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•  Learn to identify global patterns  

•  Establish connections in Earth Systems climate data    

•  Develop an understanding of the complex interactions 
     within the Earth System 

 Context 

Purpose of the Activity 

Audience: Secondary School and Undergraduate college 
level students 
 
Prerequisites :Basic map reading skills, and know the 
names of the continents 
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Content/Concepts Objectives 

•  Understand the relationship between temporal and spatial 
distribution of global environmental data 

 
•  Recognize patterns and connections among maps containing 

different environmental data 

•   Explore concepts of Earth as a System: cycles, feedback 
mechanisms and their role in the development of patterns 

•  Establish complex causal relations among system spheres 

•  Formulate research questions to explore the Earth as a 
Complex System  
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Higher order thinking skills 

•  Formulate hypotheses 

•  Formulate the next step to test hypotheses  

•  Write Scientific papers  

•  Oral presentation skills 

•  Work in groups 

•  Recognize and describe limitations of the data set 

•  Discuss the concepts of evolutionary cycles vs. cyclicity in the 

description and interpretation of temporal data sets  
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Working with Data 

1.      What kind of data am I looking at?  

2.      How the data is represented 

3.      What are the units of measurement?  

4.      What are the maximum and minimum values in the 
data set?  
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Visualizing and Describing Patterns 

 
1.  Spatial distribution:  How the data is distributed with 

longitude and latitude  

o Where are min and Max values distributed? 
o  Is there a pattern of min and Max distribution along a 

specific latitude or longitude  
o  Is there a pattern such as high or low, symmetric or 

asymmetric, missing or not missing, varying or constant  
along the latitude or longitude 
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Visualizing and Describing Patterns 
 
1.  Temporal distribution:  How the data is distributed over 

time 
 
o Do min and Max values distribution change with time? 
o  Is there a pattern of min and Max distribution change with 

time  
o Do patterns you recognize change over time? 

Is there a monotonic trend versus time?  
Do there seem to be cycles?  
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ACTIVITIES 

WORKING WITH GLOBAL DATA 
 

Specialty Group Activity 1  Exploring  Single Map 

Activity 2 Exploring Annual Changes 

Global Climate 
Experts Group 

Activity 3 Exploring Relationships Among Variables for a 
Particular Month 

Activity 4 Exploring Relationships Among 6 Variables over 
a year 

Modified from GLOBE Earth System Sycnece Poster  
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Federica Raia Spatial distribution 
•  Students are assembled in 5 specialty groups with their 

data map 
 

 

•  They observe and describe data and patterns 

•  They record all observations and all questions raised               

 

 

 

 

Activity 1: Exploring Single Map  

Specialty Group VARIABLE  
Group 1 Insolation 
Group 2 Surface Temperature 
Group 3 Cloud Fraction 
Group 4 Precipitation 
Group 5 Biosphere 
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•  Students are assembled in the same specialty group as in Activity 1 
•  They are given all the global maps per variable  (e.g., all six 

Insolation maps to Group One; all six Surface Temperature maps to 
Group Two, etc. 

•  Students observe the maps as a group, looking for any changes that 
are occurring throughout the year  

•  They record all observations, questions raised and possible 
interpretations 

 

 

 

 

 

Activity 2 -Exploring Annual Change    
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Guiding Questions: 

•   What changes do you see through the year 
•   Choose a location or region. During which months do the extreme 

highs and lows occur?  
•  Which regions experience both the extreme highs and lows? Which 

regions don’t experience the extremes? 
•   What differences, if any, do you find between the year’s variations 

over the oceans versus the year’s variations over the continents? 
•   Are there regions that remain relatively unchanged over the year?  
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Guided question to write an Explanation/Interpretation: 
a) What explanations can you suggest for the emergence of these 
patterns / the timing of those extremes? 
b) Record your interpretations with a separate heading just below each 
of the corresponding observations 
 
Developing a hypothesis: 
c) Based on the process(s) you recorded in (a) –develop a hypothesis of 
what pattern you would find in one of the other 6 specialty maps   
Write your hypothesis in the following form:  

 1) the answer to the question “what kind of pattern  
            do you expect?” and  

 2) the reason why you would expect that pattern  
 

Activity 2 -Exploring Annual Change    
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!  Students are assembled in new Global Climate groups 
!  Each group consists of 5  students, each expert in one 

specialty 
!  Each specialty expert presents to the rest of the new group 

peers her/his discovery of patterns/relationships and 
interpretations 

•  Students are asked to identify the changes that occur in the 5 
variables thought out the year 

•  They are also asked to observe and make sense of the 
Aerosol maps –new to them 

•  Students choose a pattern they recognized to be presented 
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! Students are assembled in their specialty groups in front of their data map 
! They OBSERVE rather than INTERPRET 

Federica Raia 

 
Guiding questions: 
•  Which variables change the most over the six-month period? 

Which variables change the least?  
•  How the variables change over a year ?  
•  Do you see any relationships among the variables that you 

didn’t see previously? 

 

Activity 3-Exploring Relationships Among Variables  
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SUMMARY – Research Based Activity 
Our research shows that the proposed activity supports students’ 
understanding of complex dynamic system (e.g the climate system, Earth 
system), specifically: 
 
1) contrary to experts, when presented with data distribution and spatio-
temporal patterns, students’ first step is to consider or search for a unique 
cause without describing the distribution or a recognized pattern, and 
consequently to ask questions that presuppose a linear causal relation 
between a possible cause and the pattern observed; 
 
 2)  students do not consider a pattern observed as an emergent 
phenomenon influencing and mediating the evolution of the system; 
 
 3) when students are iteratively asked to recognize and describe patterns 
in data distribution, novel type of questions and changes in reasoning 
emerge. Students start learning to identify these patterns as emergent 
phenomena and as fundamental controls over system evolution and 
behavior  (Raia, 2005, 2008, 2010, Raia and Patel 2011) 
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•  GLOBE www.globe.gov. 
•  NASA Earth Observations (NEO)  http://neo.sci.gsfc.nasa.gov 
•  NASA Earth Observatory Web http://earthobservatory.nasa.gov Cloud 

Fraction information can be found at 
http://earthobservatory.nasa.gov/Observatory/Datasets/cldfrc.isccp_c2.html 

•  NASA IMAGERS -Remote Sensing to explore remote sensing and satellite 
imagery at: http://science.hq.nasa.gov/kids/imagers/teachersite/RSi.htm 

•  NASA Goddard Institute for Space Studies -lesson on Studying Clouds from 
Space http://icp.giss.nasa.gov/education/cloudintro/page6.html 

•  NOAA Sea Surface Temperature Data: 
www.csc.noaa.gov/crs/cohab/hurricane/sst.htm 

References & On-line Resources 



! Students are assembled in their specialty groups in front of their data map 
! They OBSERVE rather than INTERPRET 

Federica Raia 

Raia F., Patel N. 2011. Questions and Explanations –Students’ 
Understanding of Complex Systems paper presented at the Eighth 
International Conference on Complex Systems. New England 
Complex Systems Institute. 

Raia F., 2010. Complexity: Pattern Recognitions, Emergent Phenomena 
and Causal Coupling-paper presented at the American Geophysical 
Union Fall meeting 2010.  In prep for publication for Journal of 
Geoscience Education  

Raia F., 2008.  Causality in Complex Dynamic Systems: A Challenge in 
Earth Systems Science Education.Journal of Geoscience Education 
– 56, 81-94 

Raia F,. 2005.  Students’ understanding of complex dynamic systems. 
Journal of Geoscience Education. 5 53, 297-309 

 

 References 



Understanding Global  Patterns  
 

Navigating Climate Complexities in the 
 Classroom 

Federica Raia     
University California, Los Angeles 

Federica Raia PhD 
Graduate School of Education and Information Studies 
University California, Los Angeles 
 
FRaia@mednet.ucla.edu 
Federica.raia@gmail.com 


