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 Concept Mapping Origins and Features
Retired Cornell Professor, Joseph D. Novak worked for decades with graduate students to explore how students K-12 learn.  Using Ausubelian learning theory and clinical interviews, concept maps were created to visually show what students were thinking as they learned important science concepts.  One thing they learned was that working with many students over the K-12 span, they did not observe the Piagetian development stages.  Rather, they found that students could learn challenging concepts depending upon their prior knowledge and their ability to actively engage with learning materials.

Now concept mapping is viewed as a tool for meaningful learning and has multiple applications in educational, nonprofit, and business communities.  It is a weapon against the memorize-spitback-forget vicious cycle that sometimes passes for school learning.  Find out what the student knows; then hook new learning onto that knowledge base.  Progressive differentiation is the continuing process of adding knowledge deeper and deeper in ever- more specific detail, thus the addition of subordinate concepts to an existing map.   Integrative reconciliation happens when more general superordinate concepts are re-structured to connect new knowledge to old.  The creation of concept maps clarifies growing conceptual frameworks as learning a new field of study takes place.  This conceptual framework is very significant because it forms both a filter through which learners view and interpret their worlds and the basis for complex problem-solving processes.

Components of Novak’s Concept Mapping (Figure 1)

•  Concepts enclosed in geometric boxes.  Concepts are defined as perceived regularities in objects (such as “plant” or events (such as “photosynthesis”.  Generally, there is only one word in a box.  

•  Propositional linkages  Propositional linkages are relationship words on lines that connect two concepts.  Concepts are not learned in a vacuum.  They are learned in relation to other concepts.  When students draw in a line connecting two concepts, they may or may not understand how they are connected.  Writing in the propositional linking word lets the reader of the map know precisely how students are making the linkage.

•  Hierarchy. Concepts are arranged in a hierarchical scheme.  The most general concepts are at the top.  As you progress to the bottom of a concept map, the concepts get more and more specific.  A concept map is not a flowchart showing timeline or recipe type of information.  It reveals the relation of the parts to the whole.  Concepts at the bottom are “subordinate” to the concepts at the top, which are “superordinate.”

•  Crosslinks.  Crosslinks are particular propositional linkages that connect and integrate different parts of a concept map.  One of the strengths of concept maps is that they can actually show this integration, while linear outlines so often used in teaching and learning can not perform this function.

For more details see:  The Theory Underlying Concept Maps and How to Construct Them

http://cmap.ihmc.us/publications/researchpapers/theorycmaps/theoryunderlyingconceptmaps.htm and books listed at the end of this document.  
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Figure 1. A simplified schema representing a concept map for planning an instructional program. From Learning How to Learn,
Joseph D. Novak and D. Bob Gowin, 1984, Cambridge University Press, Cambridge.





 How to Make Concept Maps
1. List the concepts.  When you are studying primarily from a textbook, the easy way to do this is to list words that are in bold or italics.  They are generally the most important concepts in the chapter.  

2. Cluster concepts into closely related groups. (It is often easiest to use chapter subheadings to do this clustering.)  

3. Arrange clusters from general to specific.  

4. Draw in connection lines with relationship labels.

5. Add or delete concepts to "make the map work for you."  Some students need to add concepts that they bring from prior experience.  Some students need to delete concepts to improve clarity and cut the confusion created by too many concepts.

6. Crosslinkages within the map or to other prior-constructed maps can be drawn in, generally using a long curved line that intersects as few other lines as possible.

Qualities of Good Concept Maps

1. Concept maps are personal and reflect your own way of thinking.  If you work from someone else's map, you should adapt it to your style.

2. Relationship words are appropriate and are carefully indicated on each line.

3. The map is clear and easy to follow.

4. The map is innovative, offering new insightful connections, creative use of color, powerful crosslinkages among chapters, strong integration of knowledge including notes to other ways of representing knowledge such as text diagrams, charts, graphs, photos, videoclips, flowcharts, timelines, scientific research, etc.

Just Do It!

When beginning concept mapping, most teachers choose to make an overview map of their course, a map of a chapter they know well, or a map of conceptual content that they know is particularly difficult for students.  Some textbooks with associated instructors’ manuals and student study guides may be available to teachers in their own resource sets.  If so, it is recommended that teachers actively “make they map reflect how they individually think” by adding, deleting, and shifting concepts as well as adding resources which are significant to their understanding.

Limits to Handwritten Concept Maps

Concept maps can be made by hand.  In fact, that’s all we could do for decades.  However, this process is particularly cumbersome because maps are often made clearer by moving concepts around.  Further, as we learn, we adjust the relationships and the number of concepts.  Given that we are lifelong learners, our concept maps are never “done,” but rather constantly evolving.  Further, these maps often lack clarity.  The use of computer software aids clarity and editing capability.

CmapTools vs Inspiration

Many teachers and students use Inspiration software to create concept maps.  These are good to improve clarity and add the easy editing capability.  However, it is hard copy printout that needs to be shared.

CmapTools offers some advantages over Inspiration:

1. Most important, it is a web-based tool with capability for sharing concept maps with fellow members of the learning community:  researcher:  teacher;  teacher:  teacher; teacher: student; student:  student.

2. While Inspiration requires the purchase of a site-license, CmapTools is free to nonprofits and educators and can be downloaded from the web.  CmapTools is currently being marketed as “Insight” software for other individuals and groups.

3. CmapTools was developed at the Institute of Human and Machine Cognition, a university-affiliated research institute under the guidance of Joseph D. Novak. 

4. CmapTools offers resource connectivity to any digitally based resource: videoclips, photos, graphs, cmaps, etc.

Inspiration offers one advantage over CmapTools:

•  It has a function that allows toggling between webbed concept map form and sequential outline form.  As you can imagine, this function is a bit tricky since the purpose of cmaps is to produce those webbed crosslinks.  And those links are inherently broken by switching to outline format.  However, for students who use cmaps to brainstorm components for their writing and then need to produce sequential communications, this toggling is a useful function.

Download CmapTools
Downloading CmapTools is a straightforward process.

Simply go to: http://cmap.ihmc.us/
Point to Download.

Choose your platform.

Follow the directions.

Getting Started with CmapTools:  Digitizing your Concept Maps
There are a variety of strategies to “get over the learning curve” of making your own concept map using CmapTools.  It’s different strokes for different folks.  Here are some possibilities:

1. Explore!  Simply go to the pull-down menus listed across the top of the window and pull down all the options.  That exercise alone will give you a good idea of the capabilities and limits of the software.  

2. Take a guided tour.  A tutorial was created by staff at the University of Wisconsin, Madison, and is available via the web at:

https://pantherfile.uwm.edu/xythoswfs/webui/simonec/public/Learning%20Objects/CmapTools?action=frameset&subaction=print&uniq=-28ctbb
Open (double click) the CmaptTools Basics folder.  Click on Cmap Tools Basics.htm   Make sure your sound is “ON”  Enjoy the tutorial.
3. Trial and Error.  Double click to add your first concept.  Then go to the Help Menu and scroll for the section that addresses the function you wish to perform.

4. Direct instruction.  If you want to be guided through the basic steps to transform your concept map into digital form with the CmapTools software, follow the steps below to create, add resources to, embellish, and polish your map. (Help Menu in a more developmentally sequenced approach)

Using CmapTools:  An Overview

The Views window is the organizational hub.  Here you decide what stays on your onw hard drive and what is stored on remote servers with access to the larger learning community you designate.

Default choice is “Cmaps in My Computer.”  At this location, you will create your own Cmaps.

Shared Cmaps in Places is where you can make your cmaps accessible to others via the remote server.

History will record the maps you’ve visited and edited.

Favorites will let you mark your favorite cmaps.

Create a Cmap

To create a new cmap, select File from the Menu bar, then drag down to New cmap.  Alternatively, use the keyboard: Ctrl+n 

Add a Concept.  Double click anywhere on the window.  A selected (highlighted) box with “????” will appear.  Type in your concept.  Click outside the box to set the concept label.

Create a Proposition from one Concept.  Select the concept you want to connect by clicking on it.  Point and click on the arrows that appear at the top of the concept box.  Drag a short distance from the concept, and a line will appear where you dragged.  A concept phrase will appear.  Select and type in the linking word.  Select and type in the connected new concept.

Create a Proposition from Existing Concepts.  If you have two concepts that you wish to connect, select one concept.  Point and click the arrow box above the concept, and drag to the concept you wish to connect.  When this second concept highlights, release the mouse.  A line will connect the two concepts, and a proposition box will be highlighted.  Type in the linking word.  Click outside the box to set the propositional phrase.

Save your Concept Map. Select File, then either Save Cmap if you intend to save editing on an existing Cmap, or Save Cmap As to save a new Cmap. The "Save Cmap As" window will appear. Here, you can label your Cmap, give it a focus question, and assign keywords to it. The Author, Organization, and Email text fields are where you can add additional identifying information. At the top of the window, there is a computer button that lists the contents of the My Cmaps folder, and a globe button that lists the servers that are a part of Places. The computer and globe buttons give you the option of saving your Cmap locally, or saving it on a Cmap server that you have permission to use. The Cmap you saved will appear under the My Cmaps heading.

Search/Add Concepts and Resources

Drag in Resources.  The easiest way to add resources is by dragging them from the desktop or an open folder to the open Cmap.  Point to the icon, click down to highlight, and drag the arrow over the concept to which you wish to link the resource.  And “Edit Resource Link” window will appear.  If the resource is to be simply background, select that radio button.  Otherwise, “Add as a Resource Link” is the appropriate button.  The Label you type in will appear when others who are viewing your cmap choose to investigate the resources.  Select a group from the next box down.  An icon will identify the group to which the resource belongs. Each concept may have up to 13 icons attached, each representing a different type of resource. The “Resource Name” shows in the “views” window.  The Resource Type identifies the type of data in the resource.  Fill out Description and Keyword boxes.  Click OK at the bottom of the window when you are finished.  The icon of the added resource should appear on the concept of your Cmap.

Import Resources.  You can import a resource from a file or create an internet shortcut. To import a resource from a file, From the Views-Cmap Tools Window, select File, then Add Resources. Using the "Add Resources" window, you can manually navigate through folders to add resources for use in Cmaps. Once you have located a resource you would like to add to a Cmap in the future, highlight it and click the Add button.  An “Edit Resources” Window will appear.  Fill out the boxes, and click OK at the bottom when you are finished.  The resource will appear in the Views-Cmap Tools Window and can be dragged onto a concept in a Cmap at a future date.  

To create an internet shortcut, From the Views-Cmap Tools Window, select File, then Add Web Page.  Fill out the Web Page window, click OK, and an icon will appear in the file where you saved it.  As with other resources, it, too can be dragged to an open Cmap.

Add & Edit Links to Resources.  In an open Cmap, highlight the concept of interest.  Click on Edit, then the “Add & Edit Links to Resources.”  You can “add” as described above or you can edit an individual resource by highlighting it in the lower box, and clicking the edit button at the bottom.  The original resource description box will open; you may edit, click update, and the revisions are saved.

Manage Existing Resource Links.  A group of resource links can be transferred between concepts in an open Cmap.  Highlight a chosen icon of a group. Edit cut.  Highlight an alternative concept. Edit Paste.  Or use the cut paste commands to which you are accustomed.

Search Places.  You can search my Cmaps and Places. From an opened Cmap, Point to Tools in the menu bar, then Search, then Cmaps and Resources.  Type in the concept you wish to search.  Double click any results of the search you wish to explore.

Search the Internet.  From an opened Cmap, Point to Tools in the menu bar, then select Search then Web Information.  As above, double click to view, or drag and drop as a resource onto you cMap.

Embellish a Cmap

Modify Linking Lines.  In an open Cmap, select a line.  Modify the line by using the Style Palette.  If your style palette is not open, point at Window in the Menu Bar, and scroll down to “Show Style Palette.”  By clicking in different sections of the Style Palette, modify the line: color, thickness, style, shape (curvature/ vectors), connection direction, and arrowheads.

Change Colors.  Colors of the text, object fill, object outline, shadow, arrows, can all be changed using the Style Palette.  In addition to the given Palette, you can add More colors to the Palette.

Change Font and Size.  Choose Font on the Style Palette to change the Font and Size of the font; select bold or italics; select text color, and adjust text alignment left justified, centered, right adjusted, shifted toward the top or shifted toward the bottom in relation to the box.

Polish a Cmap

Find Text in a Cmap.  From and opened Cmap, point to Edit in the menu bar, then find.  Type your word, and it will highlight.

Spell Check.  With an opened Cmap, select to Tools then Spelling.  This will correct common errors.  Spelling Options allows you to add words to the Dictionary.

Dictionary and Thesaurus.  As spellcheck, with an opened Cmap, select Tools, then dictionary and thesaurus.  Type in the word of interest, and get options.

Organize Cmaps
Create a Learning Community: Sharing with Others

To Print a Cmap.  First, go to Page Preview via “File” on the Menu bar.  Choose orientation (Portrait or Landscape).  Choose how many pages you want the map to be printed on.  Hit OK to Print Later.  Or Print to Print now.

Export Cmap as an Image.  From open Cmap, poiont to File in the menu bar, then “Export Cmap as” then Image.  In the Window that pops up, select the Title (default is the Cmap name), percent size, and File Type.

Click Save to set the action.

Send Cmap as a WebPage.  Not recommended.  Email Cmap as an image.  To share as a webpage, transfer file plus attached resources from My Cmaps on your Harddrive to a Cmap Public Server.  The URL will be at the bottom of the webpage that is created.  Send the URL to others who you wish to see your work.

Collaborate Synchronously

From an Open Cmap in Places:

You can collaborate with multiple users of CmapTools at the same time if you have an internet connection. Begin by copying a Cmap you want to work on with others to a place in the CmapTools network. To allow others the opportunity to synchronously collaborate on a shared Cmap, click the icon at the top right of the Cmap to release the collaboration lock.

The "Synchronous Collaboration Enabled" dialog window appears, confirming that the Cmap is now ready for synchronous collaboration.

If you are not the owner or administrator of a Cmap, and you want to synchronously collaborate on that Cmap with others, you may request a synchronous collaboration session. See Help Section for more details.

After a synchronous collaboration session request has been approved by the admin or owner of the Cmap, any Participant listed can modify and add to the Cmap. Any changes made during synchronous collaboration are available for all in the session to see. Users may also chat with one another by typing text in the box to the right of the Cmap, then clicking Send.

Create a Learning Community Permissions & Access Control

 

From a "New Folder" window:

You can control the accessibility and permissions of a folder that is located in either My Cmaps or Places if you created the folder or have administrative privileges over that folder. Just as an administrator of a place decides how others may create and use Cmaps, folders, and resources in that place, any administrator of a folder can permit or deny access to specific features in Cmaps, folders, and resources stored in that folder. To view or change how others may use a folder that you are creating, as well as any files or folders that may be stored in it in the future, click Permissions... (You can modify the permissions on an existing folder if you have administrative privileges on that folder. To modify an existing folder's permissions, click the folder, then point to Edit in the menu bar, highlight ‘Edit’ by holding down the mouse button, and scroll down to ‘Permissions.’ 

The "Permissions List" window opens where you can view and modify the permissions on a specific folder and its contents. The tab This Folder contains a modifiable list of permissions that initially establish the folder's creator as the sole administrator of the folder. The title "Everyone" is used to represent the set of permissions that any user has on the folder. To modify the permissions of a highlighted user in the permissions list, click Edit...

The "Edit User" window appears, where you can control user-specific permissions and access to the selected folder, as well as any files or folders it may contain. You can change the password of user accounts that you have set up on a selected folder by clicking Change Password. Only users who are listed as administrators of a specific folder can modify the permissions list on that folder, even if they have all of the other individual permissions that are given to administrators. To save effective permissions of a user account on the folder you are working with, click OK.

Now when viewing the "Permissions List" window, any changes in permissions for the account you edited appear next to the User ID for that account. To view or modify the permissions for folders located inside of the selected folder, click the Child Folders tab.  See Help for visuals.

When no other administrator is specified for a folder, authority over the permissions list of the folder is determined by the first "admin" found in either the folder's parent directory, a subsequent ancestor directory, or even the root. The root directory is either the My Cmaps folder or a place listed in the CmapTools network. If no parent or ancestor directory has an admin listed, the administrator of the root will ultimately inherit full control over the folder where "jsmith" was previously an administrator. Similarly, the creator of a folder stored inside the selected folder (known as a child folder) is given, by default, administrative privileges over their folder. If the permissions list under Child Folders is modified so that no administrators are left, a parent, ancestor, or root folder administrator will acquire full control over all child folders through inheritance. To save changes made in any of the permissions lists, click OK.

Child Folders as well as Other Folders that are stored inside the selected folder have, by default, inherited permissions. However, the Inherit permissions list from parent folder box is not checked by default for the selected folder. If you check that box, you will be able to click the Show Effective Permissions button to verify which permissions would be inherited from the parent of the selected folder.

The "Effective Permissions" window appears, and all permissions listed would apply to the selected folder if you chose to inherit permissions. Notice that if an administrator chose to inherit permissions for a selected folder, and the folder's parent permitted "Everyone" the privileges of viewing folder contents and creating folders only, then that administrator may not wish to turn on inheritance under the tab This Folder in order to secure a larger range of available permissions for other users of the selected folder.

Copy a Cmap to Places ( a public server).  Share a Cmap.

 

From the "Views - CmapTools" window:

You can copy a Cmap to a place in the CmapTools network, making it possible to share Cmaps with others. Even if the Cmap you want to share does not contain any links to outside resources, someone who has been given access to the shared Cmap may eventually want to add resource links to it. To ensure that all resource links in a Cmap remain valid after copying the Cmap to Places, begin by clicking an unused space in "Views" under the My Cmaps heading, then click Folder... from the New sub-menu.

The "New Folder" window appears where you can give the folder a name, add searchable keywords, and add a folder description. The section Permissions & Access Control explains how the Permissions... button can be used to secure folder content. A knowledge model is a folder containing several Cmaps of information that provide detail to a domain of knowledge. Faculty and curriculum coordinators may be especially interested in this feature.  A common way of unifying a knowledge model is through the use of a top level Cmap. The Set as Knowledge Model box can be checked to change a folder's icon to the knowledge model icon, indicating that the folder most likely contains a top level cmap that links to other Cmaps also contained in the folder. To finish creating the new folder, click OK.

After you have created a folder, select a Cmap and its associated files. To place the selected files into the newly created folder, click the highlighted selection, then click either Cut or Copy.

Click the new folder, then place the Cmap and its associated files into the folder by clicking Paste.

Click the Shared Cmaps in Places button to view a list of places in the CmapTools network. If you are unsure of where you should place your Cmap folder, places with "public" in the title typically permit any CmapTools user the ability to copy, or publish, Cmap folders to that place.  [I use IHMC Public Cmaps (2).]

Now when opening the place where you pasted your Cmap folder, it appears in the list for anyone who accesses that place.

Giving Feedback:  Add Annotations & Info

From an Open Cmap:

You can add descriptive text annotations to a Cmap. Annotations can be used to remind you where you left off during the creation of a Cmap. Another way to use annotations is by creating a comment or suggestion for someone else's Cmap.  Teachers and peer editors will appreciate this feature. To create an annotation, click the Cmap where you want the annotation to appear, then point to Tools in the menu bar, highlight, and scroll down to Annotate. 

A new annotation will appear with fields for adding text, your name, and an email address. If you click the ‘exit’ button, the annotation will not be saved. To save the annotation, click the ‘minimize’ button.

Now when viewing the Cmap, the annotation you created appears as a yellow repositionable icon.

From an Open Cmap:

You can add viewable information and keywords to a concept in a Cmap. To add information to a concept, click a concept, then, as above, point to Tool in the menu bar, highlight, and scroll down to Add Info....

The "Add Info" window opens, where you can add information to the concept. Information that is added in the box next to Mouse Over Info: will appear when the mouse pointer hovers above the concept. Keywords or other phrases may be added to the box next to Hidden Info: for use with the search tool. To transfer information added in the "Add Info" window to the selected concept, click OK.

Now when viewing the Cmap, you can mouse over a concept that has additional mouse over info and a box with that info will appear over the concept.

Other Capabilities

Validate and Fix Resource Links

Changing Languages

Nested and Merged Nodes

Changing Background

Create Custom Styles

Link Propositions Between Cmaps

Autolayout

Evaluating Concept Maps

Sooner or later, many teachers wish to evaluate maps.  A variety of strategies exist depending upon the goals of the evaluator.  Some look at the overall structure of the maps while others look more carefully at the actual correctness and quality of the propositional linkages.  Some scan for particular misconceptions that have been documented in particular fields with different age groups of learners.  

With the caveat that most teachers will choose to create their own strategy, one suggested rubric follows:

May your mapping enhance your educational community and your teaching and learning goals.

Draft Rubric to Evaluate Concept Maps

	Quality
	4
	3
	2
	1
	0

	Concepts
	More than required concepts are circled on map
	All of required concepts are circled on map
	Most of required concepts are circled on map
	Some of required concepts are circled on map
	Required concepts are not circled on map

	Concept Relationships

(Propositional Linkages)
	All linking words are present and valid.
	Most linking words are present and valid.
	Some of linking words are valid.
	Few linking words and not all are valid
	Missing or incorrect linking words

	Hierarchy
	Five or six levels of hierarchy are present and valid
	At least four levels of hierarchy are present and most are valid.
	Clear linkage to overview and at least three levels of hierarchy are seen.
	Clear linkage to more general concept in class overview map
	No hierarchy demonstrated

	Crosslinks
	Makes more than two crosslinks within or between team maps
	Makes a valid crosslink within the team map and to another team’s map
	Makes a valid link between two branches of the map
	Connects one branch of the map with another branch
	No crosslinks between different branches of the concept map

	Context Links 

Real world situation/problem Personal relevance; Laboratory experiment/ demonstration; Prior school learning;

Educational websites
	Creates links to all five contexts
	Three or four out of five possible contexts
	Two out of five possible contexts
	At least one out of five possible contexts
	No links to prior learning or experience

	Visual presentation

Clarity and Creativity
	Map demonstrates creative and meaningful use of optional tools of box shape, line, and color
	Map demonstrates clear use of basic tools of box shape, line, and color
	Map consistently demonstrates clear hierarchy levels and no visual spaghetti
	Map mostly

demonstrates nonoverlap of lines and  even levels of hierarchy 
	Map has poor appearance (visual spaghetti) or messy or unappealing  and uses the basic tools of shape, line and color


Recommended Concept Mapping Resources

Getting Started: Beginning Theory and Practice

The Theory Underlying Concept Maps and How to Construct Them

http://cmap.ihmc.us/publications/researchpapers/theorycmaps/theoryunderlyingconceptmaps.htm
Concept Map of Concept Maps

http://cmapskm.ihmc.us/servlet/SBReadResourceServlet?rid=1064009710027_1483270340_27090&partName=htmltext
CmapTools Around the World

http://cmapgis.ihmc.us/
Download CmapTools

http://cmap.ihmc.us/download/
Tutorial from the University of Wisconsin on Using CmapTools

https://pantherfile.uwm.edu/xythoswfs/webui/simonec/public/Learning%20Objects/CmapTools?action=frameset&subaction=print&uniq=-28ctbb
Open (double click) the CmaptTools Basics folder.  Click on Cmap Tools Basics.htm   Make sure your sound is “ON”  Enjoy the tutorial.
Advanced Work in Concept Mapping

Proceedings of the Second International Conference in Concept Mapping

http://cmc.ihmc.us/CMC2006Program.html
Program and Proceedings of  the First International Conference in Concept Mapping http://cmc.ihmc.us/CMC2004Programa.html
Research Publications regarding IHMC Projects on Concept Mapping

http://cmap.ihmc.us/Publications/
CmapTools White Papers (Technical Support)

http://cmap.ihmc.us/Documentation/WhitePapers.php
Shaka, Farella L.  and Betty L. Bitner, Southwest Missouri State University.  “ Construction and Validation of a Rubric for Scoring Concept Maps.” 18p. http://www.ed.psu.edu/CI/journals/96pap43.htm  
Books

Novak, Joseph D.  Learning, Creating, and Using Knowledge.  Concept Maps as Facilitative Tools in Schools and Corporations.  1998.  Mahwah, New Jersey:  Lawrence Erlbaum Associations, Publishers. (Especially Chapter 7:  The Effective Teacher/ Manager.)

Mintzes, Joel J., James H. Wandersee, & Joseph D. Novak, editors.   Teaching Science for Understanding:  A Human Constructivist View.  1998.  San Diego, California: Academic Press.

Novak, Joseph D. and D. Bob Gowin.  Learning How to Learn.  1984.  New York, New York:  Cambridge University Press.

Concept Mapping Resources by Members of the 

Lexington Educational Community

C3M Project.  A concept map of the entire C3M Project with attached resources hosted on the Institute of Human and Machine Cognition (IHMC) server.

http://cmapspublic2.ihmc.us:80/servlet/SBReadResourceServlet?rid=1159656139043_1468204745_4727&partName=htmltext

Cell Structure.  Biology Teacher Elliott Gimble’s three Level 1 Biology Class Concept Maps on the Lexington website. http://www.davidcolarusso.com/cgi/staff.cgi?name=Gimble

Heinze-Fry, J. A., & Novak, J. D. (1990). Concept mapping brings long-term movement toward meaningful learning. Science Education, 74(4), 461-472.  

Hand out describing how concept mapping affects long term retention by college biology students.  Thus contributing to meaningful rather than rote learning (memorization) which is quickly forgotten.

Heinze-Fry, J. A.  (2004).  Applications of Concept Mapping to Undergraduate General Education Science Courses.  In A. J. Cañas, J. D. Novak & F. M. Gonzalez (Eds.), Concept Maps: Theory, Methodology, Technology, Proceedings of the 1st International Conference on Concept Mapping.  Pamplona, Spain: Universidad Publica de Navarra.  This article describes a variety of applications of CmapTools in College Introductory science courses.  The idea is to look at how both teachers and students might apply concept mapping in different ways.   Available at http://cmc.ihmc.us/CMC2004Programa.html  On the Conference Program, scroll down to B8.

Heinze-Fry and Fran Ludwig.  2006.  CMAPTOOLS Facilitates Alignment of Local Curriculum with State Standards:  A Case Study.  To be published in the 2nd International Conference on Concept Mapping.  San Juan, Costa Rica:  Universidad Costa Rica.  Describes how concept mapping was used to align with State Science Standards.  
