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ICT & Education: This lecture will explore

Some general issues involved with using
ICT In education at a

« University level
e Department level
e Student level

Sample quantitative and gualitative data
collected from ‘ChemCAL’

e How students use ChemCAL

* Does this indicate anything about
study habits?
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ICT & Education: Current climate

e Contracting resources

 Increasing pressure on
academics

* Higher expectations of
guality and efficiency

« Expanding student base
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ICT & Education: Web of Learning

Formal: Informal;

Lectures Study groups

Tutorials Duty tutor

On-line:
WebCT
ChemCAL

Self-help
problems

Lecture notes
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ICT & Education: University Issues

* Reputation of University

Integration

How to review progress

Major cultural shift for staff and students

Provision of central or local resources
(hardware + personnel)

e Mission statement
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ICT & Education: Department Issues

e Cost and efficiency — applications/staff
* Design of material - are the learning objectives changed?

* Who pays for continued support and development?

e Does it work?
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ICT & Education: Student Issues

e Expectations of University — ‘modern’ learning

« Access to computer — home or University facility?

e Speed and time of access — are there issues at home
for the students?

 Time management — can not use
on-line material on the bus!
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ICT & Education: Advantages to students

Flexible learning
o Multi layered program possible

Comfortable environment

Feedback at time of work

Less time on campus (jobs)

Self paced learning e

Access 24-7
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ICT & Education: Educational benefits

Learning styles
* No single package for all
» Keyboard skills

Computer ability
* Excellent for “drill and practice
* Not responsive to unexpected

Quality Assurance
o ‘External’ review
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ICT & Education: Evaluation

Method
* Request for on-line feedback
« Computer usage data
« Student surveys
 Word of mouth

Purpose

* Ensure educational benefit
e Improve programs/applications
 Justify current and future resources
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ICT & Education: The big question

Does it work?

e Evaluate what we have

e Review what is new

« Keep this process going
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ICT & Education: Applications in Chemistry

Replace “wet labs” — simulations

N
Communication ‘( 3

Support of content
e Presentations
« Asynchronous learning
 Formative and summative assessment
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ICT & Education: ChemCAL
Aim of this study

e Benchmark USYD and UMELB

 Examine how students use this
resource - log data

o Student perception of this resource
— questionnaire (N = 737; 460)
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ICT & Education: Check of demographics

The population returning the surveys appeared representative of

the wider student cohort
Very similar demographics at both Universities

70%
60%
50%
40%
30%
20%
10%

0%

Gender

[T 100%

80%

40%

20%

0%
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Enrolment Status

60% -

100%

An International Student?

80%

60%

Incoming Age Ranges

100%

40% -

20%

80%

60% -

0%

40% -

20%

0%

17-3

100%

80%

60% -

Copleted Year 12 Equivalent?

@ Sydney
40% B Melbourne
20% -
0%
yes no
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ICT & Education: Use of ChemCAL

e ChemCAL iIs used at both USYD and
UMELB

— It Is constructed of a series of modules with
Information, animations, questions, hints and
explanations

— It is avallable to all first year chemistry students
— It forms part of a raft of resources

— It is not compulsory
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ICT & Education: ChemCAL program

) The University of Sydney - ChemCAL Online Home Page - Miciosoft Internet Explorer

/3 Absolute Temperature Scale - Microsoft Intemet Explorer

| Fie Edt View Favoites Tools Help ‘
= s @ Q = @ | B . . 3 Q [ A -
Back Fanard Stop Riefresh Home Search Favorites Histomy tdail Edit Back Femard Stop Refresh Home: Search  Favorites Histary Hail Print Edit
3 Semester 1 Index - Microsoft Internet Explorer ([0 | Address [&1 hiter//chemesl chem.usyd. edu. 2u/S1GenChem G asLaws AbsT empS cale: himl x| @6
Fle Edit View Favoites Tools Hel E 2
y J tie Ld Lew gvortes  Look  nep SR ChemCAL Online Topic 1 Behaviour of Gases
3% (RS e Q W I | B = ks
J Back Farnarnd Stop Refresh Home Search Favorites Histomy b ail Piint Edit wsiAbsolute Tem pe rature Scale
2| | Addrass [&] hitp://chemcal chem syd. edu.au/indexlinks/51GenChem. html = et
There is an absolute zero of temperature at which atoms and melecules can lose no more
3 Behaviour of Gases - Microsoft Internet Explorer ener gy by cooling,
J Eile  Edit “iew Favortes Tools Help
ChemCAL Onlir = This oceurs at —273.15°C, sa that an absolute ternperature scale ( the Kelvin scale) is defined:
erm!
the Internet. Tt pr - u = - @ =d @ @ :
P Biack Foriend Stop  Fefesh  Home Seaich  Favoites  History Mail T = Absclute temperature in Kelwin = [ temperature in °C) plus 27315
rogress o
P gr " A | #:ddress [ ] hip-//chemeal chem.usyd.edu au/S1 GenChem/GasLavs/GasLaws. himl H
ettng up for The effect of a change in temperature on the pressure of a gasis given by: g
This module desi o N T Boyle's Law rosoft Internet Explorer =2 y=3 e
commputer to use Stoichiometry ﬁ Fle Edt View Favoiles Took  Helo e g 3
. H 4 Fd
Tntroducing C The mole; balanc L B s D ¢ g
SLTOCUEINg 4 £ Back forvard Step Refresh Hy 1. The nermal boiling temperature of liquid nitrogen is —196°C. H
Thiz module uses Behaviour of Gase e W5 ) || Addiess [ @1 hitp:¢/chemoal.chem. usyd edu.su/51GenChem/ What is this temperature in Kelvin? e K e
to introduce first %
types, menu bars The gas laws, 1dez Qg CremCAL Onine Hint: g
through the tutor: Gages are all around us. Some need to be kepi -;z o+ . Terperature in kelvin = temperature in Celsius degrees + 273 =
States of Matter »iBoyle's Law S
P Contacting C This module is about the models and laws that it -
Vapour pressure ¢
This is a direct e concentration on gases and gas mixtures =l
for comments, o When a sample of gas is camp £ | | tntemet 4
These Chem CAL Snling rater Electrochetmistry States of IMatter When the sample is expanded, the pressure falls.
@i et out in the licence with th
Orzidation number Mdeasuring Gas Pressure
e —— . Boyle's Law
Chernical Energy ; . £
- Using Boyle's Law g -
Chemical energy, & @
Effect of Temmperature on Pressure H
| Absolute Temperature Scale )
£
|&] Done Gages at Different T and P 3
P1 Im E
Avogadro's Law z
F
These Chem CAL Gnline m aerials are for purposss essociated with the =
set outin the licance with e publisher, The Uniersity of hMelboume. T z
compress gas expand gas 3
|&] Done E
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8th February 2004 RACI (Chemistry Education) Hobart 17



ICT & Education: Use of ChemCAL

Students were asked how often they used ChemCAL (N=737, 460)

Q8 - ChemCAL Tutorial Usage This Year

The majority of
students use
ChemCAL at least

30% 1 O Sydney .
20% - B Melbourne a I|tt|e
10% 7 F

0% ‘ ‘ ‘

none 1-5x 6-10 x >10 X

50%

40% -

Log data indicates a mix of steady use during the semester and
cramming at just before exams
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ICT & Education: Use of ChemCAL

Those that did not use ChemCAL were asked why

Reasons for not using ChemCAL

50%

40% -

30% -

20%

10%

@ Sydney
m Melbourne

]l =

0%

no clear reason

study issues prefer traditional technical
techniques problems
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ICT & Education: Use of ChemCAL

The students that did use
ChemCAL were asked:

advantage over textbooks
can go back

can manipulate material
rotate 3D images

provides useful feedback

o g~ W DB

feedback improved
learning

1. advantage over textbooks

2. can go back

3. can manipulate material

4. can rotate 3D images

5. provides useful feedback

50%

40% -

30%

6. feedback improved learning

O Sydney
20% W Melbourne
0% ,_=—_'_|:. : ; T
SD D U A SA
20
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ICT & Education: Best and worst

Aids learning and tests understanding
Questions
Visual impact

24/7 accessibility

Immediate feedback
Drag & drop presentation
Better than textbook

Work at own pace

Technical difficulties/download times
Nothing

Pages with no interaction

Explanations/hints too brief

Difficult to access
shockwave

Slabs of text boring

Prefer tutor interaction
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ICT & Education: Use of ChemCAL

Examine Log data {[0][0]ES}{[OJES}{[IIH{AT{[ATH{LI}H{!

Look at a number of modules — a familiar topic
e Stoichiometry

New topics, looking at qualitative and quantitative problems
e Quantum numbers
* Nucleophilic substitution

 Kinetics
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ICT & Education: Stoichiometry

‘%_‘i ChemCAL Online Chernistry 610-141
= _" . .
.%,=7 Reduction of Iron(lll) Oxide

The rmetal iron can be produced by the reaction of iron oxide with carbon monoxide.

Balance the equation:

Given 1.00 kg of iron oxide:

a] How many mole of Fe canbe formed ¥ 125 « mol

bl What massof Fecanbe formed ¥ 598 « grams

I atomic masses. ..

hirk

Staichiometry

explain

8th February 2004 RACI (Chemistry Education) Hobart
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ICT & Education: Stoichiometry

How many marks do
students attempt?

For students that
attempted 9 marks,
what was their score?

For students that
attempted only Q1,
what was their score?
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1 1

500 — moduleLog data
610141/Stoichiometry/dswMedia/StoichFe203
400 —{ [marks attempted of 9 possible
] npnts = 491

300 average = 7.7+ 2.6
200 —
100 —

0 —

1 ] 1

250 — |moduleLog data
200 610141/Stoichiometry/dswMedia/StoichFe203

attempted all
150 — npnts = 378
average = 6.5+ 2.3

100 —
50 —
O_

I I I I I
1 1 1 1 1

50 —
moduleLog data

40 — 610141/Stoichiometry/dswMedia/StoichFe203
attempted 2

30 npnts = 57 B
20 — average = 0.9+ 0.8 |
10 -
o — —
T T T T T T
0 2 4 6 8 10
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ICT & Education: Stoichiometry - summary

Less then 50% get the equation balance correct at
their first attempt.

Less than 50% calculate the number of mol of iron

from 1 kg of iron oxide (based on an equation
which is now correct)

About 60-70% can turn that number of mol into a
mass of iron correctly

Hints and explanations were used, but only by ~10-
20% of users
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ICT & Education: Quantum numbers

"i\i ChemCAL Online Chernistry 610-141 Atornic Structure
LA
¢ %77 Quantum Numbers

There are three quanturn nurnbers required to specify unambiguously an atomic orbital
while an additional quanturn number is needed to identify an electron uniquely.

The quanturn nuraber which identifies an orbital within a
sub—shellis: my v

m; =0
my =1
i ?
What are the allowed values of my for a given value of I? 0,1 .. (-1
m=-L..0..1 W
m=12 ..1
m; = —(1-1), ... 0, ... (1-1)
m =-1..0..1
I [ J hint explain
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ICT & Education: Quantum numbers

How many
marks do
students
attempt?

For students
that attempted
8 marks, what
was their
score?

8th February 2004

S2PropAtoms/AtStruct/dswMedia/QNumbers
attempted all

40 —{ |npnts = 106

] |average=6.5+1.4

1 ]
moduleLog data
] S2PropAtoms/AtStruct/dswMedia/QNumbers
120 — mark attempted of 8 possible
7 npnts = 156
80 — average = 6.1+ 3
40 —
O —
I I I I
0 2 4 10
_| 1
60 — |moduleLog data
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ICT & Education: Nucleophilic substitution

s ChemCaAL Online

/= == Making New Compounds

=
|y Lol

;f

The substrate shown below can be converted to the product by reaction with
an appropriate nucleophile. Choose the required nucleophile frorm the list,
and determine the leaving group that is released in the reaction.

Br OCH,
CH,-CH-CH, CH,-CH-CH,
e
+ _OCH,(methanol)
nucleophile
aubstrate product

CH,CO,{aq) "OH(ag) HNHgyaq) ~CHNag)

“OCH (methanol) "OCH,CH j{ethanal)
CH_ S (ethanol) —:C=C-CH, (benzene)

Cl- Br- OTos

| > hint

8th February 2004 RACI (Chemistry Education) Hobart

Mucleophilic Substitution Reactions

leawing group
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ICT & Education: Nucleophilic substitution

How many
marks do
students
attempt?

For students
that attempted
all 12 marks,
what was their
score?
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1200 —{ [moduleLog data
610142/NuSubnRxns/dswMedia/MkNewCmpdsQ
mark attempted of 12 possible

800 — npnts = 1202

average =11.1+2.7

400 —
0 —
I I I I I I
0 2 4 6 10 12
1 : I I
1000 — |moduleLog data
610142/NuSubnRxns/dswMedia/MkNewCmpdsQ
800 — attempted all
600 — [npnts = 1050
average =11.7+£0.8
400 -
200 -
O -
I I I I I I
0 2 4 6 10 12
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ICT & Education: Kinetics

"o ChemCAL Online Chermistry §10-141 Feaction Rates and Kinetics 1
= oy =
!’:gr 7 Second Order Reactions

In a first order process, a graphof In[A] vs time is a straight line.

. —d[&
The rate law for a second order reaction, rate= % = k[f‘-’i]z,

1 1

canbe integrated to give: E " Ep T kt titne (min)  [NQ,] In[MO,]  1/[NE3,]
0 0.780 -0.25 ¥| 1.28 ¥
The data shown is for the reaction 1 0,345 106 v| 290 «
2NO[g) = 2NOE) + Qilg) 2 0.221 ~1.51 4,52
Tosee a graphof [NO,] vs time click: 3 0.163 -1.81 6,13
[ND,] v= time ! 0.129 -2.05 7.75
On paper, draw two graphs: Z 0% oL SR
a) In[NQ,] vs time f 0.091 -2.40 10,99
b) T/[NQ,] vs time 7 0.079 ~2.54 12.66
Which graphis closest to linear? 8 0.070 -2.66 14,29
O In[NQ,] O VNG, 9 0.0a3 -2.76 15.87
10 0.057 -2.88 17.54
| hint
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ICT & Education: Kinetics

UL
S YD 819,
UM 569,
ELB i)
U 86%
SYD 759% 1
The data shown is for the reaction
2NO () = 2NO(g) + Ozl
Toszee agrap Q] we time click:
[MOy,] vs time

G graphs:
a) In[MQO vs time
b) 1/[MO,] vs time

Hrne Tt In[MO.,] T[NGO,
- ‘- S 025 v| 128 «
2 -1.06 ¥| 2.90 «
1/2 0.221 ~1.51 4,52
3 0.163 ~1.81 6.13
4 0,129 ~2.05 7.75
5 0.107 ~2.23 9,35
6 0.091 ~2.40 10,99
7 0.079 ~2.54 12.66

Just show me;: UMELB 5%: USYD 3%

8th February 2004 RACI (Chemistry Education) Hobart
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ICT & Education: Kinetics

In a first order process, a graphof In[A] vs tirme iz a straight line,

Plot graphs; which is linear?:
UMELB 72%; USYD 68%

The rate law for a second order reaction,  rate = % = k[A]z,

can be integrated to give: [}T] - [1}1_10 =kt time (min)  [NQO,]

0 0.780

The data shown is for the reaction 1 0,345

2NQ.(g) = 2NO(g + Q.ig 3 0221

. Tozee a graphof [MO,] vs time click: 3 0.153
First or second order?: e T 01w
UMELB 88%: USYD 86% SRR N T
a) In[NQ,] vs time f 0.091

by 1/[NO,] vs time 7 0.079

Which graphis closest to linear? 8 0.070

O In[NQ,) O 1/[NO,] g 0.063

10 0.057

From slope determine k

correct first attempt: UMELB 59%; USYD 57%
correct second attempt: UMELB 9%; USYD 13%
guess & show me: UMELB 22%; USYD 19%
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ICT & Education: Conclusions - ChemCAL

«Student do use resource & feel they benefit from it

All or nothing approach but generally high level of
engagement

*Some of the basics (eg stoichiometry) can not be
assumed — ‘underpinning’ material need to be
available

«Students do perform well on questions given time
(how does this translate to pressure of exams?)
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ICT & Education: Big issues

University
Ongoing support for ICT developments supported
by one-off grants
Workload issues for academics involved

Department
Can we help students use their own IT and
communication for self-learning networks

Student
Social and technical issues with students studying
at home
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