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Introduction

A Eighteen science and math teachexgloped and
Implementegbrojects in the context of Environmental
Sciences

A Incollaboration with University of Puerto Rico, Rio
PiedrasCampus research faculty and graduate
students from the IGERT project.

[ N/

A Connecting the Univerdityschools and communities
via field sites for research, learning, and networking.
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Vision

» CSMEWMIIl provide support to conduct
research in science and math education
and establish outreach opportunities wit
partner schools.




Program Strategy

Teachersondu
‘ action research
Graduate and student learnin
undergraduate

Teachers students assist in
participate in a the implementation

teachers in project

Develop M & S understanding and
educational units iret Implementing the

thecontext of solid
waste

units
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Professional Development
for Teachers

Program Activities

1st Year (201112) 2"d Year(2012-13)
» Unit Design for Teachers' , Professional Developmen I
Professional Development o Solid Waste Management
o Integration of IGERT, o The Science Compost
Education and, o Water Quality

Mathematics students . .
» Sclentific research on

| projects related to
o Action Research environmental sciences

» Professional Development
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Professional Development
for Teachers

3'd Year (2013-14)

» Teachers implement content units.

» Using the learning strategy Proj&ased
Learning (PBL)teachers and students
developed school projects related to
environmental issues.

A They receive mentoring and support from the
faculty and IGERT & CATEC students. .

CENTER FOR SCIENCE AND MATH EDUCATION RESEARCH



Professional Development

Why we used the PBL learning strategy?

The most significant attributes in a PBL curriculum are:

»

»

»

»

»

»

for Teachers

tackles a realworld problem that is relevant and of some
Interest to the student,

/

has clearly defined goals,

promotes critical thinking,

allows students choices and decisions at multiple points |
problem solving and design process, and finally,

requires students to defend their choices
(Powers Dewartes2004; Velazquez yFigarelg 2012).




Professional Development

School Projects SEmEEEE

Carmen J. Velazquez Rivera Applying the Problem of Solid Waste to Fast Food Restaurants in | SorlsolinaFerré Ponce
Rico

LymariePérezMuler SU Eugenio Maria de Hostos Cayey

JosieRosado Tirado Basura&Cero Juan Quirindongo Morell Vega Baja

Luis O. De Jesus Torres Francisco A. Garcia Boyrié Guayama

Marixa Rodriguez Vega Especializada Brigida Alvarez Rodriguez| Vega Baja

MinnuetteRodriguez Harrison Environmental Disclosure to analyze the environmental impact (ngtdeiin Blanco Guaynabo

landscape) in our communityRE&tirega)

Carmen M. Ruiz Méndez Hydrological Study iQuebradaJuan Méndez at RRiedras Central Especializada Artes Visuales San Juan
Jadira AponteRamirez Potential Development of Agriculture in Urban Areas in the Munici| Alberto Meléndez Orocovis
TomadiazBerrios of Orocovis José Rojas Cortés Orocovis
Osvaldo Parés Rivera Reduction of Solid Waste Eugenidaria de Hostos Mayaguez
Sylvia Hernadndez Acevedo Dr. Carlos Gonzélez Aguadilla [
LoudesR. Rivera Gonzélez The Development of Alternatives to Reduce the Amount of Solid \}/dsen DStubbe Caguas
Generated by Students from 4 Public Schools in 4 Geographic Aré

Maria L. Ortiz Hernandez Puerto Rico GeneroscE. Morales San Lorenzo
Myrna Hernandez Nieves Catalina Morales de Flores Moca —
SandraBeltranMorales Francisc@aztambideVega Bayamon

<
Amabel T. Soto Guzman Impact of Solid Waste to our Community in Terms of Volume and tif Carmen L. Feliciano Carreras Rio Grande

Surface Area it Occupies

Marilyn SantiagdRoman NuevalntermediaPiletas Lares

Yamily Colén Negron Jose SantoAlegria Dorado




Our Fellows
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RESEARCH QUESTION

Is the school project Educate, Act, and Live
effective to I mprove
of the physical and chemical changes of matte




INTRODUCTION

are characterized by abstractions, affecti
the understanding of chemistry concepts

Working with real world problems like sol
waste management, will help students find
answers to problems in their community and
also improve their understanding of the
physical and chemical changes of matter.



JUSTIFICATION

\ .

ASecondary level students have alternative
conceptions on the structure of matter. If they
understand the microscopic nature of matter they
comprehend how it changes physically or chemice

At is necessary to identify educational strategies th
promote a better understanding of the nature of
matter and its changes.



ALTERNATIVE CONCEPTIONS

The alternative conceptions studied are related with one of the
following concepts:

G
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ACTIVITIES: PBL ON SOLID WASTE

AMotivational Video on Solid Waste

AEducational lectures on structure of matte
and physical and chemical changes

Alnternet search about different alternatives
to rPtanage solid waste and the changes ol
matter

AField trips to a landfill, compost plant, and
recycling company

ACreate a school garden with used tires Se===
compost, and newspaper

ALaboratory activities =

A Power Point presentation




SAMPLE

V 26 eleventh grade students from the Catalina
Morales High School frawhoca P.R.

V Selected students are 45 years old

V Grade point average between 3.50 and 4.0.




DATA COLLECTION

APre/Post test on physical and chemical changes of
matter

A6 multiple choice exercises

Al1 exercises to classify physical and chemical
changes

Al open response exercise

=

&



DATA COLLECTION
Test Design:

C Alternative conceptionsabout the law of
conservationof matter and the physical

and chemicalchangeswere identified in
theliterature

C All temswere aligned to the Content
Standardsand Grade Expectationsf the

ScienceProgram, of PR Departmentof
Education




EDUCATIONAL INTERVENTIONS

/' Students
identifled
different

Y/ Laboratory N mlgy/ Socialized
\ Experiences /& )\ Discussions /4

Graphic

' Organizers/

Educational
Lectures




Question 6

n this question the students have to explain what
nappen in a chemical reaction at the microscopic
evel.

Alternative a

Alternative conception: A change of state is a
chemical change




Alternative b

Correct answer the particles reorganize
forming different substances




Alternative c

Alternative conception: chemical change
because an extra particle is formed




Alternative d

Alternative conception: A change of
state Is a chemical change




Alternative e

Alternate conception: Mixing Is a chemical
change




Test answers

Pre test Post test

| selected this answer _
because the molecules were Is a chemical change because the

separated and then mix. particles created a new compound.



Test answers

Post test

o
Because particles are close to Because the particles were close
each other, but not mixed and together and then they separated and

then they appear mixed. interact to form new compounds.



Test Answers

Pre test Post test

: . This is a chemical reaction because the
Because the particles areinaway  molecules separated and then combine
that cause a chemical change transforming the matter.



.‘ *i‘ . Open response exercise

18. Each one of the following question describes the
combination of two or more substances. Explain if
each one of the descriptions correspond to a chemical
change. Justify your answers.

a. Substance A is added to substance B. The freezing point of
substance B lower8G

b. Substances X and Y are mix together. A magnet is used to
remove substance Y.

c. Particles of substance A are suspended in a river.

d. When substance S is added to substance R it dissolved.

e. When the solid substances ladded to the liquid P an explosion
occurs. The product formed has a lower mass.



Pre test question

Pre test Post test

Chemical, because there was a .
change in the presence of another Chemical because there was an

matter. explosion and the mass decrease
because gases are produced.




Test answers

Pre test Post test

Chemical change because an explosion Is a chemical change because an explosion was
was produced produced and the product change completely.



Pre test vs. Post Test
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Pre test vs. Post test
Open response exercise
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RESULTS AND DISCUSSION




CONCLUSION

AUsingthe PBLstrategy in the contextof solid waste
could help studentsimprove their understandingon
change®f matter

AThe PBLstrategy demonstratedo be a motivational
tool to improvethe s t u d endersw&rtdingdf core
chemistrgoncepts

ATherewere somealternative conceptionghat require
moretimeto be modified



Using the School ProjecE d uc at eli v A
to I mprove student s
of the carbon and nitrogen cycles.

|
|
|

|

o

Maria L. Ortiz Hernandez | |
Generoso E. Morales School x
School District: San Lorenzo
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Maximizing Yield Through Integration (MYTI-I3)
Sponsored by NS Award No. 1038166
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RESEARCH QUESTION |

Doesthe SchoolProjecto E d u &a,anel L | viegrove |
s t u dumdetstandingf the carbonand nitrogencycles?




INTRODUCTION

For years, théevels of academic achievemant
science conceptd, my middle school students,
has been declining.

These results can be evidenced In their Acad_
Achievement Tests and Alternate Assessmen

scores offered by the Puerto Rico Department of
Education.

(Resultsf PPAA2010-2011 and 2011-2012)




INTRODUCTION (cont.)

Consequentlymy efforts were
directed to identify educational
strategies that promote the
iInvolvementof my studentsin
theirlearningprocess

Thelessontearnedthroughthese 33
experiencescould improve their
academic achievementand at
the same time be applied to
theirdaily lives




INTRODUCTION (cont.)

| tried to correctsomeamisconceptionisat studentfiad about
the Carbon and NitrogenCycles An accurateunderstanding
of biogeochemicatyclescantransformdeeply held beliefs
Successfullyteaching this topic can have the collateral
benefitof inspiringastinginterestin science 0s Co20toe | | |

Fochon 230 Lo Lo v -

oMatter di es and| e

e

o Students are not able to identify or
)/& understand the process in which matter
/’ IS transformed.




SAMPLE

Two groups of seventh grade students were selected.

C Thecontrol group C The experimental group

consisted of 23 consisted of 23 students:
students from the C 20 students from the
. mainstream mainstream and -

C 3 students with special

needs(two with specific learning
disabilities and one with autism)

C integrated into the
mainstream




EDUCATIONAL INTERVENTIONS

( PBL strategy to work the school
project:EducateAct, and Live!

( School Project Problem: The

generation, handling, and improper .
disposal of solid waste

(  Curricular theme: the Carbon and
NitrogenCycles




EDUCATIONAL INTERVENTIONS

Pretest about the Carbon and Nitrogé€lycles
Motivating activities: videos and homework

Collaborative work The class was divided into five
groups and each group sought information on one’ﬂ

alternatives presented: reduce, reuse, recycling, e
recovery, and landfill.

Power Point presentation

Oral report

Oral discussion




EDUCATIONAL INTERVENTIONS (Cont.

( Composting (natural recycling) and vertical farm of cro S
(emphasis on reuse). The preparation of compost and | =

vertical farm were used to explain the Carbon and
NitrogenCycles.

C The teacher clarified questions that the students mad
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the process of:

i *I ''''''

C reading
( using videos
( power point presentations

C oral discussion

( Posttest




DATA COLLECTION

C Pre/Post test

C Eleven multipiehoice items

( Drawing of the Carbon and Nitrogen Cycles.

C The diagrams were evaluated using rubrics.
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DATA COLLECTION

V' Brainstorming technique

To determineif the studentneeded
to clarify misconception®f the
concept®f compostingsarbon,and
nitrogencycles

\/ Individual reflection

To collect qualitative data on
studentsperceptionregarding their
learning processon curricularissues
discusseduringthe project

o fieciclaje de nutrientes LY [v]2¢i14

edividad - To_rrmn-!—m de idezs
PB

Qe




Results

Pre andPosttest Resultsof the
Control Group Vs Experimental Group

11
10
9
o 8
o

% 6
) 5
S 4
e
2
1
0

Pre- test Pre- test Post-test Post-test

Control Group Experimental Control Group Experimental

Group Group




Statistical Analysistést

A To establish the differences between the means of t’lb
control group and the experimental group. |

A The test yielded a value of 3.62 (p = 0.001).

A This value means that there was a greater increasqs
the academic achievement of the experimental gro‘
over the control group.




ScoresAverage

Results

Carbon Cycle Diagrams
of the Control Group vs Experimental Group

0.17391 0.17391

CC Diagram  CC Diagram
Control Group Experimental

CC Diagram  CC Diagram
Control Group Experimental

Before Group After Group
Before After




Carbon Cycle Diagrams

Control group before the discussion

Diagrama del ciclo de carbono

The student demonstrated a lack of knowle
on the subject by indicating that plants:
A Give us oxygen and we exhale GO
A Acquire carbon from the soil rather

SIS.

than from the air during photosynthe

Experimental Group
before beginning the school Project

The student demonstrated a lack of knowle

on the subject by:

A Representing alternative conceptions abt
the subject

A Indicating that organic matter dies and
nothing else happens

ADemonstrat.i t hat

ng

the process in which matter is transformed.




Carbon Cycle Diagrams

Control Group After the discussion

Students did not:

A
A

A

Identified some carbon sources
Included photosynthesis as part of the
process

Included the process of cellular respiratiof

as a route that returns carbon dioxide to the

atmosphere.

Experimental Group
At the end of the School Project

Students:

A
A

Identified sources of carbon dioxidad the
process of photosynthesis

Included the process of cellular respiration
a route that returns carbon dioxide to the
atmosphere.

Represented how dead matter is transform
and the role of microorganisms in the proc
Identify the role of organisms in the cycle &
primary consumer, etc.

—
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Results

Nitrogen Cycle Diagrams of
the Control Groupvs Experimental Group

N
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NC Diagram  NC Diagram

NC Diagram  NC Diagram

Control Group Experimental

Control Group Experimental

Before Group After Group
Before After
B e SRl




Nitrogen Cycle Diagram

Control Group before the discussion

Experimental Group
before beginning the school Project

Both groupslemonstrated a lack of
knowledge on theubject.




Nitrogen Cycle Diagram

Control Group After the discussion

izt e o wovonmasron- The students:
e e wotbrore A Presented an incomplete diagram of the
process.
A Represented the role played by bacteria in
the different process of the cycle, except|in

the denitrification process.

Experimental Group
At the end of the School Project

oo BRSSO The student:
""""" s e Mg e A Identified all transformations in nitrogen cycle.
A Represented that dead matter is transformed
and the role of microorganisms in the process.

A This diagram did not present any
misconceptions abauitter decomposition by
soil organisms.




RESULTS AND DISCUSSION

ATracing matteis one of the fundamental principles in
Biology and can be used as a tool for reasoning about
biological processaasshoffR. Ried) S. &LeuzingerS. 2010).

A Also can help studentsunderstandthe complexity and
. variety of naturalprocesses




RESULTS AND DISCUSSION

C Studenthaved | f p endelrstandinghe importanceof
microscopiorganisman the CarbonCycle

C It is challengingfor studentso comprehendcow plants,
throughphotosynthesigrn an invisiblegas into organic
molecules biomasghat they cansee,touchandtaste

C It is equally challengingfor themto comprehendhow
Invisiblemicrobedhat live in environmentsuchas soilcan
decomposethose organic substratesback into invisible
carbondioxide, thuscompletinghe CarbonCycle




CONCLUSION

A The final results showed that both groups improved the
understanding on the science concepts, but the

experimental group had a better academic improvement.

If

A We can conclude that the School Projecteff@stive

A Learning strategies, like PBL, allow students to build t
knowledge and change their misconceptions. They
Internalize the curricular concepts correctly and unders
how scientific knowledge transforms the way they see t
world.

when discussing the topics@aebonand NitrogenCycles -

tanc
he
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Francisco Gaztambide School
School District: Bayamon



Solid Waste Management e
Alternatives:. The Hidden Energy

Action Research Problem

| s the school project OEdwucat
and Liveod effective to i mproyv
academic achievement of students
In the concepts alternatives of solid
waste management and alternative
energy from solid waste biomass?




Sandra Be

School Project

Introduction

» In Puerto Rico and others countries, the excessive producti
of solid waste Is a pressing issue. However, most of the
citizens are not aware of this problem and only a few do
effective practices of solid waste management.




Justification

» Students presented the following difficulties:

A Distinguishing between reuse, recycle, and
reduce

A Recognized the process of recycling as the only
solution to address the problem of solid waste
management

A Believed that the only way to dispose organic
matter is in a landfill

ADIi dndt recognize waste
energy.




Sandra Be

School Project

Description

» Through the school project
Educate, Act, and Live the
students

A Explained the differences
between all solid waste




Sandra Be

School Project

Description

» Through the school project Educaté,and Live the
students

A Built homemade models showing how to obtain
energy from solid waste characterized as organic
matter




School Project:
Human impacts on the urban area
OEl Pedregal 0
(rocky ground )

MinnuettedRodriguez Harrison

MasterSciencdeackr UPRRP

BenjamiBranoff& ChristopheNytch
NSF IGERTFellows

e-mail: mrhmonarca@agmail.com




