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Cut to the QUIC: What is the Essence of 
Quantitative Reasoning and How Can We Assess It?   

!
!

Neil Lutsky, Carleton College 
Enhancing QR Across the Curriculum Workshop & NNN Annual Meeting Plenary, October 10, 

2014



Presentation Agenda:
• It is possible to enhance QR across a 

curriculum.

•  One of the features of Carleton’s approach 
continues to challenge regnant conceptions of QR.

• This has critical implications for how QR 
is assessed.

•  The QUIC, a new measure of QR, may offer 
direction.  I invite you to help refine it.



QR at Carleton

• But little attention to QR 
in the educational agenda 
of the College.

• Concern about student 
attitudes.

• Faculty/staff belief in the 
importance of QR.

NEIL,



A Voluntary Committee!

• Faculty & Staff.

 Read.#
 Gathered information.#
 Listened to wise mentors.#
 Talked.#
 Articulated a rationale.#
 Appealed to administrators.“We could never have #

    done it without him.”



•QuIRK: Quantitative Inquiry, Reasoning, 
and Knowledge Initiative.!

To help students learn how to evaluate numerical claims 
thoughtfully.!

To help students appreciate the contributions numerical 
analysis can make to human understanding.!

To help students strengthen their abilities to construct 

principled arguments using quantitative evidence.

Critical Thinking

Apprehending the World

Rhetoric & Writing



How did we recruit faculty for our mission?



How did we recruit faculty for our mission?

• Faculty workshops.

• Campus speakers (notably, at convocations).

• Curriculum development grants.

• Learning & Teaching Center events.

Reading @ Medical Research; Writing with Numbers; QRU

David Hemenway; Steven Levitt; Joel Best

First Year Courses; Upper Level QR Modules

Presentations from colleagues using QR Modules



Were we successful?

• Faculty involvement.
• Curricular development.

• Student attitudes.
• Student demand for statistics courses.
• Student use of QR in writing (Grawe, 2013).

• Participation in larger conversations.

•QRE institutionalization.



Were we successful?
• Local institutional foreground to background.

• Writing assessment approach has had limited 
appeal at other institutions.
•We have not overthrown narrow 

conceptions of Quantitative Reasoning.

• Student exposure > systematic training.

•We have not met the need to transform 
undergraduate QR education.

HOWEVER…
• Local institutional foreground to background.



What accounts for our success?

✓ Positive orientation.
✓ Interest in learning from assessment.

✓  Collaborative foundation and shared vision.
✓  Colleagues, both in the QR community & 

✓  $$$$$.



Positive Orientation?





Positive Orientation?

“Statistics can tell us things about the world 
that we could not imagine on the basis of our 
senses alone...The social world is unimaginably 
more complex than we can see directly from 
any subjective vantage point within it.”!

!
-Paul Seabright, Times Literary Supplement



Casualties of War, pp. 51-69.

The Score, pp. 169-200.

Compelling  Positive Examples:





“I keep saying that the sexy job in 
the next 10 years will be !

statisticians.”



“It is easy to lie with statistics,  
  but easier to lie without them.” 

!
-Frederick Mosteller

What’s your positivity ratio?



Assessment



QuIRK emphasized assessment, !
and learned from assessment.

Nathan Grawe,!
Tomorrow, 11:00-12:15

Nathan Grawe,!
Tomorrow, 11:00-12:15



Formative > Summative 
Assessment

Summative

Can we 
show 

students 
are 

developing 
QR?

What 
we test 
conveys 
a claim 
@ what 
QR is!



What do summative QR measures assess?
 Berlin Numeracy Test (Cokely, Galesic, Schulz, 

Ghazal, & Garcia-Retamero, 2012).!
 Quantitative Literacy & Reasoning 

Assessment (Gaze, Montgomery, Kilic-Bahi, Leoni, Misener,, & 

Taylor, 2014).!
 Abbreviated Numeracy Scale (Weller, 

Dieckmann, Tusler, Mertz, Burns, & Peters, 2013).!
 Others: Subjective Numeracy Scale (Fagerlin et al., 2007), QL 

Assessment Instrument (Follette, 2014).



Out of 1,000 people in 
a small town 500 are 
members of a choir… 

In the BIG BUCKS 
LOTTERY, the 
chances of winning… 

Two married alumni 
are calculating their 
federal income tax… 

The age dependency 
ratio is computed by… 

Ratios
Probability

Graphs/Tables

Exponential!
Growth

Algebra

Multiplication

Mean, Median

Percentages



• Arithmetic.  #
• Estimation.  #
• Elementary Probability and Statistics. #
• Geometry and Measurement.#
• Elementary Growth Patterns.  

Quantitative Literacy as:

“The ability to identify, understand, 
and use elementary mathematics in 

everyday contexts.”
Deborah Hughes Hallett



“Six rounds. Nine lives. 
You do the math.”



21849379
58409587
27728490“Please, Ms. Sweeney, may I ask where you’re going with all this?”

Mathematical concepts and calculation skills can 
contribute to certain applications of QR…

…but that doesn’t make them the equivalent of QR.



Attentive Reading
contributes to QR.



Attentive Reading

In the 16th century, an age of great marine and terrestrial exploration, 
Ferdinand Magellan led the first expedition to sail around the world. 

Questions 1 through 7 refer to the following passage:

 1. The 16th century was an age of great ______ exploration.!
!
A. cosmic!
B. land!
C. mental!
D. common man!
E. None of the above

XXXXXXXXXX
Numeracy or QR? 



Existing “QR” tests, by and large, 
assess math concepts and operations.

 Useful for evaluating 
certain math skills.

 Problematic and 
misleading for the 

measurement of QR.



QR 
Assessment

Why are we stuck 
driving around in 

mathematical circles!
in the QR community? 



KØBENHAVN?





40% wore helmets

20% commuters wore helmets
80% serious cyklists wore helmets

The research procedure makes a huge difference!



Test Development Procedures, or !
How to Reinvent the QR Assessment Wheel

Justify Test !
Domain

Practicing!
Experts

List !
Concepts

Choose !
Endorsed

The research procedure makes a huge difference!



Lynn Steen

“QL is primarily about reasoning with data, #
mathematics is about patterns, numbers, and space.”

QR 
Assessment



What kinds of data are part and parcel of 
everyday life (or, at least, should be)?

Polling Data

Medical and Health Data

Business Data

Science Data
Descriptive Counts

Sports 
Data



 QuIRK is rooted in the social 
sciences, not in mathematics.

QR involves understanding quantitative data, 
and not, simply, manipulating numbers.

Quirk



Data, Social Science, and QR

 QuIRK is rooted in the social 
sciences, not in mathematics.

 The public face of QR is rooted 
in the social sciences.

Sociologist

Journalist & Economist

Economist



A primary concern in the social 
sciences (and in other sciences) is 

how the data were collected.



How the data 
were collected



Grounds for a Data-Based Approach 
to Assessing QR

• 10 QR Questions at the Ready (Lutsky, 2004, http://
serc.carleton.edu/quirk/CarletonResources/10questions.html)

http://serc.carleton.edu/quirk/CarletonResources/10questions.html


• What do the numbers show?!

• How representative is that?  !

• Compared to what?!

• Is the outcome statistically significant?!

• What’s the effect size?!

• Are the results those of a single study or 
of a literature?!

• What’s the research design (correlational 
or experimental)?!

• How was the variable operationalized?!

• Who’s in the measurement sample?!

• Controlling for what?   

10 
QR 
Que
stio
ns!
at 

the 
Rea
dy:

SERC.Carleton.edu

http://SERC.Carleton.edu


Grounds for a Data-Based Approach 
to Assessing QR

• 10 QR Questions at the Ready (Lutsky, 2004, http://
serc.carleton.edu/quirk/CarletonResources/10questions.html)

• 20 Tips for Interpreting Scientific Claims 
(Sutherland, Spiegelhalter, & Burgman, 2013, Nature, 503, 335-337).

• What Educated Citizens Should Know 
about Statistics and Probability (Utts, 2003, The 
American Statistician, 57(2), 74-79).

http://serc.carleton.edu/quirk/CarletonResources/10questions.html




Grounds for a Data-Based Approach 
to Assessing QR

• 10 QR Questions at the Ready (Lutsky, 2004, http://
serc.carleton.edu/quirk/CarletonResources/10questions.html)

• 20 Tips for Interpreting Scientific Claims 
(Sutherland, Spiegelhalter, & Burgman, 2013, Nature, 503, 335-337).

• Assessing Statistics and Research Methodology 
in the MCAT Exam (Zhao, Dowd, & Searcy, 2012, Chance, 25(3), 11-17).

• What Educated Citizens Should Know 
about Statistics and Probability (Utts, 2003, The 
American Statistician, 57(2), 74-79).

http://serc.carleton.edu/quirk/CarletonResources/10questions.html


“The proposed changes to the assessment of 
statistical thinking and quantitative reasoning skills !

by the MCT2015 exam recognize the significance !
of these pre-medical knowledge and skills.”!

-Zhao, Dowd, & Searcy (2012)



Developing the QUIC: !
A new measure of QR

• Students Quinn Batten & Sam Hayward.
• 25-item multiple choice test.



Developing the QUIC: !
A new measure of QR

• Reviewed existing measures.!
• Reread QR books and articles, coding for 

prominent topics.!
• Generated items to address those topics.!
• Tested versions of the QUIC on students 

attending Carleton’s summer academic 
institutes. 



A QUIC Topic Overview: !

Peer 
Review

Statistical 
Significance Graph 

Interpretation

Disease 
Clusters

World/U.S. 
Pop.

True 
Experiments

Comparing 
Representations 

of Odds

Median vs. 
Mean

Meta-
Analysis

Effect Size

Correlation 
& Causation

Base Rates

RCT

Reliability 
of Msmt.

National 
Sample!

Size

Table 
Interpretation

Percentage

QLRA 2012

Fractions

% Increase
Fractions 

again

Division

Division!
again

Fractions 
again

Ratios
Algebra

Probability

Ratios!
again

Ratios!
again

Regression 
to the Mean

Statistical & Methodological
Relevant to Research & Data-Based Findings



• A defining factor of a true experiment, as 
opposed to a correlational study, is:!
a. The presence of a control group.!
b. Evidence for the reliability of the measures 
used.!
c. Random assignment to the different 
conditions of the study.!
d. Completion of a study in a laboratory.

QUIC Item



• Which of the following represents the approximate 
percentage of the world’s population living in the 
United States?!

a.  4%!
b.  12%!
c.  20%!
d.  33%

QUIC Item



• A charity reports that it received 1,000 donations 
during a recent campaign and that the average 
donation was $500.  You wonder whether that average 
figure was affected by a few quite large contributions.  
What other number would best help you evaluate that?!

a.  The median contribution.!
b.  The modal contribution.!
c.  The mean contribution.!
d.  The total sum of contributions.

QUIC Item



• A new disease, Vacheritis, has a 1% probability of occurring in the 
population.  A random sample of individuals is given a test for 
Vacheritis.  This test gives a true positive (i.e., detects the disease) 
80% of the time in those who actually have Vacheritis and gives a false 
positive result 10% of the time for people who get tested but don’t 
have the disease.  Someone you know was in that sample and tested 
positive for Vacheritis.  How concerned should your acquaintance be 
that he or she has Vacheritis?!

a.  The chances are this person does not have the disease.!

b.  There is a moderate (near 50/50) chance the person has 
the disease.!

c.  The person probably has the disease, but there is till a 
good chance he or she doesn’t.!

d.  The chances are high the person has the disease.

QUIC Item



• A polling firm is hired to conduct a nationally 
representative survey in the United States to determine 
Americans’ likely preference in a political contest.  If 
the firm uses random sampling procedures, 
approximately how many individuals are needed to 
yield reasonably sound findings (e.g., a margin of error 
of ± 4 percentage points).  Again, the answer to this 
question does not require any calculations.  You should 
have a sense of the approximate answer.!
a.  100!

b.  1,000!

c.  10,000!

d.  100,000

QUIC Item



• A study of marathon runners found that there is a 
relationship between finishing times and how much 
broccoli the runners’ reported consuming the week 
before the marathon.  Runners eating more broccoli 
tended to have shorter finishing times.  Which headline 
below would best represent this finding?!
a.  EAT BROCCOLI, RUN FASTER!!

b.  EATING BROCCOLI NEGATIVELY IMPACTS 
MARATHON SPEED!!

c.  EATING BROCCOLI POSITIVELY IMPACTS 
MARATHON SPEED!!

d.  EATING BROCCOLI ASSOCIATED WITH 
MARATHON SPEED!

QUIC Item



A few more QUIC notes: 

• You can get the QUIC at:                    
http://apps.carleton.edu/quirk/assets/
QUIC.1.1.pdf!
• We’re in development and would appreciate 

any suggestions, feedback, and data.  My e-
mail is nlutsky@carleton.edu!

•Teach to the QUIC (or to something like it)!#
• QUIC = “Quantitative Understanding Instrument 
from Carleton”



72849270In conclusion…

2024



Questions?


