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sing the metaphor of a gourmet meal, Burton

ohen and Peter Hilts describe sample lessons

built around the integration of thinking

processes—

much as a master chef thinks about the blend of
flavors in @ meal, so too does a curriculum
planner design "delicious" lessons.

Delz__eggging Minds: A Resource Book for Teaching Thinking, 3rd
lition
Edited by Arthur L. Costa (2001 )

E‘ Background
rto , Physics courses at MIT

featured:
e Freshmen science and engineering students

e Large lecture hall with 300 students, 3 hours
a week

e Bi-weekly recitations, 2 hours in total
e No laboratory
e Emphasis on analytical problem solving




The TEAL Project

e \We use visualizations in teaching physics
interactively in freshman courses at MIT
(classes of 600 students)

e We combine desktop experiments with
visualizations of those experiments

e Our pedagogy utilizes collaborative learning,
networked laptops, media-rich software,
extensive course notes and assessment

Instructors mentor group experiment and discussion




Make the unseen seen

Creating an Electric Field

Five negative electric charges and five
positive charges are separated by an
external agent. The work the agent

does against the electric attraction
appears as energy in the electric field.

Two wires in series

The current in the wires run in opposite
directions. When the current is turned
on, the resulting magnet field pressure
between the wires pushes them apart.

i Visualizations

= http://web.mit.edu/8.02t/www/802TEA
L3D/teal tour.htm.

= These visualizations range in format
from passive mpeg movies to
interactive Shockwave and Java 3D
applets.




Research Questions

*hat is the effect of the TEAL project on the
retention of students' conceptual
understanding of electromagnetism and how
does it compare to retention of students
taught in a traditional teaching method??

« How do students perceive the contribution of
studying E&M in one or the other formats to
their learning in advanced courses?

Research Instruments
I

¥

Assessed
: Instruments
Variable
Conceptual Pre, post, & retention tests —
understanding Conceptual & image

understanding questions
Perceptions Questionnaires




Research Population

i MIT students enrolled in Introductory
Efectromagnetism - E&M

Retention test taken 16 months from the course on average
e Experimental group, Fall 2001 & Spring

2003 — Small & Large Scale TEAL
implementation : N = 686 students

In the retention study: N = 123

e Control group, Spring 2002 — lectures &
recitations: N = 121 students

In the retention study: N = 51

Pre, Post, & Retention
Conceptual Test Scores

@ Experimental

@ Control

Control

Experimental

Post Retention

Experimental group — Fall 2001 ¢
Spring 2003
N = 123 N=51
There was an overall significant difference in favor
of the experimental group (p < 0.005).

Control group - Spring 2002




Percent of Students in G

Positive Comments on Visualizations

45.0%

Please elaborate on the contribution of studying E&M in
40.09 |17 the TEAL format or in the traditional format to vour
learning in advanced courses.
T 0 Control (27 students) —
25.0% 1 ® Experimental (97 students) [——
20.0% 1
15.0% 1
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Students' Comments

ontrol student : “I liked taking E&M in a big lecture

format. This seems like a traditional part of MIT
education.”

Experimental student : “TEAL demanded active
classroom participation, which would have been
absent in the traditional format. The hands-on
experiments helped visualize the concepts and
theories and made formulae less tedious.”




Summary

0 wt of the TEAL format on students’

retention of E&M concepts was more noticeable than
that of the traditional format.

o The significance of this research is that it is the first of
its kind to provide college students’ learning outcomes
in both cognitive and affective domains based on a
longitudinal study over a period of four years.

Summary (cont.)

The results of the small & large scale
Implementation were repeated also in the
retention study.

This favorable outcome was not affected to a
noticeable extent by the fact that the 6 new
professors had taken part neither in the
development stage nor in the early
implementations.




Summary (cont.)

ing-environments that contain
visualizations is not sufficient for promoting
cognitive processing and improving learning.

The instructor has to plan correctly the manner
in which the information is presented and to
adapt it to the students’ cognitive abilities and
styles.
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i Theoretical Background

Integrating computerized experiments into
chemistry teaching is important for:

% Fostering meaningful learning

% Stimulating critical scientific thinking|

< Implementing practical aspects of the science

phenomena
(Barnea & Dori, 1999; Dori, Barak & Adir, 2003; Jones & Attkins, 2000; Kozma,
Chin, Russel & Marx, 2000)

27

Case-based Computerized
Laboratory Environment

Computerized
laboratory:

Inquiry

Computerized
molecular
modeling :

Modeling

Visualization:
» Graphing !
* Bidirectional transfer Levels of
from textual to visual & understanding:
vice versa e Macroscopic
e Microscopic
Dori, Sasson, Kaberman & Herscovitz, 2004; o Sym bol
Dori, Barak, Herscovitz & Carmi, 2006; Dori & Sasson, 2008 ¢ Process

Kaberman & Dori, 2007; Sasson & Dori, 2006;




Computerized Laborato ies

b

CesHs

)
w D

Cyclohexane

30




i Research Goal

= Investigate the effect of case-based
computerized laboratory environment
on students’ thinking skills:
» Question posing
+ Inquiry
+ Modeling
» Graphing
+ Transfer.

31

Research Participants & Tools

= About 600 12th grade honors-level chemistry
students who studied in the CCL & CMM
learning environment — experimental group.

= About 140 12th grade honors-level chemistry
students who studied in non-computerized
learning environments — comparison group.

+ Research tools included pre and post case-
based tests and students' reflections. The
CCL students’ learning outcomes were
compared to those of the comparison group
students. 2




Case-based pre and post questionnaires

= A case study related to a chemical authentic story:
Trees cause air pollution — Is this possible?
fatile hydrocarbons are naturally emitted from various types of trees.
Isoprene (C;Hg) is the most common organic compound that oak and
sycamore trees emit at daylight.

Researchers assume that isoprene emission is part of the tree's heat
protection mechanism. Updated research emphasizes the role of isoprene
in the process of smog formation...

= Assignments for investigating thinking skills, including
graphing and modeling skills. The questionnaires were
analyzed in two phases:

~ A qualitative phase - content analysis of students’
responses

~ A quantitative phase - scoring each student’s response
using rubrics and statistically analyzing the results.

33

Modeling Skills — The Assignments

The molecular formula of isoprene is CsHs.

1. Write a possible structural formula for the molecule
(Transfer from molecular to structural formula).

2. Draw a model for the structural formula of C;Hg you
suggested

(Model drawiag — Transfer from 2D formula to 3D model). 34




Examples of Students’ Responses

Model Drawing of C;Hg

uality of
panF\

Analysis

An . Co Reference to angles and
i i C=C~C- C=C. spatial representation is
insufficient - ! ® incorrect, no distinction
response between single and
Do{;‘gA{g ( double bonds, partial
o match between the
structural formula and the
model.
A high level Ve A correct model with right
response q yot c':,pi-’% angles that make the
f H

distinction between 2D
and 3D is drawn, and a
distinction is made
between single and
double bond. 35

Findings — Model types drawn by the

students

N=614

——pre

=& = post

Percentage of students

12.-—___‘7

0 - missing

linear model

Model type

ball & stick

space filling

not draw any model at all.

In the pre-questionnaire about half of the students did

There was a decline in the percentage of students who

drew linear 2D models and a significant incline in
drawing spatial 3D models.

36




Findings — Transfer from molecular to
structural formula and to 3D model

¢ A. In the post-questionnaire about 45% of the students
carried out the assignment, drawing correct and complete
models, compared with only 13% who did so in the pre-

questionnaire.

« B. In both the pre- and the post-questionnaire, most

students who responded to the drawing model

assignment could transfer between representations quite
well. A.

N=614

,

*0 /

7
/s "

1. 16 T

- ~\}_\_.//

5
\\\\\ g 0-incorrect - partial 2- complete
.

Findings — Modeling Scores of

‘ Experimental vs. Comparison Students

Score

80

60

40+

20

0

57

57

50

%

55

O post
B pre

low
(N=80)

(N=185)

Research group

T
high C

The net gain score of the experimental group students'
modeling skills was significantly higher than that of

their comparison peers.
For low academic level t=4.06, p< 0.01; for high academic level t=4.13,

p<0.001.
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i Findings — Graphing Skills

 Experimental students demonstrated better graphing
skills than their comparison peers.

» Regression lines of the experimental and comparison
groups using students' pretest and posttest scores in
graphing skills indicated positive relationship between
the pretest and posttest scores for both the
experimental and the control groups.

« For both research groups, a high score in the pretest
questionnaire may predict a high score in the posttest
one. However, being in the experimental group predicts
an even higher score in the posttest.

NN NIA71IUN D' NIINEMY ona D'RYNN

nmmn
nlvninn nTaynl 7NNl
792 1120 MNI MNHOY 792 112N MNT MDY
npmMm 97 nMaa npPIM 9 nMaa
DYTPN NHRY DIoNn NYRY
N=196 N=196
3 levels
No level
3 levels 8%%

=

2
levels jjevel
2 Levels31% 1006 19/




Content Ana |ysis of "Explain in what way, if any, the case-
Students’ Ref lections contributed to your understanding of
|

based computerized laboratory

chemical phenomena?”

* Category

Freq. Examples

N ..m=101 N students = 25

Graph

“The experiment and the graph (li}
acid-base titration) represented th

e

11%

D

ES
[0

. 32% . )
. representations process and the microscopic aspe
Visual in a visual way.”
and Experiments and “By looking at the graph | could se
textual graphs 26% how the experiment progress”
compon. relationships
Text “My favorite case studies were on
representations 18% that were interesting and relevant
my life.”
“Working in the CCL environment
: helped me to think about a chemig
Expanding knowledge 24% process through the four chemistr

and understanding

understanding levels: macro, micr
symbol and process.” 45

al

=

Content Analysis of Students’ Reflections
Graph representations (32%)

ategory  Freq. Examples
N iems= 101 N students = 25
aphingasa “Through the graph | could see and
visual tool for understand when the reaction started and
[processes
“I learned new skills that | will use in the
Future 11% future, at the university: Graph analyzing,
contribution inquiry skill and working in a group.”
“I helped my friend, who studies social
studies, in graph analyzing. | used
Graphingasa techniques that we learned in chemistry.”
4%

transferable skill

“I'm using knowledge and skills that |
learned in the CCL program, in biology.
Especially in graphing assignments.”




i Summary

The contribution of the computer-supported inquiry-
based learning environment was manifested by
improvement of students' performance in all the

examined skills, including:
¥ Question posing
¥ Inquiry
% Modelling
¥ Graphing
% Transfer.

Experimental students' net gain scores in both low and
high academic levels were significantly higher than
those of their comparison group peers.

* Research Contributions

iding and assessing a computer-supported
inquiry-based learning environment that fosters the
development of higher order thinking skills.

= The CCL & CMM learning unit brought about changes
in the national chemistry matriculation examination
in Israel.

= A case study based question is nhow embedded in the
matriculation examination and students are required
to pose questions, analyze graphs, demonstrate
inquiry skills, and transfer between textual and visual
representations. 48
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