
 
òBoston Public Schools Pilot:  

Using Tactile and Visual Models  
to Teach Cellular Processes ó 

 
November 7, 2011   

 
Your Presenters: 

 
MIT Center for Environmental Health Science 

     Kathy Vandiver PhD,  Director Community Outreach and Education Core (COEC)  
          Amanda Gruhl  PhD, COEC Coordinator and Edgerton Center Instructor 

 
       
 

Education Group Meeting 



 
  Boston Public Schools Pilot 

May 2010 ς April 2012  

 
1. Teacher professional 

development  sessions 
 

2. Create a LEGO DNA 
Learning  Center Set -- 

       Design & Assemble & 
Deliver:  
Å Teacher Guide 
Å Student Materials 
Å DNA/ RNA Kits 
Å Protein Kits  
Å tRNA Kits  
 

3.   Classroom Support: 
 Provided by BPS,  Ms. 

Susanne Gill  and by MIT 
Kathy Vandiver for class- 

       room implementation. 
 



Teacher professional development 

October 2010 
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MIT Museum  Oct 2011 



Prototyping the Museum Exhibit 

May 2006  [9Dh tǊƻǘŜƛƴ {ȅƴǘƘŜǎƛǎ {Ŝǘǎ ǿŜǊŜ ƛƴǾŜƴǘŜŘ ŦƻǊ ǳǎŜ ƛƴ ά¢ƘŜ /Ŝƭƭά 



Prototyping the Museum Exhibit 

 January  2006  prototyping with MIT Terrascope students 



Prototyping the Museum Exhibit 

YŀǘƘȅΩǎ ǎŎŀƭŜ ƳƻŘŜƭ 
 ƻŦ  ά¢ƘŜ /Ŝƭƭέ   



Prototyping the Museum Exhibit 

Dec 2006 



Prototyping the Museum Exhibit 

CEHS Pilot Project 2006 Grant Awarded to 
the  Community Outreach & Education Core 
(COEC) $25,000 
The MIT Museum and the CEHS Community 
Outreach and Education Program are 
collaborating in the development of the first 
of the Museum's Learning Labs.  The purpose 
of this gallery-based experience is to bring 
middle and high school classes to the 
museum to help them understand the 
process of protein synthesis in the cell 
through the use of manipulatives.  

Schedule for One Year Pilot Project 2006-2007  
1) Jan-April 06: planning & exhibit construction    
2) May-June: formative evaluations  
      classes use prototypes   
3) July- Aug: rework & create final exhibits  
4) Sept- Nov: exhibit opens with  summative 
       evaluations   
5) Dec 2006: exhibit development completed 

  

 

 ARTHUR VINING  DAVIS Foundations 
        Phase One Award 2007-2011 
        Phase Two Award 2011-2013 
 

MIT Center for Environmental Health Sciences 



Prototyping the Museum Exhibit 

 
Concepts about DNA Structure  

 
1. DNA is a polymer made from subunits called nucleotides.  
2. Nucleotides can pair with one another. One side of the double strand determines 

the other. Because of this base pairing, DNA can be copied easily.  (AT) (CG) 
3. DNA separates easily into two strands. They rejoin easily too.  
4. 5b! ǊŜǇƭƛŎŀǘŜǎ ƛƴ ŀ άǎŜƳƛ-ŎƻƴǎŜǊǾŀǘƛǾŜέ ƳŀƴƴŜǊΦ όhƴŜ ǎƛŘŜ ǿƛƭƭ ōŜ  ƴŜǿΦ  ¢ƘŜ 

other side is the original and it is used as the template.)   
5. DNA forms very long molecules! 

 

Museum Exhibit and Programs were designed 
to meet the following Learning Goals.   



 

Concepts about DNA Function  

 
1. DNA contains a nucleotide code that is copied into the mRNA.  
2. Nucleotides can be read in groups of 3.  Each group codes for  a particular amino 

acid.  
3. tRNA molecules carry only specific amino acids. In this way, tRNA molecules 

translate the DNA code.  
4. On the ribosome, the amino acids are joined into a chain. 
5. The order of the amino acids in the protein chain is determined by the order of 

the nucleotides in the DNA. 
6. The completed amino acid chain will fold into a shape. It is this shape that gives 

the protein its function 
 

Prototyping the Museum Exhibit 
Å Cell processes are more difficult to teach than cell 
structures which are static.  
Å More teaching about protein molecules is needed!  



Prototyping the Museum Exhibit 

 
Concepts about DNA Damage & Repair 

 
1. DNA can become damaged.  Breaks can occur. Extraneous molecules can be come 

attached to the DNA. 
2. Some molecules from cigarette smoke, for example, cause harm because they 

adhere to DNA and then the DNA code can not be read properly.  
3. DNA has repair molecules that routinely run up and down the length of the molecule 

fixing breaks and  ripping out the mismatched base pairs.  
4. If a cell cannot repair its DNA, the cell will shut itself down, choosing to die 

peacefully in a process called apoptosis.   
5. /ŀƴŎŜǊ ŎŜƭƭǎ ŀǊŜ ŎŜƭƭǎ ǿƛǘƘ ŘŀƳŀƎŜŘ 5b! ǘƘŀǘ ƘŀǾŜ ŜǎŎŀǇŜŘ ŦǊƻƳ ǘƘŜ ǇŜŀŎŜŦǳƭ άǎƘǳǘ-
Řƻǿƴ ǇǊƻƎǊŀƳέΦ  ¢ȅǇƛŎŀƭƭȅ ǘƘŜ άǎƘǳǘ-Řƻǿƴ ǇǊƻƎǊŀƳέ ƛǘǎŜƭŦ ƛǎ ǘƘŜ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ 5b! 
ǘƘŀǘ Ƙŀǎ ōŜŎƻƳŜ ŘŀƳŀƎŜŘ ŀƴŘ ŘƻŜǎƴΩǘ ǿƻǊƪΗ 

 
 



Prototyping the Museum Exhibit 

Feb 2008 Combining Fieldtrips:  MIT Museum and  Broad Institute  

Full Day Fieldtrips 
Boston Public  
Schools  
 
 
 
MIT Museum 
9:00-11:30  
LEGO & computer 
 
Broad  Institute 
11:30-2:00  
Lunch & wet lab 



Creating LEGO School Sets 
Design & Assemble & Deliver LEGO molecules!    

 

TASK description:   ( 22 classroom sets- 10 for BPS )  
ÅOrder  440, 000  LEGO  pieces ( ~ half million LEGO components!) 
ÅEstimate work hours to build the DNA, Protein and tRNA kits  
Å 140 hours per classroom set   

ÅCreate the INSTRUCTIONS FOR BUILDING all LEGO molecules  
ÅOrganize and recruit volunteers   
ÅHost LEGO building events at different sites, on and off campus 
ÅCorporate  volunteer events  during the work day  
ÅMIT 150th celebration community volunteering ςBush Room  

ÅTrack LEGO production of individual molecules (e.g. Nucleotides)  
Å Re-associate all LEGO molecules into the correct classroom sets   

People Making a Difference®     
Non- profit corporation , directed by  Lori Tsuruda,  MIT alum  

Jan 2011 - March 2011  more than 1000  man hours of  effort!   
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Creating LEGO School Sets 

MIT Grad Students  very important!    Needed for upper level biochemistry tasks  in LEGO 


