
Weather to Make a Decision 

Integrating probabilistic information with decision-making models provides students with 

educational and life-long skills.  Currently, middle school students (grades 6, 7, and 8) are 

usually not exposed to any such formal integration.  An inquiry based, integrated, 

interdisciplinary learning unit to help students develop these skills using the topics of weather 

and decision theory is discussed.  Although students’ lives are impacted every day by weather, 

they do not readily recognize the importance of understanding weather principles (and other 

scientific principles for that matter).  It is unusual to find a learning unit where middle school 

students are asked to make a decision based on integrated scientific principles.  It is even more 

unusual to identify learning experiences where middle school students are taught decision-

making principles useful throughout their lives.  The DECIDE learning unit - Teaching Decision-

Making Using Weather and Climate Principles- integrates weather and climate science, decision 

theory, mathematics, statistics, geography, and reading in a context of decision problems relevant 

to the lives of middle school students.  DECIDE is available free of charge at: 

TeachingDecisionMaking.tamu.edu. 

DECIDE Project History 

 DECIDE designers began by holding focus groups with middle school students and 

asking them what activities they enjoyed.  The authors directed the discussion towards how 

weather may affect their plans to participate in these activities.  It was amazing how many 

different activities mentioned are impacted by weather.  One interesting, unexpected example, of 

an activity affected by weather was skeet shooting.  The students realized that they could not 

shoot skeet if it was raining.  Therefore, a plan to go skeet shooting included an implicit weather 

forecast of no rain.  This focus group activity served as the basis for examples used in DECIDE. 

http://teachingdecisionmaking.tamu.edu/


 The objective of the DECIDE-weather unit, henceforth DECIDE, is to teach both weather 

science and decision-making.  Two important aspects in developing DECIDE were the 

recognition of different abilities between the three targeted grade levels and that many teachers 

already had well-developed weather science lessons.  DECIDE is written so only multiplication, 

division, and addition by integers are necessary.  However, teachers can substitute multiplication 

by decimals to modify the lesson for more advanced students.  In addition, teachers can easily 

substitute their currently existing weather science curriculum into the DECIDE learning 

modules.   

DECIDE – Weather Unit Design 

 DECIDE is a teacher-friendly, integrated approach designed to stimulate learning by 

allowing students to make decisions about situations they face in their lives while using the 

scientific weather principles.  Students must develop models and use decision analysis tools to 

evaluate alternative decisions.  All the materials needed by the teacher for the learning modules 

on weather, weather forecasting, and decision making are provided within five comprehensive 

learning modules that require about 10, 45-minute class periods to complete (Table 1).  Each of 

the five learning modules contains a teacher guide and a student guide with masters for 

duplication.  Each module builds on the previous modules.  Flexibility is incorporated into the 

modules so that teachers can pick and choose parts of DECIDE depending on student abilities.  

The modules are standardized to help teachers quickly and easily prepare for class. 

 Module One builds student interest by letting students identify weather as an important 

factor in planning outside actitivities.  Students then develop a decision tree, a simple decision 

making tool, for planning an outside picnic.  Decision trees provide the basic decision tool for 

DECIDE.  To illustrate the concept of decision trees, consider the August 2005 landing decision 



for the NASA space shuttle Discovery.  NASA was faced with the decision of landing the space 

shuttle either in California or in Florida.  Weather forecasts for Florida caused the landing to be 

postponed for the first two landing opportunities.  As the shuttlecraft was attempting to make 

plans for the next landing opportunity, weather forecasts were used in NASA’s decision model 

and the decision was made to land in California.  This is an example of real world problems that 

makes explicit use of the science and decision-making skills taught by DECIDE.  Modeling this 

decision in a decision tree framework is illustrated in Figure 1.  The square represents the 

decision point, either land in Florida or California.  After the decision is made, some random 

event, in this case weather, occurs and is represented by the dots.  Arrows represent time.  

Probabilities are placed on the random event.  Within DECIDE, the probabilities are associated 

with weather forecasts, but decision trees can be generalized to a variety of decisions problems.  

A set of outcomes (both costs and benefits) dependent on the decision made, as well as the 

random event completes the decision tree.  The most important aspect of decision trees is the 

model-building component, which explicitly forces the decision-maker to recognize decision 

alternatives, specifying random events that impact the decision process, probabilities associated 

with the events, and potential outcomes.  

 An important element within decision trees is probabilities.  The second module 

introduces and / or reviews (depending on the student level) probabilities through an experiment-

based activity concerned with interpreting probabilistic rainfall forecasts.  Once a decision tree is 

developed, a decision-maker needs a way of using the tree to help make a decision.  Module 

Three advances students’ knowledge by using expected values calculated from the information 

contained in decision trees to help make decisions.  In Modules One to Three, the basis for 

random events is weather.  Module Four provides key science concepts associated with weather, 



using the National Weather Science Online School, JETSTREAM.  Unique to this module is its 

flexibility.  A teacher may use all the materials provided by DECIDE or use their own weather 

lessons.  In the final module, students create their own weather forecasts and use the forecasts in 

a decision-making context.  Module Five can be used either as an assessment tool or a final 

learning experience. 

 In addition to the activities listed in Table 1, each learning module also contains an 

overview section and sections on required materials, teacher preparation, teaching suggestions, 

enrichment, and struggling learners.  National and Texas (since developed in and for a Texas 

school) Science, Mathematics, Geography, and Reading Standards addressed are presented. 

Preliminary Assessment 

 In the spring of 2005, DECIDE was taught to approximately 165 sixth graders in their 

science class.  Before teaching DECIDE, the students were given a 38 question decision-making 

test, the pre-test.  After completion of the DECIDE unit, the same test was administered as a 

post-test.  This test is general in nature and not specific to DECIDE or weather.  The 

distributions of the number of correct questions for the pre- and post-test are given in Figure 2.  

The post-test distribution is shifted to the right.  Students generally improved their decision-

making ability on the post-test over the pre-test.  A t-test indicates the mean number of correct 

questions between the pre- and post-tests is statistically different at a critical value of less than 

1%.  Students’ responses to DECIDE clearly indicate that students at this level can integrate 

science with decision-making principles.   

Conclusions 

DECIDE is a first step toward developing students’ decision-making abilities, a necessary 

life-long skill.  By using simple examples, students appreciated the connection between science 



and decision-making skills taught in the modules and the activities in their lives.  Preliminary test 

results indicate students were able to apply the decision-making principles to problems outside 

the teaching examples.  Further, students were favorably impressed with the applied decision-

making capabilities taught with the DECIDE system.  The DECIDE system is being further 

tested during the 2005-06 school year.   

DECIDE allows students to experience how different disciplines can be integrated.  By 

using examples, relevant to the students with and demonstrating how decision-making applies to 

the students’ everyday world, the students were more motivated and also demonstrated an 

improved work ethic.  One extension of DECIDE would be for teachers of different subjects to 

coordinate their curriculum and jointly use DECIDE.  Such a joint effort would further help 

students see how different disciplines can be integrated to solve problems.   

Although successful, initial use of DECIDE had some problems.  Foremost is, decision 

model building using decision trees is foreign to most middle school teachers.  As such, extra 

preparation is necessary to teach decision trees.  DECIDE has been extensively revised to 

increase the teacher friendliness of the unit.  The pre- and post-test decision making test is 

preliminary.  Work is continuing on validation of this test. 

Finally, the success of the DECIDE – weather unit has spurred a sequel, the DECIDE – 

climate (weather occurring over 2 weeks or longer) unit, which is based on the El Niño / 

Southern Oscillation phenomenon.  A wider audience range will be obtained by developing both 

weather and climate units because of differences in subject matter covered in the three grade 

levels.   



Figure 1.  Simplified NASA Space Shuttle Landing Decision Tree 

 
 
 
 
 

  Decision      Weather Event  Outcomes 
Point                               (Forecasted  
      Probabilities) 

Shuttle lands without damage 

Shuttle is damaged 
Costs incurred to fly to Florida 

90% chance 
of no storms

10% chance 
of storms 

70% chance 
of no storms 

30% chance  
of storms

Land in 
California 

Land in 
Florida 

Shuttle is lands without damage 
Costs incurred to fly to Florida 

Shuttle is damaged 

- represents a decision point 

- represents a point when a random event occurs 

- represents flows in the diagram  

Goal:    Safe landing at the lowest cost                               



Figure 2.  Distribution of Students Scores on the Pre- and 
Post-Decision-Making Test
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Table 1.  Learning Modules at a Glance 
Learning Module Student Learning Objectives   Learning Activities

Learning Module 1 
Developing a Decision-
Making Model – 1 Day 

The student: 
1.  Identifies weather as an important factor in planning an outside activity. 
2.  Develops a simple probabilistic decision-making model. 
3.  Works cooperatively in groups. 
 

Journal / Bell Work 
Introduction of Simple Decision-Making Problem  
Development and Completion of Decision-Making Decision 

Tree Models 
Discussion of Weather Forecasts 
Assessment / Homework 

Learning Module 2 
Probable Cause – 1 Day 
 

The student: 
1. Works cooperatively in groups. 
2. Understands the concept of probability. 
3. Completes a data table and constructs a graph using the data. 
4. Relates the probability experiment to the weather forecast. 
5. Communicates valid conclusions. 
6. Identifies how percentages are used in a weather forecast. 
 

Journal / Bell Work 
Review / Introduce Probabilities 
Probable Cause Experiment 

Collect Data 
Graph Data 
Calculate Probabilities 

Class Discussion - Group Reports to Class 
Assessment / Homework 

Learning Module 3 
Decision-Making Using 
Rainfall Forecasts – 
Foursquare Courts – 2 
Days 
 

The student: 
1. Advances their knowledge using decision trees. 
2. Learns to calculate expected values. 
3. Learns how to use expected values to evaluate decision trees and make a 

decision. 
4.   Develops an understanding that probabilistic forecasts, such as weather 

forecasts are not perfect. 
5. Develops knowledge of the use of forecasts. 
6. Works cooperatively in a group. 

Journal / Bell Work 
Decision Model Development and Use 

Continue Decision Tree Models 
Calculation of Expected Value 
Expected Value and Decision Making 
Student Activity – Decision Making 

Individual Decision Making  
Probabilistic Nature of Decision Making 
Prelude to Next Learning Module 
Assessment / Homework 

Learning Module 4 
Weatherman’s Backpack -- 
Key Science Knowledge – 4 
Days  
 

The student: 
1. Works cooperatively in groups. 
2. Demonstrates safe practices during field and lab investigations. 
3. Implements investigation of hot/cold air fronts using water model. 
4. Makes observations on the action of the hot/cold fronts. 
5. Communicates conclusions. 
6. Represents the natural world using models. 
7. Collects, analyzes, and records information using tools. 
8. Identifies the role of atmospheric movement in weather change. 
9. Understands and is able to read a weather map. 
10. Identifies and defines the symbols present on a weather map. 
11. Recognizes local weather patterns. 
12. Lists other factors that affect the forecast for rain. 

Journal / Bell Work 
Jigsaw Approach to Weatherman’s Backpack  
Suggested Experiments 

Probability Activity - Understanding the Difficulty in 
Forecasting the Future  
Hot / Cold Water Experiment 
Temperature Around Town - Impact of Concrete and 
Asphalt  

Weather Map Drawing and Inference 
Assessment / Homework 
 

Learning Module 5 
Probabilistic Decision-
Making and Weather 
Assessment – 2 Days 

The student: 
1. Learns to create simple forecasts.  
2. Demonstrates knowledge of both decision theory and weather principles. 
 
Assessment Module / Additional Learning Module 

Science Concepts 
Matching 
Multiple Choice 
Weather Map 

Probabilities and Decision Making 
One-day Ahead Forecasts 
Long-Range Forecasts 
Probabilistic Decision Making 



 


