation (the back-and-forth 

swaying of plant organs).  We show that both gravitropism and circumnutation is diminished in the pgm-1 mutant 

when compared to wildtype. In this way, Plant Tracer is a promising instructional tool for biology labs to quantify 

the genetics of plant movement using smartphones. 

Keywords plant biology, plant movement, Plant Tracer, software, movement quantification, movement tracking, 

gravitropism, circumnutation, Arabidopsis thaliana

Introduction  

Time-lapse photography has proven itself to be a 

promising instructional tool in biology lectures to 

stimulate interest in plants, enabling student 

visualization of the complexities of plant development 

and movement (Fitzgerald, 2012; Hangarter, 2000; 

Harrison-Pitaniello, 2013; Stark, 2008).  Building 

upon this technology, a plant time-lapse photography 

educational lab was created where students use their 

personal digital devices to record and visualize 

movement in the flowering stems of the genetic model 

plant, Arabidopsis thaliana (Brenner, 2017). 

Arabidopsis thaliana exhibits rapid positional changes 

in the inflorescence in a little more than an hour 

(Brenner, 2017; Niinuma, 2005; Masson, 2002). This 

active learning lab not only increased student interest 

in plants but also inspired nearly half of the students to 

share their smart phone derived videos with friends 

and family (Brenner, 2017), effectively amplifying the 

educational impact of this approach. 

While this method of having students create plant 

movement time-lapse movies was successful at 

increasing engagement, it yielded only qualitative, not 

quantitative data, hence, the development of software 

that not only tracks, but also analyzes plant movement 

is the logical next step for students to directly become 

active in the field of plant-movement research. 

Developing this method is especially useful in that 

currently available plant movement-tracking software 

is targeted exclusively to academic research 

laboratories, thus necessitating the use of expensive 

cameras, and requiring knowledge of computer coding 

languages (Stolarz, 2014; Wagner, 2017; Greenham, 

2015). In addition, most existing plant movement 

tracking software is merely limited to examining only 

one type of movement, one organ, or one species of 

plant. Here we introduce a Matlab-based (MATLAB, 

2015b) graphical user interface (GUI) software 

program, Plant Tracer, to not only bring the 

dynamism of the plant into the classroom, but also to 

provide investigators with tools to analyze this 

http://www.planttracer.com/
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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 stimulus), and nutations (back 

and forth movements that occur with no obvious 

stimulus). Time-lapse technology can capture these 

movements to stimulate student engagement by 

revealing this dynamism (Brenner, 2017; Fitzgerald, 

2012; Harrison-Pitaniello, 2013; Hayden et al. 2011). 

Gravitropism, the re-orientation 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 starch-synthesizing 

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 columella cells 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 distribution 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 the gravity vector sensor(s), comes from the 

Arabidopsis mutant, phosphoglucomutase-1 (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 way of easily demonstrating the role of statoliths in 

shoot gravitropism, students can easily observeð

during a single class laboratoryðimpaired shoot 

reorientation in pgm-1 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 back-and-forth 

swaying found in plant organs (Darwin, 1880; Stolarz, 

2009), but little is understood about why and how it 

occurs. 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 (Stolarz, 2009; Schuster, 2010; Niinuma, 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, 2010; Niinuma, 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 thaliana (Brenner, 2017). 

With Plant Tracer students first create plant 

movement footage using the application Lapse It 

(http://www.lapseit.com) as described in Brenner, 

2017 and then upload these time-lapse 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 circumnutation. Plant Tracer 

enables students to not only quantify changes in plant 

movement, but also compare movement values 

between different strains, mutants, and other plant 

variations for scientific discovery.  Here we use Plant 

Tracer to demonstrate reduced movement qualities in 

the Arabidopsis thaliana mutant, pgm-1, when 

compared to wildtype.  

Methods 

Plant Tracer Software 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 independently of the base program. Plant 

Tracer is installed on a personal computer running 

either Mac OS or Windows operating systems. 

To track Arabidopsis thaliana apex movement, 

we modified the basic block matching algorithm to 

detect a moving inflorescence stem apex (Fig. 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 enclosing the apex stays 

approximately the same from frame to frame. In Plant 

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 function between 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 next frame. 

 

 
 

Figure. 1. Mechanism of Block-matching Algorithm. 

 

http://www.lapseit.com/
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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 block-matching 

algorithm to incorporate constraints on possible apex 

movements. 

The cost function equation is shown where N is 

block width (which is assumed to be the same as block 

height), Fij and Cij are the luminance intensity values 

of pixels in the current and previous blocks, 

respectively. xF, 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 between two  

connected frames. The 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 inter-frame 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 block. Through 

empirical trial and error with our testing videos, we set 

W2 and W3 to 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 value 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 

background-removed frame. A threshold value of 20 

is found to work 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 the Arabidopsis thaliana genotype 

Columbia (Col) as the control, and the mutant 

phosphoglucomutase (pgm-1) (which can be ordered 

as a ñteaching kitò through the Ohio Biological 

Resource Center (#CS19985)) were cultivated in 2 ½ 

inch (side) square plastic pots containing MetroMix 

360 (Sun Grow) soil or on hydrated jiffy-7 soil pellets 

(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 containing Miracle Grow Bloom 

Booster Flower Food fertilizer powder [NPK of 15-30-

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 approximately 4-6 weeks 

under fluorescent lights on growth carts. 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 analysis is reached 

when the inflorescence stem is approximately 2-6 cm 

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 single 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 lose track of the 

subject. 

During testing of either circumnutation or 

gravitropism digital recordings were made with 

Arabidopsis strain Columbia, as a control vs. the pgm-

1 mutant, as shown in Fig. 3. Key materials for the 

imaging set-up include a solid black background 

(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 proximity to 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 the Arabidopsis plant 90 degrees to 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 shown in Fig. 3. 

For both gravitropism and circumnutation the ruler 

must be placed in the same focal plane as the apices so 

as to not distort the measured values.  

Making Time-Lapse Videos with Lapse-It  

Lapse It is a free, simple, and publicly-available 

time-lapse App compatible with Android and iOS 
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Figure 3. Experimental Staging of Time-lapse Recording

devices (http://www.lapseit.com). To create a time-

lapse recording of Arabidopsis, in the Laspe-It settings 

page, the ñCapture Intervalò is set to capture an image 

once every two minutes and the render settings are set 

for 20 ñFrames per Secondò. Gravitropic analysis in 

Arabidopsis is typically complete after at least 1 hour 

and 30 minutes but can be run longer if desired. 

Circumnutation studies run for at least three hours 

minimum (the approximate time for one full nutation) 

but can be continued for 1-3 days (or until the apex has 

moved out of camera frame). Upon completion of the 

movie, the video should be ñrenderedò in Lapse-It and 

then saved to the deviceôs camera roll. The video 

should then be transferred to a computer for analysis 

using Plant Tracer.  

Downloading and Installing Plant Tracer 

An ñexecutableò version of Plant Tracer can be 

downloaded at http://www.planttracer.com; Plant 

Tracer is compatible with both Mac and Windows 

operating systems. To download click on the Matlab 

icon on the website front page as shown in Fig. 4. In 

the downloads folder, double click on the 

óPlantTracer1.0-mac.zipô or óPlantTracer1.0-

windows.zipô file to decompress the file. Then in the 

downloads folder, right click on MyAppInstaller and 

select open from the menu to begin installation. The 

program installer will pop-up, and you can navigate 

through the installer to complete installation. Once 

installed, navigate to the Applications folder the folder 

titled óPlantTracerô. In PlantTracer > application > 

one can find the PlantTracer program. Right click and 

select open to access the interface. 

Using Plant Tracer 

Before use it is helpful to view this tutorial video, 

showing how to utilize Plant Tracer for either 

circumnutation 

https://www.youtube.com/watch?v=VN2cBPuqBzk, 

or for gravitropism 

https://www.youtube.com/watch?v=evsTLrZacwE 

tracking.  

The steps to use Plant Tracer for video analysis 

are also shown in Fig. 5.  Analysis is initiated by  

 
Figure. 4 The Plant Tracer Website. Arrow refers to 

Matlab icon.  Click icon to initiate download of Plant 

Tracer program. 

clicking on the folder (Icon 1) to upload a rendered 

Lapse-It video into Plant Tracer. Upon upload, the 

first frame of the video is shown in the viewer.  There 

is a panel to the right of the viewer, where one enters 

information necessary for quantification. The first step 

is to trim the movie to the region of interest by using 

the slider bars at the bottom of the interface (Icon 2). 

If the software Lapse It was used to create the time-

lapse movie, be certain to trim off the Lapse it  logo 

that appears at the end of the movie. To do this, use the 

right slider to trim the logo (Icon 2). 

Next, before ótracingô plant movement, two 

parameters are inputted into Plant Tracer.   First, the 

capture interval used to make the video is entered into 

the box beside ñCapture intervalò (Icon 3). The 

Capture interval is found in settings in Lapse It as 

pictures taken per minute (the default value of 0.5 [one 

picture is taken every two minutes] works well for 

recordings of Arabidopsis inflorescence stem 

movement). The second value to enter is the internal 

distance calibration. To do this, check the box beside 

ñSet scaleò (Icon 4). This will then prompt the user to 

click on two points in the video frame along the margin 

of the ruler to draw a straight line (ñthat spans a known 

distanceò). After the line appears spanning the two 

clicked points, next right click or hit óenterô on the 

keyboard to exit the line drawing mode. Next enter the 

value (in mm) of the length of the line drawn into the 

data entry box for ñSet scaleò (Icon 4). Next under the  

http://www.lapseit.com/
http://www.planttracer.com/
https://www.youtube.com/watch?v=VN2cBPuqBzk
https://www.youtube.com/watch?v=evsTLrZacwE
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Figure. 5 The Plant Tracer Interface. Boxed text and lines in green point out action steps in the Plant Tracer interface 

to analyze a time-lapse movie of plant movement. Tasks should be completed in consecutive order from Icon 1 - Icon 

8. See the video Circumnutation Tutorial at https://www.youtube.com/watch?v=VN2cBPuqBzk or Gravitropism 

Tutorial at https://www.youtube.com/watch?v=evsTLrZacwE for a descriptive walk through of the Plant Tracer 

program. 

heading ñTrackingò the user selects the plant 

movement behavior of interest, either circumnutation 

or gravitropism (Icon 5). Next, click on ñSelect Area 

of Interestò (Icon 6), which enables the user to draw a 

tracking rectangle on an organ, or segment of an organ 

to ótraceô.  Next, the user chooses either ñSelect box or 

path tracingò (Icon 7) to generate either a box or a 

tracing line that will follow the path of movement. 

Once the area of interest and movement type has been 

chosen, ñPress to start tracingò (Icon 8) is clicked and 

Plant Tracer will automatically run the block 

matching algorithm.  While the computer is tracking 

the moving plant the program follows the path of the 

ñgravitropingò or circumnutating selected object. By 

clicking on ñPlot graphò the data output will create a 

graph revealing the x (horizontal) and y (vertical) 

components along a Cartesian (x,y) grid system of the 

positional changes of the object as shown in Fig. 6 A, 

B. For gravitropism, the vertical direction is chosen to 

measure the ascendance of the flowering stem apex.  

 

 
Figure. 6 Still shots reveal progression of plant movement during Plant Tracer analysis of gravitropism and 

circumnutation from Arabidopsis thaliana wildtype genotype, Columbia. Still shots demonstrate progression of 

movement coupled with an x,y output plot alongside the program interface.  Movement calculations include amplitude 

and rate for A. vertical displacement during a gravitropism.  B. horizontal displacement during circumnutation.

https://www.youtube.com/watch?v=VN2cBPuqBzk
https://www.youtube.com/watch?v=pcftC1XV_p0
https://www.youtube.com/watch?v=pcftC1XV_p0
https://www.youtube.com/watch?v=evsTLrZacwE
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For circumnutation, the horizontal direction is chosen 

to measure the periodic back-and-forth swaying of the 

flowering stem apex. The output plot values are 

reported in the Plant Tracer including amplitude (mm) 

and movement rate (mm/min) flowering shoot apex 

(Fig. 6 A, B). 

Results 

Plant Tracer as a tool to measure plant movement  

Plant Tracer is designed to measure plant 

movement from time-lapse recordings. In order to test 

the accuracy of Plant tracer, the actual distance an 

Arabidopsis apex moved was hand measured and 

compared to the softwareôs calculated output. Whilst 

there are concerns about the 3-D movement of the 

plant being reduced to two dimensions, analyses of 

hand-measured vs Plant-Tracer computed amplitudes 

and rates of movement show no significant difference 

(Fig. 7). 

We tested Plant Tracer to determine if it could 

detect impaired movement qualities in an Arabidopsis 

thaliana line that is deficient in gravitropism, the 

starch mutant line phosphoglucomutase, pgm-1, 

during both gravitropism and circumnutation in 

comparison to wildtype, Columbia. pgm-1 has been 

previously reported to exhibit a slower gravitropic 

response in both movement rate and change in angle 

due to a perturbation of the starch-dependent 

gravisensing mechanism (17). In a pairwise 

comparison of 16 control Columbia plants compared 

to 16 pgm-1 mutant plants, all mutant plants were 

shown to have significantly smaller amplitude of 

movement and a lower movement rate during 

gravitropic response (Fig. 8).  Furthermore, pgm-1 

mutants showed a decrease in circumnutation rate and 

amplitude of horizontal movement (Fig. 8). 

 

 
 

 

Fig. 7 Testing the accuracy of Plant Tracer. Comparative boxplots of hand-measured and Plant Tracer-computed 

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 in plant biology. It brings the plant 

world --that to many is often seen as static-- into the 

relatable dynamic present. Bringing the dynamism of 

plants to life makes plants more relatable and 

interesting to students. Along with this the Plant 

Tracer software also 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 

Arabidopsis mutant lines, we envision the flexibility 

of the program to potentially measure other movement 

properties in Arabidopsis and movement in other plant 

species in future iterations. We have chosen 

Arabidopsis because it has fast growth and movement, 

when compared to other easily grown species and also 

because it has 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 version of Plant Tracer that 

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 

development of Plant Tracer in Matlab is the first step 
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towards our ultimate goal of constructing a hand-held 

App. Through the use of Plant Tracer we aim to 

expose these dynamic processes to a wider audience, 

as well as give students the opportunity to easily 

perform novel experiments and make original 

discoveries in the field of plant movement.

 

 
Fig. 8 Comparative analyses between pgm-1 vs. Wildtype Columbia Arabidopsis lines. Boxplots show median value 

differences and 1st to 4th quartile differences between medians Columbia (yellow) vs. pgm-1 starch mutant (green) 

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

Studentôs t-test. One asterisk indicates p<0.05, two p<0.005, and three p<0.0005 A. Amplitude and rate of vertical 

displacement (gravitropism) B. Amplitude and rate of horizontal displacement (circumnutation).
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Abstract. Pigments are light-absorbing 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 some of these pigments 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 heritable 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 cross-disciplinary learning opportunities that combine physics, chemistry, 

biology and even art, and can be set up as an inquiry-based learning module suitable for small-group and 

active learning experiences. 

Keywords: Interdisciplinary; inquiry-based; 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 teaching undergraduate 

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 (orange-yellow), 

fluorescein (greenish-yellow), 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 

suggests that 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 different enzymes (Harris et al., 2004)! Have 

you ever wondered what function these pigments 

really play? 

The following is an inquiry-based approach to 

studying pigments that can be used in diverse settings, 

including non-majors biology, ecology, chemistry, 

and physics courses as well as general microbiology 

classes. The above-mentioned question is an excellent 

starting point for having students think about science 

at multiple levels, including structure ï function 

relationships, heritability and expression of biological 

traits, natural selection and the cost/benefit of pigment 

production, physical and chemical properties of 

pigments, and so on. 

Pigment studies as an inter-disciplinary STEM 

project. Although the most obvious questions about 

bacterial pigments relate to their biological role, donôt 

miss the opportunity to delve into inter-disciplinary 

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 pigment (a.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 class. Likewise, the calculations of dilutions and 

bacterial numbers integrate math skills. 

An inquiry -based learning module using 

pigmented bacteria 

Do bacterial pigments have a purpose beyond the 

merely decorative? Your students are sure to have 

some good ideas. An open-ended group discussion is 

going to produce a variety of possible answers, many 

of which are testable in a class setting. The following 

sequence of hands-on 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 used to suggest 

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 

cyanobacteria (óblue-green algaeô) whose green 

pigmentation consists of chlorophyll. 
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Chromobacterium violaceum and other purple-

pigmented bacteria can be isolated from water and soil 

samples (Agate et al., 2016), and its deep purple 

pigment (violacein) has antibiotic (Durán & Menck, 

2001) and anti-oxidant properties (Konzen et al., 

2006) and protects against predation (Matz et al., 

2004). Other pigments protect bacteria from harmful 

photodamage (Rajagopal et al., 1997). Soil and water 

samples may contain Pseudomonas, whose blue-green 

pyocyanin pigment is a factor in causing infections 

(Lau et al., 2004), as is Staphylococcus aureusô golden 

pigment (Liu et al., 2005). Serratia marcescensô 

prodigiosin (red) has anti-microbial, energy-spilling, 

and cancer-killing properties (Williamson et al., 2006; 

Haddix et al., 2008; Vijayalakshmi & Jagathy, 2016). 

Yellow, orange, pink and red pigments are common 

among Micrococcus species (Fig. 2) and may be anti-

microbial or protect them from oxidants and radiation 

(Arrage et al., 1993; Mohammadi et al., 2012; Mohana 

et al., 2013; Rostami et al., 2016).

 

pigment source Color Putative functions 

Prodigiosin Serratia marcescens Red Antibiotic, energy management 

Violacein Chromobacterium violaceum Purple Anti-microbial, antioxidant 

Carotenoid Micrococcus luteus Yellow UV absorption 

Carotenoid Micrococcus agilis Red ? 

Pyocyanin Pseudomonas aeruginosa Green/blue Virulence 

Carotenoid Micrococcus nishiominensis Orange ? 

Staphyloxanthin Staphylococcus aureus Golden virulence 

Canthaxanthin Micrococcus roseus Pink antimicrobial? 

Table 1. Bacterial pigments and some of their putative functions. Citations are given in the text that follows. 

A. Isolation of naturally occurring pigment-

producing bacteria. You may wish to start by having 

your students culture bacteria from soil, water, or skin 

swabs, having students ñdiscoverò these colorful 

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 from soils, water, air, plants, and 

human skin through a simple swab inoculation or 

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 1. Bacterial colonies from a water sample 

growing on agar include many pigmented species. 

B. Functions of pigments. Once students have the 

opportunity to observe colorful bacteria, you can have 

them come up with hypotheses about their function. 

Some good questions to start a discussion may be: 

¶ How common are pigmented bacteria (as a 

percentage of the entire population)? 

¶ Which colors predominate? 

¶ Why do you think bacteria produce pigments? 

 

Figure 2. A palette of pigmented bacteria, clockwise 

from bottom: Micrococcus (yellow, orange, pink and 

red), Serratia (dark red) and Chromobacterium 

(purple) 

Although not all ideas that students are likely to 

come up with are testable, many can be investigated   
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and will make for a colorful lesson! Alternately, you 

can provide 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; either an agar plate or liquid medium can 

be used. Have your class work in groups to prepare 

cultures of growth medium each containing a 

different-colored microbe. These cultures can be used 

to extract pigments, paint pictures on agar (Fig. 3), or 

study pigment functions. 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 illustrates 

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 pigment (Dunn et al., 2004). 

The extracted pigments can be analyzed with a 

spectrophotometer by measuring the amount of light 

absorbed at different wavelengths (absorption 

spectrum; Fig. 4). Each pigmentôs absorption 

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 quorum sensing, a phenomenon where 

pigment production in Serratia and Chromobacterium 

requires a certain cell number, or ñquorumò, to take 

place (Mcclean et al., 1997; Van Houdt et al., 2007); 

temperature-dependent pigment production (Serratia 

produces pigment only below 35°C; competition 

(many pigmented bacteria out-compete non-

pigmented rivals); and predation. 

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 (400 ï 700 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 perceived 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 of pigments 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 for students, donôt miss the opportunity to 

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 notation 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 analyzing 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 bacteria ï handle 

these soil/water bacteria as if they 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 of 24 

General: per group: Bunsen burner or bacticinerator; 

inoculating loops; 100 ul and 1 ml micropipettors and 

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 pre-made), sterile screw-cap 

test tubes for collecting soil 

Skin Swabs: 24 TSA plates, 24 sterile cotton swabs, 

100 ml sterile saline or water 

Lake or stream water: 24 TSA plates, sterile bottles 

for collecting water sample 

Pure culture study: 24 TSA plates, pure cultures of 

Chromobacterium violaceum, Micrococcus luteus,


