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Brief description of this session 

Concept sketches are sketches or diagrams that are concisely annotated with short statements that describe the processes, concepts, and interrelationships shown in the sketch. Having students generate their own concept sketches is a powerful way for students to process concepts and convey them to others. In this session, we will explore concept sketches and the learning gains from using concept sketches, provide examples of assignments involving concept sketches, and have available examples of student work.

Background for the technique
 

The beautiful, detailed diagrams in geology textbooks look wonderful to us but commonly don’t accomplish for students what we would like them to:

· Many students simply skip through the textbook without really examining or internalizing the figures, or they fail to appreciate the value of these figures or use them in constructing their own knowledge.

· Most students do not know how to interpret scientific illustrations, nor can they identify the important factors represented in each (Lowe, 1989, 1993; Schwartz, 1993). 

· While students are commonly able to label a diagram with appropriate labels, they are commonly unable to articulate the concepts represented in the diagram or by the labels.

Concept maps (Novak and Gowin, 1984; Novak, 1998) are flow-chart-like or web-like diagrams that help students articulate ideas, identify and arrange key concepts, and see how ideas and concepts are connected to one another. Concept maps have their drawbacks as well. 

· While concept maps have been shown to help students construct and organize knowledge and learn more than students who did not construct concept maps (Novak and Wandersee, 1991; Esiobu and Soyibo, 1995), concept maps are most useful as a process rather than as a product to be shared with others. 

· Concept maps fail to take advantage of the very visual nature of geoscience and do not preserve the spatial relationships of different features, such as an andesitic stratovolcano positioned above a subduction zone. 

Johnson and Reynolds (in review) have proposed that an easy way to improve how students interpret or use scientific illustrations is to allow them to sketch their own versions of the concepts in an active-learning environment. They have developed the idea of concept sketches in which students identify and link key concepts, but retain the spatial relationships among concepts and mimic the more “geologic” portrayals, such as cross sections, that we commonly employ.

Reynolds, Johnson, and Tewksbury have used concept sketches in courses, and Reynolds and Johnson have some preliminary assessment data. Their limited data, when combined with a wealth of general educational research by others, support the positive impact of concept sketches on student learning.

What is a concept sketch?

· A concept sketch is a simplified sketch illustrating the main aspects of a concept or system, annotated with concise but complete labels that (1) identify the features, (2) depict the processes that are occurring, and (3) characterize the relationships among features and processes.

· A concept sketch is more than a labeled diagram. We have attached several examples of concept sketches – a brief study of these diagrams will show how significantly they differ from the standard diagrams that appear in textbooks or that we, as instructors, commonly draw on the board in class.

· In concept sketches, concept captions are connected to particular parts of the sketch with what are called leaders, which are short straight or curved line segments. Many people are tempted to connect concept captions to the sketch with arrows, but research has shown that people associate arrows with movement. Arrows should be reserved for places in the concept sketch where movement occurs (e.g., plate motion, groundwater flow direction, river flow, etc.).

Using concept sketches in class

· In-class use of concept sketches is most successful in terms of student learning if students are actively involved at least in construction of the concept captions, if not the sketch as well.

· Presenting students with a completed concept sketch doesn’t provide much of a learning opportunity for students.

· Having students simply copy down concept captions as the instructor lectures and fills in the blanks isn’t much better.

· In-class development of concept sketches can be done successfully in a number of ways:

· Provide a read-made sketch as a handout or drawn in class on the board. Providing a sketch saves time, can be useful early in the semester to model how to create a sketch, and can be particularly valuable for complex diagrams or abstract concepts.

· Have students do the sketch during class. This is more time-consuming but allows students to make decisions about what to draw, which forces them to think more deeply about the concepts.

· Providing “prompts” before students sketch is critical. Prompting materials might be photos, textbook-style illustrations, computer animations, video clips, in-class demonstrations, hand samples, or maps.

· Before students sketch, ask students to:

1. list what they think are the key features and processes, versus those things that they observed but that are not essential,

2. decide how various aspects are related,

3. brainstorm how to depict the system, and

4. draw and annotate the sketch.

· Use the sketching process as an opportunity for students to discuss their ideas with others in the class. Have them compare lists in step 1, share ideas from steps 2 and 3, and compare final concept sketches from step 4.

· Many in-class techniques can be integrated with the process of creating concept sketches:

·  Have selected students put their concept sketches on the board or on an overhead for discussion, comparison, and critique.

· Use the jigsaw technique to have groups of students do different but related sketches for comparison.

· Use think-pair-share for various stages of the process.

· In an upper level class that is discussion-based, having pairs of students create concept sketches of critical diagrams, graphs, and tables from an article to be discussed can be a very useful way to clarify confusing points.

· Follow up development of the concept sketch by having students use the sketch to solve a problem. For example:

· Ask students conceptual questions that hinge on the understanding that should be portrayed in the concept sketch.

· As students to use their concept sketch to make a prediction.

· Ask students to think about how the system might fail or function abnormally, what the consequences would be, and how it might be “fixed”.

· Ask students to think what might happen if aspects of the system were changed.

Using concept sketches on homework assignments

· Having students prepare for class by doing a reading assignment is commonly not very successful. Students read from the first word to the last word but don’t internalize much. Asking students to provide written answers to questions helps, but many students are prone to writing down strings of words that they don’t really understand. 

· Concept sketches can be a very useful way to have students prepare for a class session. Once a student has done a reading assignment, successfully completing a concept sketch requires a deeper level of understanding of the reading.

· For courses in which students read in the literature, concept caption annotation of selected figures in an assigned article can really force students to address whether they truly understand what they’ve read.

Using concept sketches in the field

· Using concept sketches on field trips is a terrific alternative or supplement to traditional field notes. In the field, many students take field notes and dutifully draw sketches, but many students think of notes as a place to write rock descriptions and record orientations of structures and sketches simply as a record of what they saw. Having digital cameras in the field emphasizes the perception that a sketch or a photo is a record. 

· Asking students to make concept sketches in the field forces them to address the question of what processes they see evidence for in the outcrop, what interpretations they can make about development of features, and what evidence supports their interpretations.

· Making concept sketches in the field forces students to observe more carefully and make decisions about what is and what isn’t important to record in a sketch.

· Students leave the outcrop having committed to a level of understanding of process and outcome that typically doesn’t appear in the written notes that a student takes in the field.

Using concept sketches for assessment

· If you use concept sketches in class, you should also use them for assessment (the idea of authentic assessment, where students are evaluated on the kinds of tasks that are valued in the course).

· Concept sketches assigned for homework are one obvious method of assessment and

· can provide the instructor with a better understanding of student background and misconceptions if the concept sketch addresses ideas that have not yet been covered in class

· can provide the instructor with feedback on whether students have understood a concept covered in class if the concept sketch is assigned after class.

· can help students learn from textbook reading or articles in the literature.

· If you teach with concept sketches, concept sketches should appear on quizzes and exams.

· Project assignments can be constructed around concept sketches. An example of a final project assignment in structural geology involving a collection of concept sketches appears on page 7 of this handout.

· Rubrics are very helpful in grading concept sketches.
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Figurc 1. Concept sketch illustrating a divergent oceanic boundary.
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Figure 2. Concept sketch illustrating the formation of a cone of depression by overpumping of
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Figure 3. Map-view concept sketch illustrating a meandering river.
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Example of a Project Involving Concept Sketches

Barbara Tewksbury

Hamilton College

btewksbu@hamilton.edu

Your Final Assignment as a Young Structural Geologist

turn in no later than Sunday, May 16 at 5 pm

Your assignment: You all did a great job on your concept sketches in the field. Now, you will formalize them into concept diagrams for someone else to read. Your assignment is to create a set of concept diagrams, with a short introduction, to illustrate the structural features and geologic history of Glens Falls/Whitehall area, with an emphasis on deformation mechanisms and causes of deformation.

Audience: structural geology students at other colleges.

You must include the following:

1. An introduction that sets the stage.

2. A concept diagram that includes a cross section across the entire region. You may include insets if you want to enlarge certain portions to convey specific points. Consider tying your cross section concept diagram to the other concept diagrams.

3. A minimum of four concept diagrams using tectonic block diagrams 6, 29, 36, and 38 that illustrate the tectonic evolution of the area and how the rock units and structures in the GF/W area relate to these tectonic block diagrams.

4. A concept diagram or diagrams for each of the field trip stops that we visited. Be sure that each concept sketch addresses the following:

· Rock types, rock units, types of contacts, and evidence.

· Nature of structures and processes that you see evidence for in the rocks at outcrop, hand sample, and thin section scales, including orientations, descriptions, and evidence. 

· Deformation mechanisms involved in formation of the structures, likely conditions of deformation, and evidence.

· Timing, tectonic setting, and cause of deformation.

Samples and thin sections from the field trip stops

Stop 3 (the big road cut with the lineations)

1. You have collected several oriented samples from this road cut and from neighboring road cuts to the north and south. You have had thin sections made that are cut parallel to lineation and perpendicular to foliation in the rocks. You have field data on the orientations of these structures in the outcrop). The samples include the following, with look directions for the thin sections:

NP 4-6 (un-numbered sample), looking NNE

STR 701 (sample same number), looking NNE

Augengranulit … (no sample), looking SSW

AZ 2-1A (sample same number), looking NNE

DC 4A-3 (hand sample DC 4a), looking SSW

Stop 4 Sciota Road (the road cut with the Isle La Motte limestone on top of the Snake Hill shale

Thin sections and samples from the road cut include the following:

STR 708 (hand sample same number) – from above the contact

74-1 (hand sample HF 114) – from below the contact

Stop 5 Scotch Hill Syncline (the beautiful outcrop behind the cabin)

Thin sections and samples from the road cut include the following:


HF 26 (hand sample same number)


B 29 (hand sample same number)

Stop 6 Dunbar Pond Road (the last outcrop we visited)

Thin sections and samples from the road cut include the following:


WT 1-3 (hand sample HF 100)

The ground rules:

1. Your work must be your own; this is not the time to work with a partner.

2. You are writing for an audience of other undergraduate structural geology students who are unfamiliar with this particular area; even though you are writing for fellow students, the tone of your writing must be professional.

Tips for your concept diagrams
1. Remember that concept diagrams are more than labeled diagrams. Concept captions are phrases that describe processes and outcomes and are places where you can include evidence. Remember that concept diagrams must stand alone.

2. Integrate the sketches that you did in the field and/or annotate the photos from the field trip (in Blackboard); integrate the thin sections (images also in Blackboard). Use insets as appropriate, and connect those insets to the main diagram/photo.

3. Use leaders (curved lines without arrows) to connect concept captions and insets to the main diagram. Save arrows to show motion.

4. You may do everything on the computer, or you may print out the images and letter everything by hand. You may use big paper (11/17), if you want. I’ve left several packages of big paper in 116.

Please heed the following when writing your concept captions

1. First and foremost, follow the guidelines in the booklet Writing in Geology, and do not make any of the egregious errors listed therein.

2. Remember that sample numbers are meaningless to a reader. The reader does not have those samples, nor does he/she know where they were collected. 

3. Remember that you are writing for structural geology students unfamiliar with the GF/W area. You do not need to explain what a basalt is, what a ductile shear zone is, etc.

4. Remember that all of the faults labeled reverse or gravity slide faults on the map are better interpreted as thrust faults. Please call them thrust faults.

5. Be scrupulously careful about using trend/plunge and strike/dip correctly. Faults and all other contacts are planes – they have strike and dip. Therefore, faults strike; they do not trend. Fold orientation is specified by the orientation of the hinge (a line), not by the orientation of the limbs or the axial planes. Therefore, folds plunge; they do not dip.

6. Faults and folds don’t “run”. Faults strike, and folds plunge. You can also speak of the trend of the fault trace or the trend of the fold axial surface trace.

7. Be scrupulously careful to use stress and strain terminology correctly. Compression and tension are stress terms, because they refer to forces, and principal stresses are symbolized by (1, (2, and (3. Lengthening and shortening are strain terms, and the principal directions of strain are symbolized by X, Y, and Z. Do not use strain as a verb. One doesn’t “strain” a rock; one measures the strain in a rock.

8. Remember that you should use compass directions to refer to relationships on the map (north of, on the east side of the map, etc.), rather than relative directions (right, left, etc.). Remember to reserve top and bottom for times when you genuinely mean up and down in a vertical sense, and don’t use it for compass directions (e.g., don’t say “at the top of the map”).

9. Reserve the term “deposited” for sedimentary rocks.

10. Avoid colloquial expressions, such as “a lot of”, “gets”, “you”, “we”, “squiggly”, etc. Write with a professional tone. Why have I used “you” in writing this assignment? Because I am giving specific instructions to someone (you, to be specific!). Use of “you” is appropriate in this case but not in a professional report.

11. Avoid saying things such as “moving toward the contact, the samples show more deformation”. What you have just said is that the samples are moving, which they are not.

12. Use the “°” symbol instead of the word “degree” (on a Mac, it’s option-shift-8 in most fonts, or, if you are using Word, you can just select Insert Symbol and choose the degree symbol). When writing a temperature, therefore, write 250°C, not 250 degrees C or 250 degrees Celsius.

13. Abbreviate cm, mm, and km when they appear in your concept captions, and always put a space between the number and the units, e.g., 45 km.

Here’s are three other references that you might find helpful. 

Bradley, D. C.  and Kidd, W. S.F., 1991, Flexural extension of the upper continental crust in collisional foredeeps: Geological Society of America Bulletin, v. 103 (11), p. 1416-1438. 

Cisne, John L., Karig, Daniel E., Rabe, Bruce D., and Hay, Bernard J., 1982, Topography and tectonics of the Taconic outer trench slope as revealed through gradient analysis of fossil assemblages: Lethaia, v. 15, p. 229-246.

Karabinos, Paul, Samson, Scott D., Hepburn, J.  Christopher, and Stoll, Heather M., 1998, Taconian orogeny in the New England Appalachians: collision between Laurentia and the Shelburne Falls arc: Geology, v. 26, no. 3, p. 215-218.

On the following pages, you will find example of concept diagrams done by students in Tewksbury’s structural geology course for the above assignment. As with any student work, there are mistakes and glitches, but you will get an idea of how a number of students tackled the challenge.
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Big Route 4 Road Cut

Deformation took
place during the
Grenville Orogeny.

Precambrian
metamorphic gneiss
containing K-feldspar,
quartz.

Lineations showing
ductile deformation
and suggesting a large
scale shear zone.

Weak foliation
parrallel to shear
zone. (N15E, 16SE)

Lineations are
parallel to the dip on
a dip slip shear zone.
(20, S62E)

Mica fish and quartz
ribbons suggest a
mylonitic fabric created
by dislocation creep. -

Left lateral shear sense
suggests that this was a
thrust, dip slip shear zone.

Thin section cut parallel to lineation and
perpendicular to foliation, looking NNE.
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� Exerpted and adapted from Johnson, Julia K. and Reynolds, Stephen J., in review, Concept sketches – using student- and instructor-generated, annotated sketches for learning, teaching, and assessment in geology courses: submitted to Journal of Geoscience Education. 





