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Topographic maps represent a three-dimensional (3D) surface using a system of symbols
in two-dimensions (2D). To facilitate students’ understanding of topographic maps, the
Augmented Reality (AR) Sandbox reads the elevation of actual sand and projects the

Sand with real-time

topographic map lines onto the surface of the sand. Although over 600 institutions have topographic projection

built AR Sandboxes to help people interpret topographic maps, classroom studies using Dynamic contouring i m
the AR Sandbox have not found significant gains on topographic map assessments. The I Meost

present study is a 2x2 design testing the affordances of the AR Sandbox in a laboratory Moo
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setting. In the first level of the study, participants interacted with the AR Sandbox (3D) or
a regular computer monitor (2D) to give them feedback on five landforms they
constructed in the sand. Participants initially constructed the landforms in the sand with
the feedback off (i.e., sand without the overlaid projection or monitor). The feedback was
then turned on, and participants compared and contrasted their landform to the target
topographic map. Participants were then asked to modify their landform with the feedback
on (continuous), or the feedback was turned off (discrete) during modification. A mixed-
ANOVA revealed significant gains on a modified version of the Topographic Map
Assessment (TMA-B) from pre- to post-intervention (F(1, 74) = 80.34, p <.001). A
significant interaction revealed that participants in the 2D condition had greater gains (M
=2.91, SD = 2.48) than those in the 3D (M = 1.64, SD = 2.07) condition (F(1, 74) = 6.38,
p =.014), although both conditions had significant pre- to post-intervention improvement
(2D: t(37) =7.24,p <.001,d =1.02; 3D: t(39) = 5.01, p<.001, d = 0.64). On average,
the discrete feedback groups spent significantly less intervention time (M = 48.3, SD =
16.9) compared to the continuous groups (M =58.2, SD = 18.1) (F(1, 76) =6.20, p =
.015). The findings suggest that the AR Sandbox does improve topographic map skill for
individual students using our approach, and that the most efficient technique engages
students in discrete episodes of feedback using the 2D computer monitor.
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A mixed-ANOVA yielded significant overall learning gains on the topographic map
assessment from pre- to post-assessment, F(1, 74) = 80.34, p < .001.

There was a significant Interaction effect between the 2D and 3D condition, F(1, 74)
= 6.38, p = .014. Although both groups had significant gains, the effect size for the
2D group was nearly twice that of the 3D group:

t,5(37) =7.24, p<.001,d =1.02 to5(39) =5.01, p <.001, d = 0.64
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The AR Sandbox (ARSB) projects the topographic relief of real sand and can interpretations of the gains
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Conclusion & Teaching Implications

Mean Total Intervention Time by Condition

be modified in real time as one moves the sand. It is classified as augmented Participant Task & Prompts Spatial Feedback Conditions » Discrete condition participants spent
reality according to Cheng & Tsai (2013). Build landforms in the ARSB, analyze similarities and differences, and repeat Participants were selected using an online survey and retained if they rated their experience with a sample significantly less time
topographic map as low. Those retained were paid $20 for participation in a 90 minute study session and * No test-retest group to look at gains

Mixed Reality Environment Textual descriptions: geomorphology and contour line pattern randomly assigned to one of 4 feedback conditions in a 2x2 study design. The outcome variable was the

Topographic Map Assessment — Version B, modified from Newcombe et al., 2015.

without the intervention

Total Time (min)

Hill: A hill is an area of high ground. From a hilltop, the ground slopes down in all
directions. On a topographic map, the contour lines are arranged in concentric
circles. The inside of the smallest closed circle is the hilltop.
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Augmented Virtuality Teaching Implications
The 2DD group had the greatest gains and
spent the least amount of time engaging with ™ soc 30D 2DC 2DD

the ARSB. This condition has the greatest

Drumlin: A drumlin is an elongated hill that looks like a half-buried egg. One end of
the drumlin will have a steep slope and the other will have a gentle slope. On a

AR Sandbox Modified from Cheng and Tsai (2013) Feedback status durmg update

Condition

Demographics

Previ tudies i Ivi f students (Giorais. 2017) in f | topographic map the contour lines are arranged in concentric circles, with lines On Off ial f | licati Enor Bars: 95% I
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(Ry er_et al. 2017) an I_nstructor- © a.CtIV.It.IeS (V.VOO s etal, 2.016) with 1 (_a Saddle: A saddle is a dip or low point between two hilltops. On a topographic map, 0 onitor ontinuous Iscrete Concl ion
ARSB '_n classroom settings show no significant improvement in topographic the contour lines are arranged in concentric circles for the hills, with an hourglass Male 30 (38%) n=20 n=20 onclusions . _ _ _
map skill. shape surrounding the hills. Female 46 (59%) Projector | 3D Continuous | 3D Discrete The ARSB can help student if implemented using iterative

: : : , Ridge: Aridge is an area of high ground that extends in one direction off of a hilltop. _ _ _ spatial feedback that facilitates 2D to 3D conceptual mabppina.
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mental models (Chi, 2008; Gagnier et al.,, 2017): engaging students in spatial hill, with curved lines pointing downhil in the direction the ridge extends. Implement the ARSB with individual students requiring
feedback one-on-one in a laboratory study of the ARSB. Stream Valley: A stream valley is an area of low ground that is cut into a sloping additional SUppOFt understandlng topographlc maps.
Research Questions surface. On a topographic map, the contour lines are V-shaped and point uphill, or in

_ _ _ the opposite direction that a stream would flow. Feedback status: Off On
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outcomes for engaging students with augmented reality and has implications

for classroom practice using the ARSB. Construct next landform (i = 5)
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