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Overview What does this look like in CS?

[
Spatial Encoding Strategy Theory: develop- I
I : Cp
i These skills—and this kind of language—have been

Effective chunking frees up WM space .

Spatial Skills: cognitive skills relating to con- ing spatial skills leads to better strategies for

More complex representations can be held How does this help in CS? How are these

solidation and understanding of space and encoding representations of non-verbal in-

at once. More information and multiple skills applicable?

spatial structures and operations formation and identifying landmarks to ori- I used frequently in existing CS education research,

~ : . . .
 dents with good spatial skills are more capable
:when it comes to the cases highlighted below
| thanks to their non-verbal encoding strategies, and

q

q q

mental models can be held at once

ent information I with examples below. Therefore, | suggest that stu-

: developing these skills in students (perhaps before
I university-level study) will be valuable for them.

What are Spatial Skills? Spatial Skills and STEM Success: Spatial Encoding Strategy Theory

Spatial skills are cognitive skills relating to the
mental consolidation and understanding of spa-
tial structures and operations. Spatial tasks in-
clude rotating 3-dimensional objects, identifying
patterns from obscured environments and using

maps.
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Spatial skills are associated with success in STEM

domains. Students with better spatial skills tend
to do better and academically progress further in
several observed STEM subjects and degrees, and
spatial skills training can appear to improve STEM
outcomes (including CS specifically).

Lauren Margulieux [5] presents a theory for the re-
lationship between spatial skills and success in
STEM domains. The theory connects generalisable
spatial skills with neuro structures in the hippo-
campus—grid and place cells—which are used to
encode non-verbal information into pseudo-spatial
representations.

This could apply to all non-verbal encoding, which
is why spatial skills appear to be transferable
across contexts where other apparently generic
skills are not.

The theory states that:

Developing spatial skills (i.e., visualization, rela-
tions, and orientation) helps people to develop
generalizable strategies for 1) encoding mental
representations of non-verbal information, in-
cluding 2) identifying useful landmarks to ori-
ent the representation.

Therefore, good spatial skills permit more non-
verbal information to be encoded and oriented us-
ing up less working memory. This in turn allows
more complex representations and more represen-

tations at a time to be held in memory.

A general, non-exhaustive set of skills which could
be derived from Spatial Encoding Strategy theory

dre.

e The ability to hold multiple representations in
one’s head

e The ability to hold complex representations in

one’s head

e The ability to track overlapping or interconnect-
ed mental models

Since these skills can be traced back to non-verbal
encoding strategies utilised in the grid and place
cells, then it is possible that training one’s spatial
skills—and developing these strategies—will im-
prove these skills too.

[LLOKksa et 4/. desCribe a se-

quence of programming prob-

lem solving with steps which
require students to maintain

understanding or representa-

tions interhally as they per-

form more operations, With

two expliCitly saying, “With
a ... solution in mind” (4]

In Cutts et g/.’s Abstrac-

tioh Trahsition Taxonhomy,

students must maintain
ahd trahsition between
several layers Of abstracC-
tioh in Order to ahswer
coding questions (1]

Wing identifies a componhent
Of Computational thinking as,
“working with multiple layers
Of abstraction and under-
standing the relationships
among the different layers”,

explicitly indicating that hold-

ing multiple representations
at once is Valuable (7]

Durah et g/. examine pro-
gram complexity ahd de-
fine plan depthH and maxi-
mal plan interactivity,
both of which desCribe
holding (multiple) complex
schemas ih memory at
once (2]

TRobbins examines Dual Process
Theory as a context for exploring
cognition in CS. Of particular in-

terest is the application of SYs-

tem 2, the “slow, reflective” sys-

tem which encompasses WM and

mental models, and is argued to

explain successes in multiple CS
contexts (6]

In 2012, Mark Guzdial wrote a
blog post (after reading Juha
Sorva’s PhD thesis) on defining
CER, which he ultimately states
as: “Computing education re-
search is about understanding
how people develop robust mod-
els of notiohal machines, and how
we Cah help them achieve those
mental models” (3]
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