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Helping Students Learn to Think Conceptually: 
Are we making it happen? 

I used co Hec injron:  students and do al] the snenceJQr them . I should hove been shon’/lllJ them 

how /0 do it thctnselv 5. !j’ch....)’ lI’ere    ch.... pitmo. 1 1I’01l1£1n ’c hm •c .'lOllI?, "sit down, I’ ll rIel)' the 

ITLAL Special Event 
Friday, November 2, 2007 

Tara Gray, Ph.D.� 
Authorof Publish and Flourish� 
One of the most sought-after pre›�
senters in the US on academic pro›�
ductivity. Dr. Gray isour guestfor a day� 
of interactive. hands-on workshops.� 
Associate Professor of Criminal Justice� 
and Director of the New Mexico State� 
University Teaching Academy, she has� 
presented workshops in twenty states.� 
Guatemala. Mexico, Canada. and Thailand.� 

Workshop # 1� 
Time Management 
for Busy Faculty 
10:00 - 11 :30AM 
Assembly Hall 

Lunch (Please RSVP) 
I 1:45 AM - 12:45 PM 

Workshop # 2: 
Publish and Flourish 
12:45 - 4:45 PM 
Assembly Hall 

RSVP is required for these events. 
Please specify which workshop you 
will attend. and ifyou will be joining 
us for lunch, Feel free to call 
442- 5521 or email at 
teachingandlearning@albany.edu. 

Publish and Flourish (afternoon 
session) is by reservation only. 
Participants need to bring writing 
samples from curren t projects. and 
be prepared to engage in peer 
review and discussion. 

Reservations 
and Information 
518-442-5521 
teachingandlearning@albany,edu 
albany.edu/teachingandlearning 

plllnoJorYOII."(Eric Mazur) 

O ne rt’c lIlTing chal lengc we lace ,1: pr ofes sors 

is how to support beginning uud ents as tlu:v 

  to ward disciplinarv t hinking. We often 

find t hat s t udcnt s arc h ighl y ’ f fe c ti Ye 

at memorizing inform atio n . mimicking 

procedures o r applying received concepLo; 

algoril hmlcally within a na1TO\\ orucxt, bu t 

the:’ arc un prepared to wrestle with complex 

conceptual problems 111 way,- tha t lead to 

deeper learning. 

How do we change the wa)’ students respond 

to con cp tual hallengl’s and ’lpply disciplinary 

knowledg -: On way is to address directly tb 
need to distinvuish early in the lcarnino proce s6 I b 

between the key concepts and pcr:pectiYes 

n cdcd for effective disciplinary think ing and 

the huge bul k of informatio n used to explai n . 

illustr ate , or support those concept ’. 

We ca n lake ou r cue from Eri c Mazu r, 

professor of’ Physics at Har vard . Ear lier in his 
career he was a . uccessful practitioner of the 

lecture in introductory courses. A good 

pr(’sl:ntcr, he received posit i\’t’ evaluations , 

and his students could so lve dillicult problems 

of tilt' kind usually found on tests : narrow I: ' 
defined, procedural and calculational. Hut he 

noti cd that these same students, w hen given 

open-ended, spe ulativc chal lenges, were 

unable to think like 0; icntists .The)’ had trouble 

working onccptuallv, posing Cjuestions . 

constr uc t ing mental cxp .ri rn cnts , aru] 

imagin ing so lutions in the abstract. -Ie 

therefore decided that student needed less 

experience Kplugging and chugg ing" their way 

through IOl’m ulas and calcu lations , and more 

experience   messy, k ss proced ural 

problems that allo wed them to muck around 

with the co n cpts of the disci pline. 

Changing the paradigm 

W hen Manu’ hcoan 0 change his thinkine6  

about leachiug , he had to reconsider how a 

course functions.  \’(.’r.11 principles guichl tl1l’ 
ne w paradigm . all of them placing more 

responsibility on the studen ts, 

I) I cc student he responsible (or preparatlOll , 

In order to fret ’ up more class time /0 1’ 

con cptual thinking and spe ulation , 

students had 10 cover .1 considerable 

amount of content outside of class, Mazur 

d iscovered after a short tim e 111,11 hb 

students at all levels w ir e apablc of 

understandi ng the bul k of the material on 

their own . H" began rCCJuiring students to 

read from the t xtbook before class anr ] 

qu izzed them regularl y to ensure that they 

were prepared . 

2) Test marc conceptual unJcrswnJill,q. ullJ less 

linear problem so/nllB’ Mazur began 

designing a series of Conccp’Icsis, asking 

students to applv basic physics   to 

e ither real -world or purdy hvpothctirnl 

situations. for x.unpk- a question might 

take tI,is form : if a karate (’xpert strikes .1 

brick w ith his bare hand and tht’ brick 

breaks . where and how doc the hrick co me 

apart? 111is approach , free: of formu la .1nd 

calculation, allow - students 10 exp lore the 

various ellccts of compressive, tensi le, arul 

shear stress on mat er ials . Mazur advocatc-, 



'n- -\llll C dC ALB.. Y 

'o1l1bilJing inq uiries for conceptua l 

und(,l'stand ing with t rad it ional problem ­

:-oh'ing practice. 

3)	 Have student enHGHC in im truccion '!f 
their peer . Mazur discovered that 

students w ho arc just learning a 

nmccpt can better explain it 10 ot her 

novices than can a real ex pert. This 

marks a dramatic shift 

away Irom a uhur of 
"ompC'tition to on of 
co opc r at inn , rl'Cjuiring 

students to in teract 

\\ ith each other during 

lass , 

-I) (,rade uulcnts on (heir 

mel (('() 0/ the cour.t· 

mot cruil. no/ In rela t ion 

to their peers. A.' part o r 

his belief in .1 

cooperative rather than 

a compclit in' model, 

Mazur eliminated the 

curved grade and 

moved to a grading 

s heme basl,d on specific criteria . 

A learning sequence within 
the learning paradigm 

class based on this le.\rning paradigm 

looks drarnat ic-allv different from a 

typical lecture, hut structural] it is 

rather simple . Since students arc 

rcquir'cd to read th e textbook and 

lecture' notes before class, the- , lass 

hegins with a quiz to ensure that thc} 

hav e complct d thi . assignm ent. If vou 

an' teaching a large lass. thi s quiz can 

also h admin istered before class begins. 

using a course m,1I1agemen l s ~ ' s tel11 such 

J~ Blackboard. Another altcrnarivc that 

works in some conte xts is to hav 

students respond to a quiz in groups at 

the hegi nll ing of class. T he readi ness 

qu iz is follo wed bv a sho rt (7 10 

Move to next 
lecture point 

Students 
d iscuss answers 

Repeat ConcepTest 

minute) lectur e and z'or demonstration 

o n kl'y points. Then com es ,1 Conccp'Iest 

lluest ion, which asks students 10 sol vc a 

problem or respond tn a situation in till' 
abstract 

tudcnts . nswcr: dt'l errnine the next 

step. If fewer than 90% of students 

don't co m e lose to a rea .onablc 

,lJ1S\\Tr, the)' arc asked to discu: s th .ir 

answers w ith each ot her and atlelllpl to 

convince their peers that their answer is 

orrcct , Aft -r studen ts have o rnplctcd 

thi s di sc ussio n, they are a 'ked to ans wer 

the sam e (Iut' .:tion agai n . Mazu r has 

found tha t students w h o in i t ial lv 

ans wer Con ccpTcst guc ·tions 

incorrect ly rn~'luen tl ~ ' hangt' their 

answers to the correct OIH~ alter a 

dis us io n with their peers. T his process 

takes 5-8 minutes . o rn c ti rn cs the 

orrcct answer i follo wed 

hy a demonstration . Thc 

same procc.·s i- repeated, 

with fo u r key point · 

covered in each Ic CI ure . 

E;\ h point requires about 

I 5 minutes. 

Variation 

,A. step can Ill' added at ,In) of 

several point' tu help students 

stret ch their intellectual 

und: ·rstanding in this pro<.: " 

Students ma~' do a better job of 

Pruc '.S.sino rcadinos or le<.111~ if 
b 

the)' have been presented with a 

Con . >pT st question as a 

~pL'<.1llati\(' exercise ,1..' the first 

stC'p in the studv ofa unit : Ii)!' zxampl ', in da: 's
 

lx-lore a reading is .Is.~igl1ed. or just before J
 

lecture on a key CYJn >pt .
 

So urces :
 
Mazur, Eric. Peer In (ruellOn : .1 llscr's
 

Ma1lual. LIpper , 'addl~· Rive r, i'J:
 
Prentice Hall, (C)97 .
 
Dreifu " Claudia . "Using the' Beauties of
 

Phvsics ' tn Conquer Science- Hlitcracv,"
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