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Quantitative Reasoning (QR), also known as quantitative literacy (QL) or
numeracy, is increasingly recognized as an essential skill for college gradu-
ates. As reported by the Association of American Colleges and Universities
(AAC&U), “many of today’s students will need a wide range of high level quan-
titative skills to complete their work responsibilities. And virtually all of today’s
students, regardless of career choice, will need basic QL skills like the ability to
draw information from charts, graphs, and geometric figures, and the ability
to accurately complete straightforward estimations and calculations” (2009,
p- 1). Elrod (2014) calls quantitative reasoning the “next ‘across the curriculum’
movement,” noting that many universities are developing general education
learning goals that focus on QR skills. QR is an Essential Learning Outcomes
of the AAC&U, an important component of the Lumina Foundation’s Degree
Qualification Profile, and a core competency recognized by regional accredita-
tion agencies (Elrod, 2014).

Faculty development programs must prepare instructors to respond to the
QR challenge (Nuhfer, 2015). The more successful programs provide instruc-
tion in best practices within a supportive environment, infusing QR into mul-
tidisciplinary initiatives such as service learning. Many are explicitly modeled
on general education programs in other areas such as writing across the curric-
ulum (Madison & Steen, 2008; McLeod & Soven, 2000; Surak & Pope, 2016).
Faculty development initiatives that focus on integrative learning require a sus-
tained effort to build “skills, commitment, and community” (Bloss et al., 2010),
since they must often overcome faculty resistance rooted in distrust, fears of
evaluation, and inadequate time and rewards (Koerin, 1980).

Recent QR faculty development programs have varied considerably in their
methods. Some have emphasized specific skills such as spreadsheets (Vacher
& Lardner, 2010) while others have blended writing and QR (Grawe & Rutz,
2009). Still others have encouraged faculty in all areas to develop instructional
modules that teach traditional subject content as well as QR (Hillyard et al.,
2010; Steele & Kilig-Bahi, 2008). Lardner and Bookman (2013) have stressed
the need to cover foundational topics such as learning goals and assessment, to
recognize the importance of the faculty’s content knowledge, to avoid a narrow
focus on software, and to provide examples and templates whenever possible.

Research has shown conclusively that faculty development programs can
improve teachers’ effectiveness and students’ learning (Cox, 2013; Gibbs &
Coffee, 2004; McLean et al., 2008). Several authors have identified the com-
mon characteristics of successful programs: multidisciplinary participation,
multi-campus involvement, sensitivity to differences in initial preparedness,
opportunities for open discussion of teaching methods and experiences, explicit
coverage of techniques for assigning and evaluating students’ work, strong men-
torship, the integration of instruction and assessment, faculty ownership of the
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assessment process, and a sense of community that persists after the comple-
tion of the program (Carpenter & Fitzmaurice, 2018; Laughlin, 1997; McLeod &
Soven, 2000; Steinert, 2010). Other key elements of successful programs include
the recruitment of enthusiastic participants; collaboration, peer support, and
networking; a focus on students; the production and assessment of delivera-
bles that can be used in teaching; and an institutional climate that values and
rewards faculty development (Campbell et al., 2019; Proctor et al., 2020).

This article draws on survey questions and open-ended comments to iden-
tify the motives and experiences of participants in a multidisciplinary QR
faculty development program sponsored by the City University of New York
(CUNY)" and supported by the National Science Foundation (NSF). The study
focuses on the reactions of participating faculty—their satisfaction with the
program—but it also touches on three other components of evaluation identi-
fied by Kirkpatrick (1994): demonstrated learning (knowledge, skills, and atti-
tudes), changes in behavior (such as the adoption of new teaching methods),
and results (broader impacts on students and on the organization). Although
the CUNY programs have been shown to improve students’ QR performance
and attitudes (Wilder, 2009, 2010; Wilder et al., 2021), the emphasis here is on
the goals and perceptions of the participating faculty.

Infusing QR Across the Curriculum

Although QR—the contextualized use of numbers and data in ways that involve
critical thinking—rests on a solid mathematical foundation, it requires more
than mathematical or statistical fluency (Madison, 2004, pp. 4-5; Madison
& Dingman, 2010). Activities such as reading graphical displays, modeling
real-world phenomena, solving practical problems through the use of data,
justifying conclusions, and critiquing research designs all require good QR
skills (AAC&U, 2009; Johnson & Kaplan, 2008; Shavelson, 2008). A multi-
disciplinary, active learning approach to QR instruction is therefore essential
(Bressoud, 2009; Gillman, 2006; Maass et al., 2019; Madison, 2009). As Ganter
(2006, p. 13) has pointed out, “QL must be everywhere in the curriculum, in all
disciplines and all courses” “Like learning to write well or speaking a foreign
language, numeracy is not something mastered in a single course. . . . Thus
quantitative material needs to permeate the curriculum, not only in the sci-
ences but also in the social sciences and, in appropriate cases, in the human-
ities” (Bok, 2006, p. 134). Steen (2004) notes that QR programs should involve
faculty from many disciplines, and that the social sciences may be especially
well-positioned to lead QR initiatives.

QR is widely recognized as an essential competency (AAC&U, 2009).
Poor quantitative skills have serious socioeconomic consequences in areas
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such as healthcare (Cavanaugh et al., 2008; Master et al., 2010; Nelson et al.,
2008) and the legal system (Schneps & Colmez, 2013). Conversely, quantitative
proficiency promotes academic success, bring advantages on the job market,
and allows individuals to participate more fully in civic life (Baer et al., 2006;
Barton, 2000; Bennett, 2013; Geiger et al., 2015; Geiger et al., 2018; Kirsch et al.,
2007; Paulos, 2001; Schuhmann et al., 2005; Steen, 2002). According to Gal
et al. (2020, p. 391), QR “should be one of the key targets for policy-driven edu-
cational interventions that aim to improve the social and economic status, and
overall well-being of low-skilled or otherwise vulnerable adults” Karaali (2020)
even suggests that QR is a “tool for survival” needed to make sense of social and
political developments such as the COVID-19 crisis and the #Blacklivesmatter
protests.

Establishment of the QR Faculty Development Program

The program described here was developed and administered as a series of
three initiatives. The first of these, the Lehman College QR faculty development
program, was founded in 2010 and enrolled about a dozen faculty and doctoral
students each year for five years. Participants met monthly for ten 3.5-hour ses-
sions to learn and discuss strategies for effective QR teaching, develop instruc-
tional/assessment materials, and receive feedback from the leadership team as
well as the other program participants. The second initiative, the Numeracy
Infusion Course for Higher Education (NICHE), trained and supported fac-
ulty from nearly all the CUNY colleges in their QR teaching and assessment.
Delivered chiefly online but with some face-to-face components, NICHE built
upon the foundation established by the Lehman College program, enrolling
summer cohorts of faculty in 2013, 2014, and 2015. Finally, with additional NSF
funding, the program was adapted in 2017 to provide greater support for the
CUNY community colleges. The Numeracy Infusion for College Educators
(NICE) program focused on the needs of Hispanic-Serving Institutions (HSIs)
in the Bronx, enrolling two cohorts in 2017 and 2017-2018. All three programs
enrolled faculty in a wide range of fields and successful completers received
stipends of $1,500-$2,000.

Structure of the QR Faculty Development Program

Darling-Hammond et al. (2008, p. 5) have argued that learning is best accom-
plished through activities such as “(1) creating ambitious and meaningful tasks,
(2) engaging students in active learning, (3) drawing connections to students,
(4) scaffolding the learning process, (5) assessing student learning continuously,
[and] (6) providing clear standards and constant feedback” Indeed, successful
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QR instruction requires progressive pedagogy: “connecting content to real-life
situations, lighter coverage of topics, an emphasis on understanding concepts
rather than facts, [and] integrating content across disciplinary boundaries”
(Cuban, 2001, p. 89). Progressive pedagogy underlies every unit of the CUNY
QR program. Participating faculty review key literature, then engage in activi-
ties and prepare instructional materials that are anchored in these approaches.
A comprehensive review of appropriate strategies can be found on the QR
website (http://www.teachqr.org), and several of the NICHE program exercises
have been described by Wilder et al. (2013).

Unfortunately, many colleges fail to acknowledge the challenges involved
in embedding QR across the curriculum—challenges that include a limited
understanding of numeracy, a lack of commitment, and inadequate basic skills
(Carter et al.,, 2015). Our QR program directly addresses many of these difficul-
ties. Specifically, NICHE and NICE have been designed to provide instruction
on best practices for teaching QR, to foster the development of instructional
materials that make use of effective strategies for teaching QR, to infuse QR into
a wide range of disciplines, to increase faculty interest and comfort in teaching
QR, to strengthen the faculty’s own QR skills, and to establish a network of
faculty who are committed to improving students’ QR capabilities. The partic-
ipants in our program are selected through a competitive admissions process
that requires them to describe what QR means to them and what they hope to
get out of the program. Moreover, our approach to faculty development relies
on the same active learning and discovery-based methods that have proven
effective in the teaching of college students. Program participants engage in
active learning activities such as graphing stories, describing their mathemati-
cal autobiographies, and solving quantitative puzzles.

The NICHE and NICE programs each incorporated a two-day face-to-face
introductory session as well as eight one-week online units. The eight units,
delivered through Blackboard and supported by the materials on the NICHE
website (http://www.teachqr.org), covered QR and making numbers meaning-
ful; QR learning outcomes; the brain, cognition, and QR; QR and writing; dis-
covery methods; representations of data; QR assessment; and QR stereotypes
and culture. Each unit included readings, videos, hands-on activities, inter-
active discussions, and the development and critique of activities or assign-
ments prepared by participants for use in their own courses. Participants were
required to develop their QR learning goals, provide and receive feedback, and
revise their goals in response to that feedback; and to follow parallel procedures
for the development of lesson plans/exercises and assessment plans/instru-
ments. For each task, we provided detailed instructions and guidelines for peer
review. All of the faculty received extensive feedback on their work, both from
the leadership team and from their peers in the program. The instruction was
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asynchronous, but with a deadline for the completion of each unit. We con-
sidered faculty to be completers if they submitted all, or nearly all, the required
materials for any of the three programs. The vast majority of participants
demonstrated a strong commitment to this work.

Data and Methods

The assessment data presented here represent 112 program participants—42
from the Lehman College program (including 7 doctoral QR Fellows), 44 from
the NICHE program, and 26 from the NICE program.” The study received
IRB approval, and consent forms were obtained from all participants. For the
Lehman College program, anonymous assessments were administered during
the final in-person meeting with each cohort. For NICHE and NICE, faculty
participants completed online questionnaires at the beginning and end of the
program. Among other things, the surveys collected information on partici-
pants’ motivations for enrolling in the program and their perceptions of how
the program had influenced their approach to teaching QR. In presenting the
results, we have focused on the frequency of each response and on the thematic
evaluation of the open-ended comments.

We cannot discount the possibility that social desirability bias influenced the
responses we obtained (Grimm, 2010), especially since some participants were
recruited by their department chairs or by faculty leaders of the programs. We
did attempt to minimize the effect of any bias, however. For example, NICHE/
NICE participants were assured that their identities would never be linked to
any of their responses. Moreover, respondents were told that they could skip
any question and there was no expectation that every open-ended question
would be answered.

Program Participants

Opverall, 123 participants were admitted to the program and 102 completed it
(Table 1). Of the 15% who did not finish, most withdrew due to inadequate
time, other commitments, or personal reasons. For each program, the over-
whelmingly majority of completers were women and/or members of under-
represented groups (60%, 78%, and 78%). Although the Lehman program was
restricted to a single four-year college, 42% of NICHE completers and 78%
of NICE completers were community college faculty. The social and behav-
ioral sciences (43%), the humanities (24%), the life and physical sciences
(11%), mathematics and computer science (12%), health and social work (6%),
education (4%), and the libraries (1%) are all represented among program
completers.
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Of the 105 faculty who participated in the assessments, 15% were adjunct
faculty, 17% instructors/lecturers, 42% assistant professors, 17% associate pro-
fessors, and 9% full professors. Of the 102 who provided data on how long they
had been teaching, 12% had been teaching for less than 5 years, 35% for 5-9
years, 24% for 10-15 years, and 29% for 16 or more years. We recruited faculty
who were active teachers and who had agreed to pilot their QR instructional
materials in the semester following program completion. Faculty participated
as individuals, although some were course coordinators who planned to dis-
tribute their materials to their colleagues.

Motives for Participating

Survey Results

Table 2 shows respondents’ stated reasons for participating in the program.
Among the options provided, “concern for students” and “interest in course
topic” were identified as very important by more than 78% of respondents
and as very important or somewhat important by more than 96%. (We did not
ask faculty to rank the items, so we cannot ascertain the weight they assigned
to each.) More than 70% of respondents indicated that faculty networking
was very important or somewhat important, and nearly half gave these same
responses with regard to financial compensation. Incentives such as cash or
reassigned time have been identified as key factors in encouraging course rede-
sign (Abes et al,, 2002), and our findings suggest that faculty do respond to
monetary incentives even in the presence of more important considerations
that lead them to participate.

Most faculty, both in-person and asynchronous, reported that convenient
timing/scheduling had influenced their participation. The Lehman program
participants met monthly, Friday mornings, for 3.5 hours. The NICE and
NICHE programs kicked off with a two-day in-person workshop but were oth-
erwise delivered virtually and asynchronously.

Finally, nearly a third of the NICHE/NICE faculty reported that tenure or
promotion considerations had influenced their decision to participate. This
response was especially common among community college faculty—those
most likely to feel that teaching is valued at their institutions (Leslie, 2002).

Qualitative Results

The survey distributed at the beginning of each NICHE/NICE cohort asked
faculty to indicate “what factors motivated you to enroll in [the program] and
what you hope to get out of [it].” Sixty faculty responded to this open-ended
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question. In their comments, faculty universally indicated that they hoped to
learn methods and tools for teaching QR. These sentiments were expressed not
just by faculty new to QR instruction, but by those who regularly taught quan-
titative courses. For example, one NICHE participant who taught mathematics
at a community college noted, “I'm always looking for new ideas about how
to reach different students and effectively teach mathematical concepts rather
than procedures or memorized facts”

Several faculty pointed out that colleges have an obligation to help students
develop their QR and critical thinking skills. A faculty member in English
(NICE) wrote, “I see students struggle with reasoning in general, including
quantitative reasoning, and I want to help them with a skill that is applicable
in the real world” A faculty member in urban studies at a four-year college
(NICHE) wrote, “I [would] like to figure out how to integrate quantitative rea-
soning for students who are maybe uncomfortable reading graphs, percentages,
etc” Likewise, a sociology professor at a community college (NICE) reported,
“Many students enter my class not understanding research. . . . I don’t always
get to teach about the data or how to think with data. I want to teach students
QR so they can comprehend and communicate data for research/academic
and/or professionally as many enter into the criminal justice field directly after
earning their [associate’s] degree”

Thirty-five percent of respondents specifically mentioned their students
when discussing their reasons for joining the program. A faculty member in
literature and cultural studies at a four-year college (NICHE) remarked, “I want
my students to be much better equipped to interpret and reason with mathe-
matical concepts. The state of mathematical literacy is [appalling] in contem-
porary American culture, and it seems to me that the two most essential jobs
we have as educators in public higher education is to teach students to read and
write clearly and logically, but also to interpret and reason with statistical data”
A sociologist at a four-year college (NICE) expressed a similar view, stating,
“I [have] have made two commitments that undergird my work: writing and
quantitative reasoning”

The faculty’s comments about their students often focused on math phobia
and weak quantitative skills; 23% of respondents mentioned these major areas
of deficiency for CUNY students (CUNY, 2015; Wilder, 2009). As a professor
of management at a four-year college (NICHE) noted, “A significant num-
ber of my students . . . actually give up before trying [when] confronted with
quantitative problems.” Many faculty expressed the hope that NICHE/NICE
would provide them with the tools they need to make students more comfort-
able with quantitative concepts and methods. For example, a NICE participant
at a four-year college wrote, “In [statistics] class, as well as in others, I often
encounter a lack of basic mathematical understanding. It is not so much the
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calculation errors that worry me, but the lack of numerical logic displayed by
many students. I also hear the Tm bad at math’ excuse at least twenty times
per semester and I want to gain some tools to help students overcome this
prejudice toward math?”

In their comments, 14% of participants stated that they had joined the pro-
gram at least partly to network with other faculty. As a faculty member in math-
ematics at a community college wrote, “I am also new to CUNY and thought it
would be a good way to network and meet other faculty members who would
have similar interests”

Eleven percent of respondents mentioned a desire to learn methods they
could pass on to their colleagues or graduate students. A psychology faculty
member at a four-year college (NICHE) stated, “I would like to improve the
teaching of statistical reasoning in my department and in my classes. I would
also like to better mentor and improve instruction in the classes taught by grad
students and adjuncts that I oversee. I also hope to learn more about assessment
and evaluation of conceptual learning” As this last comment suggests, a few
participants mentioned the need to improve not just their teaching but their
ability to assess QR. For example, a community college faculty member in psy-
chology wrote, “I was particularly interested in NICHE because I am a member
of the assessment team in my college. I have helped revise our QR rubric and
participate in benchmark readings for gen ed competencies. I think NICHE is
directly relevant to my work with assessment.”

Finally, three respondents reported that they wanted to improve their
own QR skills. A NICHE participant in education wrote, “I regret not having
repeated and reinforced my math skills over the years and not having taken
formal work in statistics. I hope to have a better understanding of my own
assumptions and misconceptions in QR as well as to identify activities and
concepts I can embed in my work with students and faculty” A professor of
English at a four-year college (NICHE) had a similar goal: “My own inade-
quacies with QR pale in comparison with my students’ quantitative literacy.
I hope to strengthen my [quantitative] skills” Likewise, a community college
faculty member in history (NICHE) stated, “I hope to get out of this course
more comfort with QR for myself and confidence that I could support students
if I integrate QR into my curriculum”

What Faculty Get Out of the QR Program

Survey Results

Table 3 shows the perceived impact of the QR program on faculty who com-
pleted NICHE or NICE. More than 9o% of respondents strongly agreed or
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Table 3 | "Asa result of my participation in NICHE/NICE, | .. "

Plan to place a Have become Have become
heavier emphasis ~ familiar with new  engaged in CUNY
on QR in my strategies and network faculty
course instruction  tools for teaching ~ committed to QR
QR instruction

Strongly agree 60.4% 67.9% 52.8%
Somewhat agree 30.2 22.6 32.1
Neither agree
nor disagree 5.7 9.4 13.2
Somewhat disagree 3.8 0.0 1.9
Strongly disagree 0.0 0.0 0.0

aThese data include all 59 NICHE/NICE completers except for six who completed most, but not all, of the
required activities.

somewhat agreed that they would be placing a heavier emphasis on QR in their
courses. Likewise, more than 90% indicated that they had become familiar with
new strategies and tools for teaching QR, and 85% reported that that they had
become engaged in a network of CUNY faculty committed to QR instruction.
Clearly, faculty participants feel they have accomplished three of the goals that
led many of them to participate in the program.

Qualitative Results

An open-ended survey question asked faculty to reflect on whether and how
their approach to teaching QR “had changed (or will change)” as a result
of the program. Ninety-two of the 102 program completers answered the
question. (Nine did not answer any of the post-assessment questions, and
three skipped this particular question.) Of those who provided feedback,
94% indicated that their approach to teaching QR had changed. The most
widely reported responses are described below, under six general categories:
(1) understanding of QR and commitment to QR instruction; (2) systematic
methods of infusing QR into teaching; (3) new pedagogies and resources;
(4) awareness and sensitivity to students’ needs; (5) QR assessment strategies;
and (6) obstacles to change.

Understanding of QR and Commitment to QR Instruction

Nearly a third of the faculty reported that they had gained a better understand-
ing of what QR entails, its relevance to their teaching, and the importance of
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incorporating QR into their courses. A faculty member in sociology at a four-
year college distilled the sentiments of many respondents:

I did not even think about infusing QR into my sociology courses until
I took this workshop. I was not introduced to the concept of QR anywhere
in my own doctoral study and had very little QR learning after my first year
of college, so you can imagine how eye-opening this experience was for me.
I realized how important it is to include QR in the construction of activities
and assignments for all of my courses and had to take a step back and look
at my syllabi in a whole new way.

Several faculty stated that the workshop helped them to better understand
the nature of QR and the ways in which it is distinct from mathematics. An
economics professor at a four-year college (NICHE) wrote,

I have fundamentally changed my attitude toward both math and QR. I can
now determine what is QR and what is math even though overlap does exist.
I also will no longer openly accept [the assertions of] students who say they
do not like math, do not want to take a class with math, etc. My attitudes have
really changed. Math may continue to be calculus and algebra, but QR and
[its] connection to daily living is what I have come to learn and really appreci-
ate. I feel more comfortable, and I hope that translates to the students.

Likewise, a faculty member in office technology at a community college (NICE)
commented,

This workshop has helped me to look at numbers differently and separate
numbers from pure mathematics. The idea is to get the students to view QR
as an everyday reality and look at the way they arrive at problem solving.
I plan to teach the course incorporating QR to change their mind about
numbers and problem solving, the way this workshop and working with the
QR fellows at my institution has helped change my attitudes.

Several respondents stressed that QR is more than just mathematics. For
instance, a psychology professor at a community college wrote that NICE had
given her “a clearer picture of how QR fits into Gen Ed and [its] importance to
all students.” Even faculty in highly quantitative fields reported a better under-
standing of QR and its importance. As a Lehman College mathematics profes-
sor stated, “I have altered my . . . understanding of what QR is”

Many respondents planned to intensify their efforts to integrate QR into
their courses. A business professor at a community college (NICHE) summed

220 | Journal of General Education



up these sentiments when she wrote, “I will place a much heavier emphasis
on building quantitative reasoning skills. . . . QR has the potential to stay with
them long after the final” Likewise, a NICE participant teaching English at
a community college stated, “There was no QR component to my composi-
tion course previously. There now will be. So there is infinitely more QR than
there used to be” A psychology professor reported much the same thing: “[the
Lehman College QR workshop] has encouraged me to continue and even to
expand my QR activities a bit. I certainly feel a lot better about stressing QR
in my courses.”

Some participants noted that the interdisciplinary nature of the program
had helped them see the applicability of QR to all fields, including their own.
A faculty member in social work wrote, “The mixed faculty workshop was an
excellent format for me to engage the interface of liberal arts and STEM. I will
actively create assignments and engage my students in QR exercises and rea-
soning as part of development of analytical skills in social policy topics”

Several participants in the Lehman College workshop described how it had
led them to consider how they might incorporate QR into their teaching. For
example, a professor of music wrote, “I have more ideas about critical reasoning
which can be reinforced throughout the curriculum. . . . Plan to look for ways
of including some element of QR in each course, including graduate research
classes” Likewise, a faculty member in political science discovered “new ways
of integrating quantitative thinking and QR assignments [with] ‘non-quanti-
tative’ courses.” These same sentiments were expressed by participants in the
NICHE and NICE workshops. A community college faculty member in math-
ematics reported, “Things that I have been thinking about or have been taught
in the past were solidified for me. Also, I got a good sense of what QR is and
its importance. Further, I learned new things as well about QR, cognition, and
the brain” Similarly, a NICHE participant teaching French at a community
college wrote,

The use of QR in the language classroom still seems to me to be more intu-
itive than the strict application of QR teaching methods, but NICHE has
definitely made me more aware of the more concrete application of QR and,
above all, of the desirability of getting more QR in the classroom. I will con-
tinue to experiment with QR in the classroom and monitor how it affects the
results I am striving for.

This emphasis on experimenting with new approaches was readily apparent in
many of the respondents’ comments. In fact, several program alumni have pub-
lished or presented descriptions and assessments of their QR teaching innova-
tions (e.g., Fisher et al., 2019; Bertels et al., 2015).
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Systematic Methods of Infusing QR into Teaching

One third of respondents indicated that they had learned systematic strate-
gies for implementing QR into their teaching—e.g., the articulation of learn-
ing goals, the design of learning opportunities, and the assessment of student
learning. An associate professor in psychology at a community college wrote,

Through NICHE I acquired a systematic method for infusing QR in my
courses, beginning with establishing and ending with assessing clear goals.
I plan to develop more QR lesson plans following the active learning method
we learned in NICHE. I want to gradually turn all my lessons into active
learning ones wherein students can actively work with data.

Quite a few participants mentioned their newfound awareness of more deliber-
ate and methodical methods for teaching QR. For example, a faculty member
in biology at a community college (NICHE) wrote, “I will be more intentional
in my incorporation of QR into my teaching. It’s too easy to just throw it in
as part of what’s being discussed, rather than having a course plan and les-
son plans that deliberately address and assess QR” Likewise, A QR fellow in
accounting reported, “I had included QR materials in my teaching but not in a
systematic way. After the QR workshop, I am planning to . . . make QR objec-
tives a part of the syllabus, and assess students’ QR performance at the end of
the semester”

Several faculty remarked that they had become more thoughtful about the
incorporation of QR into their teaching, and a biology professor described how
this approach had already been successful with students: “Students responded
very well to my use of subjects in the media to construct course materials and
QR Likewise, a faculty member in education at a four-year college (NICE)
wrote, “I am more thoughtful of connecting my intentions (goals) and assess-
ment measures for sure!” and a professor of economics stated, “I am more con-
scious of how I am approaching the topics and what is expected of my students
in class as well as in terms of their assignments.”

Several respondents reported that the program had led them to emphasize
QR more deliberately. A faculty member in American Studies at a four-year
college wrote,

The major change will be that I teach QR consciously as a result of NICHE;
prior to taking the course, I did not really incorporate QR into my classes,
but now I have incorporated consciousness of QR and numeracy into all
the courses that I teach, and I believe that incorporating QR is essential for
teaching composition in a way that incorporates critical thinking, which is
one of the topics we should be teaching in ENG 110.
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Likewise, a faculty member in urban studies at a four-year college wrote,
“Through NICHE, I realize that I can design discrete assignments that inte-
grate QR and writing and fit them into specific course modules. I am already
thinking about how to integrate a census based assignment in my courses”
Another social scientist stated, “The most important thing I learned is how to
consciously and systematically incorporate QR in my teaching. . . . Now I know
how to come up with specific QR learning goals and create learning activities
that will help me achieve those goals”

Respondents also indicated that their newfound knowledge of QR teaching
methods had made them more confident in teaching QR. A marketing pro-
fessor in the Lehman College workshop commented, “I have always valued
QR but had little confidence that I could transfer my values to my students.
This workshop emboldened me to challenge my students by daring to teach
the skills and [requiring] them to use them.” Likewise, a faculty member in the
humanities (NICHE) wrote,

I am much more confident in my understanding of QR in terms of philoso-
phy, pedagogy, and goals. It’s hard to break old habits of teaching literature
primarily as a conversation in which beautiful words float serenely above the
mundane world of numbers and facts. . . . We all know that QR is essential
to preparing our students for the twenty-first century, but the rise of digital
humanities suggests that QR is also essential for preparing twenty-first-cen-
tury students to study centuries past. I spent countless hours this summer
blazing a Google trail inspired by our readings, videos, and assignments,
and I discovered an abundance of resources applicable to my teaching of
African American literature. . . . Thank you for challenging my comfort level
and enriching my teaching.

Similarly, a faculty member in social work at the Lehman College workshop
noted, “Although I always believed in the importance of QR, I now feel I am
able to operationalize in teaching. I also will pair it with writing/critical think-
ing skills” Because some faculty are initially reluctant to teach QR, instruction
in QR concepts and methods should be accompanied by deliberate efforts to
bolster the confidence of program participants.

New Pedagogies and Resources

As described earlier, the QR workshop promoted the use of best practices
such as active learning, constructivist learning, collaborative work, revisions
of assignments, and pairing QR with critical reading and writing. In addition,
we introduced faculty to a range of online tools for teaching QR such as Google
spreadsheets and Gapminder (see www.teachqr.org.). In their comments, many
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faculty stated that they planned to incorporate these best practices into their
teaching, even apart from their QR-related instruction. A professor of psy-
chology at a four-year college (NICHE) wrote, “[I’'m] going to try to use more
constructivist, activity-based learning approaches. I'm not able to totally flip
my class but [I want to] spend much less time going over PPTs and more time
going over examples and activities” Likewise, a faculty member in English at
a four-year college (NICHE) stated, “I am going from QR practically zero to
QR as a catalyst for discussion and writing. I always use data in my classes
(I present statistics, or throw numbers into my lectures, [e.g.,] “Unemployment
inIrelandinyear __ was____ %” as cultural context for readings.) Now I am
going to ask students to look at data and come to their own conclusions!”

A NICHE participant teaching psychology at a four-year college described
how she planned to change her approach to QR instruction:

(1) I see QR as a more important and less formidable skill for students
to develop than I previously did. (2) I will have students engage in more
QR-related activities. . . . (3) I will use more constructivist approaches to
teach QR. . .. (4) I will have students work with actual data to develop QR,
something I did not do before. (5) I will be more confident in my ability to
teach QR.

A QR fellow in computer science outlined a similar approach:

Certainly I will incorporate a lot of strategies learned from this program,
particularly: 1. constructivist teaching (learning): e.g. “ask—wait” instead of
ask. .. give explanations. 2. Learning goal-setting becomes more important.
3. Web-based tools. 4. I used to have questionnaire for students, three to
four times in a semester. Such routine will be [turned] into self-assessment
figures.

Another QRF stated, “[I have thought about how to] use constructivist
approaches to help scaffold learning, and have students write about statisti-
cal findings, and generally re-work my classes in ways that I think will both
encourage interest and prepare students for working with numbers” A few
respondents mentioned specific pedagogical resources they had identified
through the QR program—Gapminder, in particular.

Awareness and Sensitivity to Students’ Needs

Throughout the faculty development program, we discussed topics such as ste-
reotype threat and the need for sensitivity to individuals’ varying levels of pre-
paredness and comfort. In their comments, about a dozen participants stressed
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the need to introduce QR concepts gradually. A faculty member who taught
reading, literature, and writing (NICHE) wrote,

[I now move] more slowly when I introduce data for students to interpret. I
believe I have tended to approach the interpretation of data like I approach
the interpretation of texts. When working with a text, I am confident that
students can start anywhere, with any observation they make, and work their
way to a fuller interpretation of the whole text and its [significance]. With
quantitative data, I think that students need to work in a more methodical
way to develop accurate and useful interpretations.

Likewise, a psychology professor at a community college wrote, “I will certainly
pay closer attention to my students’ QR skill development and their under-
standing of the [quantitative] information we discuss in class. I plan to work
QR questions into more assignments and make more time to help students
master QR problem solving” A faculty member in sociology at a community
college (NICE) remarked,

I used to mention percentages and show charts or graphs to students often. I
thought my introduction of the data was necessary and informative, which it
is, but I never realized how students do not actually understand the numbers
or know how to calculate percentages or read charts or graphs. I had to take
a step back and gear my lectures/discussions to teach QR skills so students
can truly comprehend the material and be comfortable with numbers/data.

Beginning with the 2013 cohort, the QR program included a unit on cogni-
tion that highlighted Kahneman’s (2013) book Thinking, Fast and Slow (Wang
& Wilder 2015). Kahneman describes the two systems that characterize the way
we think. System 1 is faster, instinctive, and emotional while System 2 is slower,
deliberate, and logical. Quantitative reasoning is “effortful” and demands
System 2 thinking. As a result of this discussion, several faculty described
the need to infuse System 2 thinking into their teaching of QR. An econom-
ics professor wrote, “First thing that I have learned is that each assignment
has to be written very carefully. Second, the assignment has to be explained in
class orally and [slowly]. Finally . . . topics that pertain to the QR need to be
embedded and emphasized throughout the course and frequently” A faculty
member in sociology at a community college (NICE) remarked that “repetition
and additional explanations are always needed”” Likewise, a faculty member in
political science at a four-year college (NICHE) wrote, “In most of the courses
I teach, QR is limited and implicit. That is, I assume that students can do some
things and, in a cursory way, go over the more complex tasks I want students
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to complete. I will now devote some time to explicitly teaching QR in all of my
courses and give students activities and assignments to build those skills”

A few faculty remarked that they could accomplish more by focusing on a
narrower range of QR skills than by trying to cover everything. As a professor
of psychology at a community college (NICE) concluded, “It’s better to teach
one thing well than to teach everything not so well!” Likewise, a faculty mem-
ber in allied health at a community college wrote, “I will look at every assign-
ment from the perspective of where the students are coming from and where
they need to be after each lesson.”

Two faculty in English emphasized the importance of a well-organized,
coordinated approach to teaching QR. One wrote, “Since I teach 1st semester
freshmen, I became aware how much I must breakdown/scaffold in introduc-
ing the QR assignment.” Another remarked,

I have frequently used data for writing assignments but I realized during this
workshop that I was not providing any support for students (I didn’t realize
that they needed support for both the math and the reasoning). I also know
that in order to get students to think quantitatively in a humanities course
I have to make sure that the QR is relevant. . . . I will be teaching an LEH
300 course in the fall and I plan to have a short weekly QR assignment that
will introduce students to demographics and data. I know, now, that short
relevant QR exercises work in [the] humanities!

QR Assessment Strategies

About a dozen respondents singled out assessment when discussing how their
approach to teaching QR had changed. Nearly all the faculty who focused on
assessment were from traditional STEM disciplines. Several mathematics fac-
ulty described how they had come to embrace assessment. For example, a math
professor at a community college (NICHE) wrote, “I have always used QR type
activities in my teaching. What has changed is the assessment aspect of the
teaching. I now plan to focus on assessment of the QR activities. The benefit of
this to me is that as I think of assessing, it also refines my teaching goals and
creating lesson activities to target those goals” A professor of chemistry at a
four-year college distilled the sentiments of many when she wrote,

NICHE education gave me a push that I should rewrite learning goals for
each unit, creating a blueprint of how to create a lesson plan with possible
online videos and other supporting materials to meet the learning goals.
I am also satisfied now that assessment is important, which would never be
my statement without NICHE. I will be creating pretest, rubrics and assess
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each unit to see whether the learning goals are achieved. This also helps
me to evaluate my teaching methodology and focus more on areas where
students need help.

Likewise, a biology professor at a four-year college remarked, “I will do more
pre- and post-testing since I now have explicit QR goals. I will also work with
other faculty in my department to help develop a QR oriented mind set in all
teaching”

A few faculty outside the sciences mentioned assessment as well. For instance,
a history professor at a community college (NICHE) noted, “I would certainly
include pre- and post-tests to gauge skills and infuse QR assignments through
my course, which I had never done before.” Similarly, a faculty member in man-
agement at a four-year college wrote, “I like the idea of assessment, which I
think is very important especially for our students. So I think I will implement
more pre and post tests” Another, in geography, stated that the program had
helped him “strengthen the link between learning goals and assessment.”

Obstacles to Change

Just three respondents indicated that they did not expect to make any changes
as a result of the QR faculty development program. A mathematics professor
at a community college stated that her approach to teaching wasn't likely to
change because she had already been using most of the strategies covered in
the program. She did mention, however, that “it was nice to become more
acquainted with people across CUNY who are interested in integrating QR into
their courses” Another NICHE participant, in political science, had no plans
to change her teaching because she felt that many QR strategies were “too time
consuming” This comment may reflect the individual’s technological difficul-
ties with Blackboard and the problems she encountered while navigating the
online course. Although most participants felt that they had benefitted from
the program, faculty-based QR initiatives are not for everyone. Best practices
often require significant time and effort.

Discussion and Conclusions

Given the importance of numeracy in all aspects of life, the need for well-de-
signed, multidisciplinary QR faculty development programs is critical. As
McLean et al. (2008, p. 569) have argued, “Any faculty development programme
should endeavor to initiate and sustain change” As shown here, the CUNY QR
program sparked a movement among faculty to improve their students’ QR
capabilities. The program drew a diverse population of faculty from a broad
range of fields. Participants’ survey responses and written feedback reveal that
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most joined the program due to their concern for students’ academic success
as well as their interest in teaching QR. Participating faculty also valued oppor-
tunities for networking with like-minded individuals as well as the financial
incentives associated with completion of the program. For most faculty, the
convenience and timing of the workshop, whether in-person or online, were
also important considerations. Those working at community colleges were
especially likely to feel that the QR program would be helpful for their profes-
sional advancement. These motivating factors provide insights into the kinds
of incentives that may be most effective in recruiting committed faculty for
professional development programs.

Notably, there is a strong correspondence between what faculty hoped to get
out of the program and what they feel they have gained. Upon completing the
workshops, the overwhelming majority of participants stated that they would
place a heavier emphasis on QR in their courses. They reported increased
familiarity with key strategies and tools for teaching QR, and they felt a sense
of engagement with the broader network of CUNY faculty committed to QR
instruction. Many planned to more deliberately emphasize QR in their courses,
to incorporate data analysis and real-world examples in their teaching, and to
employ best practices such as the articulation of learning goals, the provision
of opportunities for active learning, and the use of assessments that can help
improve instruction.

Our faculty development program was grounded in a cyclical model of learn-
ing that includes the articulation of goals and outcomes, the development and
implementation of instructional and assessment materials that address the out-
comes, and the use of assessment data to inform and improve instruction. Program
participants were mentored by program leaders and supported by an interdisci-
plinary, collaborative community of peers. Although we provided rubrics for the
development of each instructional component (goals, instructional materials, and
assessment instruments), faculty were given considerable flexibility in defining
the content of the materials they developed. While this led to great variation in
the nature and quality of those materials, it ensured that faculty had a sense of
ownership over their work—a key factor in the success of the initiative.

Along with the cyclical model and the emphasis on pedagogical delivera-
bles, our experiences suggest several other important components of effective
QR training. These include (1) the selection of a group of highly motivated and
committed faculty; (2) the use of a collaborative model that supports network-
ing and builds a sense of community; (3) the incorporation of readings and
videos on important topics that provoke reflection and discussion; (4) the mod-
eling of best practices, including constructivist approaches and active learning;
(5) a focus on students (e.g., reviewing samples of their QR work); (6) sensitiv-
ity to variations in faculty members’ QR preparedness; (7) adequate incentives
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for participation; (8) effective mentorship by program leaders; and (9) strong
institutional support.

Many of our recommendations are transferable to other general education
programs. For example, the cyclical model of instruction was regarded as very
important by faculty participants, and it can be readily applied to initiatives in
areas such as service learning and writing across the curriculum. Although the
NICHE and NICE programs were supported by the NSE, institutions concerned
with improving students’ general education skills must commit the resources
needed to effect positive change. If funding is limited, this might be accomplished
through more broadly based workshops that focus on progressive pedagogies
and address multiple general education fluencies, including QR. More import-
ant than funding, however, is an institutional climate in which faculty are valued
and rewarded for taking risks and implementing new modes of instruction.

Our findings reinforce the work of earlier researchers who identified the
important features of effective faculty development programs (Moseley, 1992;
Proctor et al., 2020). They also highlight several elements that may be unique
to QR instruction. Because QR sometimes takes faculty outside their comfort
zones, our program demonstrated the need to structure the program in a way
that is nonthreatening to participants. Moreover, the development of hands-on
teaching and assessment tools seems especially important for QR instruction.
Finally, the advantages of building a multidisciplinary community of practice
are especially clear within the context of online QR training. Participants who
interact in meaningful ways over time are more likely to recognize that QR has
the potential to transform teaching across the disciplines.

Although nearly all the participants benefited from the CUNY QR program,
the more enthusiastic faculty—those who made a serious commitment of time
and effort—tended to gain the most. This was true even of participants with
weak QR backgrounds, and the overwhelming majority of our faculty main-
tained or even increased their enthusiasm over the course of the program.
Several participants have since pursued research on QR and on the scholar-
ship of teaching and learning, and the instructional and assessment materi-
als developed by many of the faculty can be readily adapted for use by other
institutions.? To the extent that well-designed QR programs attract motivated
and diverse faculty, programs such as this one can help institutions of higher
learning respond to the challenge of innumeracy.

ESTHER ISABELLE WILDER, Professor of Sociology at Lehman College, CUNY, is co-founder of
the Quantitative Reasoning (QR) faculty development program at Lehman College. She also serves
as principal investigator and director of an NSF-funded faculty development program to increase
students’ QR skills through the implementation of a data analysis research experience (DARE).
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Her earlier projects, also supported by NSF, have provided training to hundreds of faculty represent-
ing a wide range of disciplines across the social sciences, life and physical sciences, and humanities.
Dr. Wilder's current research focuses on multidisciplinary QR initiatives and on the sociology of dis-
ability, inequality, and health behaviors and outcomes. She is the author of Wheeling and Dealing:
Living with Spinal Cord Injury (Vanderbilt University Press, 2006) and coauthor of Voices from the
Heartland: The Needs and Rights of Individuals with Disabilities (Brookline Books, 2005). Her schol-
arly work has appeared in more than a dozen journals including Numeracy, Scientometrics, Studies
in Contemporary Jewry, The Milbank Quarterly, Social Science Research, Sociological Perspectives,
Teaching Sociology, The Gerontologist, and the Journal for the Scientific Study of Religion.

NOTES

Support for the NICHE and NICE projects has been provided by the National Science Foundation'’s
(NSF)Transforming Undergraduate Education in Science, Technology, Engineering, and Mathematics
(STEM) (TUES) award #1121844 and NSF Improving Undergraduate Education in STEM (IUSE) awards
#1644948 and #1644975. Any opinions, findings, and conclusions or recommendations expressed in
this article are those of the author and do not necessarily represent the views of the National Science
Foundation.lam grateful to the many people who have supported or contributed to the development
of the NICHE Program including Frank Wang, Dene Hurley, Elin Waring, and William Walters. Special
thanks are due to Rebecca West for providing support to faculty in all the programs described in this
article. These initiatives would not have been possible without the strong support of the Lehman
College administration, especially Robert Whittaker and Ricardo Fernandez. | thank all the faculty and
doctoral students who participated in the QR programs and who shared their thoughts and insights.
The Journal of General Education anonymous reviewers and William H. Walters provided very helpful
feedback on an earlier draft of this article. | dedicate this article to Tara and Sarah Trivedi, in support
of their love of learning.

1. CUNY, the nation'’s largest urban public university, is "a transformative engine of social mobil-
ity" with 25 colleges that award 55,000 degrees each year (CUNY, 2020).

2. The QR Fellows (QRFs) were CUNY doctoral students required to enroll in the program and to
serve as a resource for faculty participants as a condition of their funding. Although the QRFs partic-
ipated in the assessment activities, they did not answer the questions about why they had enrolled.

3. See http://www.teachqr.org.
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