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Chemical Education Survey:

Pilot study in 2006-7
15t major survey in 2007-8

2rd major survey in 2008-9

Mixed qualitative/quantitative study

What factors contribute to a successful
high school—university transition?

What can schools and universities do to
help students manage this transition?

Dr. David C. Stone, Department of Chemistry, University of Toronto
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The Survey Cohort:

Who Are Our Students?

e CHM 138F (Introduction to Organic Chem.)

e CHM 139F (General Physical Chemistry)

CHM 151Y (Advanced Introductory Chem.)

Year Enrolment | Surveys Response
20006-7 1830 320 17.5%
2007-8 1803 536 29.3%
2008-9 1723 414 24.0%

Total: 5356 1270 23.7%

Dr. David C. Stone, Department of Chemistry, University of Toronto

Category 2006-7 2007-8 2008-9
Female: - 60.6% 59.4%

Male: - 39.4% 40.6%

Toronto/ GTA: — 68.9% 69.1%

Total Ontario: | 86.4% 84.4% 84.5%

Regular stream: | 68.1% 82.3% 78.8%
Semestered: — 58.4% 65.1%

Native English-speaker: — 44.8% 45.9%"
Independent Study: | 56.0% 57.7% 44.9%

Dr. David C. Stone, Department of Chemistry, University of Toronto
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Aggregate Demographics:

Student's School Location
2% 5%

8%

18%

WUSA m Other Country

mToronto/GTA  Ontario (not GTA) Canada (not Ontario)

Student's Program Type
6% 3%

m Other mRegular m Enriched/Gifted = AP m 1B

« Over 430 different schools
» ~ 200 Toronto/GTA schools
¢ ~100 other Ontario schools

* 69% public board students
* 19% catholic board students
* 12% private school students

Dr. David C. Stone, Department of Chemistry, University of Toronto
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English Language Skills:

English Language Proficiency

ar 15% * Self-reported level

* Low ESL students
may not have
participated

45.9%

» Several ESL tests
recognized

« Some students
memorize ESL
essays

M Native English speaker H Fluent English, but speak a different first language
Proficient technical English  Proficient common English
W Other/Prefer not to answer

Dr. David C. Stone, Department of Chemistry, University of Toronto

A Grade Disappointment:

Relative Grade Distributions

High School:

Fraction of Students

— 87.3% (2006)
— 87.1% (2007)
— 87.3% (2008)

CHM 138F:
— 69.7% (2006)
— 65.0% (2007)
— 67.2% (2008)

CHM 139F:
— 63.8% (2006)

Grade Range

— 63.3% (2007)
— 64.6% (2008)

Dr. David C. Stone, Department of Chemistry, University of Toronto
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Educational Research (1):

‘ 1 eélfbl.ﬂ Z'.f a nmess), 77ess b%.fl.ﬁef.f)’
)
Peter Bloch

— but educational research is messier!

Dr. David C. Stone, Department of Chemistry, University of Toronto
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Aggregate Correlations:

High School-University Grade Correlation High School-University Grade Correlation
Ontario Regular Students, Aggregate Data Ontario AP & IB Students, Aggregate Data
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* High school grades assigned as central value for each range
* Data for missing high school/university grades omitted
* Data for Ontario students who wrote 15-year final exam

* Regular stream # = 584; AP = 39; IB = 28
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Grade Differential (Aggregate):

Frequency

Cumulative Grade Differential Distribution
(All regular stream Ontario students, n = 577)

-60 -55 -50 -45 -40 -35 -30 -25 -20

. Frequency
—- Cumulative %

-5 -0 5 0 5 10 15 20 25

GD = Uni—-HS

Regular:
-16.7 £ 13.7
AP:
-15.5+127
IB:
-20.3+14.2
CHM138:
-15.7 £ 13.8
CHM139:
-18.3+135
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Educational Research (2):

Educational research repeats itself.
Has to.
Nobody listens.

(With apologies to Steve Taylor)

Dr. David C. Stone, Department of Chemistry, University of Toronto
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Predicting Chemistry Success:
* Everhart & Ebaugh (Denison) 1929
* Scofield (Syracuse) 1930
* Hermann (Marquette) 1931
* Steiner (Oberlin) 1932
* Clark (Muskingum) 1938
* McQuary et a/ (Wisconsin) 1952
* Hadley e¢7 a/ (Southern Illinois) 1953
* Brasted (Minnesota) 1957
* Hovey & Krohn (Toledo) 1958, 1963
*  Ozsoggomonyan & Loftus (Berkeley) 1979
(and so on...)
Dr. David C. Stone, Department of Chemistry, University of Toronto
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Top Grade Predictors:

1. Last HS Math Grade (AP and/or calculus) — SAT
Math score also highly significant

2. Last HS science grade (not specifically chemistry)
Time spent on stoichiometry (recurring topic)

4. AP instead of regular chemistry; emphasis on
understanding »s. memorization

Tai and Sadler

Dr. David C. Stone, Department of Chemistry, University of Toronto

Metrics of Learning:

“There is some indication that taking high school
chemistry may be used as an indicator of success in
college chemistry. There are indications that a math/

physics background, high placement scores,
achievement tests scores, intelligence, and age may be
better, or at least as good, as indicators. There is also
evidence that no indicator is all that good”
W. R. Ogden, School Sc. & Math. 1976, 76, 122-126.

Dr. David C. Stone, Department of Chemistry, University of Toronto
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Student Perceptions - School:

I expect to do well in university chemistry
I found high school chemistry challenging
Tests emphasized memorization

Classes emphasized memorization

My teacher performed effectively

I used the text extensively

I always completed homework

I procrastinated a lot

e e BN Ao A e

I was organized and used my time effectively

Dr. David C. Stone, Department of Chemistry, University of Toronto

Student Perceptions - School:

Likert-scale Responses (Aggregate Data)

Expect Do Well
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Educational Research (3):

Quantitative educational research is...

The art of using statistics to state the
obvious...

...at least, it’s obvious once you’ve
stated it!

Dr. David C. Stone, Department of Chemistry, University of Toronto

High School Memorization:

Performance of Students Based on Agreement 1et1 .
that "High School Emphasizes Memorization" Statlstlcal tests:
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» Students who feel that high school emphasizes
memorization tend to do worse in university

Dr. David C. Stone, Department of Chemistry, University of Toronto
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Performance of Students Based on Agreement Statistical tests:
That "I Read the Text Extensively in High School”
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+ Students who used the text in high school do
not appear to perform better at university
Dr. David C. Stone, Department of Chemistry, University of Toronto
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High School Homework:

Performance of Students Based on Agreement

Statistical tests:

that "I Always Completed my H K
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+ Students who completed high school homework
do not appear to perform better at university

Dr. David C. Stone, Department of Chemistry, University of Toronto

High School Labs:

50%

40%

30%

20% 1

10% 1

0%

High School Lab Frequency Quality Of l’dbS
Semestered m Year-Long hlghly Variable
e
Funding depends
e on school/board
priorities

No technical help!

o Highly restricted
Onceaweek Every2  Every34  Every56  Lessthan Noneatall list of “allowed”
weeks weeks weeks every6 .
weeks Chemlcals
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Aggregate data, 2007-8 and 2008-9

Semestered n = 577, Year-long n = 365

Dr. David C. Stone, Department of Chemistry, University of Toronto

Topical Content:

* Atoms & periodic table (electron config., periodicity, efz.)
* Stoichiometry (chemical reactions & equations)

* Equilibria (reactions, acid/base, solubility)

* Gases (properties, gas laws)

* Thermodynamics & Kinetics (energy, Hess” Law, ec.)

* Organic Chemistry (naming, groups, structure)

* Organic Chemistry (reactions, mechanisms)

* Electrochemistry (redox, galvanic & voltaic cells)

* Forces & Bonding (VSEPR, van der Waal’s, ez.)

Ontario Curriculum: Grade 11 and Grade 12 (2000-9)

Dr. David C. Stone, Department of Chemistry, University of Toronto
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[opical Content - Semestered
Topic Frequency (Semestered School Students)
: :
Forces-Bonds o g
T t t
Elecochem |2 NSEHINN m
OrgReacions B NG o |
ogNames QRN NSNS ¢ K3
Themo-kin EINEONNN I ¢
Gases gL N NOSR @ B - |
Equiibria EERINZ e 2 £
stoichiomery AN I = b=
Periodic Table s
0% 20% 40% 60% 80% 100%
Wit wasa recurring topic WA month or more BAfew weeks
Afew daysione week mCovered in an earlier course MNot covered at all
Dr. David C. Stone, Department of Chemistry, University of Toronto
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Topical Content - Year-long

Topic Frequency (Year-long Schools)

Forces-Bonds 19

i

i

Electrochem

Org Reactions [

)

Org Names

Thermo-Kin

Gases |

!.T

Equilibria 15

3
®

Stoichiometry

Periodic Table

20% 40% 60% 80% 100%

0%
Wit wasa recurring topic WA month or more WAfew weeks
Afew daysione week mCovered in an earlier course MNot covered at all

Dr. David C. Stone, Department of Chemistry, University of Toronto

Teacher Survey - Time:

Enough Time for Curriculum?
(Ontario Teachers - pilot

Strongly Agree Agree Neutral Disagree Strongly
Disagree

M Enough Time for Topics B Enough Time for Depth

Dr. David C. Stone, Department of Chemistry, University of Toronto
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Diagnostics - Content:

“The decline in A and B grades has been accompanied
by a marfked increase in ' and dropped grades.”

Nelson Hovey & Albertine Krobn, JCE 1958 (35) 507-509

e Toledo Placement Exam

— ACS Examinations Institute
Hovey & Krobn, Niedzielski & Walnmsley

¢ California Chemistry Diagnostic Test

— ACS Examinations Institute
Arlene Russell, JCE 1994 (71) 314-317

Dr. David C. Stone, Department of Chemistry, University of Toronto
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Diagnostics - Content:

Canadian equivalents?
¢ CIC Chemistry Exam (Part A)

— based on Pan-Canadian Protocol, Grade 12

* Chemistry Pre-test
— U of Toronto, U of Guelph

Dr. David C. Stone, Department of Chemistry, University of Toronto
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Psychology of Learning:

* Information input & processing — VARK

— http://www.vark-learn.com/english/index.asp

* Approach to learning and learning tasks:

Approaches to content

Style Strategy
& learning tasks
(After Entwistle, Marton, Pask, Biggs, etc.)
Dr. David C. Stone, Department of Chemistry, University of Toronto
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Learning Styles & Strategies:

Diagnostics - Style/SkKills:

“T think the difficulty of university chemistry is overrated. |[...]
As I have learned how to learn already, for me, university has
Simply meant a more diligent approach...”

Approaches & Study Skills Inventory for
Students (ASSIST)

Deep Surface

Strategic Apathetic

Dr. David C. Stone, Department of Chemistry, University of Toronto
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Orientation & Motivation Process
. . ) Style Outcome
intention (personality) Stage 1 ‘ Stage 11
Deep All four processes below used Deep level of
Intrinsic approach / appropriately understanding
Understandin iz
(Autonomous, . Building overall Reor.gamzmg & Incomplete
g Comprehension .2 relating data, R
syllabus-free) : description of understanding
’ learning personal .
content area . (globetrotting)
meaning
Extrinsic, fear Operation Aﬁtention to Relating Incomplete
of failure ) rnin‘ evidence & evidence, understanding
Reproducing | (Anxious carning logic of objective stance || (inprovidence)
S S,
syllabus- Surface L . Sutrface level
bound) approach Memorization Over-learning of
Hope for Organized / Any combination of six above High grades
Achieving success ach%i?elrrelent processes considered appropriate || with or
high grades (Stable, self- osientated to perceived requirements of task without
confident) and criteria of assessment understanding
Dr. David C. Stone, Department of Chemistry, University of Toronto
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ASSIST Concept Map:
.
[ Deep, Strategic ] [Surface, Apathetic]
Strategic Surface

Relating
ideas

Using Time
evidence management;

Fear of }

Organized
studying failure

Rote
memory

Interest in ideas
Monitoring understanding

Alertness to assessment ‘
& monitoring studying

Syllabus-bound focus on
minimum requirements

I

Intention to seek meaning
for yourself

Intention to achieve ‘
the highest grades

Intention to cope minimall
with requirements

Dr. David C. Stone, Department of Chemistry, University of Toronto
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