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Fosterin ,...... 
Clalifying Goals, Assessing Student Progress 

By Joy Jordan, assistant professor of statistics, and Beth Haines, associate professor of psychology and 
director of general education, both of Lawrence University 

A cursorY look at articles in the ~laY 2 edition of the . . 

~-etc York Tilnes detnonstrates ho\,. critical it i to 

understand quantitath·e concepts and araun1ents: 

• "Horn1one therap}· doubled the 1isk of A.lzhein1er's 

disease and other types of detnentia in \von1en \\·ho 

began the treah11ent at a~e 6.5 or older. a large study 

has found'' (GradY 200:3 . 
• 

• "Pre ident Bu h igned a bill on \Yedne claY that ..... . 

offer 8:3:30 billion in ta~ break to fan1ilie . businesse 

and in,·e tor and 820 billion in state aid" (The 

Associated Press 2003). 

To n1ake infonned. intelliaent decision about ctiti­

cal issue such as health, politics. and the econon1y. col­

lege students n1ust feel con1petent and confident in 

their quantitati"e skills. For thi reason. the ntunber of 

national eli cu sian of quantitati\·e literacy QL) has 

increased ignificantl:· in the la t decade. Educational 

and profes ional organizations haYe clearl}· articulated 

the need for Q L in college cunicula to en ure that all 

college graduate can ucce ~ fullY enter an increasingh· 
'- . . 

technological and quantitath·e ,,·orld ee. for exan1ple. 

Sons 1992~ :\ational Re earch Council19 9 ). For such 

curricula to flouri h . QL goal in hiaher education n1ust 

be carefully and explicit!:· defined. and pro~re in 

n1eeting those goals tnust be routinely as e eel. 

Defining QL in Higher Education 

Central to the di cussion of quantitath·e literacy is it 

definition~ \vhat does it n1ean for college students to be 

quantitati,·ely literate? In an effort to addre this que -

tion and to claiify Q L discu ions. the :\ ational Council 
• 

on Education and the Di ciplines recently publi heel 

the interesting; and thought-pro,·oking book. 

)Jathelnatics and Den1ocracy: The Case for 

Quantitatil;e Literacy. In its ca e taten1ent the de sian 

tean1 consider quantitati\·e literacy fron1 three perspec­

tiYes: ele1nent of QL (e.a., contextually appropriate 

decision tnaking. inte11)retation of data)· e:\.-pres ions of 

QL in all a pect of life (e.g .. the nece sity of under-

tanding data and tatistical inference in order to think 

c1itically about any tnajor public issue)· and a list of QL 

kill (e.g .. usina con1puters. understanding and gener-

ating graph and tatistic teen 2001). 

Dra,,ina on the case staten1ent, psychological and 

educational re earch. and QL policy discu sions. \Ve 

propose a QL n1odel for higher education. Our 1nodel 

de c1ibe QL in ten11s of three con1ponent parts: (1) 

foundational stati tical ancl111athen1atical skills. (2) 

quantitatiYe reasoning skills. and (3) posith·e. confident 

attitudes and belief about n1athen1atics and quantitath·e 

rea oning. The e con1ponent do not stand alone. but 

in tead ,,·ork in conce1t to forn1 quantitatiYe literacy. 

Foundational abilities in n1athen1atics and statistics 

are intearal con1ponents to the understandin~ and use 

of quantitath·e rea oning. ~lathen1atical skills pro, ide a 

basi for calculations as ,,·ell a ab tract rea oning, \Yhile 

statistical training; teaches tudents broad applications 

of quantitatiYe rea onina kills. 

Fosterina appropriate and thoughtful quantitatiYe 

reasoning is perhap the 1110 t challenging con1ponent. 

By quantitatice reason ina ,,.e n1ean the ability to select. 

apply. and explain a , ·aJiety of quantitati,·e 1nethods 
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across different contexts. U nfo1tunateh·, 

n1ost college teachers are fan1iliar \\'ith stu­

dents' difficulty in transferring quantitatiYe 

concepts fron1 one context to the next. or 

eYen fro1n one proble1n to the next. \Y'hile 

cultiYating and assessing students ' quantita­

tive reasoning ''ill be a forn1idable task. 

this ,,·ork is likely to produce the best 

insights for in1pro' ing Q L pedagogy. 

The final aspect of quantitati' ·e literac; · 

inYoh·es students' attitudes and beliefs. ~lore 

than si1nply a positiYe attitude about n1athe­

n1atics, students should also ha,·e an appreci­

ation of and con1fort ''ith, the ,-arious quan­

titatiYe 1nethods needed to face toda,·s \Yorld. 
• 

\ Y1lile staten1ents like --rnl just not crood at 

\vritincr" are ~ pically aJ1S\\·ered \\ith encour­

agenlent and reassurmce that good ''nting 

can be de' ·eloped through training and prac­

tice, statetnents like '"I'1n just not aood at 

n1ath'' are all too often ans,,·ered \\ith silence 

or a s; 111pathetic nod. QuantitatiYely literate 

college students w1derstand. appreciate, and 

'velcon1e the need for quantitati,·e 111ethods 

in anS\\·ering c:lifficult societal questions. 

Promoting QL through General 

Education Requirements 

Cur1icula that infuse quantitati,·e reasoning 

at allle' ·els and across disciplines are likely 

to ha,·e the n1ost success in deYeloping all 

three con1ponents of QL. As L;11n Steen 

(2001, 115) \\-rites, ''nun1eracy n1ust penne­

ate the curriculun1." \\re adYocate using an 

approach sin1ilar to the \\1itina-across-the­

curriculun1 pedagog:· (Bean 2001: To,vnsend 

2001). There are a ,-cuietv of n1odels for 
• 

across-the-curriculun1 approaches to Q L 

(see box on paae 18 for exainples). 
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The prilnary aoal of such Q L curricula 

is to teach students to u e appropriate quan­

titatiYe reasoning skills ''"hen opportunities 

arise-in different acaden1ic conte:\.ts. in 

their careers. and in e,·eryda;· problen1 oh·­

ina. This t: pe of transfer across conte:\.ts i a 

standard litn1us test of lean1ina, and conse­

quently, there is n1ore than a century$ 

\vorth of research to infonn the desi<Tn of 

Q L curricula. Unfortunately, appl; ing the 

existing research to cunicular design is chal­

lenging for t\Yo reasons. First. only a s1nall 

percentage of the research exan1ines trans­

fer of specific quantitath·e reasoning skills 

follo,ving actual classroon1 instruction, \\'rule 

the n1ajority of the research is dra" n fron1 

laboratorY-based tests of transfer. Second, . 

n1uch of the laboratory-based research sug­

gests that it is 1nuch easier to preYent or dis­

rupt transfer across conte:\.ts than it i to 

successfully pron1ote it Detten11ru1 ru1d 

Sternberg 1996J. :\.s D ouglas Detten11an 

( 1996. 13 ). research psychologist concludes 

in his re,ie,,·, ·'The surprise [fron1 trru1sfer 

studies] is the extent of sin1ilarit}' it is possi­

ble to haYe benveen nvo problen1s \Yithout 

subjects realizing tl1at the t\vo situations are 

identical and require the san1e solution.,. 

Although transfer research does not 

pro' ide an e1npirically successful method. 

it does support our argun1ent to infuse QL 

into the curriculun1 so that sound quantita­

ti,·e reasoning is 1nodeled, encouraged, and 

highliahted across disciplines. Space per­

n1its only a fe,\· research exa1nples to sup­

poii our case. but Barnett and Ceci (2002) 

offer a 1ich re,ie\Y for interested readers. 

Research sho\\·s that people often fail 

to notice opportunities to appl:·leamed 

quantitati,·e skills unless the analogy is 

explicitly pointed out to then1 (Reed and 

E\·ans 1987). :\lost people decide \vhether 

proble1ns are analogous based on the sur­

face content of the problen1 (e.g .. "this 

problen1 is about acid solutions and I don't 

ki1o\\· an; thing about acid"). rather than on 

the underl; ing quantitative p1inciple 

inYoh·ed in the proble1ns (e.g., "aha, this 

acid solution proble1n is based on the sa1ne 

p1inciple [\veigh ted aYe rage] as the tein­

perature prediction problen1 that I just 

did'' ). Consequently, if \ve \\·ant students to 

apply quantitati\·e reasoning skills broadly, 

instructors n1a\· need to \\'Ork collabora-
• 

tivel;- to 1nap out conceptual analogies 

across classes and to derive the underl: ing 

principles that n1ay be broadl;' applied in 

sohing problen1s. Such interdisciplinary 

faculty collaboration \Vould pro\ ide support 

for students in their quest to apply quanti­

tath·e rea onina across different contexts. 

In this , ·ein. ~Iacalester College uses analy­

sis of a public polic;· issue to create inter­

disciplinary den1onstrations of quantitati,,e 

methods in proble1n soh in g. 

A sn1all body of research has con1pared 

the effects of disciplinary training on spe­

cific quantitati,·e reasoning skills. For exam­

ple, in Leh1nan and Kisbetfs (1990) 

research on undergraduates, social science 

training produced the largest gains in statis­

tical a11d metl1odological reasoning. \vhereas 

science and hun1anities training produced 

substcu1tial gains in conditional logic. Gi\·en 

that part of the challenge for a Q L curricu­

lun1 lies in stin1ulating confidence and posi­

th·e attitudes to,vard quantitati,-e reasoning. 

teachers might dra\\' on tl1ese findings to 
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highliaht rea oning kill that are already 

integral to their di cipline . The e finding 

also under core n,·o cornponent kill , tati -

tical rea oning and conditional logic, to 

place on a li t of tran ferable kills that 

could be built into a QL curricultun. 

Creating a QL Assessment 

Framework 

As es ing Q L in hio-her education can 

begin ''ith relatiYely ilnple student and 

teacher a e n1ents of kill in1pro,·en1ent. 

but n1u t progre to actual n1ea urernent 

of tudent · abilitie to appl:· QL kill 

aero . a broad ranae of everYdav conte~d .. . 

Dartmouth College 

Dartrnouth's ~lath Aero s the 

Curriculun1 initiath·e led to the cre­

ation of n1any interdisciplinar~ quan­

titative cour e 'e.g. Geon1etry in 

Art and A.rchitecture 1• 

http:/ /hilbert.darhnouth.edu/-mate 

DePauw University 

After takin a or passing out of the 

'' Introduction to Quantitath·e 

Rea onina" course 1. taught b:· fac­

ulty fron1 a variety of disciplines I, 

each student is required to take a 

quantitath·e reasoning course. 

offered in several different subject 

areas. 

\V\V\v.depau\v.edu 

A. good generalrnea ure of colleae-le,·el 

QL \Vill be n1o t useful if it e,·oh·e frorn 

cro s-disciplinary identification of in1por­

tant co1nponent quantitative kill . 

Furthern1ore, the creation of eli cipline-

pecific mea ures of quantitath·e reasonina, 

in conjunction 'vith a general QL in tru­

n1ent "ill allo'" exploration of in1portant 

questions about the tran fer of quantitath·e 

skills across different context and about 

the contribution of eli cipline- pecific train­

ing to o' ·erall Q L. Re earch and e~}Jerience 

tell u that tran fer of kill aero contexts 

i difficult o eli cipline- pecific rnea ures 

are in1portant to identi£)· training that sue-

Lawrence University 

As part of the general education 

requirements. each student n1ust 

take a quantitath·e-inten ive course. 

The quantitative cour es are taught 

in an array of discipline 1 e.a .. 

anthropology. cherni try, econornics. 

rnathen1atics ). 

W\V\v.lawrence .edu/de pt/faculty 

_deanlgened/quant.shtml 

Macalester College 

~lacalester recently developed a 

Quantitative ~lethods for Public 

Policy progran1. This program is 

interdisciplinary and all participating 

courses use the san1e policy issue to 

illustrate the u e of quantitative 

n1ethods. 

''"v'v.macalester.edu/qm4pp 

ce fully pron1ote the tran fer of quantita­

tiYe kill a oppo ed to situations \vhere 

student ee kill as context specific. 

A.t La\\·rence e niversit\', \Ye have 
• 

taken the initial tep of desianina and 

in1plen1enting tudent asse sn1ent of 

quantitative cornpetency. Student pro\ ide 

elf-report of chanaes in their quantita­

th·e rea oning kill at the con1pletion of 

all quantitath·e-inten i,·e cour e . The 

eYaluation fon11 al o asks student to iden­

tify concept and skills they ha,·e learned 

that "ill ha,·e practical applications in 

other area . ~ The e data re,·eal on1e inter­

e ting and u eful infon11ation. For exan1-

ple , student ee son1e discipline as pro­

n1otino- broad application (e.g., "stati tic 

can be applied to e,·ef) thing"). yet their 

con11nent on other eli ciplines (e.g .. 

·'un ure [of practical application ] . but an1 

told thev e\.i t'' u agest that transfer of 
'-. 

learned concept i unlikely. Pre' iou 

re earch confinn thi tendencY for learn-. 

er to ee ce1tain disciplines as content 

specific and not broadly applicable (Bas ok 

and Hoh·oak 19 9). Qb,ioush·. a n1ea ure . ~ 

of actual Q L kill i neces ary to deter-

11line " ·hether tudent · ense of \Yhat ''ill 

tran fer "ill indeed tran fer. 

To n1ea ure the attitudinal con1ponent 

of QL, ''"e have adn1inistered to tatistic 

cour es pre- and post-course attitudinal 

asses 1nent ba ed on the Dartrnouth 

College ~t athen1atic .Across the 

Curriculun1 ur\·e\· ~ Kore,· 2000). \\"e \vere 

delighted to find that -! percent of the tu­

dent thouaht tati tic helped then1 to 

~To obtain a copy of Lau;rence Cnicersity :s ":Jlatlzenlatical Reasoninf!. or Quantitatir.:e Analysis Course .:-\. se snzcnt'' f on n contact Beth Haines 
beth .a.hainC' @lau;rence.edu . 
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understand the \vorld; unfortunatelY. \\·e 
• 

also found that only 23 percent of the stu­

dents \Yanted to studY statistics further. -
This finding, along \vith years of research 

on n1ath anxiety (Ashcraft 2002~ Tobias . 

1990), den1onstrates that pron1otina a posi­

th·e and confident approach to quantitatiYe 

learning ren1ains a hurdle for a QL curricu­

luin. Seeing practical applications in a sin­

gle course may not be sufficient to pro­

Inote attitude change \Vithout support and 

reinforcen1ent of learned concept 

throughout the curriculun1. 

In sumn1an·, \Ve adYocate an acros -
• 

the-cuniculu1n approach to QL that incor­

porates and assesses three con1ponents: ( 1) 

foundational tatistical and 1nathen1atical 

skills: (2) quantitative reasoning skills~ and 

(3) attitudes and beliefs about n1athen1atics 

and quantitath·e reasoning. Results of this 

t)pe of general QL assessn1ent, inforn1ed 

b:· analysis of discipline-specific quantita­

ti\·e training, \vill help build a consensus 

about appropliate goals and optin1al peda­

goQ'ies for QL in hiO"her education. • 
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