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Where are we Going ?

‘J Why Chemistry is Difficult

& Information Processing - the Key ?

& How Students Learn

) Bringing in Together
The Attitude Problem

' A Total Picture

What does research tell us about learning?
How can we apply It in practice?

Centre for Science Education, University of Glasgow, Scotland
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Some History.

School Curriculum Revolution in Chemistry started in the 1960s

By the mid-1960s, reports emerged in Scotland:

some of the chemistry is too difficult; parallels in other countries
Research Studies:

Where are the difficulties ?

Is there anything we can do?

What are the misconceptions ?
Are there underlying reasons for the problems?

Numerous Curriculum Revisions, especially the USA

What was the actual evidence?

Could we be scientific about teaching and learning ?
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volumetric and gravimetric work, Avogadro and
the mole.
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Working Memory

[ Limited capacity: 7 + 2
A Fixed genetically
A Grows with age

[A can be used efficiently or otherwise
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Digit Span Backwards Test

Recall numbers backwards
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Measuring Working Memory Capacity

Digit Span Backwards Test

Recall numbers backwards

Figural Intersection Test
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Information Load and Success

Reasonable hypothesis:

As load increases, success will fall.

Expected Result

Success A

>

Information Load Level of Questions
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Average Student
Performance

%
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Sudden collapse in performance
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An Information Processing Model
(based on empirical evidence)

Events

Observations

Instructions

Thursday, 15 October 2009



An Information Processing Model
(based on empirical evidence)

Perception
Filter

Events
Observations
Instructions

Thursday, 15 October 2009



Information Processing Model
(based on empirical evidence)

Perception

Filter
Working

Memory

: Interpreting
Events Rearranging
Observations Comparing

Problem Solving

Instructions : : 3
¢ Preparing for storage §
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: Interpreting
Events Rearranging
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Instructions Problem Solving
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Sometimes stored as separate fragments

(eg rote memory learning)
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Perception
Filter

Preparing for storag

Long Term
Memory

Storage

Long term store of infinite capacity.
(Knowledge, attitudes and skills)
Information can be stored in highly
complex matrix, with cross links and
connections

Working
Memory

Interpreting

Rearranging

Comparing
Problem Solving

Sometimes stored as separate fragments §§§
: (eg rote memory learning) :

Feedback loop

Centre for Science Education, University of Glasgow, Scotland




Perception Long Term
Filter Wl

Working -
Memory Storage

ik Long term store of infinite capacity.
(Knowledge, attitudes and skills)
Information can be stored in highly
complex matrix, with cross links and
connections

Interpreting
Rearranging
Comparing
Problem Solving
% Preparing for storage

Events

LA A

Observations
Instructions

e R S R R R

b

Sometimes stored as separate fragments
(eg rote memory learning)

”ffflﬂffflﬂffflﬂffflﬂffIMIIIIHIIIIHIIIIHIIIM

Feedback loop

o e e

Predictions from the Model

Centre for Science Education, University of Glasgow, Scotland
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Perception Long Term
Filter — L.
R Storage
ik Long term store of infinite capacity.
(Knowledge, attitudes and skills)
Information can be stored in highly
complex matrix, with cross links and
connections

Interpreting
Rearranging
Comparing
Problem Solving
% Preparing for storage §

Events
Observations

LA A

Instructions

R e e e e e

Sometimes stored as separate fragments
(eg rote memory learning)

”ffflﬂffflﬂffflﬂffflﬂffIMIIIIMIIIIMIIIMIIIM

Feedback loop

e R S R R R
o e e

Predictions from the Model

® If working memory is overloaded, learning will more or cease

[T ——
Centre for Science Education, University of Glasgow, Scotland
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Long Term
Memory

Storage

Long term store of infinite capacity.
(Knowledge, attitudes and skills)
Information can be stored in highly
complex matrix, with cross links and
connections

Working
Memory

e e e e e ey
Interpreting
Events Rearranging
Observations 3 Comparing
Problem Solving
Preparing for storage

e e e e

Instructions

e R S R R R

Sometimes stored as separate fragments
(eg rote memory learning)

e e A ]

e e

Feedback loop

Predictions from the Model

® If the perception filter works efficiently, overload is less likely

Centre for Science Education, University of Glasgow, Scotland
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Perception Long Term
Filter Memory
Storage
Memory olorage
- Long term store of infinite capacity.
Interpreting . .
5 ) (Knowledge, attitudes and skills)
SelLEELIE Information can be stored in highly
complex matrix, with cross links and
connections

Events

]
%

Observations - § Comparing
§ Problem Solving

3 Preparing for storage

Instructions

b

Sometimes stored as separate fragments
; learning)

o e e

Feedback loop

Predictions from the Model

®  The filtration is controlled by what you know already

[T ——
Centre for Science Education, University of Glasgow, Scotland
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Perception Long Term
Filter Meory

Working
Memory

R e e e e e e e e e

Storage

Long term store of infinite capacity.
(Knowledge, attitudes and skills)
Information can be stored in highly
complex matrix, with cross links and
connections

Interpreting
Rearranging
Comparing
Problem Solving
% Preparing for storage §

Events
Observations

LA A

Instructions

b

Sometimes stored as separate fragments
(eg rote memory learning)

T a a R P

L R R T R
T e e

Feedback loop

Predictions from the Model

® If knowledge is stored in linked fashion, it will be more easily
recalled

Centre for Science Education, University of Glasgow, Scotland
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Learning

Everyone learns in essentially the same way
There are many variations In the detalls

Perception Long Term
Filter : Memory

L Storage

Memory
Long term store of infinite capacity.
(Knowledge, attitudes and skills)
Information can be stored in highly
complex matrix, with cross links and
connections

3 Interpreting

Events | §  Rearranging

Observations i  Comparing

Instructions ™} § Problem Solving g

§ Preparing for storage §

' Sometimes stored as separate fragments 555§
(eg rote memory learning)
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Perception Long Term
Filter R

Working
Memory

Storage
Long term store of infinite capacity.
(Knowledge, attitudes and skills)
Information can be stored in highly
complex matrix, with cross links and
connections

3 Interpreting 5
Events i Rearranging §
Observations Comparing g

Problem Solving
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2 Preparing for storage

et R R R e T e

Sometimes stored as separate fragments
(eg rote memory learning) ;

Feedback loop
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Perception Long Term

Working AL,
Sy ——— Storage

Events

Observations =~ Selection linked to ability to see what

Instructions ~ IS Important (flEId dependency)

Feedback loop
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Perception Long Term
Filter _ Memory

__ Working  e——

Memory
Long term store of infinite capacity.
(Knowledge, attitudes and skills)
Information can be stored in highly
complex matrix, with cross links and
connections

: Interpreting
Events 3 Rearranging
Observations Comparing
Instructions | Pl Sl
3 Preparing for storage # 7
: : §§§ Sometimes stored as separate fragments
’ (eg rote memory learning)

Feedback loop

The working memory is of limited capacity (7x2)

Its capacity cannot be increased

It can be used more efficiently

Centre for Science Education, University of Glasgow, Scotland
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Perception
Filter

Preparing for storage

Long Term
Memory

Storage

Long term store of infinite capacity.
(Knowledge, attitudes and skills)
Information can be stored in highly
complex matrix, with cross links and
connections

Working
Memory

Interpreting

Rearranging

Comparing
Problem Solving

Sometimes stored as separate fragments
: (eg rote memory learning) :

Feedback loop

Selection based on previous

knowledge, experience and
attitudes
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Long Term

Perception
Memory

Filter )
Working

Storage
Memory

| . 3 4 Long term store of infinite capacity.
E : nterpretl_ng : g (Knowledge, attitudes and skills)
vents i Rearranging 3 : : o
) 3 c . 3 2 Information can be stored in highly %
Observations 3 omparing : Z  complex matrix, with cross links and %

Instructions ; Prob_lem Solving 3 connections
 Preparing for storage §

Feedback loop

Students vary in the way they store information

@ Extent of meaningful links between ideas

@ Favoured storage: visually or symbolically
Q Conceptual understanding related to links between ideas
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The ldea of Pre-learning

Watch the skilled school teacher
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Preparing the Mind for Learning

First Year General Chemistry Class

Year

Pre-learning

Upper Group
Average

Lower Group
Average

Difference

Significance

1993-94

pre-lectures

1994-95

pre-lectures

1995-96

no pre-lectures

1996-97

no pre-lectures

1997-98

no pre-lectures

1998-99

Chemorganisers
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Preparing the Mind for Learning

First Year General Chemistry Class

Year

Pre-learning

Upper Group
Average

Lower Group
Average

Difference

Significance

1993-94

pre-lectures

50.9

48.8

1994-95

pre-lectures

49.2

49.0

1995-96

no pre-lectures

46.9

38.7

1996-97

no pre-lectures

48.2

42.0

1997-98

no pre-lectures

46.7

41.3

1998-99

Chemorganisers

49.8

47.7
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Preparing the Mind for Learning

First Year General Chemistry Class

Year

Pre-learning

Upper Group
Average

Lower Group
Average

Difference

Significance

1993-94

pre-lectures

50.9

48.8

not sig

1994-95

pre-lectures

49.2

49.0

not sig

1995-96

no pre-lectures

46.9

38.7

8.2

Sig

1996-97

no pre-lectures

48.2

42.0

6.2

Sig

1997-98

no pre-lectures

46.7

41.3

5.4

Sig

1998-99

Chemorganisers

49.8

47.7

not sig
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Laboratories

What Was Done

Four Experiments

Each student did two of them with pre-laboratory exercises and two without.

Thursday, 15 October 2009



L aboratories

What was Found

Pre-laboratories increased performance on student marking by around 5%
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First Year Chemistry Laboratories

What was done

Four Groups of Students (N = 500)

Group 1l Control
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First Year Chemistry Laboratories

What was found

b ¢
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First Year Chemistry Laboratories

What was found

Questions asked

Group 1 Control 121

Pre-laboratory

: 58
exercises used

Group 2
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Reducing the Load on Working Memory
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Reducing the Load on Working Memory

This must NOT Iinvolve:

Changing what Is to be taught
Changing the time demand
Simply avoiding problem areas
Massive re-training of lecturers/teachers
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Can We Reduce the Load on Working Memory?

The work of Eleni Danili in Greece
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She measured the working memory capacity of
the students and also their ability to ‘see the
message from the noise’.
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Performance Depends on ....

Q@ Working Memory Capacity

Q@ Field dependency (seeing the ‘message’ amidst the ‘noise’)
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Darformance (94
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60
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Q@ Working Memory Capacity

Q@ Field dependency (seeing the ‘message’ amidst the ‘noise’)

Darformance (94

- field dependency +
47 54 59
46 60 72
59 69
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Performance Improvement

Using Control and Experimental Groups
(pre and post tests)
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A Larger Experiment
(800 Senior School Students)

b ¢
Thursday, 15 October 2009



A Larger Experiment
(800 Senior School Students)

Testing Two Hypotheses

. Reducing load on working memory will bring improved

understanding.
. Use appropriate applications and interaction will enhance

attitudes
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A Larger Experiment
(800 Senior School Students)

esting Two Hypotheses

Reducing load on working memory will bring improved

understanding.
Use appropriate applications and interaction will enhance

attitudes

* Minimise working memory overload;

* Use relevant applications;

* Encourage understanding not memorising;

* Link new material to previously taught material in a meaningful way
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Experimental Structure
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Experimental Structure

Time
.

Group 1 Periodic Table Chemical Equations
(200 students) (Booklet) (normal teaching)

Group 2 Periodic Table Chemical Equations
(200 students) (normal teaching) (Booklet)

Assessment Assessment
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Experimental Structure

Time

>

Group 1 Periodic Table A Chemical Equations A
(200 students) (Booklet) (normal teaching)

Group 2 Periodic Table Chemical Equations
(200 students) (normal teaching) (Booklet)

Assessment Assessment
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Performance Data

Mean (%) Gain t-test Probability

Periodic Table (Year 10)
Experimental Group
Control Group

Chemical Equations (Year 10)
Experimental Group
Control Group

Organic (Year 11)
Experimental Group
Control Group

Experimental Group
Control Group
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Some Attitude Changes
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I hate chemistry lessons
36.7 (p < 0.001)

Interesting
66.0 (p < 0.001)

Difficult
47.1 (p < 0.001)

Useful
14.1 (p < 0.001)

Unimportant
13.2 (p < 0.001)

Boring
104.1 (p < 0.001)
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More Attitude Changes

I am enjoying the subject

| feel I am NOT coping well
| find it very easy

I am NOT obtaining

a lot of new skills

| am getting better
in the subject

It is definitely "'my* subject

Control Group

15
66

18
30

22
67

6
5

15
35

24
6

10
10

27
4

12
9

23
6

23
9

13
2

11
11

23
3

12
10

15
2

29
14

Experimental Group
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3
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9
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1
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9
5

24
7

8
2

24
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9
7
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20

14
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27
39

4
22

34
55

6
16

3)
2

| am NOT enjoying the subject
104.2(p < 0.001)

| feel I am coping well
39.6 (p <0.001)

find it very hard
129.0 (p < 0.001)

| am obtaining a lot of new skills
19.6 (p < 0.001)

| am getting worse in the subject

67.5 (p < 0.001)
It is definitely not 'my’ subject

31.1 (p <0.01)




More Attitude Changes

I am enjoying the subject 15 2413 25 9 14 1am NOT enjoying the subject
66 6 2 2 5 19 104.2(p < 0.001)

| feel I am NOT coping well 18 0 11 10 24 27 | feell am coping well
30 10 11 3 7 39 39.6 (p < 0.001)

| find it very easy 22 27 23 16 8 4 finditveryhard
67 4 3 2 2 22 129.0 (p < 0.001)

I am NOT obtaining 12 12 12 24 34 1| am obtaining a lot of new skills
a lot of new skills 10 9 12 55 19.6 (p < 0.001)

I am getting better 35 23315 12 9 6 | am getting worse in the subject
in the subject 68 6 1 7 16 67.5 (p < 0.001)

It is definitely "'my* subject 29 18 10 5 Itisdefinitely not 'my’ subject
14 20 20 2 31.1 (p <0.01)

Control Group
Experimental Group
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Perception

Filter i
Working

Memory

| nerpreting | B
§  Rearranging 3

»s Comparing g
§ Problem Solving  §
EPreparing for storage s

Events
Observations
Instructions

?
?
E
?
?
]

Feedback loop

E’IIIIWIIII

Long Term
Memory

It dl Ay

Storage

Long term store of infinite capacity.
(Knowledge, attitudes and skills)
Information can be stored in highly
complex matrix, with cross links and
connections

Sometimes stored as separate fragments
(eg rote memory learning)
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Perception Long Term
Filter Memory

Working Storage

Memory
Long term store of infinite capacity.
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Some Key Research Findings

Interest develops early (by age 14)
Boys and girls are equally interested

School teachers have a very critical role

Things outside the school have almost no impact
There is a successful curriculum approach
Integrated science courses are disasters

Career potential must be perceived
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‘A Successful Curriculum Approach |

The Applications-Led ldea

My first encounter:

The findings of Elena Skryabina
In relation to Physics
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The Applications-led Syllabus

Possible Definition

The physics or chemistry to be taught and its

teaching order is determined by the learners -

their needs, what Is perceived by them to be
related to their context and lifestyle
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Sample = 714, Aged 12-15 Kendall’s Tau-b
South Korea Correlation

| am enjoying studying science 0.17

Science is interesting 0.13

Sciences Is an important subject for my life 0.16

The work of Eun Sook Jung In South Korea

Working Memory and Attitudes (2009) Research in Science and Technological Education

Centre for Science Education nivengow, Scotland
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A Working Hypothesis

[Understanding l ) l More positivej
High Working mainly possible attitudes

Memory Capacity

Learners seek
to understand

Understanding Less positive
often impossible attitudes
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I find it difficult
I cannot understand

I shall never understand

I shall give up and opt out
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