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Steps in the Scientific Process
Observe Nature
Pose Questions
Develop Hypothesis
Plan Investigation

Assemble Data

Document Conclusions
Present Findings

Pose New Questions



Analyze Data

In studying Earth, data analysis often involves comparing data from
different times and places and looking for patterns and different types of
variations. Averages and extreme values are often useful to consider along
with comparisons of how data from two different measurements vary.

¢ Think about what are the easiest ways to see what you are looking for
in the data you have assembled - maps, graphs, tables? If you are
looking for spatial patterns, maps are useful. If you are looking for
patterns over time for one place, a graph works well.

¢ Do you need to do any calculations as part of your analysis? Remember you can use spreadsheet programs if
you have access to them. They can make it easier to do calculations on large amounts of data and generally
provide the ability to graph data and results.

¢ Analyze your data and create tables, graphs, and charts to illustrate and summarize your discoveries.
Analysis should be focused on using the data to answer your stated research question(s).

¢ Can you answer your research questions from your data? Is your hypothesis confirmed or disproved?
Remember that either result is valuable. Can you clearly state your reasoning and explain it to someone else?
If you can't answer your question(s) with the data you have collected and the analysis you have performed,
can you collect more data, do a different type of analysis, or revise your original questions? This is a point in
your research project where talking to your teacher or mentor can help.



2017 U.S. GLOBE Regional Student Research Symposium
Rubric for Project Review

Research Question

* Clear and focused objective

* Answerable through scientific research appropriate to the scope of the project
* Addresses why project has scientific relevance and interest

Research Methods

* Well designed plan and data collection methods
Results
*  Reproducibility of results

Discussion/Conclusion

* Conclusion puts findings-in context, stating why they are important or-relevant
* Describes future research possibilities

* Materials and scientific literature correctly cited

Poster

* Logical organization of material

*  Written content reflects the student's understanding of the research
Presentation Interview

* Clear, thoughtful responses to questions

* Understanding of basic science relevant to project

* Understanding of interpretation and limitations of results and conclusions



Recorded Webinar from 2016: This part starts at 24 minute mark.
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Choosing appropriaté

graph types

and other data visualization skills




Why graph?

- To tell a story, bring meaning
- detect patterns
- notice variability
- identify questions

Necessary graph components

Appropriate graph type used
Axes labeled correctly, with units

Title accurately describes what is being
represented

Data plotted correctly
Contains ONLY what’s necessary to the story
Possibly: line of best fit
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Graphing tips

Variability questions: Frequency plot (3 kinds)

Dot plot

Box & whisker plot

Histogram

Kind of data:
One categorical group and
One numeric variable (one axis)

Frequency plots show how variable the
group is. Describe variability by range,
measure of center (mean, median, or
mode), and the shape of the distribution.
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Comparing groups questions:

Frequency plots OR

Bar graph

Kind of data:
Two or more categorical groups &
One numeric variable

Frequency plots allow you to compare
how variable the groups are. Bar graphs
only show a single number (ie. sum,
average, percent or count) for each
group.
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Criteria for an informative graph:

___ Graph type fits the question
___Axes are drawn & scaled correctly
____Axes are labeled clearly, correctly
___Units are given

__ Data are plotted accurately
___Legend is present, if needed
___Graphis overall neat & legible
___Title and/or caption present

____Trend line shown (scatter plot or
line graph only)

___Graph helps answer the question

Correlation questions: Scatter plot OR Line graph (for time series)
Kind of data:
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(There are other kinds of
questions and other kinds of
graphs, and often more than one
graph type is useful for a given
question. Learn to graph data
for these basic kinds of questions

first.)

The Maine Data Literacy Project — Graph Choice Chart (p. 2)
©2011 - Schoodic Institute and University of Maine (rev. Mar 2014)




Use of Data at Southwest Regional Student Research Symposium
Selected Comments from Scientist Reviewers
Data type

“Relationship between temp. and dissolved oxygen could have been shown
more visually in a line graph.”

“pH.should be presented as dots, not bars.”
“Could have used more visuals (e.g. scatterplot)”
Available Data
“Not enough repeat samples to identify error.”
“Would benefit from more data.”

“Could use more data over a longer period of time.”



Use of Data at Southwest Regional Student Research Symposium
Selected Comments from Scientist Reviewers
Number of Graphs

“Relationship between temp. and dissolved oxygen could have been shown
more visually in a line graph.”

“I would have loved to see more graphs instead of some of the pictures. ”
“Nice text/visual ratio”
Appearance of Graphs
“Some of the best graphs. Each graph had a descriptive title and was big.”
“Graphics needed more legible type.”
“Legends are hard to read.”

“I wonder about the significance and number of decimals reported on graphs.”
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Abstract

Our continuation project for GLOBE was a passive solar still that purifies water
made out of accessible and low cost materials found in Tanzania. We believed
that if we did enough research, we could design a prototype that would purify
water for those who need it, but can't afford it in Tanzania

.org/water-crisis ). Our
questions consisted of, what can we use to make a water purifier (Figure 8)?
What design will be best for this specific product, and how will it affect those in
Tanzania? Can this product be made easily, be extremely effective and be
affordable? Throughout working on this project, our objectives were to find a
design that would purify water and to find materials for it to made out of. We
explored making a clay-mud mixture and using different kinds of leaves to build
our prototype. By the end of our project, we can make the conclusion that if you
follow the design we have created, you can purify a small amount of water in an
affordable manner. Moving forward, we would love to be able to get this project
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Research Methods

All of our tests were tested in a dry but developed area. For all of the tests we ran them for
about 6 hours near our school were the sun rays were hitting the solar still(Figure 8). When
tests were finished running we used a PASCO Sensor (Figure 5). From this sensor we were
able to find the initial and end temperature of the water, the pH, and the amount of DO, in
the water. On a few testing days, there wasn't a lot of sun and mostly clouds, but these did
not affect the water quality tests that we ran.

Field Photos

Figure 1. Collecting water

Figure 2. Collecting water
samples from Lake Mclntosh,

Figure 3. Passive solar still
samples from local streams  design all set to go outside

sourcesin ! in 2,2
be LopamontlCy in Tanzania

addressed. decided

pertinent. The purpose of v o The materials

that were used are ible n Tanzania createa

P he reason we chose
because of the high level of inadequate water was very troubling for us as students. Our teacher, Jayme Sneider, also visited
‘Tanzania ayear ago through GLOBE, and she had sparked our interests in this location (Figure 9).

p
If we use accessible and low cost materials found in Tanzania to make a passive
solar still, then we can purify water using energy from the sun to be available for
use in third world countries.
L
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Investigation Plan

The first step we took was to find out how we were going to make the solar still out of
accessible materials that have little to no cost and are found in Tanzania (Figure 8). We
believe that if they can make the purifier themselves, then the amount of people that don’t
have access to clean water will decrease (Popular Science Volume 2, 2017). Therefore, we
decided to test our local lake water (surrounded by farms) that we normally would not drink,
to see if we could purify it (see Figure 1). Over the course of the research, we had learned
that Tanzania also has a pollution/trash problem; meaning that it could be common to see
plastic bags and bottles laying around open fields. These plastic item, or specifically the bags,
would be used as the lining and the top of the still as well (Figure 3). Our next step in the
research process was to find the materials for the base. We learned that clay is very common
at our chosen location, similar to what soil is here. Because it is very malleable, it would be
easy for us to make a base out of it. We started to make the base of the solar still out of
terracotta clay and measured to about 10 inches by 6 inches. The process of creating it was
simply making five flat, thick chunks of clay that were all relatively the same size. As seen in
Figure 4, the pieces were then molded together by bringing all the pieces in and using access
clay to “stick” them together. After we made the base of the still we collected plastic bags
and lined the inside of the solar still, and then we added two little tubs of tupperware (Figure
8). Then, the tests began. The first step we took when we set up the solar still to be tested
was to collect and measure the pH of different water sources. We used a sensor called
SparkVue and PASCO (Scientific Advanced Water Quality Sensor), that took data from our
water samples as seen in Figure 6. We would record our findings, and then place that water
into a plastic tupperware. The second step was to bring the clay box outside and place the
tupperware that had the unpurified water on one side of the still, and an empty one on the
other side. The third step was then placing the plastic bag over the top of the still and tying
string around the base so that the bag would stay in place. Lastly, we placed rocks on the
side of the still that did not have any water as a means to allow the condensation to drip

down into a collection container. We then placed it outside (facing the southern sky) until
kthe test was over. After 5-6 hours, we would bring the stillinside to test the water quality of /

Figure 4. Final interior
design of still with
healthy leaves

TEUTE 6.

Figure 5. Testing water quality al
from PASCO sensor

after water collection using PASCO
sensor

Additional Research
GLOBE BADGES Info rmati 0 n

Collaboration In our group, we began with identifying which role each and everyone of
us was going to take. We decided that it was best to have a main leader with writing and
research, a leader with the hands on experiment and a leader with the supplies. Paola
took the role of the leader, Bruno took the more hands on area and Victoria helped with
the supplies.

* Community Impact We had first observed this issue when the flood of 2013 came
through Colorado. Because of different debris left after the storm, citizens water sources
were contaminated. Our research then began because we wanted to find a way for these
citizens water issues to be solved. We interviewed local farmers about their water supply
& spoke to residents that have family in third world countries.

+ Connection to Scientist Before we started our project, we had learned valuable
information about the chemistry of water from a hydro meteorologist, Matt Kelsch, at
NCAR, Boulder, CO. We learned about the properties of water and what it takes to really
purify water. The evaporation of water was very important to our project, and he taught
us about the boiling point (Figure 8).

«  Interscholastic Connection As a group, we decided that our focal point was going to be
Tanzania, for two reasons. We knew that the problem over there is very serious (Popular
Science Volume 2, 2017), and we had connections to the area because of our teacher. We
used the GLOBE data to compare our beginning pH and our end results as well. Because
we had compared results, we were able to improve our still and make the experiment
more realistic.

«  Engineering Solution The goal of our project was to create something that would
provide people with clean water and be accessible to all. Individually we had the passion
to have a product that would save people’s lives. When we designed the solution, we had
to think about what materials will be effective and what is easily found and affordable in
Tanzania.
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GLOBE Data
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Figure 7. quality (pH) on

T d lake water in Longmont,
Colorado, as well as one sample from the school tap water in Colorado.

The data we studied from GLOBE was from the 2015 Mount Kilimanjaro trip. The data shows
that the water near the mountain was clean enough to drink. Therefore the product would not
be needed in that area because it is o close to the source (snowpack/glaciers). However, we
were hoping to analyze data from the rivers that run through towns, because there is a higher
chance of pollutants getting in the water and that is most accessible, as well. These can
include sanitary needs, trash, fracking, and burning of pollutants. Compared to our data, the
solar still did a fairly good job based on the results of the data collected in Tanzania (Figure 2).
As seen in the graph, the pH was mostly around the regulations for drinking water.

Data Summary

Results
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Data Analysis

Overall, the data that we collected was very acceptable for what we wanted to achieve. Our main
goal was to make the pH of the water better than what it started, and most importantly make it
to a drinkable pH. pH stands for the potential hydrogen in the water, or how acidic it is. The pH of
the water that is usually used for drinking purposes is 7.0, and this is considered neutral. The data
we collected exceeded our expectations. The original tests that we had run had not gone the way
we wanted to, as the pH of the water typically went up or higher than the original pH was, which
was the opposite of the initial goal. The pH of the water in an average home with a water filter is
around 7.5, but health regulations insist that water must be between 6.5 and 8.5
(https://www.watersystemscouncil.org), as mandated by the Environmental Protection Council
(EPA). So, with these statistics, our end goal of the water was to be around these numbers, but
more or less closer to 7.5. As in most scientific experiments, there is some uncertainty or possibly
human error. The beginning pH always increased instead of decreased, which is our uncertainty.
However, for a few of the tests that were run, there were problems with the still itself that
actually affected the pH, such as the lining of the still, whether that was plastic or leaves, had
contaminated the water and the clay base would also do the same.

J

Conclusions

Overall, we were able to successfully make a water purifier out of accessible materials found in
Tanzania. Using the design process, we began with identifying the problem of the millions of
people in Tanzania that don't have access to clean water. The population of Tanzania is 53
million, and the amount of people in Tanzania that don’t have access to clean water is 23
million (h cia d-f html) . That's
over 43%.0ur next step involved research that lead us to our prototype that purifies water
using heat from the sun. The tests we ran are evidence that if you follow our design, the pH of
water can decreased to a drinkable level. In the future, we would include more research of
expanding the project to big bodies of water, and a more affective size for the still. We would
also document more, whether that be data or picture of the field. Overall, we finished our
experiment with an accurate hypothesis and an invention that can purify water for those who
need it.
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Limitations/
Sources of Error

When conducting science experiments there are always limitations, especially
when dealing with designing a prototype. An example of a limitation that we had
ran into was learning how to use a completely new sensor to test our water, the
PASCO scientific advanced water quality sensor(Figure 5). Learning and being able
to use a sensor can be very difficult, especially when the type of sensor is fairly
new. The data we had received from GLOBE was not where we wanted the data
to be collected. We wanted more data from water sources to the cities where
people use the water more. In these areas, there is more of a chance of pollutants
in the water such as chlorine, arsenic, and hydrogen sulfide that can be deadly to
the human body, and purified water is more important (Popular SCience, Volume
2,2017 page 57). We also ran into the problem of having the sensor cleaned. To
make sure that the sensors are completely clean, the sensor must be soaked in
distilled water. As we started seeing deficiencies in the data we were observing,
we realized that the water itself wasn't clean, it was the sensor. However, in that
moment in time, we did not have distilled water available to us, so we used
activated charcoal and filtered the water to double check our results. But, if it
weren't for these errors, we wouldn't have been able to improve our solar still
and our data sets Pt 2

Figure 9 Our teacher, Jayme Sneider, taking data in Tanzania. This was in the.
rainforest at the base of Mount Kilimanjaro.
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https://www.cia.gov/library/publications/the-world-factbook/geos/tz.html
https://www.watersystemscouncil.org/download/wellcare_information_sheets/potential_groundwater_contaminant_information_sheets/9709284pH_Update_September_2007.pdf
https://thewaterproject.org/water-crisis/water-in-crisis-tanzania
http://www.wageindicator.org/main/salary/minimum-wage/tanzania

Figure 1. Collecting water
samples from Lake
Mcintosh, Longmont, CO

Field Photos

Figure 2. Collecting
water samples from
local streams in
Tanzania



Africa and Tested Data
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Figure 7. Comparing water quality (pH) on Mount Kilimanjaro, Tanzania, Africa
and lake water in Longmont, Colorado, as well as one sample from the school

tap water in Colorado.



Unpurified Water and After Solar Still Process
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Example of Data Shown Using Different Graph Types
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Example of Data Shown Using Different Graph Types

Denver Daily Temperature - November 2017
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Example of Data Shown Using Different Graph Types




Days

10

Example of Data Shown Using Different Graph Types

Distribution of Daily Maximum Temperature
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