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Cracking the system:  Explicitness of function and behavior 

in schematic textbook visualizations of DNA replication 

Explicitness of Behaviors in Systems Expressed in Figures 

Classification Criteria Code 

Color The behaviors of the system are expressed by use of 

color 

BCO 

Arrow The behaviors between two elements within the system 

are represented by use of an arrow 

BAR 

Label The behaviors of the system are embedded in the figure 

itself using abbreviated text (e.g. above an arrow) 

BLA 

Annotation The behaviors of the system are annotated within the 

figure (as in a pop out box or numbered box) 

BAN 

Caption The behaviors of the system are expressed within the 

figure caption 

BCA 

Function 

Structure 
Behavior 

1. When a system is represented, to what degree 

does it make function and behaviors explicit? 

2. How are functions and behaviors of systems 

being made explicit in textbook schematics of 

DNA replication? 
 

Rubrics applied 

to schematics 

of DNA 

replication 

Reform calls express that systems thinking is a vital skill 

in increasing scientific literacy1.  Research has shown 

that students have a difficult time identifying and 

comprehending the function and behaviors of a 

system2,3.  Using the Structure-Behavior-Function model4 

as the guideline for defining a system (Figure 1), this 

research will answer two research questions: 

Explicitness of Function in Systems Expressed in Figures 

Classification Criteria Code 

None Function is present though it is not mentioned 

in the figure 

FNO 

Label The function of the system is embedded in the 

figure itself using abbreviated text 

FLA 

Annotation The function of the system is annotated 

within the figure (as in a pop out box or 

numbered box) 

FAN 

Caption The function of the system is expressed within 

the caption of a figure 

FCA 

• Thank you to Dr. Jenni Momsen, Tara Slominski, and Shannon Anderson for input and feedback on this poster as well as on my collective research. 

• Thank you to the CiDER REU participants and CiDER faculty. 

• Thank you to North Dakota State University. 

• Thank you to the National Science Foundation (NSF - DUE 1156974) for funding this research - Any opinions, findings, and conclusions or recommendations 

expressed in this material are those of the author(s) and do not necessarily reflect the views of the National Science Foundation. 

CONCLUSIONS 
Schematics taken from 

textbooks 

5.85 

0 5 10 15 20 25 30 

How many behaviors are typically represented 

within each figure? 

0 

10 

20 

30 

40 

50 

60 

70 

80 

FNO FCA FLA FAN 

P
e
rc

e
n
t 

n=73 figures 

Title 
46% 

Text 
19% 

Title 
and 
Text 
35% 

n=54 

figures 

ACKNOWLEDGEMENTS 
1. AAAS. Vision and Change in Undergraduate Biology: A Call to Action. Washington, D.C.: AAAS, 2011. Print. 

2. Eilam, Billie, and Yael Poyas. “External Visual Representations in Science Learning: The Case of Relations Among System Components.” International Journal of Science Education 32.17 (2010): 2335–2366. Taylor and 

Francis. Web. 11 June 2012. 

3. Hmelo-Silver, C. E., and M. G. Pfeffer. “Comparing Expert and Novice Understanding of a Complex System from the Perspective of Structures, Behaviors, and Functions.” Cognitive Science 28.1 (2004): 127–138. 

4. Goel, Ashok K. et al. “Towards Design Learning Environments - I: Exploring How Devices Work.” Third Internation Conference on Intelligent Tutoring Sustems. Montreal, Canada: Springer, 1996. 

5. Sadava, David, et al. Life: The Science of Biology. 9th ed. W. H. Freeman, 2010.  

6. Raven, Peter, et al. Biology. 9th ed. McGraw-Hill, 2011. 

7. Campbell, Neil A., et al. Biology. 8th ed. Benjamin Cummings, 2008. 

8. Freeman, Scott. Biological Science. 4th ed. Benjamin Cummings, 2011. 

9. Starr and Taggart.  Biology: The Unity and Diversity of Life. 11th ed. Cengage Learning, 2006. 

10. Brooker, Robert, et al. Biology. 1st ed. McGraw-Hill, 2008. 

  

 

FCA 

FLA 

FAN 

BCA 

BLA 

BAN 

BCO 

BAR 

 

 
 

• What do students believe a system is? How is this shaping their understanding of 

figures that model systems? 
 

• To what extent are students able to identify as well as understand the behaviors and 

function of a system?  By what methods are they reaching their conclusions as they 

interact with textbook figures? 
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What are the visual cues 

being used to represent 

behavior? 
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How many visual cues are figures using to 

represent each behavior? 

How is the function being 

represented? 

• On average, 6 behaviors are 

represented in figures 

 

• Figures can have anywhere 

between 1 to 25 behaviors 

 

• On average, 2.11 visual 

cues are given for each 

behavior 

 

• 24% of behaviors are 

implicitly communicated 

(BCO, BAR, BCO + BAR) 

 

• Captions are used as a 

visual cue to identify 

function 74% of the time 

 

• 46% of captions only use 

the title to identify function 

 

 

 

• There is wide variation in how systems and their components are represented 

• Similarly, there is a large range of complexity among figures 

• Students aren’t always given all of the pieces necessary to unpack the system and its 

components 

• Textbook figures are not designed to scaffold systems thinking, thereby possibly 

contributing to difficulties in student reasoning 

 

Structure Structure Behavior 

(relationship) 

(output or purpose) 

Figure 1 

Components of a 

system.  Structure, 

behavior, and 

function are three 

necessary parts of a 

system.  This is a very 

rules-based model, 

but in textbooks, 

there appear to be no 

rules for creating 

models of systems. 
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