Free Tools to Integrate into Labs and

Research Process in a Classroom
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Objective

Share and explain alternative tools that can be
integrated into the classroom to carry out the
construction of scientific knowledge through laboratory
and research experiences.




Did you know...

A Complex process

B Teacher as mediator and
learning promoter.

Scientific

®
Knowledge il r””l!

9
C Adequate environment

D Integrates the student
experiences




Without laboratories, scientists
would be like soldiers without
strategies.

- L. Pasteur

/AN



The solution of a problem is the primary
objective of scientific research.

Scientific research constitutes a set of
methods, laws and procedures that guide
efforts towards solving problems with maximum
efficiency.




Intervening Variables
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Thematic content Availability of Versatility, attitude

and type of materials and/or and disposition of the
experiences equipment. teacher.




Scientific research is one of
the most exciting and

rewarding activities (F.
Sagner) that can be carried
out from multiple platforms

and tools. (L. Clark)




Tools Thematic Content

Teach Scientific Language

Microscope & Magnifier

Microbiology

Measure, Count & Identification
with Images

Sound Levels

Quality Parameters

Diagrams & Graphic Org.

Statistics,

Simulations & .
Project’s Ideas




Tools to Promote the Scientific Language

+ GldﬁhL rnToDrive |'An EomoonFnd

SC|enceNews |

ScienceNews

MAGAZINE OF THE SOCIETY FOR SCIENCE & THE PUBLIC

V\Blueprlnt
&"‘n — i Sues‘ 'a

https://www.sciencenewsforstudents.org/how-to-use #navigating-
science-news-for-students



https://www.sciencenewsforstudents.org/how-to-use
https://www.sciencenewsforstudents.org/how-to-use

Tools to Promote the Scientific Language

Survey Methods

& Resource Google Folder (link)

_ ¥ Student Worksheet (PDF) 2
. B Topic y
. . Ecology igh School — General
. . a— - Populations igh School — AP/IB
|- | )
Environmental Science
- Conservation
; 1 Biolnteractive Playlists
Science Practices

- Experimental Design Favorited By

@ 29 Users

] ]
Resource Type
Interactive Media
- Click & Learn

https://www.biointeractive.org/



https://www.biointeractive.org/

Tools - Mlcroscopes & Magmfler

Android Q \: < ' 4 iPhones
Cozy Magnifier & Microscope - - , 3 iMicroscope - Magnifier

(Rotger y Sanz, 2021)




Tool - Microbiology

2, Open CFU
http://opencfu.sourceforge.net/

OpenCFU OpenCFU

Result: 91,02 Set as NA
— —
Show objects Line wadth

Filox: Hide/sh angles aurount detected
Image2/6 (G.png)
Add files
<<
Threshold.
Inverted
Radius:
5 Min Max ¥ Auto-Max
ROIs and Mask:

None

Colour filter:
¥ Use colour filter

Hue: 0 Mean 180 _Tol
Saturation: 100 - Min 255 _Max

Auto outlier filter:
Use outlier filter

Per image Per objact
File name #0bjects #Excluded Comm C Valic Radius R
A.png 78 26 2013-06-27 [14:49-50}: no comr, "R Vil i
Gpng a1 1 2013-06-27 [14:50:49)

H.png 9 ) 2013-06-27 [14:50:52]: no comn,

218 599 1 7 198 150 6 131

227 1061 1 7 198 153 132

949 909 1 8 193 132 62 32 132 1

Qjpgpng 301 0 2013-06-27 [14:52:25};: no com,
- 636 1186 1 8

938 898 1 1 196 135 67 32 133 1

195 139 67 34 133 1
B.png 69 0 2013-06-27 [14:52:32]: no comn!

About OpenCFU Save all Save selection Delete selection Unselect



http://opencfu.sourceforge.net/

Tool - Measurement on Images

Image Meter - Android

https://cadbull.com/detail/ 1
81981 /Image-Meter-the-best-
measurement-android-app.-
Download-the-APK-files-now.

https://imagemeter.com/



https://imagemeter.com/
https://cadbull.com/detail/181981/Image-Meter-the-best-measurement-android-app.-Download-the-APK-files-now
https://cadbull.com/detail/181981/Image-Meter-the-best-measurement-android-app.-Download-the-APK-files-now
https://cadbull.com/detail/181981/Image-Meter-the-best-measurement-android-app.-Download-the-APK-files-now
https://cadbull.com/detail/181981/Image-Meter-the-best-measurement-android-app.-Download-the-APK-files-now

2

Photos Measure - Image meter
iPhone / iPad

Tag Directly on Photos Optimized for Decoration Markup & Note Highlight and Drawing

Record the Measurement Fancy Tool for Presentation Share your ideas with others Cool & Useful

https://apps.apple.com/us/app/photos-measure-image-meter/id1189158497



https://apps.apple.com/us/app/photos-measure-image-meter/id1189158497
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Tool - Real Time Measurement from an Image <

Smart Measures
Android / iPhone / Mac / iPad

Height (f) Distance (ft)

305.7 100.5

Dt a2t ‘ i = petheg—s

https://play.google.com/store/apps/details?id=kr.sira.measure&hl=en&gl=US



https://play.google.com/store/apps/details?id=kr.sira.measure&hl=en&gl=US

Juvenile

White Adult

Delete

Summary

mage
» IMG_0023.5PG
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» IMG_0027.06
¥ IMG_0028.JPG
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20 |2 Point Radius Display &

Tool - Counting on Images

DotDotGoose by American Museum of Natural History

X —
¥
Custom Feles

Add Fiels

Waypcint
145

Photo Cualty

Water Presest

o

onwatar

0

ene

Survey id CH West
Classes

RFBO_Flying
RFBO_Nesting

RFBO_Roosting
RFBO_Unknown

RTTR
0 oelete

Summary

age

» 2Y8A3680.PG

¥ 2YBA3681.JPC
RFBO_Flying
RFBO_Nesting
RFBO_Roosting
RFBO_Unknown
RTTR
WTTR

44 |2 Point Radus

200 2 Grid Size

5] toad
& oo

© counts Points.

Display @

Display

M soe
C Reset

8 Export

DotDotGoose [v13.0] - Center for Biodiversity and Conservation ( http//cbc.amnh.org )

Custom Fiids

area
Crater Hill
Coloy
West
tand
Kavai
Counter Name.
JStenske

+msge Qualty

Individuals accounted for in images
2YBA3670-72.0PG &
2Y8A3676-80.JPG

https://www.amnh.org/research/center-for-biodiversity-conservation/capacity-

development/biodiversity-informatics/software-counting-images-open-source



https://www.amnh.org/research/center-for-biodiversity-conservation/capacity-development/biodiversity-informatics/software-counting-images-open-source
https://www.amnh.org/research/center-for-biodiversity-conservation/capacity-development/biodiversity-informatics/software-counting-images-open-source

Tool - ldentification on Images

iNaturalist and Seek (Android & iPhone)

ACHIEVEMENTS
TADPOLE

INSECT

Monarch

g A.- A- ’ “ 3 :\\’
‘Naturalist SEREESSEC L i U

CONNECTIVITY CHALLENGE

TAKE THT " ALLENGE

https://www.inaturalist.org/pages/seek_app
https://play.google.com/store/apps/details?id=org.inaturalist.android&hl=en&gI=US



https://www.inaturalist.org/pages/seek_app
https://play.google.com/store/apps/details?id=org.inaturalist.android&hl=en&gl=US

Tool - Sound Levels

Spectroid
Android / iPhone / Mac / iPad

o W.d R 07:00
> 11

https://play.google.com/store/

apps/details?id=org.intoorbit.s

pectrum&hl=en&gi=US



https://play.google.com/store/apps/details?id=org.intoorbit.spectrum&hl=en&gl=US
https://play.google.com/store/apps/details?id=org.intoorbit.spectrum&hl=en&gl=US
https://play.google.com/store/apps/details?id=org.intoorbit.spectrum&hl=en&gl=US

Tool - Quality Parameter - Air

1Q Air
Android / iPhone / Mac / Computer / iPad

Sanjuan

2 olina

Real-time Caguas air pollution
map

| SEE ON MAP ‘

Moderate ~ Unhealthy for sensitive groups

https://www.igair.com/



https://www.iqair.com/

Tool - Quality Parameter - Water

QAOR ' BEAS T . adsB323PM

SIS ”’s: el HydroColor - Water Quality App ™
Android / iPhone / iPad

*

Reflectance

Wavelength

Turbiairy

Gray Card Sky Water

https://play.google.com/store/apps/details?id=com.h2optics.hydrocolor&hl=en&gl=US



https://play.google.com/store/apps/details?id=com.h2optics.hydrocolor&hl=en&gl=US

Tools - Quality Parameter - Water

e % u a0 fe 4w 406 e

Vermont EPSCoR A AN ook sk | k|

VERMONT ( ( \ -
. Dolophilodes

Macroinvertebrate EPSCoR
Field Guide

A cross platform of the R/ W&

original EPSCoR i0S c\' )

application; buildable for : s 53
GNU/Linux, MacOS, :' ¥ % V), Chironomidae

Windows, iOS and iv ) vl T . Bl T ramity:

. g : Philopotamidae
Android. i & Genus:
7 Dolophilodes

MAC RO I NVE RT E BRAT E "Dolophilodes” stands out in the Philopotamidae

family due to its slightly asymmetrical frontoclypeus

on the anterior margin and its distinguishable

httDS://github'com/‘/ermont— DATABASE ( Y ( WEEE projecting foretrochantin.
EPSCoR/Macroinvertebrates P LA



https://github.com/Vermont-EPSCoR/Macroinvertebrates
https://github.com/Vermont-EPSCoR/Macroinvertebrates

Tools - Quality Parameter - Water
PR Macroinvertebrate Photographic Guide (PDF Document)

EPHEMEROPTERA

Comidae, 3,4 Leptaphiebidae 55

vaao.iivig

e

Colamoceratidae 7,1

Glossosomatidae, 8,3

Heliopsychidae, 7,3

ODONATA

Comarionidae 55

Lestdae 5,1

Aeshoidae 7,3

Ubeldoe 55

LB

L—u

Belostomaidue 4.7
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Hybrometridoe 7,6
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Hebridse,6

Mesoreidae 7,6

Naucordae 46 Nepidne, 7,5 Notonectdae 85

Pleidse 1,5

TRICHOPTERA

Phlopatamida, 6§

”.

4

Polycenopodidae .3

Hybrobiosdae 8,1

Kphocenronidae 5,

Crcubonidse, 6 Dytiscdae 5,

5

Enidse 5,4
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Valpldse 7,2 Hydrenidse?

2

Hydrophiidae .5

|
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Scanbieidaes )

Scridae 5,3

/\\P

f

Velidoe 38

o Catalooess o
ol s incices 0 caisd 0e g que
coresponden: Faniis, BMINPPR, IBFPR
Elnimeno tomsna coresgonge s tsnafo de 8
T i mcurs:

I<smn  H<isom 01> d6mm

Cranbidae,5,5

vH¥3ldodaida

DIPTERA

| ——
L

Bepharkeride, 10,0

Cenatopogonidae, 5 4

L% 0

4

Chirononidae 2.9 Corethvelidae 5 1

Culdae, 2

Dicidae, 4,8 olichopodidse, 46

Eobydidae39  Musddae 9

Strationyidae, 3,7 Syphidse 29

Pycodide 13

Tabsaidse, 5,7

Staphyinae 5

Tipuidse, 5,7

YH3140310D

vyaidia

indics BMWPPR

» El valor de tolerancia se asigna una sola vez por familia, independientemente de la cantidad de individuos
que sean recolectados.

« El valor del indice para cada sitio se obtiene sumando los valores de tolerancia (t) de cada familia
(BMWP=X1).

= Este valor permite determinar la calidad de agua de acuerdo a las categorias enlistadas en el Cuadro 1.

Ouadro 1. Clasificacién de la calidad del agua de acuerdo al puntaje total para el BMWPPR.

Indice IBFPR

= Este indice combina los valores de tolerancia con la abundancia de cada familia y el ndmera total de
individucs en una muestra.

« El valor del indice se obtiene de la sumatoria de multiplicar los valores de tolerancia de cada familia (t)
por la abundancia de organismos () y dividiendo esto por el nimero total de individuos (N) recolectados
(IBF= E(n*t)/N).

= El valor obtenido es asociado a una categoria de calidad de agua enlistada en el Cuadro 2

Cuadro 2. Clasificacion de la calidad del agua de acuerdo al puntaje total para el IBFPR.

IBFPR CALIDAD DE AGUA DEL

Autores: P.E. Gutiérrez-Fonseca! (gutifp@gmail.com), AM. Alonso-Rodriguez? (aurapriS@gmail.com),
A Ramirez: (aramirez@ramireziab.net). ‘Universidad de Puerto Rico, 2Fundacién Puertorriqueia
de Conservacion.

Fotografia: K. Rosas, L. Reyes, P.E. Gutiérmez-Fonseca. Universidad de Puerto Rico

https://www.researchgate.net/publication/295854904 _Guia_fotografica_de_familias

de macroinvertebrados acuaticos de Puerto Rico



https://www.researchgate.net/publication/295854904_Guia_fotografica_de_familias_de_macroinvertebrados_acuaticos_de_Puerto_Rico
https://www.researchgate.net/publication/295854904_Guia_fotografica_de_familias_de_macroinvertebrados_acuaticos_de_Puerto_Rico

Tools - Diagrams & Graphic Organizers

EDrawMax
(Computers / Tablets / iPAdSs)

htips://www.edrawsoft.com/ad/edraw-max-soft-
t.htmlI2gclid=EAlalQobChMIncOY-
PHcISIVDGKGCh3swQ0zEAAYASAAESINP_D_BwE

T o i o

Available Templates

yEd
(Computers / Tablets / iPAdSs)

https://www.yworks.com/products/yed



https://www.edrawsoft.com/ad/edraw-max-soft-t.html?gclid=EAIaIQobChMIncOY-PHc9gIVDGKGCh3swQ0zEAAYASAAEgINP_D_BwE
https://www.edrawsoft.com/ad/edraw-max-soft-t.html?gclid=EAIaIQobChMIncOY-PHc9gIVDGKGCh3swQ0zEAAYASAAEgINP_D_BwE
https://www.edrawsoft.com/ad/edraw-max-soft-t.html?gclid=EAIaIQobChMIncOY-PHc9gIVDGKGCh3swQ0zEAAYASAAEgINP_D_BwE
https://www.yworks.com/products/yed

Tools - Statistics, Simulations & Project Ideas

NCSS Statistical Analysis PASS 2022 Sample Size
(Window / No MAC) (Window / No MAC)

https://www.ncss.com/download/ncss/free-trial/ https://www.ncss.com/download/pass/free-trial/

Analysis using NCSS Choosing a Procedure

with sy steps you can obtain meaningful numeric results and clea
You can view all procedures, Favorite, recent currently
your favori recentl d
Open, Import, or Enter Data View Output | b4 Y 3
by selecting them pr a simple click from all major windows

. " ' from the menus from the menus
You can enter a topic or key
word into the search bar to

welifes
Home View Procedures | Tools Window _Fep oo e0 procedyres

oy ]

loarmce  cs
corresponding to that

Open a Procedure ) - = category from the menus

Click on a procedure to open it, or right
click to add it to your favorites list, or to
view the documentation



https://www.ncss.com/download/ncss/free-trial/
https://www.ncss.com/download/pass/free-trial/

Tools - Statistics, Simulations & Project Ideas 0

CODAP (Common Online Data Analysis Platform)

(Window / No MAC) — CODA'P

https://codap.concord.org/for-educators/ - ‘

= FourSeals  UNSAVED Version 2.0 (0444) Roller Coasters ISAVED

HEO-BDO 0 280 ®relEO®

Unde Redc Option:  Help Tables Graph Map Sider Calc Temt Plugins

Tracks (4 cases) Measurements (858 cases) .
index anim  species index day date  month latitude |longitud distan speed depth tempe LA g voss Roller Codsters (157 cases)
al_id @ ce rature Index Coaster Park
1 546 Elephant Seal 1 0 5/2320. May 3699 12245 62 8
2 54 ElephantSeal 2 1 5/2420. May 3707 2320 B9 14 4B 6
3 53 ElephantSeal = 3 2 5725720 May 3746 12439 5649 235 337 6!
4 528 ElephantSeal 4 3 5/26/20. May 3787 12532 4692 196 703 4l

i iiiiiﬁ ii iﬁi ‘iiii 'ﬁ‘ 10T &t

Tippin Pippin
Jack Rabbit
Thunderhawk
Glant Dipper
Thunderbolt

Tracking data from elephant seals 546, 541, 536, and ¢ ¥ o > i 53 of 54 Woodans (98.1%) are N
528 are displayed in the Table, Map, and Graph. Use = e M PR Coaster Thrill R.

these tools to start exploring how these seals are o™, B 3 tone
behaving in different parts of the ocean. Oceans m Streets fe ' po oo LU oS

Comet
The Table Comet
1. Take a look at how the table is organized, including b > e . * 90
the column headings on the left and right sides of the ¥ » i High Speed Thr.
table. What happens when you click on the *-* or *+* tt Bobsleds
symbols in the middle? £ ¢ ik Starfiner
2.On the left side of the table, click on elephant seal 3 |
#528. Notice that the points from this seal's track are RS S ) Swamp Fox
now highlighted in the Map and Graph. What happens : _ Blue Streak San
if you click on a row on the right side of the table?
Cannon Ball Ros:

The Map River King Min_. Eun
1. To see which points belong to which elephant seal’s

track, drag the animal_id column heading to the OCEANS of DATA BigBand Arlle
center of the Map. l N S T | T U T E Grest America.. Aus

2. Choose another column from the right side of the
table (e.g., speed, depth, or temperature) and drag it
onto the center of the Map. What happens?



https://codap.concord.org/for-educators/

Tools - Statistics, Simulations & Project Ideas

PhET
(Computers / Tablets / iPAds / Phones)

https://phet.colorado.edu/ INTERACTIVE SIMULATIONS

Energy Skate Park: Basics



https://phet.colorado.edu/

Tools - Statistics, Simulations & Project Ideas

Old Cell Phones Project Ideas Mele your ewn

https://www.makeuseof.com/fantast
ic-div-projects-made-with-old-

o= Power
Bank



https://www.makeuseof.com/fantastic-diy-projects-made-with-old-phones/
https://www.makeuseof.com/fantastic-diy-projects-made-with-old-phones/
https://www.makeuseof.com/fantastic-diy-projects-made-with-old-phones/

THE ONLY WAY T0

DISCOVER e

o
THE LIMITS OF THE R~

-_.‘f’,{() :‘. E = ):\».'i‘: & :
POSSIBLE —== )

IS TO GO BEYOND THEM INTO THE’ S\

IMPOSSIBLE === -

Arthur C. Clarke _—

- — - —

SULUCCESS ‘om



Thanks!

- ?/’f’{é{’ Miey e%yf/y %ﬂ’ S -
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? ; 787-960-7395



http://bit.ly/2Tynxth
http://bit.ly/2TyoMsr
http://bit.ly/2TtBDfr
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