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GOSTEAM Hands-on Activity Template (Informal)

Title:

Shadows and heights

Short Description (Max 500 words):

This is a short outdoor experience. It aims to show the relationships between the
heights of objects and their shadows when exposed to sunlight. It could represent
an effective introduction to the study of projective geometry.

Keywords (Up to 5):

Euclidean geometry; path of a ray of light; infinite distance; parallel lines
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Age and language of the students:

Language:

Number of Lessons — Duration (per lesson):
Number of Lessons: | 1

| Duration per Lesson: | 30’

Subjects:
For which subject(s) the activity is usable, is it an interdisciplinary activity?

Science

Physics | | Chemistry [ | Biology [ | Geosciences [ | Environmental [ | other [ |
Technology [ |

Engineering | |

Mathematics

Arts

Information about the Scenario

Curriculum and country:

The European Commission's support for the production of this publication does not constitute an endorsement of the contents, which reflect the views only of the authors,
and the Commission cannot be held responsible for any use which may be made of the information contained therein.



Link to the curriculum of the current activity:
Country: | Italy Class: | 1% and 2™ calluses of high | Grade: | 9" — 10t
school

Topic: ’ Mathematics; geometry

Objectives (Max 100 words):

Description of the learning objectives

Making students discover certain topics they study in curricular programs could be used efficiently
to solve practical problems.

Materials (Max 100 words):

Which resources and materials (software, hardware) are needed?

Metric roll; a stick to place vertically on the flat surface outdoors. A stick from 50 cm to
one meter long is fine; calculation tools: calculator or spreadsheet

Spatial concepts, skills and abilities:
Which spatial concepts and skills are covered by the activity?

Spatial concepts:
Primitives: Identity/Name D Location |:| Space/Time |:|
Simple: Distance Direction Connectivity |:| Movement D
Boundary [:| Shape/Area |:| Adjacency |:|
Difficult: Overlay [:l Buffer l:l Topology I:l Coordinate D
Map I:l Scale |:| Shortest Path Navigation D
Surface I:l Slope/Gradient |:| Aspect I:l Contour D

Complex: Interpolation I:l Map Projection |:| Spatial Dependency I:l

Other: ‘
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Spatial skills:
I:l Map literacy
|:| Navigation/orientation
Estimating distances and directions

Recognizing and understanding patterns/Understand and identify models of spatial
organization

|:| Select an ideal location based on the given spatial features

|:| Visualization

|:| Understand and identify spatial correlations/ dependencies

|:| Categorize spatial entities/ geographic features and identify hierarchies
Compare spatial entities and draw analogies among them

I:I Identify/determine connections/relations

Understanding scale in space and time

I:l Delineation of spatial regions/ zones based on given features/ properties
Short Description

Navigation/orientation: Finding one’s way in unfamiliar environments, interpreting and
giving walking and driving directions.

Estimating distances and directions: Measure paths, weighted distances, angles.

Map literacy: Using, interpreting/understanding, learning from, and communicating
acquired spatial knowledge from maps, comprehension of geographic features represented
as points, lines, or polygons.

Recognizing and understanding patterns/Understand and identify models of spatial
organization. Delineation of spatial regions/zones based on given features/properties:
Regionalization processes, pattern recognition and clustering identification in the 2d and/or
the 3d world.

Select an ideal location based on the given spatial features: Single or multi-criteria siting and
optimal areas identification.

Visualization: Visualizing spatial entities from written/oral verbal descriptions, from their 2d
or graphical representations or through mental transformations; such as axis rotation or
perspective taking.

Understand and identify spatial correlations/ dependencies: The ability to realize, identify
and explain patterns, clusters and relevant spatial dependencies.

Categorize spatial entities/geographic features and identify hierarchies: Identify the
hierarchical form of data and gradients between spatial entities.

Compare spatial entities and draw analogies among them: Calculate and compare different
geometric objects’ shapes, area and, boundaries.
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Identify/determine connections/relations: The ability to identify links and common
characteristics among spatial entities and between humans and spatial entities.
Understanding scale in space and time: The understanding of changes/transitions through
space and time for different spatio-temporal scales.
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Geospatial concepts and spatial abilities documentation (see Section 3.2):
http://www.gosteam.eu/wp-content/uploads/2021/05/GOSTEAM 101 Al final.pdf

Description of the activity in detail

Educational Purpose:
This item is focused on the specific topic addressed in the activity
Cross-cutting objectives:

This interdisciplinary scenario (geometry, astronomy,) suggests a method to measure the height of an
object (a tree, a building, a light pole, etc.) too high to be measured directly. The criteria that
supervise this experiment are similar to those used for the perspective representation in painting.
Therefore, this experience also presents relationships with the study of drawing and art history.

Previous knowledge of the participants:

Euclidean geometry (similarities between angles)

Tools and materials:
The experience must be carried out outdoors on a flat surface large enough to contain the
entire shadow of the object whose height is to be measured.

e Metricroll
e Astick to place vertically on the flat surface outdoors. A stick from 50cm to one
meter long is fine.

Abstract, description:
Proceedings, description:

This is a short outdoor experience. It aims to show the relationships between the
heights of objects and their shadows when exposed to sunlight. It could represent an
effective introduction to the study of projective geometry.

The experience could be introduced by an explainer in a classroom or directly
outdoor. In the first case the explanation could be supported by images projected on
a big screen, in the second by some images printed on paper.

Two main concepts should be exposed previously to the participant:

e the Sunis so far from the Earth that two rays of light coming from it and
illuminating two objects placed at a short distance from each other are in fact
parallel;
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http://www.gosteam.eu/wp-content/uploads/2021/05/GOSTEAM_IO1_A1_final.pdf

e Inthese conditions we have two right triangles: one is defined by the height
of the object we want to measure, by the length of its shadow and by the
conjunction between the ends of these two segments (the hypotenuse of the
triangle); a second triangle is defined by the height of the stick, the length of
its shadow and the conjunction between their ends.

In accordance with Euclidean geometry, these two triangles are similar and

there is therefore a relationship of proportion between the catheti of these
two triangles.

Tree

Stick

By transforming we get the formula:
H = height of the object (unknown);
L = length of its shadow;

h = height of the stick;

| = length of its shadow.

H:L=h:l

Then
H=(Lxh)/I

Sustainable contact

Luigi Cerri, cerri@cittadellascienza.it

References (if any):

Assessment (if any):
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