@baggiepr [CEd=-T

Developing problem
solving through computing

Phil Bagge
Computing Inspector/Advisor HIAS
CAS Master Teacher

Author code-it.co.uk resources

©10K6]


http://code-it.co.uk/csplanning.html

@baggiepr [CEd=-T

Teaching & Assessing
Problem Solving Skills &
Attitudes

Part 1 Computing assessment theory

Part 2 What is a problem solving approach
Part 3 Teaching and assessing using problem
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Part 1
What is assessment?
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Formative Assessment

* Powerful classroom diagnostic tool to check if
pupils
* Understand
* Know how to
* Can solve
 Cando
e Can explain
e Can predict
* (Understand the learning)

* Before moving pupils forward, correcting or
enhancing
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Principles of Formative Assessment

* What will this assessment tell me about pupils’
knowledge and understanding of the topic, concept
or skill?

* How will | communicate the information | gain from
this assessment to pupils in a way that helps them
to understand what they need to do to improve?

* How will | ensure pupils understand the purpose of
this assessment and can apply it to their own
learning?

* How will | ensure my approaches to assessment are
inclusive of all abilities?

Final report of the Commission on Assessment
without Levels September 2015



https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/461534/Commission_report_.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/461534/Commission_report_.pdf
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Principles of Formative Assessment

* How will | use the information | gain from this
assessment to inform my planning for future
lessons? How could | improve, adapt or target my
teaching as a result?

* What follow up action should | take to plug gaps in
knowledge and understanding or to support
progression where learning is secure?

* Is it necessary to record the information gained
from this assessment? And if so, how can this be
done most efficiently?

Final report of the Commission on Assessment
without Levels September 2015



https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/461534/Commission_report_.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/461534/Commission_report_.pdf
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Formative Assessment Process

Learning
Enrichment

Learning

Grasped

Learnin Learning
& Assessment

Learning
Not
Grasped

Learning
Corrective
Activity

Both corrective and enrichment activities should be within the scope
of what all pupils are learning not cover new learning
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Formative Assessment Process

Learning
Enrichment

Learning Learning Learning
Fully Fully Fully
Grasped Grasped Grasped

Learning Learning Learning Learning Learnin Learning
Assessment Assessment 5 Assessment
Learning Learning Learning
Not Not Not
3 Grasped Grasped Grasped
Learning Learning

Corrective Corrective

Activity Activity

Any pupil could take any path in any lesson
To pre-judge is to limit expectation and outcome



@baggiepr Tl =T

Formative Assessment Process

Learning

Enrichment

Learning
Fully
Grasped

Learning Learning Learning
Assessment

Learning
Not
Grasped
Learning
Corrective

Activity

The number of assessment opportunities is determined by
the needs of both the learners and what they are learning
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Formative Assessment Process

Learning Learning

Enrichment Enrichment

Learning
Fully
Grasped

Learning Learning
Fully Fully

Grasped Grasped

Learnin Learning Learning Learning Learnin Learning
& Assessment Assessment 5 Assessment
Learning Learning Learning
Not Not Not
Grasped Grasped Grasped
Learning Learning Learning

Corrective Corrective Corrective

Activity Activity Activity

The number of assessment opportunities is determined by
the needs of both the learners and what they are learning



@baggiepr [CEd=-T

Best Outcomes

e Teachers who plan formative assessment
opportunities

And

* Teachers who are flexible, adding or subtracting
formative assessment opportunities based on
observation and pupil knowledge

v'vV'vV
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Should we use formative assessment
as summative assessment?

e Will it be useful for the teacher?

* Next Lesson
 Future modules

e Will it be useful for the pupils?
* Will it celebrate learning achievement?
* Will it mark something that pupils need to work on?

* Will it be useful to share with parents?

VS

e Can it be easily recorded?




How do you or your
oupils capture
Corrective & Enriching
formative assessment
opportunities?

Chat back

Teacher comment
captured by and
responded to by the

pupil
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Chat back

Last name

First name

Teacher feedback

My reply (What did you do to
respond to teacher feedback?)

Google form or sheet

code-it.co.uk E ao
e
L]



Assessment for Learning

Do pupils know their
next steps of learning?

Hibernating What are Where do we start

Passive schools using National Curriculum, GCSE

Acti\(e for their next exam specs, Progression
Realised step headings? Pathways....?




KS3 Example
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Pupils should be taught to understand simple Boolean logic [for example, AND, OR and NOT] and

some of its uses in circuits and programming

Identify

Develop

Explain

Pupils should
be taught to
understand
simple
Boolean logic

| can identify where
Boolean logic has been
used (AND, OR, NOT) in
everyday speech a
circuit or programming

| can link AND to more
than one condition that
needs to be fulfilled

| can link OR to multiple
possible conditions

| can link NOT to a
condition that is the
opposite

| can work with AND, OR,
NOT using truth tables to
determine all possible
outcomes

| can explain how the use
of AND, OR, NOT changes
the outcome of a specific
circuit or programming
project

Imitate

Adapt

Create

Pupils should
be taught to
understand
simple
Boolean logic

| can explore the
workings of AND, OR,
NOT in a simple circuit
or programme

| can adapt the workings
of AND, OR, NOT within a
simple circuit or program
and describe the
differences

| can create my own circuit
or programming project
that uses AND, OR, NOT to
meet a specific need
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Your Turn Sorting & Searching

understand several key algorithms that reflect computational thinking [for example, ones for

sorting and searching];

Identify

Develop

Explain

understand
several key
algorithms
that reflect
computational
thinking

Imitate

Adapt

Create

understand
several key
algorithms
that reflect
computational
tthking|

|dentify,

Imitate,

Adapt,

Create,

Explain
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Overdoing learning steps

If pupils can establish their own learning steps
implicit or explicitly then imposed learning steps may
at best be a distraction and at worst reduce the
amount of thinking pupils do

If we are doing things for pupils that they can do
themselves we are constricting the part of their
brains needed to organise and order.

This can be the case in open ended projects, co-write
learning steps with them



t. k ao
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Learning to Learn in Computing

Meta-cognition and self-regulation
approaches (sometimes known as ‘learning to
learn’ approaches) aim to help learners think
about their own learning more explicitly.

 Education Endowment Foundation

* High Impact for low cost based on extensive evidence

* Most evidence in English & Maths

Part 2 What is a problem solving
approach?


https://educationendowmentfoundation.org.uk/resources/teaching-learning-toolkit/meta-cognition-and-self-regulation/
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Computational Thinking
Problem solving

» What is computational thinking?

« Are you able to clearly define what it is and
what it isn’t?

» What are the processes involved in thinking
computationally?

* Do you know how computational thinking
meshes with programming?

 How do you develop computational thinking
in lessons?

: W?hat evidence do you have of pupils using
it
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What is Computational Thinking?

* ‘Computational thinking is the thought processes
involved in formulating a problem and expressing
its solution(s) in such a way that a computer—

human or machine—can effectively carry (it) out’
Wing, Jeannette (2014). "Computational Thinking Benefits Society

* Humans solving problems not getting humans to

think like computers
Wing, Jeannette (2006)
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Computational Thinking Practices
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CAS Computational thinking for teachers



https://community.computingatschool.org.uk/resources/2324

Worked with Mark Dorling & others to
0 & refine problem solving rubric

develo

DOTN problems/solutions.
o Struggles to get started without a
precise plan.

ambiguity exists In both
problems/solutions.

probiems/solutions.

® Lompares the perrormance ot
interpretations that do the same
thing.

“Deals with open ended
problems”

® Struggles to get started without a
plan and clear
expectations/deliverables.

® Follows instructions and only does
what they are told.

® Does minimum expected but no
more.

e Investigates a limited number of
problems/solutions.

o Applies effort to independently
explore an appropriate range of
problems/solutions.

o Consistently displays curiosity to
exhaustively investigate and
analyse a broad range of
appropriate problems/solutions.

“Adapts existing knowledge
or solutions to solve new
problems”

@ Shows reluctance to or actively
avoids learning from previous
solutions.

o Struggles to identify patterns that
match a problem to a previously
learned solution.

® When directed and with
reassurance, will consider
adapting pre-existing solutions to
solve the current problem.

o Tinkers with solutions to find new
uses.

e With some support identifies
patterns and trends in problems
and solutions.

® Chooses pre-existing solutions
they are already aware of to adapt
and solve the current problem.

o Independently identifies and acts
on patterns in problems/solutions.

o Independently seeks out pre-
existing solutions (not directly
within their existing sphere of
knowledge or understanding)
transferring ideas and/or solutions
from one problem context to
another.

“Iteratively develops, tests,
and debug solutions”

® Struggles to express ideas as a
solution.

® Looks to submit the first working
solution as the finished product.

® Lacks an awareness of the need to
test, debug and refine solutions
iteratively.

® Has a preferred way of
representing solutions and often
chooses this method regardless of
the task.

o Implements a solution using a
given (completed) design.

® Prototypes solutions quickly and
submits more than one iteration
of a solution for feedback.

® Begins to use logical reasoning to
predict outcomes.

® Shows an awareness of the need
to debug solutions but requires
constant support and advice
during this process.

© When directed will consider
different ways to represent
solutions.

e With support designs and models
solutions.

® Requires occasional support when
testing and debugging solutions.

® Uses logical reasoning to predict
outcomes showing an awareness
of inputs.

e With support chooses an
appropriate way to represent
solutions.

o Carefully records the iterative
process and makes appropriate
refinements to the solution.

o Independently designs, models,
tests, debugs and refines solutions
(using a test plan and data where
appropriate).

® Independently chooses an
appropriate way to represent
solutions.

o Tidies up their solution to increase
the comprehension of how it
works.

e Embeds comment and explanation
of how a solution works to
improve understandability and
maintainability.

http://code-it.co.uk/attitudes/

KS1-5
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< “Confidence in “Communicates and

understanding works with others to
problems and dealing achieve a common
with complexity” goal or solution”
“Iteratively “Persistence in
develops, tests, and Generalisation- worl.<ir.1g Wit%l
debug solutions” Adapting a solution difficult %%
that solved one problems
. , problem to solve
Deals with y
another Tolerance for
(‘ open ended o,
B ambiguity
problems
“Evaluates and “Adapts existing
OIO weighs-up outcomes knowledge or solutions

carefully” to solve new problems”




“Communicates and

works with others to

achieve a common
goal or solution”

“Confidence in
< understanding
problems and dealing
with complexity”

“Persistence in
working with
difficult 4%
problems”

“Iteratively
develops, tests, and
debug solutions”

Abstraction —Skill of
reducing complexity by
hiding irrelevant detail
and focussing on the
most important
element.

“Deals with

(B oren ended

problems”

“Tolerance for
ambiguity”

“Evaluates and “Adapts existing
OP weighs-up outcomes knowledge or solutions
carefully” to solve new problems”




< “Confidence in “Communicates and

understanding works with others to
problems and dealing achieve a common
with complexity” goal or solution”

“Persistence in
working with
difficult 4%

problems”

“Iteratively
develops, tests, and
debug solutions”

Algorithmic Evaluation
is how we look at
algorithms and
determine how useful

“Deals with they are, how

adaptable, how “Tolerance for
(B open ended . o,
efficient, how correct ambiguity

problems”

“Adapts existing
knowledge or solutions
to solve new problems”

“Evaluates and
OF weighs-up outcomes
carefully”




“Communicates and
works with others to
achieve a common

goal or solution”

“Confidence in

< understanding
problems and dealing
with complexity”

“Persistence in
working with
difficult 4%
problems”

“Iteratively
develops, tests, and
debug solutions”

Decomposition —
Breaking a complex
problem up into
parts and solving

. , each part
Deals with y
separately Tolerance for
(' open ended o,
B ambiguity
problems
“Evaluates and “Adapts existing
OP weighs-up outcomes knowledge or solutions

carefully” to solve new problems”



< “Confidence in “Communicates and

understanding works with others to
problems and dealing achieve a common
with complexity” goal or solution”
“Iteratively = “Persistence in

working with‘
difficult 4%
problems”

develops, tests, and

o, Algorithm -A precise
debug solutions

step by step set of
instruction or rules to
solve a problem

“Deals with

(, open ended

problems”

“Tolerance for
ambiguity”

“Evaluates and “Adapts existing
OTO weighs-up outcomes knowledge or solutions
carefully” to solve new problems”




<Complexity

| can break complex
problems into parts (De)

| can discover / concentrate
on the most important part
of a problem (Ab)

| can explain how | used
decomposition &
abstraction (De Ab)

Ambiguity

| recognise there is more
than one way to solve a
problem (AE A)

| recognise there is more
than one way to describe a
problem (AE A)

| can explain how |
managed ambiguity (AE A)

Epen Ended

| look for a range of solution
to the same problem (AE A)

| don’t just accept the first
solution (AE A)

| can describe how a(AE A)
project can be extended

| can adapt existing ideas to
solve new problems (Ge)

| can identify patterns in
problems & solutions (Ge)

| can explain how | adapted
a solution to solve a new
problem (Ge)

| can evaluate my solutions
against a set criteria (AE)

| can design criteria to
evaluate my creations (AE)

| can explain how
evaluation helped me
improve a project (AE)

Experiment
& Debug

| can develop, test and
debug until a product is
refined

| repeatedly experiment
through making, testing &
debugging

| can explain how using the
iterative cycle improves my
work

‘fl‘ Persistence

| can persevere even if the
solution is not obvious

| learn from setbacks and
don’t let them put me off

| can describe how |
overcame problems

Communicate

| can contribute useful
ideas to a partner or group

| can encourage others to
share their ideas

| can lead using all the
people talent in my group

(De)composition (Ab)straction (Ge)neralisation Algorithmic Evaluation(AE) (A)lgorithm
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icates oJeY:n Ended
ProQl=a e \V/=

Handles
Ambiguity

L
Computing Copes with

Evaluates

Complexity

Invest‘gates

Problem Solver

4




I don’t just accept | ook for a range of solution to

| recognise there is more than the first solution the same problem

one way to solve/describe a

problem | look for how a project
Handles can be extended
| can evaluate my solutions bioui
against a set criteria Ambiguity Open Ended | can break complex

Problem Solver problems into parts

| can discover / concentrate
on the most important part
luates . of a problem
o\ N

Copes with | cqn identify patterns in

| can design criteria to
evaluate my creations

| can contribute useful
ideas to a partner or

Complexit ;
group Commting PIEXIY  problems & solutions
| can encourage others to Problem Solver | can adapt existing ideas
share their ideas fi\0[:];>3  to solve new problems
Communicates

I lead using all the people
talent in my group

‘ Investigates
I learn from setbacks and ‘ l »
don’t let them put me off ‘ ‘

Perseveres

| can persevere even if the
solution is not obvious

Inspired by Behaviour Rubric created with @MarkDorling and linked at http://code-it.co.uk/attitudes/



http://www.markdorling.net/
http://code-it.co.uk/attitudes/

@baggiepr [—EedE=-{T

PrOmptS & StiCkerS http://code-it.co.uk/attitudes/

——

| learn from setbacks
and don't let them

p’ -‘eS put me Oﬂ

S |

| look for a range of )

solutions to the //
same problem

e

R

| can concentrate on

the most important
part of a problem

The ability to

Part 3 Teaching and assessing using problem
solving skills as part of the mix


http://code-it.co.uk/attitudes/
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Anatomy of a programming project:
Building a Times Tables Game

* Aim

Build your own version of a times tables game
* Age

10+

* Computational Thinking Skills

Algorithmic rules, Decomposition, Generalisation,
Algorithmic Efficiency, Abstraction

* Programming Tools
Sequence, iteration, selection, variables

i d [uie—il

couk E ao
e
L]
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Anatomy of a programming project:
Building a Times Tables Game

(M Times Tables Game ~ e Assessment against
(score WETD | known decomposition
Copes with

criteria
Complexity <

| can break

complex problems into

parts (decomposition)




—cerence

1 need to make?

Assessment Can pupils
identify where to start
justifying their choices
through reference to
project priorities

e-s Game Algorithm —I

II L e i

What do you need to make all the number sprites do?

' S;ﬁ
eedtt’:%ake only the corréct numbered
sprites do? (ol ou MW Yoy Joick
o o wuwmber Jun IV 2 X doakiles. Sulkrad
& pounk woudh Hume Yhen Jeldeon oo
W cong:
What do you need to make only the wrong numbered sprite
do? Lan the Jatde ot oL woTong
omawer aukbods | pounk

1eed ' '

e | | can concentrate on

oy | the most important

Copes with part of a problem
Complexity




[-] crab_maze_extras F . Scripts Costumes Sounds

v 454

move steps

when I receive next level

show

Assessment Can pupils
identify useful code
ideas from previous
projects and adapt

these? Can they explain — Q LY oide @ socs to x: €D v: @

point towards mouse-pointer

go to x: @ED v: @

/e
what they have chosen o e—
and how they have
. Sprite2 Sprite3 change y bvm ] ]
adapted it? | can adapt existing

Adapting an idea from
previous programming

ideas to solve new
Adapts

problems




Assessment Can
pupils identify what

What do you need to make all the number sprites do?

bugs they have v v : e
Yuambers wiwdh owve wighe T ou polnt -
encountered and wm - o w. 3%!,&;» JRopper

: me Scove
their struggles to What do yocL?need to make only the correct numbered
s a A .-.\- n.\--.— Y PP hiﬁh

overcome them

Debugging

l ‘
Making » Testing

when dicked
\ ' show

when this sprite dicked

Investigates hide

| repeatedly

experiment through

making, testing

& debugging
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Talk for Programming




A N
F . Scripts ~ Costumes Sounds LS

I Motion I Events
 contral '

ISenSInu
I Oparalore
lesm Blocks

, FileY EdY Tips

ubbles 21

Mmu.“.dl

owirch backdre? ta bEC

Tablet on a short stand pupils talk about
aspects of their learning



sprites dc;? Add o MW m’d of
o\ Lo duumber  an I 2 X Fobiles. S

& poUnt wodh Hume Yoy Jetduon oo
Wweong: Explain what trying to do

change score by €9 when this sprite dlcked
change score by €9

when this sprite dicked

when this sprite dicked
change score by &)

Hint not solutions

“‘ Perseveres | can p(?rsev'er.e when | learn from setbacks
solving difficult and don’t let them put
. problems even if the me off from solving
Assessment Pu p|| solution is not obvious

difficult problems

self assessment



Tackling Helplessness Promoting
Perseverance Video

Valuing Mistakes
3.5 minutes

learned helplessness?
11 minutes

Written article can be found at
http://code-it.co.uk/articles



https://www.youtube.com/watch?v=SFtRZWhpyv0&feature=youtu.be&t=1180
https://youtu.be/SFtRZWhpyv0?t=1392
http://code-it.co.uk/articles

Helpless Pupils

* Define Helpless
* Helpless # stuc
* Helpless = stuc
attempt to finc
solution
* Two types

* Sweet helpless

K
<+ NO

* Aggressive helpless
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For Example
Wwhat aspect are You

stucelke on?

Everything

can You describe the
pmbLem?

NO answer

wWhteh parts o worlke?
No answer



Combat Learnt Helplessness

* How do we tackle this with pupils?
* Process is more important than outcome
 Establish a positive attitude towards problem solving
* Use bug and debugging language
* Ok to make bugs
* Everyone who programs makes bugs

* Challenge attitude “Are you trying to get me to do your
work?”

* Move away from language that personifies digital
machines

* Don’t neglect support staff
 Stop pupils solving things for each other

* Children do what we do not what we say
http://code-it.co.uk/articles



http://code-it.co.uk/articles
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Recognising
that the
;glideesecs Rl 216 RV -20 | there are a
glide & secs to x: €D y:
’ glide e secs to x: @) y: ra nge Of
| * different
Moving across the ways to
screen solve same
problem
1atLll I ise that there |
Handles Ambiguity recognise that there is
often more than one
Assessment Can they point way to solve a problem

out different solutions

CecE-T
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when

g‘o to x: @'y y: ACtIVe'V
, looking
glide @ secs to x: B0 vy:
’glidee G AL 213 BTE for more
\glideesecs (G E 200 y: than one
way 10
Moving and solve the
bouncing off the
edge problem

Open Ended
Problem Solver

| look for a range of

solutions to the

same problem




I Times Tables Game ~ @ Whe re N ext?

| score m J
.;fmal score
was 12
How can |

make this
4 '8 . . better?
® ¢ ©

What can |

develop out of
. . . this idea?

| can describe how

Open Ended a project could be
Problem Solver extended
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Open Ended Problem Solver (B
Who Can Handle Ambiguity

* More able who find a quick solution challenged
to find more ways to solve the problem

* One opportunity in a lesson to find more than
one way to solve something for everyone
e Assessment number of ways

* Project cut off so all pupils can look at how
they might extend it

| don’t just | look for a range of | look for how a
accept the first solution to the same project can be
solution problem extended
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| can evaluate my
E VG / U O te S solutions against a set
criteria

* Involving pupils in designing evaluations
‘What does a good one of those look like?” (Wagoll)
* Peer evaluation, valuing constructive criticism

* Right to reply
* ‘l agree with your point | will try to change it by...”
* ‘I don’t agree with your point because....’

* Evaluating during project so that pupils can act on
it not at the end

| can design criteria to

evaluate my creations Teachers job to create an environment

where pupils can fail constructively
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In one programming project that
typically takes 4 hours

Computational
Confident with Persistent Thinking

complexity problem solver

Abstraction
NenTarer Generallsa’_clf)n
Decomposition
Algorithm Creator
Algorithm Evaluator

Confident

with open ended fsolutions to solve

problems new problems

=2

Ilterative AIA

experimenter &

debugger
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| can contribute
useful ideas to a
partner or group

| can encourage
others to share
their ideas

Communicates

Communication &
collaboration are really
important for solving

oroblems | lead using all the

people talent in my

We have to nurture these group
in our classrooms
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Communicates .

° \ l
Pupils ~—
* Nominate your class mate for a
sticker | can contribute
Teacher useful ideas to a

» Looking out for weak pairings where P@rtnerorgroup

one pupil is the passenger
Assessment

_ | lead using all
* Keep stickers

the people talent
in my group
| can encourage

others to share their Stickers

ideas http://code-it.co.uk/attitudes/



http://code-it.co.uk/attitudes/

Investigates

Write or draw what
shape you think this
code will create

Assessment marking the prediction

@baggiepr [CEed==iT

when space key pressed

tube I: outer: inner: @)
move

rotate z by @)

Rotate means to turn

There are 360 degrees in a full turn

What extra programming has been
added to create this bracelet?

http://code-it.co.uk/bracelet/



http://code-it.co.uk/bracelet/
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Assessing pupils problem
solving progress

B = Where you are before the project

A = Where you are after the project

Year+project initials+A or B (3mmB, 3mmA)

| don't
understand
what it is yet

| know what it
is but don’t do
it yet

ldoita lot
and can

| do it a little Idoitalot

explain how

1 | can evaluate my solutions
against set criteria
2 | can design criteria to
evaluate my creations
3 I can contribute useful ideas
to a partner or group B A
4 |!canencourage others to
share their ideas B A
5 |!lead using all the people
talent in my group
6 | !learnfrom setbacks and d
don’t let them put me off di
7 |!can persevere even if the “‘
solution is not obvious di B A
8 | !look for a range of solutions

http://code-it.co.uk/attitudes/



http://code-it.co.uk/attitudes/
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https://qo0.ql/Bkr2Ta Slides

Thanks for listening
Any questions?

}@@@@


https://goo.gl/Bkr2Ta

