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Categories

Instruments

Student Knowledge

Knowledge Test (Site-specific)

Student Motivation

IMI Inventory (Deci & Ryan)

Student Attitude

Semantic Differential

Student Curiosity

Student Question-Asking

Student Perceptions

Student Interviews

Student Explanations

Analysis of Open Questions

Teacher Perceptions

Teacher Questionnaire




Evaluation
Process:

T1:
1. Knowledge test
2. Semantic Differential

[

Pre-visit activities

U

| Museum Visit |

Immediately after the museum activity
but at the museum site:

T2:
1. usability analysis (8min)
2. IMI
3.SD

4. Student asking questions
(5. Focus groups) _

4




!

Post-visit activities

@ }~ 1 week
T3:

Knowledge test

Raven test

\

>~ 6 weeks

V.

T4.
Knowledge test

T3 or T4:
Teachers
guestionnaire




T1: Knowledge Test

Your name:

Dear student,

this Quiz contains Questions about lift and the aerofoil model in general. The
guestions might be very difficult to answer. Don't be frustrated, but try your best
to answer them. For every task there is exactly ONE correct answer. Please
cross the options, of which you mean that it is the right answer. If you are not
sure, you may cross the option "don't know".

1.Which of these forces is not involved in normal flight?
Weight
Lift
Thrust
Magnetic
Don’t know
2.Which force remains constant for a given aircraft?
Lift
Thrust
Weight
Drag
Don’t know




Knowledge (mean scores)

Cognitive Achievement: Hot Air Ballon
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[ Pre-test
B Post-test
| |
Exerimental Control The results of the Knowledge

Groups test (pre to post) showed

some cognitive learning .....






time




Mean scores

Cognitive Achievement: Air Track

W' [] Pre-test

B Post-test

A comparison between pre-
and post-test in each group
revealed that both groups
learnt significantly (p < 0.001)

| |
Experimental Comparison

Groups



Supporting Conceptual Change

73% of the students selected the graph on the left

as the correct answer

to Question-2 in the pre-test as they believe that  there is no friction

as there in no motion.

Their ideas changed after the AR demonstration: 91%
answered correctly the question in the post-test.

of the students




The results from Questions 4 and 5 demonstrate that the initial belief
that friction is a constant force changed after the working with the
AR-demonstration.







Intrinsic Motivation Inventory (IMI) (peci & Ryan 2001)

Interest/Enjoyment Effort/Importance Value/Usefulness
1 2 3 4 5 6 7
Strongly Strongly
disagree agree

| didn’t try very hard to do well at this activity.

It was important to me to do well at this task.

This activity did not hold my attention at all.

| put a lot of effort into this.

| believe this activity could be of some value to me.

| think doing this activity could help me to learn
guicker than using other media

| would describe this activity as very interesting.

While | was doing this activity, | was thinking about
how much | enjoyed it.

| tried very hard on this activity.

| thought this activity was quite enjoyable.

| think this is important to do because it can improve
my skills.

This activity was fun to do.




Mean scores

Results: Motivation (Alr Track)

[] Interest/Enjoyment
Effort/Importance
Value/Usefulness

S\

| |
Experimental Comparison

Group



Motivation: Electromagnetic Wave

IMI Motivation (mean scores)
N
|

[] Interest/Enjoyment
Effort/Importance

Value/Usefulness

YA

%
/

7

| |
Experimental Comparison

Groups



Semantic Differential (pre)

Studying science in my class has been...

Important Not important
Not clear Clear

Enjoyable Unenjoyable
Well Organized Poorly Organized
Not interesting Interesting

Easy Difficult
Providing free-choice Very Structured

activities for students

Hard to Understand

Easy to Understand

Trivial Essential
Interactive Not Interactive
Old Original

Encouraging students
to ask questions

Discouraging students to
ask questions

Encouraging student
Team-work

Discouraging student
Team-work

Useful

Useless




Results: Semantic Differential

A factor analysis extracted three independent factors without any cross-
loading exceeding a level of 0.3.

Component
1

SD10PRE , 736

SD12PRE ,652

SD13PRE ,615

SDO4PRE ,569

SDO1PRE ,482

SDO5SPRE , 740

SD11PRE (26

SDO9PRE , 702

SDO6PRE (22
SDO8PRE -,673
SDO2PRE ,615
SDO7PRE 428

The 3 factors were labelled:
"Interaction”, "Affect" and
"Learn/Understand".



Mean scores "interaction”

Semantic Differential: Airtrack

[] SD pre mean
Interaction

] SD post mean
interaction

I
Experimental

Groups

I
Comparison



Mean scores "learn"

Semantic Differential: Airtrack

SD pre mean
[ ] learn

. SD post mean
learn

|
Experimental

Groups

|
Comparison



Qualitative Results

Students appreciated the interactive nature of the AR
technology:

The case of Bianka:
Q. Did you learn in your school about this phenomenon?

A. We did something yesterday about the angle of attack of the wing and
about what happens when the angle of the wing changes. Yeah, |
learned more about that.

Q. And while you did experiment this morning, did it help you learn more
than you learned yesterday? What do you think you learned here?

A. | learned that | could actually change the wing and that when | did, that
changed the lifting forces. It went down and up as | changed the wing,
| mean the angle of attack.



Qualitative Results

Regarding her understanding of phenomena:

Q. Let's say someone was willing to teach you more about this and
you could ask any question you want.

A. I'd probably ask why the lifting force went down, because | didn’t
understand that.

Q. Did you ask that question yesterday, when you were in class?
A. | wasn't listening! (laughs)

Q. Why do you think you asked the guestion today and not yesterday?

A. Well, because yesterday we were doing it on the board. But | could
see it for myself today.




Qualitative Results

We asked the students to ask as many questions as
possible about the Aerofoll exhibit.

We analyzed the kind and amount of questions asked
by the students .

In general, the students in the experimental group
asked more questions compared to the control group.

The guestions asked in this group were more advanced
and scientifically oriented, (e.g. control of experimental
variables)




Validation of all aspects



Some Conclusion

The evaluation demonstrated that the AR technology adds
value to science learning and suggest that the
necessary conditions involve variables in four areas:

1. Curriculum integration
2. The teacher’s role and perspective
3. The student experience of the AR, and

4. The AR technology and scenarios




Teacher Survey (Heureka)

The main pedagogical goal
was to teach the skills of
doing observations

Making the invisible into
visible

Teacher very curious about
the motivation and
cognitive results

Half of the teacher were sure
about knowledge learning;
other half curious about the
results



Learning: Texts or Tests?!

“There may be a
mismatch between
the structure of the
knowledge and the
structure of the print
and oral language
media traditionally
used both impart and
test that knowledge.”
(The Science:
Greenfield 2009, 71)
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School success: pre-knowledge

Interaction Line Plot for PreKnow Sum
Effect: SchoolSuc
Error Bars: 95% Confidence Interval

e The pupils who where

above the average with
their school grades,
performed better in the
pre-knowledge test. The
difference was
statistically significant to
the average and below-
average pupils

The teachers’ grades
corralated very strongly
with the results
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TEST GROUP WITH AR
School success: post-knowledge

Interaction Line Plot for Some of PostKnow Sum
Effect: Some of SchoolSuc
Error Bars: 95% Confidence Interval

The pupils who were
above average did
perform clearly best
also In the post-
knowledge test

However, the pupils

- with less-than-

average school
grades were clearly
catching up with the
others
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CONTROL GROUP WITOUT AR
School success: post-knowledge

Interaction Line Plot for Some of PostkKknow Sum

Effect: Some of SchoolSuc
Error Bars: 95% Confidence Interval

 |n the control group

the pupils with less-
than-average school
grades were NOT
catching up with the
others

Unpaired t-test for Some of PostKnow Sum
Grouping Variable: Some of SchoolSuc
Hypothesized Difference =0

Mean Diff. DF t-Value P-Value

1,2 -491 1136 -1,108 ,2698
1,3 -1,867 | 88| -4,478 <,0001
2,3 -1,376 | 136 -3,150 ,0020







Teachers’ Feedback: Role of ICT

* ICT as connection between learning
environments

e |CT as Instruction tool
e |CT as communication forum
e |CT as media




Teachers’ Feedback: Innovative Learning
Approaches

 Integration of other learning environments
than the school

 Differentiated learning depending on
different ways of perception

 From teacher-controlled learning to pupill
orientated learning

e Context-related knowledge



Teachers’ Feedback: Changes In Learning
Environments

e Technological innovation

 New physical space

e Changes In roles and responsibilities of
puplls

e Changes In roles and responsibilities of
teachers
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TEST GROUP WITH AR
Pre-knowledge: Gender

Interaction Line Plot for Some of PreKnow Sum

Effect: Some of Gender * Girls received slightly

6,8

Error Bars: 95% Confidence Interval

' netter scores than
DOYS In the pre-
Knowledge test

[
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TEST GROUP WITH AR
Post-knowledge: Gender

Interaction Line Plot for Some of PostKnow Sum

Effect: Some of Gender
Error Bars: 95% Confidence Interval
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* The girls received
netter scores than
DOYS In the post-
Knowledge test, but
the difference was not
statistically significant




Thank You !






