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Three Examples (and Plenty More Where Those Came From…) 

The Biofuel Plan will lessen our dependence on foreign oil, so it was argued. It also appears to be 
increasing food prices here and abroad. Combined with growing demand for food from China and 
India and the collapse of grain harvests due to drought, using more corn and more cropland to grow 
corn for ethanol has increased prices for other grains and those other foods based on grains such as 
beef, milk and eggs. Food riots have ensued in Haiti, Somalia, Bangladesh and Mozambique.  

The disaster at Chernobyl was due to human error, specifically an inability to manage the dynamic 
processes of the system as opposed to the state of the system at a given moment. As written about by 
Dorner, 2 during a safety test, engineers planned to take the reactor down to 25% of its operating 
capacity. In manually controlling the system, the operator overshot in response to the reactor’s self-
dampening behavior. When the system dropped to 1% of capacity, the operator began to focus on 
correcting the current situation, rather than the systemic processes in play, acting in ways that 
increased the instability of the system and setting in motion the catastrophic events of that day.  
 
In the early 1950s, the Dayak people in Borneo suffered from malaria. The World Health 
Organization sprayed large amounts of DDT to kill the mosquitoes that carried the malaria. The 
mosquitoes died and the malaria declined. But that’s not all that happened. The roofs of people's 
houses began to fall down on their heads. The DDT was also killing a parasitic wasp that had 
previously controlled thatch-eating caterpillars. Geckoes ate the DDT poisoned insects and cats are 
the geckoes. The cats died and rats flourished resulting in outbreaks of Sylvatic plague and Typhus. 
To cope with these problems, which it had itself created, the World Health Organization parachuted 
cats into Borneo. 
 

As the examples above illustrate, complex causality is part of our world. Causal complexity comes in 
many forms. It includes non-linear patterns such as mutual, relational, cyclic and escalating causalities. It 
can be complicated in how it plays out in space and time, involving time delays, spatial gaps, and near 
simultaneity between causes and effects (such as in a set of gears turning.) It involves intentional as well 
as non-intentional causes and centralized as well as distributed ones.  
 
In our daily lives, we have many opportunities to analyze the nature of complex causality and to apply the 
principles to new instances. However, this is not typically what happens. A growing body of research 
offers insights into how people handle causal complexity.3   Similar to the reductive biases that Feltovich, 
Spiro, and Coulson4  identified in how people handle other forms of complexity, people often use 
simplified causal forms that are in tension with the inherent complexity of the problem space. Table 1 
summarizes these tendencies. There is substantial support for these tendencies in the research literature.5 
If the world were simple, this might not matter but as the examples illustrate, simplifying a complex 
world can lead to misconceptions and mishaps!  
 
How people reason about risk, events such as 9/11, the possibility of pandemics such as SARS, the spread 
of insect borne disease such as West Nile Virus, diseases with extended onset such as Mad Cow Disease, 



and Hurricane Katrina hinges upon how we allocate our attention and this, too, is impacted by the types of 
causal complexity involved. Compare poor eating habits with sitting near a bees’ nest. For most people, 
bee stings are not life threatening, but the impact is immediate and obvious and upon discovering a bee’s 
nest nearby, most people would go through the trouble to move. Heart disease is life threatening, but not 
immediate or obvious and behavioral change is a lot harder to come by. Similarly, an intentional cause as 
in terrorism is harder to ignore than a non-intentional cause as is the case with global warming. 
 
Can we learn to recognize default patterns and to shift our thinking?  There are plenty of examples of 
learning the hard way, such as cats on parachutes. Often it takes such a focusing event to garner our 
attention. This in and of itself is a problematic approach to a complex world. Lake Nyos is a lake in 
Cameroon about 200 miles northwest of the capital of Yaounde. In 1986, gases from the lake escaped into 
the atmosphere displacing the oxygen and nearly 1800 people died. Relational causality describes the 
pattern of the tragedy. Gases with different densities form layers in the atmosphere as denser gases sink 
on less dense gases. Lake Nyos is located in a part of Cameroon that is volcanically active.  Carbon 
dioxide gas from this underground volcanic activity built up at the bottom of Lake Nyos over time, like 
the dissolved carbon dioxide in a can of soda.  Two other facts are important. Colder water has the 
potential to support more dissolved gas than warmer water and carbon dioxide is denser than oxygen. 
Prior to the event, the lake water appears to have had stable stratification with only partial mixing when 
the gases were released.  Whether there was a particular trigger, the lake was saturated, and/or the warm 
August weather contributed or a number of factors interacted to result in the gas release is unclear.  But 
the relationship between the density of the two gases resulted in nearly 1800 suffocating in their sleep. 
However, the whole story of what happened at Lake Nyos involves telling a related story—the one about 
how people attended to events at the lake prior to the disaster of 1986 and how they attend differently 
now. In studying the event that caught our attention, scientists realized that the whole scenario could play 
out again—that carbon dioxide was again collecting in the lake. Therefore, they built an extraordinary 
fountain in the lake that is designed to disperse the gas over time—in essence managing the state of the 
lake rather than focusing on events as they happen. While the level of carbon dioxide continues to be a 
concern, managing the gas levels may well prevent another catastrophic event. Focusing events can gain 
our attention, but managing the causality, in this case, involves attending to the steady state. 
 
Buttons, Puddles, and Playground Politics: Causality within Reach 
 
Can we teach the next generation to do a better job reasoning about causal complexity? Causality may 
sound like an esoteric concept, but children think about it everyday implicitly, if not explicitly— 
building fundamental, structural knowledge that they’ll draw upon over the course of their lives. Consider 
the following examples. 
  

A toddler pushes every button and light switch that he can find. His mother thinks that he is just 
trying to push her buttons. He is actually finding out that causes do not have to physically touch their 
effects—that causes can act at a distance. Someday, he may consider causal action at a distance as he 
analyzes the impact of nuclear waste disposal in one area on an area upwind. 
 
A kindergartner jumps over puddles on the playground. Misjudging one, she falls in with a splash. 
Cold and wet, she gets her dry clothes from her cubby. In warm dry clothes, she resumes jumping 
over puddles. When asked whether she is making a good choice, she responds with certainty, “I am 
not going to fall in again.” She is learning to think about chance events and to balance those against 
her growing skills. Someday she may use this knowledge when judging whether to perform a delicate 
surgery. 
 



A fifth grader watches two friends get in an argument. The conversation spirals out of control as each 
side escalates in their anger—saying things that they would never have said outside the context of the 
conflict. Remembering a recent lesson, he runs in to tell his teacher, “Ms. Ryan, Ms. Ryan, we have 
escalating causality and need a cool down.”  Someday he may use this knowledge to help manage 
conflict between factions in a war torn country. 

 
These examples underscore what an extensive developmental literature substantiates (See Grotzer, 2004 
for an in-depth review.) From fairly young ages, children reveal developing competencies related to 
complex causal forms. But we know that developing an extensive and articulate causal repertoire it isn’t 
going to happen without effortful attention throughout the curriculum. 
  
Getting Beyond Simple: A Causal Curriculum for Today and Tomorrow 
 
What does it mean to teach about complex causality? What would such a curriculum entail and how 
effective would it be? Does the teaching of causal patterns really work and even if it does, how can 
teachers justify spending time on it when they are accountable to the standards? For the past ten years, 
with generous funding from the National Science Foundation, we have been researching and working 
extensively in pre-K-12 classrooms to develop ways of teaching the causal concepts in Table 1. A critical 
question that we had at the outset of our work was whether it was possible to integrate the teaching of 
causality into the curriculum to teach for the future and still meet the current standards. Our work in 
classrooms suggests that it is not an either or proposition. We saw significant and substantive gains in 
causal understanding and in curriculum content in the performance of students in classes where we taught 
the causal concepts in the context of the curriculum. These gains showed up on the standardized tests that 
students took as well as on supplementary tests that we gave to probe for deeper understanding. Equally 
encouraging to us were the stories that the teachers and principals reported of students who returned from 
high school or college to talk about what a difference it had made to them. They talked about “learning to 
really think” and finding “those causal patterns everywhere I looked, even in the supermarket!”  When we 
systematically interviewed the students with whom we had worked in earlier years, across the board, they 
had held onto the science gains that they had made and many of them reported similar life stories about 
the impact of the work. 
 
Adding anything to the curriculum is hard. Yet, these concepts are already implicit to understanding the 
curriculum that we have. Pulling them out to explicitly focus on them enhances the learning students 
already have to do and better prepares them for the future. We have the opportunity within the context of 
the current curriculum to help students learn to reframe their causal thinking. By extending their causal 
repertoire, we can empower them to understand their world better, choose more informed actions, and to 
be critical consumers of proposed policy.   
 
1This work is excerpted from: Grotzer, T.A. (in prep). Understandings of consequence: Educating students for the world of today 
and tomorrow. Rowman & Littlefield: Lanham, MD. Please do not cite or quote without permission.  
 
2Dorner, 1989. 
3Research on how people handle causal complexity: e.g. Chi, 2000; Grotzer, 2003; 2004; 2007; Hmelo-Silver, Pfeffer, & 
Malhotra, 2003; Perkins & Grotzer, 2000; Wilensky & Resnick, 1999).  
4Feltovich, Spiro, and Coulson (1993)  
5Research Support for Tendencies (e.g. Ferrari & Chi, 2000; Grotzer, 2000; 2004; Grotzer & Basca, 2003; Houghton, Record, 
Grotzer, & Bell, 2000; Perkins & Grotzer, 2000; Resnick, 1996; Wilensky & Resnick, 1999). 
 
This work was supported in part by Grant No. REC-9725502, REC-0106988, and ESI--0455664 from the National Science 
Foundation. Any opinions, findings, conclusions or recommendations are those of the authors and do not necessarily reflect the 
views of the National Science Foundation. 



Table 1. Concepts for a Causal Curriculum:  
Teaching Students How To Handle Complexity 

 
 

 
Simplistic  
Framing: 

 
How does it 
work? 

 
Reframing for 
Complexity: 

 
How does it work?  

 
How we tend to get stuck… 

 
Simple Linear  
 
(“This Makes That 
Happen” Causality) 

 
One thing makes 
another thing 
happen. 

 
Extended or Non-linear  
 
(Domino, Cyclic, 
Mutual, or Relational 
Causality) 

 
Causal patterns can be 
extended or non-linear. 
They can include 
indirect or bi-directional 
effects.  
 

 
We often adopt simple story-like notions where one thing 
happens to cause something else. We miss patterns that are like 
dominos, cyclic as in a feedback loop, mutual as in symbiotic 
relationships or relational where a relationship between two 
variables causes an outcome.   

 
Event-based 
  
(“What Happened?” 
Causality) 
 

 
Something has to 
happen in order for 
us to think about 
causality. 

 
Steady States and 
Processes 
 
(“What’s Going On?” 
Causality) 

 
Systems in balance and 
processes entail 
causality even if nothing 
is happening at the 
moment.  
 

 
Unless something is happening, we don’t think about the causal 
relationships in play. A bridge shouldn’t have to fall down in 
order for us to realize what was causing it to stay up. Similarly 
a government shouldn’t have to collapse for us to realize what 
was working. (Factors such as accumulation or triggering 
events can rapidly transform a situation from “What’s going on 
to “what happened?” 
 

 
Sequential  
 
(“Step by Step” 
Causality) 

 
Causes always come 
before effects in a 
step by step pattern. 

 
Simultaneous  
 
(“All at Once” 
Causality) 

 
Causes and effects can 
co-occur in time and still 
have a causal 
relationship. 
 

 
We expect that causes have to occur before effects in our 
causal explanations even when it doesn’t fit what is happening. 
Gears all turn at once even though one causes another to turn.  
 

 
Obvious Variables or 
Mechanisms 
(“Easy to Notice 
Causes and Effects”) 

 
Some causes (and 
some effects) can be 
directly perceived.  

 
Non-Obvious  Variables 
or Mechanisms 
(“Hard to Notice Causes 
and Effects”) 

 
Some causes (and some 
effects) are non-obvious 
because they are 
microscopic, 
imperceptible, or 
inferred. 

 
We focus on obvious causes instead of non-obvious ones. 
Students are more likely to report worms as decomposers than 
microbes. We don’t think about air pressure as the cause of ear 
aches on planes unless we have been told to. We do reason 
about inferred causes such as intentions in social situations, but 
we reason in more complex ways about ourselves than others. 
 



 
Active or Intentional 
Agents 
 
(“Who Did It?” 
Causality) 

 
Many cause and 
effect relationships 
involve an actor 
who intends a 
certain outcome.  
Many actions have a 
purpose or intent. 

 
Passive or Unintentional 
Agents 
 
(“No One Did It”  
Causality) 

 
Some causal 
relationships don’t 
involve action or 
intentionality. Or actors 
and their intentions may 
not correspond with 
effects at another level 
of problem analysis.  

 
We tend to look for whom or what made something happen. 
We assume active and intentional agents. Yet, seatbelts, a 
passive restraint system, cause us to stay in the car when it 
stops without actively doing anything. Electrons are active and 
protons are passive, yet neither is intentional. When we drive 
our cars, we intend to get to where we are going but we don’t 
intend to contribute to global warming. 

 
Deterministic 
 
(“It Always Works” 
Causality) 

 
An effect always 
follows a given 
cause. 

 
Probabilistic 
 
(“It Sometimes Works” 
Causality) 

 
An effect sometimes 
follows a given cause. 

 
In part, we judge whether a causal relationship exists by how 
reliably the effect follows the cause (in a kind of Bayesian 
analysis.) Over-reliance on correlation gets us into trouble. We 
assume causality where only correlation exists (unless we also 
search for mechanisms). We also tend to use lack of reliability 
to discount the relationship. One might think, “I did it before 
and I didn’t get sick, so I’m not going to get sick now” instead 
of “Even if I didn’t get sick before, I can still get sick now.” 

 
Spatially and 
Temporally Close  
 
(“Local Causes and 
Effects” or 
“Immediate Causes 
and Effects”)  

 
Causes and effects 
physically touch 
each other or are 
close to each other 
in space and time.  

 
Spatially and 
Temporally Distant or  
Delayed 
 
(“Distant Causes and 
Effects” or “Slow” or 
“Delayed Causes and 
Effects”) 

 
Causes can act at a 
distance and there can be 
delays between causes 
and effects. Sometimes 
effects need to 
accumulate to a certain 
level to be noticeable or 
they must reach a trigger 
point before which there 
is no effect. 

 
We often limit our search for causes and effects to those that 
are close together in space and time missing more distant 
causes or parts of causes. Or we miss the distant effects of an 
event that we are aware of. We misunderstand events in the 
Middle East because we view them in too brief a time span. We 
think that satellites have a force within that drives them instead 
of an orbit resulting from a combination of gravity on Earth 
and continued forward motion. Teenagers think, “I can’t see 
any bad effects of getting a suntan right now” instead of “The 
hurtful effects of getting a suntan accumulate and show up after 
a long delay between cause and effect.” 

 
Centralized  
 
(“Someone’s in 
Charge” Causality) 

 
A central figure or 
leader causes (and 
typically intends) 
the outcome. 

 
Decentralized  
 
(“Nobody’s and 
Everybody’s Fault” 
Causality) 

 
Individuals interacting 
give rise to an emergent 
effect where the intent of 
the individuals often has 
nothing to do with the 
higher level outcome.  

 
We tend to focus on centralized authority or causes and don’t 
attend enough to the power of distributed causality. So we 
think that government institutions and leaders rather than our 
individual, daily civilized actions give rise to a civilization. Or 
we wait for our leaders to enact legislation to combat global 
warming rather than changing our individual actions to 
contribute to the emergent solution.  

 



 

Six Causal Patterns 
 
 

    LINEAR CAUSALITY 

• Cause precedes effect; sequential pattern  
• Direct link between cause and effect  
• Has a clear beginning and a clear end  
• Effect can be traced back to one cause  
• One cause and one effect; additional causes or effects turn this pattern 

into domino causality  

Can you think of an example? 

    DOMINO CAUSALITY 

• Sequential unfolding of effects over time  
• An extended linear pattern that results in direct and indirect effects  
• Typically has a clear beginning and a clear ending  
• Can be branching where there is more than one effect of a cause (and 

these may go on to have multiple effects and so on.)  
• Branching forms can be traced back to “stem” causes  
• Anticipating outcomes involves deciding how far to trace effects. 

Short-sightedness can lead to unintended effects  

Can you think of an example? 

 CYCLIC CAUSALITY 

• One thing impacts another which in turn impacts the first thing (or 
alternatively impacts something else which then impacts ma impact 
something else and so on, but eventually impacts the first thing) 

• Involves a repeating pattern   
• Involves feedback loops  
• May be sequential or may be simultaneous  
• Typically no clear beginning or ending (Sometimes you can look back 

in time to a beginning but often that results in the classic which 
came first, the chicken or the egg problem.)  

Can you think of an example? 

http://www.cfa.harvard.edu/ucp/Website/causal/causal_types.html�
http://www.cfa.harvard.edu/ucp/Website/causal/causal_types.html�
http://www.cfa.harvard.edu/ucp/Website/causal/causal_types.html�


 SPIRALING CAUSALITY 

• One thing impacts another which in turn impacts the first thing (or 
alternatively impacts something else which then impacts ma impact 
something else and so on, but eventually impacts the first thing) 
with amplification or de-amplification of effects  

• Involves feedback loops  
• It is sequential as each event is a reaction to the one before it  
• Often a clear beginning and ending  
• It is difficult to anticipate outcomes of later feedback loops during 

earlier feedback loops  

Can you think of an example? 

 

 RELATIONAL CAUSALITY 

• Two things in relation to each other cause an outcome  
• It often involves two variables in comparison to each other  
• There may be a relationship of balance, equivalence, similarity or there 

may be a relationship of difference  
• If one thing changes, so does the relationship, therefore so does the 

outcome  
• If two things change but keep the same relationship, the outcome 

doesn’t change  

Can you think of an example? 

 
 

 MUTUAL CAUSALITY 

• Two things impact each other  
• The impact can be positive for both, negative for both, or positive for 

one and negative for the other  
• The causes and effects are often simultaneous, but can be sequential  
• May be event-based or may be a relationship over time (such as the 

moss and the algae in lichen  

Can you think of an example? 

 

http://www.cfa.harvard.edu/ucp/Website/causal/causal_types.html�
http://www.cfa.harvard.edu/ucp/Website/causal/causal_types.html�
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The Understandings of Consequence Project: 
 Research Overview 

 
The curriculum materials and the pedagogical approach that grew out of the 
Understandings of Consequence Project, the Causal Patterns in Science and 
Beyond series, is the result of over ten years of research on student learning funded 
by the National Science Foundation. This document explains the research behind the 
program in accessible terms. If you would like more in-depth information or further 
details on the methodologies involved, we encourage you to visit our research page 
on the Project Zero website where you will find links to the research studies and 
specific references for the work. 
 
The work started as a set of research questions. It aimed to address the following 
puzzles/challenges: 
 
• A long history of research on misconceptions (or alternative conceptions) showed 

that students typically struggle with fundamental science concepts. 
• Our observation in classrooms revealed that despite “best practices” teaching 

and highly dedicated teachers, students still reverted to nonscientific 
explanations. 

• Even “everyday” scientific concepts assume an extensive repertoire of causal 
models. In addition, students are being asked to reason about an increasingly 
complex and global world.   

• Students appeared to have limited knowledge about the nature of causality 
(although developmental research shows that they have more than expected 
based upon their ideas in science class!) and little opportunity to learn about it. 

 
Do limited notions of causality contribute to students’ misunderstandings of everyday 
science concepts? Will teaching causal patterns enhance their understanding? 
 
Are there ways to teach the patterns and features of causal complexity for today and 
tomorrow’s world in the context of today’s curriculum?   
 
 

 
Main Research Findings 

 
1. Students often framing the underlying causality in science concepts differently 

than scientists do. 
 
2. Opportunities to learn the underlying causal patterns improves students’ 

understanding of the science concepts. 
 
3. While explicitly unpacking the causal patterns improves the learning of all 

students, lower level achievers often improve the most. 
 
4. Learning causal patterns in one topic can transfer to other topics, particularly 

when teachers engage students in thinking about connections. 
  

 



Overview of The Understandings of Consequence Project Research Phases: 
 
There have been three research phases to date: 
• Phase 1: Investigated students’ assumptions about the nature of causality within 

and across different science topics. 
• Phase 2: Tested targeted interventions in the context of students’ science 

learning designed to impact how students structured the causality inherent to 
particular levels of explanation. 

• Phase 3: Investigated whether gains, such as those found in phase two, would 
transfer to new learning. 

 
Phase One Studies: 
 

We interviewed students in the context of their science learning… 
• …through open-ended interviews and tasks designed to reveal how they 

structured concepts. 
• …within a number of topics including simple circuits, ecosystems, electricity, 

density, pressure, force and motion, and evolution. 
• …from third through 11th grades. 

 
Phase One Findings: 
 

• Students make assumptions about the nature of causality that influence their 
ability to learn science concepts. (See list of default assumptions.)  

• Students’ tend to assimilate information about complex concepts into simpler 
causal structures thus distorting the information.  

• This was so for both “everyday science” and for complex science concepts. 
• This was so before, during, and after learning. 

 
Phase Two Studies: 
 
Across topics and grades, we worked with our teacher collaborators to develop 
curriculum that would teach the underlying causal patterns in service of the science. We 
compared the performance of students in classrooms with three different approaches 
    1. Causal Activities (RECAST) and Discussion   
    2. Causal Activities (RECAST) Only  
    3. Best Practices Control Group  
 
All classes used “best practices” science units that included: 

-  extensive modeling by students. 
- evaluating evidence. 
- Socratic discussion.  
- dynamic computer models. 
- attended to students’ evolving models.  

But some added causal activities or causal activities plus causal discussion. 
 



Phase Two Findings: 
  

Across most topics, introducing RECAST activities significantly benefited student 
performance. 
• For some topics, RECAST activities alone were not enough to make a difference 

and there was significant benefit to adding explicit discussion of the causality. 
The activities can be sufficient to learn less complex patterns and causal 
discussion appears necessary when the patterns are most counterintuitive. 

• RECAST activities plus discussion benefited students across different 
achievement levels on topics with difficult causal concepts. Low achievers (as 
defined by their teachers) made the most dramatic gains. 

• Effect sizes varied across topics depending upon the complexity of the causality 
to be grasped (higher effect sizes with more difficult forms) and depending upon 
other sources of difficulty.  

 
Phase Three Studies: 
 

Phase Three investigated whether learning about the underlying causality could 
make a difference beyond the concepts for which it was taught—would it transfer to 
new learning? We asked: 
 
1. Does learning about causal patterns transfer between topics when the causal 

patterns are the same (for instance, many density and air pressure concepts 
have an underlying relational causality)? 

2. What about when they are different? Might students begin to notice other forms 
of causality by comparison? 

3. Are there any ways that it might help them generally in future learning (such as 
encouraging them to think more deeply, or by offering ideas about what it means 
to learn well, etc.)?   

 
Phase Three Findings: 

 
• There was some transfer of learning even without any special support when the 

causal patterns were the same. 
• When teachers supported transfer (for example, by asking students, “Are there 

any other places where you might have seen this causal pattern?” Or “Think 
about your thinking, what kind of causal pattern are you using?”), there was a 
good amount of transfer when the causal patterns were the same and even some 
when the patterns were different.  

• Good results were obtained when students worked with materials that helped 
them to think about the transfer of causal patterns, but that teacher support and 
discussion was even better. 

• There was evidence that students were better prepared for learning in a general 
sense, but it was inconclusive in this study. 

 
 
Our work is on-going.  Check back on our project page on the Project Zero site to 
hear about new research that we are involved in and for a link to the Causal Patterns 
in Science Website. 
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