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Three.Goals Tiedey™

geIBroader Learning Outcomes

B Cooperative Learning in the

B — e
e i

el i

— Classroom

—

® Project-based Laboratories




EaliEakion IS What's eft over
aiter you've forgotten

B EVenything that you learned.
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DESIied.Learning OULGOITESSS

2 [riow/l ge OULCOMEs " . particular areas’ of
cisclolllgzos professmnal content that students
,,1_1_* _h_ecall ielate, and appropriately deploy.”

e

: somethmg for example think critically,
communicate effectively, productively
collaborate, or perform particular technical
procedures — as either an end in itself or as a
prerequisite for further development
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SMATEGUVEIOUicomes — *..usually involve cliangess
IINSElIErS or Ini the development ‘off particular

for example, em athy, ethlcal behawor

"respe P OIESPECHNOT0!

_ec; ‘ned| abilities — ...t pically involve the
ILEgration of knowle ge, skills, and attitudes in

OIMpPIEX Ways that reguire multlple elements of
_earnlng Examples embrace leadership,
— teamwork, effect|ve problem-solving, and
reflective practlce

Fromi Ewell, P.T., Accreditation and Student Learning Outcomes: A
Proposed. Point of Departure, Council for Higher Education Accreditation
(CHEA) Occasional Paper, Washington, DC, September 2001
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SINGE 1R My Undergraduate Notes;..
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SNISEG Silica columnsin
SEBded phases in LC
SXecillary electrophoresis

_Jgh field NMR — multidimensional methods
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— Inductlvely coupled plasma
® Mass spectrometry of proteins
e Microelectrodes in electrochemistry
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YA tUrE, cooperative and project-
vasaclezizaigepilinzeheninle
rlévf opment O content and Iaboratory

== skills

—
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"DEC|de what content/skills you would
|ike to be included and design activities
that include those content/skills




-N Individual COUrSESHE s

I Chemistry.

'rf e ananG L Ee e N E O Utcomes and Promoting
SEIPIINER/A CONNECHIONS through the Use of a Semester-long Project,”
Wer T 3 Gel/ BIo/ogy: Eaucation, In Press.

._“'Chemistry: Expanding the Goals Beyond Content and Lab Skills,”

= W’*’ Wzel IR J. ANl Gender, Science and the Undergraduate Curriculum:
=== //a'/ng TWO Way: Streets, Association of American Colleges and
""?Ghlversmles 2001, 29-46.
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~ & [pper-level separations course

- “The Tieaching Learning Process in Analytical Chemistry,” Wenzel, T. J.;
Microchimica Acta, 2003, 142, 161-166.

“A New' Approach to Undergraduate Analytical Chemistry,” Wenzel, T.J.;
Analytical Chemistry, 1995, 6/, 470A-475A.




SOBPENAUIVENLEANING s

EIESS diIVidediinto small groups (3-5)
apesentediwith a problem or guestion
&='Serve as a facilitator

I
-

== If one student sees the point, she or he is to

= — =
-—

'--..-l---_ =

— explain it to the others

— \When the groups appreciate the point, I call
timeout and highlight the concept




Advantages of

-ﬂ'"_'

s Coopera“tlve Learning

VGrer teacher” resources because the students
alfie eacners as well

o K @\ formal

SWAGHVErlearning — I know what they do/don't
nderstand — they know what they do/don't

i’" “Understand
- 8 Students spend more time on class material
®: Cooperation, not competition

® Students learn more
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PUeomes o Cooperative L.earninaiiom

S PriorResearch Studies

e

shiealIVASIGRIHEERNIAPROVEMERUSHIANS
ENIC achievement

aifreasoning and critical thinking skills

o Pre posed Mmore new. ideas when presented with
= rpblems

ﬂ’“’lTa'nsferred more of what was learned in prior
= Sjtuations to new problems

—® Reduced levels of stress

® Promotes more positive attitudes toward subject
and instructional experience — faculty get to
know: students better
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SRIproved student: commitmentss s
SAEIESEr moetivation teward Iearning

SRR sLldEnt Etention (Especially fior Women
2l ,;J.:' lINEKties)

=5pcially involved

-
i

- -Academlcally involved
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— Peer Assessment and Self-Assessment of Group Activities,” Wenzel, T. J.,
Journal orChemical Education, in press.

~ YPractical Tips for Cooperative Learning,” Wenzel, T. 1., Analytical Chemistry,
2000, /2, 359A-361A.
“Cooperative Student Activities as Learning Devices,” Wenzel, T. J., Analytical
Chemistry, 2000, 72, 293A-296A.

“Cooperative Group: Learning in Undergraduate Analytical Chemistry,” Wenzel,
1.J., Analytical Chemistry, 1998, 70, 790A-795A.
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*Glosstproblemiseti# 1 — A

eICHEENE pH 6f a solution thatiis 0. 155 MNR ammoenia.

Calculzita thia orl of 2 solutiog dee is.0.047 g ovileigecinelO ik S9 \inh o vileliglitig]
nloricle,

1- .

. Calet Ia the phefia solution that is 0.332 M in anilinium iodide.

: ,';Jlm_ ate the pH of a selution that is prepared by mixing 45 ml of 0.224 M
'rlo;r n‘20|c (G5) acidlwithi 30 ml of 0.187 M ethylamine.

— _,aquIate the pH off a solution that is prepared by mixing 75 ml of 0.088 M aniline with

"'“""ml 0f 0,097 M nitrophenol (2-).

——

6, What s the typical range of Ka and Kb values for weak acids and bases? Which value
represents the weakest and which the largest? What would be the pH of solutions 0.1 M

in the acid or base at the extremes of the range?




SHEIAIAESNINECIaSS problems — Chromatography: set: #4 — Ion-Exchangepss
Chromategraphy —

i

SNISEHEME USING Ion EXChande chromatography that would enable you to
- SEMEINEREBENIREIENCE P CIACIRIENORIEXCHENGENESIHSYOUNeUIE

. Woul l exchange [esins that are usefulifior deionizing water by useful for analytical
r)amrlon\ /

: \/\/haf ‘o:-uld Perthie erder of retention for the ions Li(T), Na(I), and K(I) on a cation

exgha‘éfg Elresin? Justify: your answer.

-

( -SIder e Case of separatmg the alkali ions in (3) on a polystyrene resin using a

| ad) What is the bound ien and mobile counter ion?

) One problem is how to detect these ions. They do not absorb ultraviolet or visible
light in the accessible portion of the spectrum. They do not absorb infrared light.
Conductivity might work except that they hydrochloric acid in the mobile phase produces
too high a background signal. Devise a way to remove the conductivity of the eluent

ions (HCI) but retain the conductivity of the alkali ions you wish to detect.




SHETGRIYE Striicture of Atoms L -
. - —

EelsRelOIINS Lo talk about YoUFclifent knowledge ol the structure ofi

SIS PINENINESHYOUNNIERECORSICERINCIUGE:

Wisatimportant fundamentall particles make up atoms?

= _.jO BEse particles have charges? If so, what are the charges?

> B HOW are those particles arranged in atoms?

—— = Suppose you had to explain what an atom looked like to a
—— 10year old. Draw a picture that would help in your
=~ explanation.

Are there any things you simplified in your picture?




OnIc configurations - _—

MENCIECLHONIC configuration o CarbonN(Element 6):

Conslder tha lzst tweo slactrons i 200 conlfieurzition, Bl ol See goyy
IEIEIEIENVTONIIEEREWAYS I WHICH the Elections could be'situated? Make sure you
lmrleugmrt e GiffErence between the tworways.

3 s p055|ble 10y measure;whether an atom has unpaired' electrons or not.
Atorns \){"' Unpaired electrons interact with a magnetic field whereas those with all the
el~cr 9"" fpaied do mot. By measuring the specifics of the interaction with the magnetic
=fi SISFEVeEnipessible tor determine the number of unpaired electrons in an atom. For
St has beenrdetermined that each atom has two unpaired electrons. Does this
W|th One ofi the possible configurations?

NOTE: Atoms or molecules with unpaired electrons are said to be
PARAMAGNETIC. Those with all the electrons paired are said to be DIAMAGNETIC.

Use the information observed with carbon to develop a generalization for the
filling in of electrons into orbitals with the same energy. This generalization holds all the
time and is referred to as the Aufbau principle.




WWorksheet on Electronegativity, Ionization EnergiespEIection
AMALOmIC Radii —

i

EeteRNEgatVIty-Jine electronegativity EXpresses: oW muehia particular

1.
alernernt warlts el elgeirorl, Trid rligrids trid Valltie “ire srlore tnlelt delrefetifzlr

eltorr) Wamtf an electron.

Trnef O”Q\/‘_ NEMPEagENas a periodic table that lists the electronegativities of each

SEERNIEEseIUtE Values dornot have meaning. What does have meaning
ENelatve values. Note that the noble gases (He, Ne, Ar, ...) are not

SR
ire J j Blsince these elements have stable configurations and do not want to
I EIECLIOnS.

c

- —

-h-""-' =

— o — —
= -—

=—~‘A) Examme the electronegativities of the halogens (F, Cl, Br, and I). Is there
“aitrend? If so, propose an explanation that would justify the trend.

B). Examine the electronegativities for the period that includes the elements
lithium (i) through fluorine (F). Is there a trend? If so, propose an
explanation that would justify the trend.
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SEILIIINIMPeRSCIENHIHERIAECIH

o Layal @

=WrewIEm area, methods of solution and
R GOIEct™ interpretations are given or
B mimediately obvious from either statements
== 0r guestions in the student’s laboratory

- e -
e

— manual or texbook. Includes activities in
-~ whichs students simply observe or
“experience” some unfamiliar phenomena or

learn to master a particular laboratory
technique.
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SOl Of SCIENtITIC TR UIRA(ECOMIE)R

SNEEVEIN
SSA0IatoRy Manual proposes problems and
ESerilves Ways and means by which the
Stiident can discover relationships he/she
does not already know from manuals and
e texts

I

= :_.__—-. —

e _--— = o
—
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e Level 2

— Problems are provided, but methods as well
as solutions are left open
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SElIUt oRSeientific InguiRA(CORT)™

SAEEVE] S
SPioblems, as well as solutions and methods,
perellelt open. The student is confronted with

& {hie “raw” phenomenon

——

- e —
e
e

L = -_--_. =

. e —

_ (Adapted from Schwab, 1964; Herron, 1971)
(Also from Lederman, Ill. Inst. Tech.)

e ———

—




SeliRUUM.Of ScientificlRETIT@Ass

Yroolamm/Citastion.  Rracadtia Selltftien
' GIven Given Given

Given Given Student

Given Student  Student

Student Student  Student




troductory, Courses

o Trigrrlzie sl eie Distiyi=..
iREameERtals o chemistry. related! to the study
SIRUERENVIionment

- S

: _%_gé"'*" Jor the chemistry major

- -.-'
e
= i =l
L F- - -
= -F"-.= i
e e =5

e ———

~ & Pre-requisite for all upper-level chemistry
courses

e

¢ 60 students in class (20/lab)




se (Goals . —

fudamentl CONCEPLS| off chemistry.
281 that science does not know all the

._

CJJ'J;* erS
BParticipate in and learn about the process
SArough which scientists undertake

i .._----al-.-ﬁ-
I

i = investigations and create knowledge

- 8 |'earn in interaction with, rather than in
Isolation from, other students

e Appreciate that science occurs in a social
context

—
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BElBIEtOrY Project ~ Greupsiof 4

J J( plants grown in soil contaminated
Wi it lead take up more lead?

- e — -
*—’_-M_ll-
— —

.dl__- -

..—-rj_.',--
e
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= h0es the uptake of lead vary with the
acidity of the rain water?
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SIIECLIESUIONS the Studentsy
IEEERIOT dNSWESS

ale —

AVt toIgrow?
2 \/\/" gt soil to use?

_ J—‘ 10 mimic acid rain?

' =

_-5.-—-

-—*‘How much lead to add?
~®\What watering schedule?
e \\What to use as a control?
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SEIIIENACVantages off thespreject:

SNeONEICE a [iEal Investigation
SIS answer questions
PDESIGN experiments

i—;n nant|C|pated problems

~ e Jileamwork
® Communication — Informal/formal
e Opportunity for leadership




Un-(“_' prellgias

f 29 contammated samples had
hWerlead

;_--_--Other three?

i
- i o
e —
r g L] -
o - — -
——

e

- 8’ Acidity trend is inconclusive




Separation Science Course

— ~--'_I--|=___’l
SVl 5is of methylbenzenes/tEPENES ini air
SAIEIVSIS O trilalometinanes In drinking water
o Arr_;]" content of fioods (popcorn and beer)

SNECiiEINg, theophylline, and theobromine levels in

: -.ac‘ Jocolate

Analy5|s of nitrate and nitrite in hot dogs/cured
MEats

e PAHs in burgers, oysters, diesel exhaust and
wood smoke

¢ [oxic metals in sludges from waste-water
treatment plants




PNETONP5101 2 0.3, — one project, per.gieup

5 Progesel e ee R SRR FE

SRSNIGUrS of minimum lab time (excluding writing
20jfinal report)

=
e e i
= - m—
e —

i
B
s
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== Ihdividually written final reports

® Final oral presentations - Powerpoint
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SpIEBiZEsIh e entirety.off the analyiicel .
SIEESS — a [edlfSESErel analytical
CJI']E‘J']'T:),J‘
SUEfiNE the problem
BS5Earch the literature

& -make decisions (sampling, workup, etc.)

= collect samples
-perform the analysis
-interpret data/draw conclusions
-present the findings — oral and written




SESERIEE do we do?
Sciiinder Scholar search

o Tezirn Worldleommatig)]

501 =90 hours

SISty tor work “off hours”

& 6 am air sampling
— ‘Most work far more than 30 hours

$ Problem solving
Unanticipated problems

¢ Tndependence/empowerment — Three-room problem




SENBAEOLP completes their project, but they,
ApPpreciate the process, oftanalyticallchiemistry

S Sampling

— S=lafle W —rn
— Stzlglelzlfels

BREproducibility

SYAcelracy/reliability

e

BN ppreciated how difficult it is to obtain a good
== analyticallnumber, especially when performing
—  trace analysis
8 Ask/answer guestions
® Experimental design

® Success from failure




Dther Programs.

r\rJ/onr Materials| Characterization Preject (Jeanne; PeEmberton)

.-'-"'

ansas - Envirosmantl/findusidzl/consulizigis(Ce e ca i ilSom))

Medg_: College - Urban' air/community projects (Wilbert Hope)

HO\?.\‘]E rcl URiversity - Community service projects (Charles Hosten)

—Tc ch>I)a Chicago - L.ead in the environment — community connections (Alanah
-ltc

.—r—-T_
_-ll'-—---
. o
= pi—— ...-—

—— Northeastern University - Bioanalytical chemistry (Pam Mabrouk)
e U. Central Arkansas - Blood plasma (Cameron Dorey)
¢ Union College - Water quality — Trout Unlimited (Tom Werner)

e Oberlin/Wooster College - Forensics (Bob Thompson)




