Infl Data and Analysis

Human Communication
Lecture 19:
Experimental Design
e.g. evaluating STANDUP and
a 2LL system
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4. Evaluation of Standup
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The evaluation study

. 9 participants from independent special school

. 14 sessions c. 30 minutes over 9 weeks (April/May/June),

Consent obtained from parents and children

Pre-testing with standardised tests

Children shown how to use the software weeks 1 and 2

. Intervention period exploring software weeks 3 to 6

. Level of support and guidance reduced, and task complexity
increased, as sessions went on

8. Use of system video-recorded for study

9. Favourite jokes stored in paper folder and on AAC devices

10. Evaluation period weeks 7 and 8

11. Further standardised testing

12. Structured interviews and questionnaires for feedback from staff

and parents
13.Talking mats to collect feedback from children

Nooswn s

Use with typically-developing children
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Evaluation Instruments

Standardised tests - normalised to intended population
CELF Clinical Evaluation of Language Fundamentals
(Semel, Wiig, Secord, 1995)
CELF Linguistic concepts: participants are asked to point to...:
“the blue line”, “the line that is not yellow”;
(participants must point to a stop sign if they think they cannot
do what they are asked to do.)
CELF Sentence structure e.g. show me...: “The girl is not
climbing”, “The dog that is wearing a collar is eating a bone”
CELF Oral directions e.g. point to...: “The black circle”, “The last
white triangle and the first black square”

CELF Word classes: participants choose two related items from a
set of four, e.g. “girl boy car table”, “slow nurse doctor rain”

PIPA Preschool and primary inventory of phonological
awareness (Frederickson, Frith and Reason, 1997)
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Evaluation Instruments: The KMT

Keyword Manipulation Task (O’Mara, 2005): standardised
across 57 children, including language impaired children; 5 —
12 years.

Stimulus: How can you tell there has been an elephant in
your fridge?
Footprints in the butter.

Keyword Alternates:
Mouse. Giraffe. Cat. Rabbit.

Stimulus: What do you get when you cross a car and a
sandwich?
A traffic-jam.

Keyword Alternates:
Bicycle. Plane. Train. Truck.
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Task Difficulty: grouped by increasing difficulty
Group | Task Description
A A1 Find name (log onto the system)
A2 End program (log off from the system)
B1 Generate any joke from new jokes
B B2 Speak a joke using speech synthesis
B3 Save a joke to favourites
B4 Choose a joke from favourites
C1 Generate a joke on specified topic (e.g. about
an animal)
C Cc2 Generate a joke on a specified sub topic (e.g.
about a wild animal)
C3 Choose a joke from old joke collection not
saved to favourites.
C4 Generate a joke of a particular Joke Class
C5 Generate a joke by keyword, from topics
D D1 Generate a joke by keyword, using alphabet
D2 Generate a joke by keyword, typing in word
E E1 Generate a joke appropriate to a current
conversation topic.
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Results

Videos transcribed, annotated and analysed:

— Determine task achievement, degree of participant’s initiation,
response and anticipation

— Good inter-rater reliability
— Transcripts and interview also coded by SLTs

All children benefited

— nearly all able to locate name; exit program; generate and tell,
and store and retrieve jokes by end of study

— some participants in exploring system discovered different ways
to accomplish tasks and worked out shortcuts

— all gave feedback using talking mats

— reported increase in self-confidence and maturity in all

— carry-over to day-to-day use of AAC

— participants distinguished between generating and telling joke

— joke folders used to tell jokes to others

— jokes liked even when poor
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Task Difficulty: progress

Description

Train Inter | Eval

A1 Find name (log onto the system)
A2 | End program (log off from the system)

B1 Generate any joke from new jokes
B2 Speak a joke using speech synthesis P1,3,7,8,
B3 | Save a joke to favourites

B4 | Choose a joke from favourite s
Cc1 Generate a joke on specified topic (e.g. P3
about an animal)

C2 | Generate a joke on a specified sub topic
(e.g. about a wild animal)

C3 | Choose a joke from old joke collection not P1,2,|P2,
saved to favourites. 4,
C4 Generate a joke of a particular Joke Class
C5 | Generate a joke by keyword, from topics

P24, 8[P8

D1 Generate a joke by keyword, using

CELF Word Classes
(out of 27)

P i PIPA Rhyme
Preliminary Results: (out of 12)

Pre/Post Testing

Pre-test Post-test Pre-test Post-test

D2 |alphabet P4
Generate a joke by keyword, typing in
word

E1 Generate a joke appropriate to a current P1,3,
conversation topic.
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S1, female;

Py age: Bydm 19 25 10 11
S2, female;
age: 10y10m 1 18 3 3
S3, female;

e E age: 10y9m 23 26 11 11

S £ 54, male;

= a  age: 10y3m o 2 10 9
e 17 26 11 11
S6, male;
age: 11y3m 1 4 1 8
S7, male;

5 E age: 12y9m 17 24 12 11

S E 58 male;

A& age: 11y10m 9 8 5 3
D 12 13 10 11
CELF WC: choose 2 related items from set of 4, e.g. “girl boy car table”
PIPA Rhyme: Phonological awareness
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Variance

variance:

Feb-25-11

Variance is the mean deviation from the centre:

Variance = Y {(x1 - u)*2,...(xn - p)*2}

=(C (X-u"2)N

The Standard deviation o is the square root of the

o= V(S (X-uyr2N)

Human Communication "

Statistical Comparison: T-test

The t-test assesses whether the means of two groups
are statistically different from each other, assuming
that paired differences are independent and normally
distributed.

Given two paired sets Xi and Yi of n measured values:

t = (meanX - meanY) x sqrt [ (n(n-1)) / 3((X'i - Y'i)*2))]

Where X'i = (Xi- meanX) Y’i = (Yi_-meanY)
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Statistical Comparison: T-test
Performance on CELF Test

Pre-intervention:

Mean = 12.1 Standard Deviation = 7.87
Post-intervention:

Mean = 16.2 Standard Deviation = 9.76
Difference:

Mean = -4.11 Standard Deviation = 3.30

The results of a paired t-test
t=-3.74 degrees of freedom = 8

The probability of this result, assuming the null hypothesis, is

Statistical Comparison: T-test
Performance on PIPA Test

Pre-intervention:

Mean = 8.11 Standard Deviation = 4.01
Post-intervention:

Mean = 8.67 Standard Deviation = 3.39
Difference:

Mean =-0.556  Standard Deviation = 2.60

The results of a paired t-test
t=-0.640 degrees of freedom = 8

The probability of this result, assuming the null hypothesis, is
0.540
So no reason NOT to accept the null hypothesis
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Bad OK Good

0.006
So cannot assume the null hypothesis
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Unexg 10 impact on school curriculum
imi Questionnaires with parent, teachers and Classroom
Pre"mlnary assistants  (not significant issues raised but all
el Semi ":°S'“:Ve) d intervi ith SLT:
emi-structured interviews wil s
Feedback

Participant
Feedback
using
Talking
Mats

Good:

Jester character
Way screen changes
Way of telling jokes

OK
Jokes
Scanning

Bad
Voice

Feb-25-11

Bad OK Good

Participant
Feedback
using
Talking
Mats

Good:
Jester character

OK
Touchscreen

OK/Bad

Way screen changes
Way of telling jokes
Voice

Bad
Jokes
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STANDUP: some initial conclusions

Interfaces CAN be designed which provide children with
CCN with successful access to complex underlying
technology

Using STANDUP:

— the generative capabilities allows opportunity for
natural language development, cf DA choosing
punchline first

— the generative capabilities allows novel explorative
learning, cf NI searching subjects
All children benefited
— enhanced desire to communicate
— knock on effect on other AAC usage
— illustrated children’s abilities and potential of AAC

lllustrated use of technology within a wider environment
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STANDUP: some initial conclusions

Issues with interface design
— scanning
— voice output
— improved appropriateness of vocabulary

The telling of the joke is important - what is the impact of
STANDUP:
— on interactive conversation
— on joke comprehension and vocabulary acquisition

Do we want better jokes? (yes)

Use with speaking children with language impairment and
other user groups
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Hypothesis Formation

Typical hypothesis: factor X affects behaviour Y
Typical Null hypothesis: no effect of X on Y
What will we measure about X and Y?

Observation v Manipulation

« Observation studies: look at the population to see if X
correlates with Y

* Manipulation experiments: change X and see what
happens to Y

But we need to be sure that any change in Y is due
only to the differences in X...
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Collecting, Analysing and
Interpreting Data

1. What questions are we asking that we need
data to answer?

2. What data would provide the answers to
these questions?

3. What methods would enable us to collect
this data?

4. How would we analyse the data?

5. How would we interpret it?
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2LL Tutoring System Example
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2LL Tutoring System Example

What errors do students typically make?

Goal: develop intelligent computer tutor:

- for children to improve second language learning
- to better understand how learners learn

- to decide what forms of feedback work best

When designing the system, we might consider:
1. What errors do students typically make?
2. What should the system do when students make errors?

Having developed the system, we might use it to:

- better understand the learner,

- see what errors they make,

- to assess effectiveness of different feedback strategies
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-

ok Wb
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Interview teachers about errors that target users
frequently make (error types and examples)

Devise a set of language test examples

Give target user group test set and observe, collect log
of their interaction (example errors)

Analyse results to see most frequent errors

Give questionnaire to teachers with example errors and
ask what feedback they would give (feedback types in
relation to each error)

6. Observe tutor teaching student through chat interface +

record interaction (example errors)

7. Analyse interaction in relation to student errors and

actions taken by teacher (feedback types)

8. Cognitive walkthrough by tutor (when feedback type

given and general feedback strategies)
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2/25/11



Infl Data and Analysis 2/25/11

What should the system do when General Experimental Design:
students make errors? Overview
Using these method_s you find that h_uma.n tutors usually use 1. Previous research and Hypotheses
one of the following feedback options: g .
1. give feedback immediately 2. Experimental Design
2. just flag to the student that they have made an error 3. Method
3. let the student realise they have made a mistake and ask -
for hel Participants
p
You want to see which works best... Materials
. i i i Procedure
Do some experiments with the tutoring system, with .
some students..... 4. Results and Analysis
[Based loosely on a experimental study described in Corbett, 5. Discussion and Conclusions
A.T. and Anderson, J.R., 1990]
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Testing Hypotheses Possible Variables
"Immediate Feedback is best!" * Whether or not feedback is given
* When it is given -- immediately? after 3 errors? at
Hard to test - we need to be more specific the end?
* What is given as feedback: correct or incorrect;
"Differences in performance on a specific test will detailed explanation; further examples
be shown between students given no feedback * How much control does student have over
and students given immediate feedback." feedback?

= the experimental hypothesis

*

How long does the student take to complete an

"There will be no difference in performance shown . exerci§e? , 0
by students given immediate feedback or no What is the student's level of performa_nce.
feedback." * How does the student feel about the different
= the null hypothesis types of feedback - which do they prefer?
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\ Qualitative v. Quantitative Data Formative v. Summative Evaluation
Qualitative . .
- Descriptive data Formative Evaluation: .
+ Based on system behaviour or user experience - throughout design and implementation
* Obtained from gbserva_ti_on, questionnaires, interviews, - incremental
. gr:)éjo(;:cot:vaenalysm, cognitive and post task walkthrough _ assessing impact of changes

- frequently qualitative
Quantitative
* Numerical data

» Based on measures of variables relevant to performance or Summative Eyaluatlon-
user experience _ A - on completion of each stage
. Obtalped frpm e_mplrl(_:al studies, e.g. experiments, also _ assessing effectiveness
questionnaires, interviews s
* Amenable to statistical analysis - frequently quan“tatlve
» Objective

(see Dix et al, 2004, chapter on evaluation)
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Experimental Design

Experimental conditions:

1. immediate error feedback and correction

3. immediate error flagging but no correction

3. feedback on demand

Control condition: to eliminate alternative
explanations of the data obtained

4. no feedback
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Experimental Variables

Independent Variable - manipulated by experimenter

Dependent Variable - not manipulated, but look to see if
manipulating the independent variable has an effect on it
(but not necessarily a causal relationship)

Independent Variable: type of feedback

Dependent variable: time to complete the exercises;
post-test performance

Keep what is taught constant, so all learners cover the same
material

Other factors are Extraneous Variables - things that vary
without our wanting them to...
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Controlling for Extraneous Variables (1)

1. Make the extraneous variable an independent one, and
include it in the experiment (if possible)
i.e. vary the value of it together with that of the
independent variable

2. Partition the test cases such that the extraneous
variable effects cancel out
e.g. “effect of gender on language performance”
- collect a large number of pairs of 1 male + 1 female such
that each pair is matched on age, socio-economic class,
training, etc. so differences within each pair is solely
attributable to gender
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Controlling for Extraneous Variables (2) ‘

3. Random sample of the population of individuals with each of
the values of the independent variable, compare the behaviour
of these samples
e.g. Run 100 randomly different runs of algorithm for each
chosen set of algorithm parameters

Effects of other, extraneous, variables should appear as
random variation in the dependent variable
- effects of independent variable will not be random
- a statistical test can distinguish them

Be careful than samples are really random with respect to the
extraneous variables
- if there is a cause-effect relationship we do not know about,
effects of the extraneous variables may compound instead of
cancelling out

Have to be very careful in selecting random samples
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Participants

Use the same subjects for the different conditions?
- or different groups of subjects for each condition?
- or matched subjects?

A. Different subjects (= between group comparison):
« different subjects undergo different conditions
« assume all from the same population

Pros Cons

+ less order effects - individual differences
+ simpler design - needs more subjects
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Within group design

A. Same subjects (= within group comparisons):

» each subject uses the tutor under all 4 conditions

« vary order of conditions to avoid order effects

 use isomorphic problems of equivalent difficulty,
and vary these also across conditions

Pros Cons
+ needs fewer subjects - more complex design
+ avoids individual - need isomorphic problems

differences - may still get order effects
- testing v. learning issues
- fatigue/boredom
Feb-25-11 Human Communication 36
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Matched Subjects

C. Matched subjects (between groups, where pairs of
subjects across groups are matched):

Could match on:

« intelligence

+ previous number of years 2LL experience
+ previous performance in language courses

Pros Cons
+ as between groups plus - hard to get good and
reduces individual differences appropriate matches

So could use between groups design:

55 students from the same class.
Assumed roughly the same experience
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Choosing Between Experimental Study
Designs (Ainsworth, 2003)

Validity Reliability
Construct validity Would the same test
Is it measuring what it produce the same

is supposed to? results if:
Tested by someone
External validity else?
Is it valid for this Tested in a different
population? context?
Tested at a different
Ecological validity time?

Is it representative of
the context?
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Results: Test Scores and Completion Time

Say we measured mean post-test scores (% correct) and
mean exercise completion times (minutes) for the 4
versions of the tutor.

We could then compare the sets of scores across
conditions to see if the differences are statistically
significant...

Immediate | Error Demand No tutor
feedback flagging |feedback
Post-test 55% 75% 75% 70%
Scores
Exercise 4.6 3.9 4.5 4.5
Times
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Discussion and Conclusions

We might find in this case that the effect of tutor type, as
measured by post-test scores and mean exercise
completion times, is not statistically significant.

- So there would be no evidence in this case that feedback
manipulation affected learning
[though other research may show that there is].
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Writing-up empirical studies 1

Abstract: Short summary of the problem, results and
conclusion.

Introduction: What is the problem? What related work have
other people done?
[Go from general statement of problem to a succinct and
testable statement of hypothesis].

Method:

Participants: state number, background and any other
relevant details of participants

Materials: exactly what test materials, teaching materials,
etc. were used, giving examples

Procedure: clear and detailed description of what happened
at each stage in the experiment
[Someone reading should be able to duplicate it. Should
gﬁ%’.’/«\/ indicate what daga was collected and how.]

uman Communication
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Writing-up empirical studies 2

Results:

- Give actual data, or a summary of it.

- Provide an analysis of data, using statistical tests where/if
appropriate.

- Use tables and graphs to display data clearly.
[Interpretation of results does not go here, but in
discussion section].

Discussion:

- Interpretation of results; restating of hypothesis and
implications of results; discussion of methodological
problems e.g. weaknesses in design, unanticipated
difficulties, confounding variables

- Wider implications of the work considered here, and
perhaps further studies suggested.

Conclusion:

Statement of overall conclusion of the study.
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Reading
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