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Overview

* How can errors be useful?
 Spatial Feedback & Accommodation

* Classroom Examples

* Small Classes
* Large Classes



Errors in 3D Reasoningin Geology
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Measuring 3D Slicing Skill

Developmental progression:
No idea->use one side-> interpolate using multiple sides
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Sketchingto Improve the Internal Model
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Predictive Sketching Improves 3D Reasoning
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Scale-Time

GEOLOGIC TIME SCALE
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Phanerozoic Eon
Paleozoic Era
Cambrian & Ordovician
Periods

(Early Paleozoic)
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Today we are going to
talk about the Cambrian
& Ordovician Periods.

You can see them
highlighted on the
Geologic Time Scale.

Where would these
periods be located on the
linear time scale on the
right?
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Linear use of billionscale
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B Corrective Feedback Control
Corrective Feedback Intervention
I Linear Visualization Control

Linear Visualization Intervention

Task: Locate 230 million:
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Grades

Percent Correct

Average exam score prior to intervention
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80 :
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Clicker-Feedback Linear Visualization
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Correctingan Internal Model

Internal
Representation

(IR)
Student understand-,
ing or working

The Earth

Information gained
through direct

observation or
indirect experience,
such as through a
diagram or model

Prediction

internally

externally
(e.g. sketch or multiple
choice answer)

Comparison/
Feedback




Spatial Accommodation
Providing a 3D structural model




Spatial Accommodation
Providinga model as a hypothesistemplate




Spatial Accommodation
Providinga model as a hypothesistemplate




Spatial Accommodation
Providinga model as a hypothesistemplate
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Spatial Accommodation & Feedback

Observation: GPS Vectors of Strain near a Fault
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Spatial Accommodation & Feedback

Error: What students think it will look like before...
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Spatial Accommodation & Feedback

Observation: Strain near a Fault - FENCE
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Spatial Accommodation & Feedback

Modeling to Facilitate Accommodation

ities with Spaghetti

sity

s activity is






Engaging Large Classesin
Spatial Feedback & Accommodation

Multiple-Choice Click-on-Diagram
Which layer of Earth’s interior Click on the layer of Earth’s
is entirely liquid? interior that is entirely liquid.

A. Lithosphere
B. Mesosphere
C. Outer core
D.Inner core




Spatial Categories

Spatial Category Example Spatial Cognitive Process

Spatial Combining field observations to Spatial Visualization (Newcombe and

Integration construct a geologic explanation Shipley 2012)

(Shipley et al. 2013)

Scaler Spacing of geologic eventsin deep  Spatial Visualization (Newcombe and

Relationships  time (Libarkin et al. 2007) Shipley 2012)

Spatial Mentally animating the geologic Mental Animation (Newcombe and

Reference processes forming a static structure Shipley 2012)

Frame (Shipley et al. 2013) Perspective Taking (Hegarty and
Waller 2004)

Retrodiction (Ault 1998; Trend 2000)



Spatial Integration

Combining field observationsto construct a geologic explanation

Click where you expect to find Click where you expect to find
the greatest erosion the fastest moving water




Spatial Integration

Combining field observations to construct a geologic explanation

Click in the box where you see the same Click in the box where you see the same

later of rock as the one labeled with the dot later of rock as the one labeled with the dot

i gne .




Scalar Relationship

Spacing of geologic events/objects in deep time/space

Click where you expect Click where you expect
humans appeared dinosaurs appeared

«,— present day —— present day

?----

e Earth forms —-|— Earth forms



Scalar Relationship

Spacing of geologic events/objects in deep time/space

Click where you expect Click where you expect
humans appeared dinosaurs appeared

—y— present day —r— present day

|

—— present day _'- present day

Pre Post Pre Post

et Earth forms ——d— Earth forms e Earth forms b Earth forms



Spatial Reference Frame
Mentally animatingthe geologic processes forming a static structure

The tectonic plate has moved southwest over this
hot spot. If the plate started moving north, click
where you expect the next caldera will form.
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If X is a currently active volcanic caldera,
click on the oldest volcanic caldera.
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Opportunities

Multiple-Choice Click-on-Diagram




Suggestions for Developing Questions

Candidate Concepts

- Labeling structures
- Drawingarrows
- Something that changes with respect to space or time

Levels of Questioning

- Reacall: “click on this feature”
- Prediction: “click where you expect...”



Current Inventory of Questions

Earth’s Interior
Faults

Isostasy
Anticlines/Synclines
Dome/Basins
Subduction/melting
Plate motion
Geologictime

Erosion in stream bed
Erosion to base level
Longshore Drift

Glacial advance/retreat
Glacial erosion features
Groundwater flow
Differential weathering
Relative dating



Current companies offering CoD questions

CRS Service Cost Name of COD Questions

Top Hat Student “Click-on-Target”

I-Clicker Student “Target Question”

Echo360 Student “Graphic Response”

Turning Technologies Student Available Fall 18 gesona communiation 2018
PollEverywhere Instructor “Clickable Image”
Blackboard Institution “Hot Spot Question”
GoFormative Free “Show Your Work”




Discussion

In pairs...
- What are some spatial challengesthat are difficult

for yourstudents? What errors can you counton
students making every year?

- Which spatial challenge do you care most about?



Report Out

Present spatial feedback and accommodationactivity
- What is the spatial error?
- How are you engaging studentsin feedback and

accommodation?



