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“Quantitative Reasoning, Scientific Reasoning,
and Critical Thinking”
What is Quantitative Reasoning?
Quantitative reasoning/literacy is how one uses the mathematical knowledge one has to solve problems.
Good quantitative reasoners recognize when quantitative or quantifiable concepts are presented to them,
and recognize when the collection, analysis, and/or presentation of quantitative information would
support a line of reasoning or bolster an argument. Quantitative reasoning is not the ability to perform
formal manipulations on symbols, but rather the ability to be able to use such skills in appropriate
contexts; this involves both recognizing traditional cues (natural language names for mathematical
procedures and concepts) and understanding mathematical concepts well enough to apply them
appropriately.
“Quantitative reasoning is the application of mathematical concepts and skills to solve real-world
problems. The goal of Hollins' quantitative reasoning program focuses on students being able to use and
read quantitative data, understand quantitative evidence, and apply basic quantitative skills in order to be
effective members of society.”
Hollins College Quantitative Reasoning Center
www1.hollins.edu/depts/qr/what.html
“Quantitative Literacy is not mathematics. It has almost nothing to do with mathematics as taught at the
college level. It is about gaining the ability and habit to seek out quantitative information, to be able to
analyze and critique it, and to use it in our public, personal, and professional lives. . . . QL recognizes the
fact that quantitative information in the real world is messy, complex, often incomplete, sometimes
overwhelming, and not infrequently appears to be contradictory. . . . There is still a lot to learn about how
to choose and think about quantitative information when it is outside the idealized world of the
mathematics classroom.”
Macalester College Program in Quantitative Methods for Public Policy
www.macalester.edu/qm4pp/program/index.html/
“Some call it Numeracy, an expression first used in the UK's 1959 "Crowther Report" to include
secondary school students' ability to reason and solve sophisticated quantitative problems, their basic
understanding of the scientific method, and their ability to communicate at a substantial level about
quantitative issues in everyday life. Others call it Quantitative Literacy (QL), and describe this comfort,
competency, and "habit of mind" in working with numerical data as being as important in today's highly
quantitative society as reading and writing were in previous generations. Still others refer to it as
Quantitative Reasoning (QR), emphasizing the higher-order reasoning and critical thinking skills
needed to understand and to create sophisticated arguments supported by quantitative data.”
National Numeracy Network
serc.carleton.edu/nnn/resources/index.html
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What is Involved in Teaching (Traditional) Mathematics?
a) Formal proofs and derivations (e.g., fundamental theorem of calculus)
b) Techniques for problem solving (e.g., factoring quadratic equations, equations in several
variables)
c) Examples of application in different disciplines (e.g., physics, econometrics)
a) does not support the acquisition of quantitative reasoning skills. b) and c) do, but by themselves they
are not sufficient. Acquisition of a skill is not sufficient for its systematic use in practical situations.
Courses outside of mathematics need to emphasize the skill of applying appropriate mathematics skills.

What Doesn’t Work in Teaching Quantitative Literacy?
Stand-alone courses that are outside the regular curriculum, and interdisciplinary, team-taught courses
that serve as a substitute for the regular curriculum.
Regarding the method of pairing a general, two-credit course in quantitative reasoning with a variety of
disciplinary courses: “Preliminary results suggest that there is little evidence that the single session in
quantitative reasoning each week had a significant impact on student ability to reason quantitatively.”
The problem apparently lay in articulating “a course that operates as a supplement to other
existing courses . . . with these other courses that had very different goals.” (Macalester
eventually went to a model of stand-alone courses with an explicit emphasis on quantitative
reasoning.) The same problem is found in writing across the curriculum programs.
www.macalester.edu/qm4pp/program/index.html/
Dartmouth initiated a four-year Mathematics Across The Curriculum program in the late 1990s, which
created 16 new, interdisciplinary courses to provide students extensive exposure to mathematical
reasoning that went beyond the structure of traditional mathematics courses. They concluded that there
was no significant different between participating students and their peers in: their subsequent total GPA,
science GPA or engineering GPA, or in their overall continuation into a science, math or engineering
major. What positive conclusions did they draw?
• They managed to made “mathematics more approachable and more interesting” for participating
students and increased their interest in math.
• “In-class group work [helped] students to learn mathematics.” It was necessary to develop
assignments that were too complicated for one student to solve independently, but which were not
too difficult to frustrate groups.
• Team-teaching provided faculty with “a valued opportunity for intellectual, pedagogical, and
social exchange with their colleagues.”
• “Professors in subsequent engineering courses rate[d] the teamwork abilities of [ participating
students] significantly above that of their conventionally prepared peers.”
• Their strategy may have advantaged women.
In short, their costly model of team teaching may have helped students learn content, and it apparently
served social ends, but it did not develop transferable skills other than building teamwork abilities.
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Best Practices for Quantitative Literacy Programs
A two- (or sometimes three-) stage model has been imported at many schools from writing programs: the
first course is taught by math professors and is introductory (sometimes students may be tested out; may
be remedial), while the second is taught in the disciplines as part of a content course (Alverno, Bowdoin,
Hollins, Wellesley, Wisconsin).
Sometimes these are telescoped into a single course taught by faculty from a range of departments on the
WAC model (Augsburg, Carleton, Keene State, Lawrence, Northern Illinois, Skidmore, Trinity CT,
UMass Boston). This runs the risk of looking more like a core course in mathematics for non-majors.
Carleton’s writing program implemented a student portfolio project in 2001. The quantitative reasoning
program piggybacks on this: faculty read a sample of papers every year to determine whether students
choose to present quantitative arguments in cases where this would bolster their argument, and were able
to analyze these arguments when they were presented.
This is an assessment model, but it points to a way of operationalizing a goal of any quantitative
reasoning program: how can students be prepared to make use of quantitative arguments when
appropriate to their subject and goals?
Most initiatives to improve quantitative skills extend beyond quantitative reasoning as we understand
it. They include, for example, improving students abilities in the formal manipulation of symbols,
teaching higher-order and complex mathematics, diversifying and increasing enrollments in mathintensive fields – these are quantitative literacy programs rather than quantitative reasoning ones.
Consider this list of way to “best prepare quantitatively literate students”:

1.
2.
3.
4.

Place concepts in context
Use multiple representations
Work in groups
Use appropriate technology
5. Do in-depth problems that last more than one day
serc.carleton.edu/quantskills/methods/quantlit/index.html
Or this list of characteristics of the core course in quantitative reasoning course at De Paul:
A) Multidisciplinary contexts
B) Integration of technology
C) Active learning strategies
D) Faculty sharing
E) Emphasis on reasoning
It should now be easy to distinguish strictly pedagogical recommendations from broader, curricular
recommendations. Both of these lists are highly relevant to our purposes (other, similar lists produced
elsewhere are less so). Notice similarities to best practices in teaching writing and critical thinking (1, 3,
5, A, C, E). Occasionally writing is taught in “paired” courses (D), and sometimes technology (4, D)
literacy is added to writing courses. The ability to use multiple representations (2) is shared with other
symbol-intensive fields (e.g., phonology) and is an important skill for critical thinking in certain contexts
(e.g., use of charts and graphs), but often receives insufficient attention.
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Wellesley College’s “Quantitative Reasoning Overlay” requirement (modeled on the writing across the
curriculum model) is developed around 5 goals. Consider two:
1) Authenticity. Students should have experience in using authentic numerical data. The
experience should arise naturally in the context of the course and actually advance the work
of the course.
2) Understanding. A student’s experience with data analysis should not be limited to rote
application of some involved statistical procedure. Rather, students should understand
enough of what they are doing so that their experience of data analysis is likely to stay with
them, at least as a residue of judgment and willingness to enter into similar data analysis in
the future.
The understanding goal demonstrates how the QR program contributes to critical thinking instruction: it
takes students beyond rote manipulation and establishes a foundation for continued exercise of the skills
learned in every QR course.

Attached Examples
Consider two examples:
• Excerpt from a syllabus for an introductory course in quantitative reasoning (p. 7). A stand-alone
course isn’t necessary: this gives examples of basic skills that could be taught (addressed) as
necessary in individual courses, or a curricular decision could be made to address them more
systematically in a core curriculum or a sequence of courses in a major.
• An introduction to correlation (p. 8) that eschews underlying math and focuses on practical use.
When teaching for quantitative literacy, practical rules of thumb are more important than
derivations and proofs that occupy so much time in mathematics and other quantitative courses.
• Sampon-Nicolas’ (unfortunately rare) example of a good quantitative reasoning module in a
humanities course (pp. 9-10).
• A more problematic example comes from Bohland’s course in political economy (pp. 11-13).
• Seattle University capstone course problem (p. 14) gives an excellent example of assessing the
skills that students need to acquire in their college education, and the ways they may fall short.

Questions
1. Are there key quantitative concepts and techniques that all students should know as preparation
for life in an information-rich society? If so, what are they?
2. How (and where) are these currently taught in the Bethel curriculum?
¾ Is the basic skills approach analogous to the great books approach to culture, or the
normative grammar approach to writing?
3. Alternately: can discrete skills be taught in the disciplines on an as-needed basis?
¾ If quantitative reasoning is the goal, should our emphasis be on having students learn
how to use new techniques to support arguments, instead of or in addition to providing
them with a box of basic tools that they can apply as the context warrants?
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Scientific Reasoning
Like quantitative reasoning, this can be taught in a stand-alone course for non-majors, or in one for
majors. Textbooks designed for stand-alone courses include:
•
•

Giere, Ronald, John Bickle, and Robert Mauldin, Understanding Scientific Reasoning (5th
edition), Thomson, 2006.
Holowchak, Andrew, Critical Reasoning and Science: Looking at Science with an Investigative
Eye, University Press of America, 2007.

Both are heavily inspired by philosophy of science curricula, but extend beyond this by offering brief
introductions to statistics, causation, the history of science, some discussion of pseudo-science, and the
“scientific method”, i.e., they provide models for understanding how scientific research is conducted.
See excepts at the end of this handout from both books (pp. 14-15): both provide a meta-model of
scientific models; their meta-models are similar. In these excerpts, Holowchak provides students with a
workbook-type handout (rather like I often do in these workshops), and Giere et al. provides a nice
flowchart: both help to guide students’ reasoning about scientific models. Similar strategies can be used
to model key elements of reasoning in any discipline.
Every discipline has methods of reasoning that are particular (perhaps unique) to that discipline. Critical
thinking includes discipline-specific as well as general components. Over the next year, you will be
asked to develop critical tinking tests for your majors – a good way to begin the process is to think about
way to explicitly target (and assess) discipline-specific modes of reasoning in your own classes.

Easy-To-Borrow Exercises or Tips
I’m not aware of textbooks designed for use as supplemental texts in content courses in the sciences, or
which give model exercises that can be used in class for, e.g., 10 minutes or a single class period. But as
with teaching argumentation, available textbooks sometimes will provide models or inspiration for
particular exercises.
Consider Robert Ableson, Statistics as Principled Argument, 1995: this could be helpful for connection
between the use of mathematics and argumentation; for helping students get beyond calculation and think
about its use (quantitative reasoning); as an auxiliary textbook; because it may help with CT test scores.
It’s not a book that you can skim for 20 minutes and come out with an exercise to use in your class: it
really needs to be read cover-to-cover and digested.

A Comparison
Note that science isn’t a skill or a tool – it’s a (set of) discipline(s), for which particular skills are
important. So teaching scientific reasoning really entails targeting and teaching skills rather than teaching
scientific content. In this respect it is like quantitative reasoning: courses in the latter often combine
goals related to the teaching of mathematics with quantitative reasoning goals.
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A comparison of the contents of three textbooks (Giere et al, Holowchak, and Aufmann et al.,
Mathematical Thinking and Quantitative Reasoning) will illustrate some broad patterns in textbooks:
Giere et al.
1) Why understand scientific
reasoning?
2) Understanding and evaluating
theoretical hypotheses
3) Historical episodes
4) Marginal science

Holowchak
1) Science and critical
reasoning
2) Science and truth

Aufmann et al.
1) Problem solving

3) Causation
4) Science and progress

5) Statistics and probability
6) Evaluating statistical hypotheses
7) Causal models
8) Evaluating causal hypotheses
9) Models of decision making
10) Evaluating Decisions

5) Scientific models
6) Statistical hypotheses
7) Causal hypotheses
8) Science and Non-Science

3) Algebraic models
4) Measurement and
geometric models
5) Linear models
6) Non-linear models
7) Mathematics of finance
8) Probability and statistics
9) Apportionment and voting
10) Mathematics of graphs

2) Logic and its applications

Note the overlap with the MAPP and CAT tests, which cover: causal explanations, investigating
questions of causation, interpreting graphs, and understanding correlational data.

Quantitative Reasoning and Scientific Reasoning: Conclusion
It appears that these overlap (Giere et al. and Holowchak devote significant space to strictly mathematical
skills and their use, application, or interpretation), and in addition scientific reasoning requires knowledge
of discipline-specific modes of thinking.
Reasoning in non-quantitative fields overlaps some of the topics associated above with quantitative fields
(causation, correlation, decision-making, evaluation and comparison of models, truth). If courses in every
discipline, especially in the common core, focus some explicit attention on discipline-specific modes of
reasoning, students will see the same methods in quite diverse fields. This should help them to transfer
skills across domains.

Summary
How does one teach so as to improve quantitative and scientific reasoning?
• Keep track of the goals of any given exercise or assignment. What skills does it target?
• Use teaching methods that support critical thinking (active learning; interesting, real-life
examples; writing-to-learn; collaboration; etc.).
• Focus on application, not just on formal methods of calculation.
• Ensure that students understand reasons for and constraints on methods. (Seattle Univ. example)
• From a curricular perspective: make sure students encounter a good mix of well- and illstructured problems within and across courses.
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