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GeoTAT Question 3a: The illustration below represents a fossil 
bearing rock exposure. The fossils are the remains of bones from the 
feet of unidentified species of mammals. Try and describe the process 
that took place between rock layer 1 to layer 4. 
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Phyletic Gradualism 

Introduction 
Illustration from Ridley (2003) discussing rates of evolution: 
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Introduction 

Morphological change 

Ti
m

e 

Hypothesis: Understanding the true direction of the Vector of 
(Geological) Time affects one’s ability to understand 
phylogenetic trees. In it’s explicit absence people are more 
likely to read phylogeny along the tips. 
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The Research 

1. Temporal nature of local branching events in 
phylogenetic trees 

2. The evolutionary relationships amongst taxa 
(based on local branching events) 

3. Temporal vector of a phylogenetic tree 
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13-15 1 5 Integrated 
Science 

16-18 5 4 
5-Science  
4-Humanities 

24-75 9 6 
Uni. Stud. / 
Univ. grads 

Research Sample 
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--- 
“Meet the 

Family” (Dinosaur 
Evolution) 

“Hawaii as Nursery 
of 

Evolution” (Drosophil
ae) 

“Our closest living 
ancestors” (Hominid 

Evolution) 

Method 
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Method 

“Meet the 
Family” (Dinosaur 
Evolution) 

“Hawaii as a Nursery 
of Evolution” 

“Our closest living ancestors”  



10 

Method 

Questions: 

1.  Based on this tree, which 
organism is (evolutionarily) 
“closest” to the 
Chimpanzee? Human, 
Gorilla or Orangutan? Please 
provide your reasons for you 
answer. 

2.  In what direction does time 
flow in this diagram? Please 
provide your reasons for 
your answer.  

“Our Closest Living Ancestors” 

Sample Interview question: 
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Method 

•   Questions: Classified into three super categories 
(based on research questions) 

•  Answers: Classified into 7 conceptual categories 
based on content analysis 

•   Analysis of answers: each of the 7 conceptual 
categories classified into 3 levels of evolutionary 
thinking and 3 levels of non-evolutionary thinking 

•  Correlations: Vector of time vs. different levels of 
evolutionary thinking   
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Description Parameters 

Concepts and ideas that represent  
branching points. 

“Branching” points 

Expressions which represent evolutionary 
understanding. 

Evolution 

Visual elements in the diagram (ex. Taxa). Visual 

Directions of the vector of time. Direction 

Concepts and phrases that represent 
perception of time. 

Time 

Ideas that relate to religious 
understanding. 

Religious 
sensibilities 

Ideas based on former knowledge. Former knowledge 

Method 
Conceptual Categories based on content analysis 
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Results 

48% 26% 36% Tree 
60% 15% 25% Ladder 
44% 9% 47% “Fan” 
68% 7% 27% Ladder 

Note:  

Adults significantly better (p<.05) than students for both Drosophila 
Ladder and Fan diagrams. 
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Results 

“Meet the 
Family” (Dinosaur 
Evolution) 
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Results 
“Our closest living ancestors”  
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Results 
“Hawaii as a Nursery 
of Evolution” 
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Results 

0.701 0.112 Tree 

0.001 0.756 Ladder 

0.002 0.736 “Fan” 

0.048 0.567 Ladder 
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0.9588 -0.022 0.722 0.188 Tree 

0.049 0.686 0.0004 0.943 Ladder 

0.03 0.694 0.005 0.801 “Fan” 

0.047 0.884 0.261 0.452 Ladder 
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Results 
Questions: 

1.  Based on this tree, which 
evolutionary event occurred 
first, the evolution of  D. 
plantibae or D. silvestris? 

Please provide the reasons for 
your answer.  
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Summary 
   There appears to be a strong correlation between 
understanding the direction of the vector of time and the ability to 
correctly explain specific evolutionary problems as represented in 
phylogenetic diagrams. 

  Possible reasons:  
•  Correlated with understanding of common ancestor  
•  Ability to search deeply within diagrams 
•  Ability to ignore extraneous clues along tips 

  Implications:  

• Providing explicit temporal information (if possible) and/or 
understandable common ancestry could clue visitors into a 
deeper search of trees providing greater understanding.  

• Soliciting temporal information might serve as a quick 
indicator of evolutionary misconceptions. 
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Post-Script 
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Post-Script (2) 


