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Making College Count: An Examination of Quantitative Reasoning Activities in
Higher Education

Abstract

Findings from national studies along with more frequent calls from those who employ college graduates
suggest an urgent need for colleges and universities to increase opportunities for students to develop
quantitative reasoning (QR) skills. To address this issue, the current study examines the relationship
between the frequency of QR activities during college and student and institutional characteristics, as well
as whether students at institutions with an emphasis on QR (at least one QR course requirement for all
students) report more QR activity. Results show that gender, race-ethnicity, major, full-time status, first-
generation status, age, institutional enrollment size, and institutional control are related to the frequency
of QR activities. Findings also suggest that such activities are indeed more common among institutions
that emphasize QR.
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Rocconi et al.: QR Activities in College

Introduction

In an increasingly data-driven world we must routinely use and make sense of
quantitative information. The quantitative demands imposed by today’s society
and in the modern workforce are great and are growing (Steen 2001; Madison and
Steen 2008; Madison 2009; Dingman and Madison 2010). Today’s job market
demands quantitative skills from college graduates, regardless of career (Rivera-
Batiz 1992; Steen 2001; Dingman and Madison 2011). In addition, quantitative
literacy is increasingly important for effective democratic participation (Steen
2001). The American public faces a multitude of quantitative information both in
the workplace and in everyday life. As such, there is a growing consensus that to
be able to function in today’s society, people need to be quantitatively literate,
that is, they need to be able to process and understand quantitative information
(Shavelson 2008).

The concept of quantitative literacy (QL) grew out of a call for workers to be
better and more-informed users of quantitative information (Wilkins 2000). A
person’s functional literacy in the 21% century, as championed by Steen (1997),
must extend beyond reading and writing to include the ability to understand and
use quantitative information. Well-informed and productive citizens must be able
to use and understand the wealth of quantitative information available today in the
workplace, on TV, on the Internet, in newspapers, and in everyday life. QL
transcends the mere ability to perform mathematical computations to include a
deeper understanding of quantitative data. QL includes an everyday understanding
of mathematics; in other words, the ability to use numerical, statistical, and
graphical information in everyday life (Steen 1997, 2001; Wilkins 2000, 2010).
Wilkins (2000) describes a quantitatively literate person as one who possesses “a
functional knowledge of mathematical content, the ability to reason
mathematically, a recognition of the societal impact and utility of mathematics,
and a positive disposition towards mathematics” (p. 406). Similarly, Steen (1997)
described QL as a “walking around” knowledge of mathematics or the ability to
handle quantitative information that one might encounter in everyday life. Beyond
the need to use and interpret quantitative information in everyday life, a rich
understanding of quantitative information is also a necessity in the workplace.
Employees at all levels and in all fields must be able to identify problems, analyze
and interpret information, and make decisions based on that information (Wilkins
2000).
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Noting the importance of developing QL, the Mathematical Association of
America (Madison and Steen 2008), the National Research Council (1989),
National Council of Teachers of Mathematics (1989, 2000), the Association of
American Colleges and Universities (AAC&U) (2007, 2009), and the National
Committee on Excellence in Education (1983) have all emphasized the need for
students to learn to apply mathematics to everyday situations and to function in a
quantitative society.

Despite these arguments for the increasing importance of QL, the 2003
National Assessment of Adult Literacy (NAAL) found no significant gains
between 1992 and 2003 in QL at any education level (Kutner et al. 2007). It also
found significant gaps in QL between men and women and between racial-ethnic
groups. Men had higher average QL than women in both 1992 and 2003, but the
gap has narrowed; White and Asian/Pacific Islander adults had higher QL than
Black and Hispanic adults. The report further found that only about one-third of
college graduates demonstrated proficiency in QL.

Findings from the NAAL, the importance of quantitative literacy to both
citizenship and the workplace, and the increased need to understand, reason, and
make decisions based on quantitative information point to the need for colleges
and universities to enhance students’ ability to make sense of, effectively use, and
be knowledgeable consumers of quantitative information (Taylor 2008; Dingman
and Madison 2010, 2011). Reflecting these concerns, the AAC&U (2007)
includes QL in its list of “essential learning outcomes” (p. 12), and its VALUE
(Valid Assessment of Learning in Undergraduate Education) rubric (2009)
describes individuals with QL skills as those who “possess the ability to reason
and solve quantitative problems from a wide variety of contexts and everyday
situations” (p. 1).

These developments suggest an urgent need for colleges and universities to
assess the opportunities they provide to students in all majors to develop facility
with quantitative reasoning (QR). (For the purposes of this paper, we define QR
activities and skills as those performed and developed in order to become a
quantitatively literate person.) Indeed, a number of colleges and universities have
instituted programs designed to ensure that graduates develop QR skills regardless
of major (Gillman 2006).

Despite the importance of developing QR abilities, we could not find any
existing research that examined students’ use of QR activities in college. The
current study addresses this gap in the research by examining the prevalence of
key QR activities among students attending bachelor’s degree-granting colleges
and universities. Because QR activities in college have received little scholarly
examination, this exploratory study investigates the relationship between QR
activities and various student and institutional characteristics and suggests
avenues of further inquiry.

https://scholarcommons.usf.edu/numeracy/vol6/iss2/art10
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Background: National Survey of Student
Engagement

Student engagement is a key concept in higher education literature. Although
scholars have used different terminology to describe student engagement, their
views all reflect the premise that learning in college is related to the way students
spend their time and energy in both formal learning settings such as classrooms
and informal learning activities that are related to and reinforce their formal
counterparts (McCormick et al. 2013). Student engagement and related concepts
have been used in various forms in the works of Astin (1984), Pace (1979), Kuh
(2001, 2009; Kuh et al. 1991), and Pascarella (1985). Decades of research at the
undergraduate level show that students benefit from college when their efforts are
directed at learning-centered activities both inside and outside of the classroom
(see Pace 1979; Pascarella and Terenzini 1991, 2005; Astin 1993; Pike et al.
2003). The premise of engagement is simple: what students do matters, and the
more they engage in educationally purposeful activities, the greater the likelihood
of learning and development.

In an effort to leverage these ideas to inform the assessment and
improvement of undergraduate education, the National Survey of Student
Engagement (NSSE) was launched in 2000. NSSE surveys first-year and senior
students at bachelor’s degree-granting colleges and universities in order to assess
the extent to which an institution’s students are exposed to and participate in
effective educational practices. Centralized, standardized sampling and
administration procedures ensure the comparability of results among participating
institutions. Institutions must elect to participate in NSSE, and each year a large
and diverse group of institutions do so, with the number of participating
institutions each year numbering from 600 to nearly 800. Over the life of the
project, more than 1,500 colleges and universities in the United States and Canada
have participated. Although participation is voluntary, the mix of participating
institutions reflects the diversity of U.S. higher education with respect to size,
public or private control, and Carnegie Classification.

In each NSSE administration, several sets of experimental items are asked of
different subsets of respondents. In 2011, one of these sets focused on QR
because NSSE staff had identified QR/QL as an untapped content area in need of
further investigation. Calls from major higher education associations about the
importance for developing QR skills among college students and its centrality to
general education outcomes were influential to NSSE’s decision making
(AAC&U 2007, 2009; Schneider 2004). In addition, arguments put forth by
members of the QL community related to the importance of QR skills in the
workplace and civic life were also persuasive (Steen 2001; Madison and Steen
2003). Findings from the experimental items, including those reported in this
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paper, led to the incorporation of a reduced set in a major update of the NSSE
survey that took effect in 2013.

Research Questions

The purpose of this study is to explore the relationship between the frequency of
college students’ QR activities and student and institutional characteristics, as
well as to investigate whether students at institutions with an avowed emphasis on
QR in fact report more QR activity. The following research questions guide this
study:

1. What is the relationship between student and institutional characteristics
and the frequency of students’ participation in QR activities?

2. Do the influences on students’ frequency of QR activities differ for STEM
and non-STEM majors?

3. Do students at institutions with an emphasis on QR report more frequent
QR activity?

We pose these questions as a starting point to investigate students’
engagement in QR activities in college. Since virtually no research has explored
the opportunities college and universities offer students to develop their QR
abilities, this research will serve as a first step in advancing our understanding of
the role that higher education plays in developing QR and QL among college
graduates.

Methods

Sample

Data for this study come from the 2011 administration of NSSE. In a set of
experimental questions, students reported on the frequency of various uses of
numerical, statistical, and graphical information (see Table 1). Thirty-three out of

Table 1
NSSE 2011 Experimental Items on Quantitative Reasoning

In your experience at your institution during the current school year, about how often
have you done the following? [Response options: Very often, Often, Sometimes, Never]

1. Reached conclusions based on your own analysis of numbers, graphs, or
statistics

2. Used numbers, graphs, or statistics to help analyze a contemporary or historical
issue (poverty, climate change, etc.)

3. Explained in writing the meaning of numbers, graphs, or statistics

4. Analyzed others’ conclusions by using numbers, graphs, or statistics

https://scholarcommons.usf.edu/numeracy/vol6/iss2/art10
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the 683 U.S. institutions that participated in NSSE in 2011 were selected to
receive the QR questions. We intentionally sampled eight of these institutions to
receive the additional QR items because they had been identified by Steen (2007)
on his quantitative literacy Web site and/or featured in Current Practices in
Quantitative Literacy (Gillman 2006). The analysis sample consisted of more than
13,000 first-year and senior students enrolled at 25 four-year institutions who had
complete data on the variables described below." In addition to the original eight
institutions, two more were identified as emphasizing QR (see Variables section
for more details).

A comparison of the sample institutions and respondents to all
baccalaureate-granting U.S. institutions and their students is presented in Table 2.
Over half of the students in the sample attended research universities with very

Table 2
Profile of Institutions and Students from Sample and All Baccalaureate-granting U.S. Institutions®
Institutions Students
Sample U.S. Sample U.S.
Carnegie Classification
Research Universities (very high research activity) 16% 6% 53% 21%
Research Universities (high research activity) 4% 5% 5% 14%
Doctoral/Research Universities 8% 5% 8% 9%
Master’s Colleges and Universities (larger programs) 16% 23% 11% 30%
Master’s Colleges and Universities (medium 4% 10% 1% 7%
programs)
Master’s Colleges and Universities (smaller 4% 7% <1% 4%
programs)
Baccalaureate Colleges — Arts & Sciences 20% 15% 12% 5%
Baccalaureate Colleges — Diverse Fields 20% 22% 7% 7%
Baccalaureate/Associate’s Colleges 8% 8% 3% 3%
Sector
Public 52% 32% 76% 63%
Private 48% 68% 24% 37%
Undergraduate Enrollment
Fewer than 1,000 0% 17% 0% 2%
1,000 - 4,999 64% 49% 24% 19%
5,000 — 9,999 4% 15% 3% 16%
10,000 - 19,999 16% 11% 22% 23%
20,000 or more 16% 9% 51% 41%

# Percentages are based on 2010-2011 IPEDS data for students at institutions that belong to one of the nine Carnegie
classes in the table. Totals may not sum to 100% due to rounding.

! We used list-wise deletion of missing data, causing the exclusion of about 30% of students and eight
institutions in the full dataset. Nearly all of the loss (about 99%) was due to cases lacking SAT or ACT
scores. Despite this, the composition of the analysis sample closely resembled that of the entire dataset in
terms of gender, race-ethnicity, first-generation status, distance education status, and proportion of STEM
majors. Because of the loss of SAT/ACT information, the analysis sample was younger than the full dataset
(average age of 20.3 and 21.8 years, respectively), and contained more full-time students (97% vs. 94%), and
fewer transfer students (11% vs. 21%) than the full dataset.

Published by-Scholar Commons, 2013
WWw.maharaa.com



Numeracy, Vol. 6 [2013], Iss. 2, Art. 10

high research activity, compared with a little more than one-fifth of the national
profile of students. In addition, the sample included a higher percentage of
students at baccalaureate arts and science institutions and fewer students at
master’s level institutions than the national profile. While the sample does not
mirror the national sample exactly, this study does not seek to generalize to all
U.S. students.

The sample was approximately 61% female; 97% were enrolled full-time;
33% were first-generation students (neither parent holds a bachelor’s degree or
higher); and 1% were taking all their courses entirely online. About 8% classified
themselves as African-American, 6% as Asian, 74% as Caucasian, 6% as
Hispanic, with the rest classifying themselves as another racial/ethnic group or as
multiracial.

Variables

The dependent variable, students’ reported frequency of QR activities, was a scale
derived from four items that asked how often during the current school year
students have used numbers, graphs, or statistics to reach conclusions; to analyze
an issue; how often they explained numerical information in their writing; and
how often they analyzed others’ conclusions based on such information (see
Table 1 for exact wording and response options). Responses on the four items
were averaged together so that the scale scores ranged from one (responded
“Never” to all four items) to four (responded “Very often” on all four items). The
alpha reliability coefficient for this scale was 0.90 for both first-year and senior
students, indicating a high degree of internal consistency. Students’ reported
frequency of QR activities was not a measure of QR ability. Rather, it represents
students’ perceptions of how often they engaged in activities that are thought to
develop QR skills. During the item-development process, the four QR items were
tested in cognitive interviews and focus groups with first-year and senior students
to determine whether students were interpreting the items as intended. A
confirmatory factor analysis of the four QR items revealed a unidimensional
construct and adequate model fit with the data (see Table 7 in Appendix). The
factor loadings for the items met conventional standards, ranging from 0.73 to
0.90 (see Table 8 in Appendix).

Among independent variables, student characteristics included gender, race-
ethnicity (with White as the reference group), age, first-generation status, transfer
status, distance education status, and prior academic ability. The extensive
research on college students has shown these to be influential factors in college
students’ experiences and development (Pascarella and Terenzini 2005). A
variable that indicated whether a student indicated a major (or expected major) in
science, technology, engineering, or mathematics (STEM) was included to

https://scholarcommons.usf.edu/numeracy/vol6/iss2/art10
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examine disciplinary effects. Approximately 40% of first-year and senior students
were STEM majors. Students’ prior academic ability was measured by combined
verbal and quantitative SAT score. ACT scores were converted to the SAT scale
using an ACT-SAT concordance table (ACT 2008). The average combined SAT
score for first-year and senior students was 1,151 and 1,144, respectively.
Descriptive statistics for all variables used in the study are given in Table 3.

Table 3
Descriptive Statistics
First-year Students (n=7051) Seniors (n=6450)
Std. Std.
Mean Dev. Min Max Mean Dev. Min Max
Frequency of QR activities 2.34 0.85 1 4 2.53 0.89 1 4
Female 0.63 0.48 0 1 0.60 0.49 0 1
African-American 0.08 0.28 0 1 0.06 0.25 0 1
Asian 0.07 0.25 0 1 0.05 0.21 0 1
Hispanic 0.06 0.24 0 1 0.05 0.21 0 1
White 0.71 0.45 0 1 0.79 0.40 0 1
Other race-ethnicity 0.07 0.26 0 1 0.05 0.21 0 1
SAT score (divided by 100) 1151 1.61 5.3 16 11.44 1.70 5.1 16
First-generation status 0.32 0.47 0 1 0.33 0.47 0 1
Age 18.54 1.57 16 62 22.07 2.56 18 61
Transfer student 0.04 0.20 0 1 0.18 0.39 0 1
Full-time 0.99 0.11 0 1 0.95 0.21 0 1
Distance education student 0.01 0.08 0 1 0.01 0.11 0 1
STEM major 0.41 0.49 0 1 0.38 0.49 0 1
Enrollment size
(in thousands) 20.29 13.61 1.06 37.83 20.74 14.13 1.06 37.83
Private institution 0.23 0.42 0 1 0.24 0.43 0 1
Institution emphasizes QR 0.39 0.49 0 1 0.32 0.47 0 1

Institutional characteristics examined included enrollment size, institutional
control (public/private institution), and institutional emphasis on QR. We initially
identified institutions with an emphasis on QR from a list provided by Steen
(2007) on his QL Web site and institutions that were featured in Current
Practices in Quantitative Literacy (Gillman 2006). In view of the time lag
between those sources and our data, we confirmed an institution’s emphasis on
QR through a review of the institutions’ Web sites (carried out in 2012). We
searched Web sites for evidence that the institution promoted QR, such as a QR
course requirement or a QR center. Members of the research team conducted the
Web site reviews, and then discussed the evidence to reach consensus on whether
a QR emphasis was indicated. The ten institutions identified as having an
emphasis on QR were those that had at minimum a QR course requirement for all
students. All of the institutions in the sample had a math requirement for students,
and many of the Web sites expressed a commitment to QR, but if the only course
requirement related to QR was a mathematics course then the institution was not
counted as having an emphasis on QR for these purposes. For example, one
institution’s Web site listed QR as a general education requirement, but it could
be filled by taking calculus or college algebra, with no evidence of a course
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specifically geared towards QR. In contrast, an institution that was identified as
having an emphasis on QR requires all students to pass a QL assessment exam or
a course titled “Introduction to Quantitative Reasoning.” In addition to a required
QR course, four of the ten identified institutions had a center on campus that
provided support for students to develop their quantitative skills in a variety of
courses. Some centers also offered support for faculty to integrate QR skills in
their courses. All but two of the ten institutions identified in our study as having
an emphasis on QR were featured by Steen (2007) and Gillman (2006). A list of
institutions and whether or not they were identified as having an emphasis on QR
is presented in Table 4.

Table 4
List of institutions and QR Emphasis Status

Emphasis
Institution on QR
Augsburg College Yes
Bacone College No
DePaul University Yes
DePauw University Yes
Dixie State College of Utah No
Elizabethtown College No
Florida A&M University No
Florida Southern College No
Hamilton College Yes
Hastings College No
Johnson State College Yes
Juniata College Yes
Manchester College Yes
Mount Ida College No
Penn State University - University Park No
Peru State College No
Shawnee State University No
Texas Tech University No
The Citadel, The Military College of South Carolina No
University at Buffalo, State University of New York No
University of North Carolina Wilmington Yes
University of South Carolina Columbia No
University of Washington Bothell Yes
Virginia Commonwealth University Yes
William Jewell College No

Data Analysis

Data were analyzed two ways. First, descriptive analyses were conducted
exploring student’s reported frequency of QR activities across disciplinary
categories. Second, multivariate techniques were used to assess the relationship
between reported use of QR activities and various student and institutional
characteristics. Given the nested structure of our data (students nested within
institutions), we used multilevel regression techniques (Raudenbush and Bryk
2002) to explore the relationship between student and institutional characteristics
and students’ reported frequency of QR activities. Prior to the estimation of the

https://scholarcommons.usf.edu/numeracy/vol6/iss2/art10

DOI: http://dx:doi.org/10.5038/1936-4660:6.2.10
www.manharaa.com



Rocconi et al.: QR Activities in College

multilevel models, preliminary OLS regression analyses were conducted to test
for the possibility of differential effects by major grouping (STEM versus non-
STEM). This was done by creating a set of interaction terms, by taking the
product of each independent variable (other than STEM) and the indicator
variable for STEM major. Then the amount of incremental variance explained by
the interaction terms was calculated. The increase in variance explained by the
addition of the interaction terms was statistically significant for both first-year
(AR? = .004, F(14, 7021) = 1.883, p = .023) and senior students (AR? = .008,
F(14, 6420) = 3.247, p < .001) indicating that the influences of the variables in the
model on the frequency of QR activities differed between students majoring in
STEM fields and non-STEM fields (Aiken and West 1991; Jaccard and Turrisi
2003). Based on these findings, the final analyses were conducted separately for
students majoring in STEM and non-STEM fields. Thus, we ran four separate
models for first-year STEM majors, first-year non-STEM majors, senior STEM
majors, and senior non-STEM majors.?

Limitations. This exploratory study used a very coarse measure of interventions
to promote QR—the simple presence or absence of institutional emphasis on QR
as inferred from institutional Web sites. It is likely that, as with many other
reforms, the fine details of implementation matter. From our Web site review, the
emphasis institutions appeared to place on QR varied greatly. Some institutions
had comprehensive and detailed programs where QR was integrated in a variety
of courses across the curriculum, while other institutions had a one-course QR
requirement for all students. In addition to course requirements, some institutions
offered a QR support center for students or faculty. In addition to the coarse
nature of the measure, basing the judgment of a QR emphasis on a review of
institutional Web sites is subject to error. QR emphasis may be insufficiently
documented on a Web site; we may have failed to locate relevant information; or
the information gleaned from our 2012 review may not reflect an institution’s QR
emphasis in 2011.

The dependent variable, students’ reported frequency of QR activities, is not
a direct measure of students’ exposure to QR. Future research could explore other
ways to investigate students’ exposure to QR. This could be done through direct
observation, an examination of course syllabi, or through interviews with faculty
members. While students’ perceptions may not be a direct measure of a students’
involvement in QR, it offers institutions an additional tool to assess the

2 We analyze first-year and senior students separately given the different educational experiences
between first-year and senior students. Most significantly for our study, first-year students are
typically enrolled in general education coursework, while seniors are typically enrolled in their
major coursework.
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opportunities they offer students to develop these important skills and can be

viewed as complementary to other direct measures of QR activity and ability.
With these limitations in mind, this study presents a valuable first step in

investigating the factors related to QR activities among college students.

Results

Results for the four multilevel regression analyses are given in Table 5. We
consider these results relative to the research questions stated earlier in this
article. Because we estimated separate models for STEM and non-STEM majors,
we consider the first two questions together.

Table 5
Regression Results®
First-Year Senior

STEM Non-STEM STEM Non-STEM
Intercept 2.554%** 2.159%** | 2.794%** 2.357***
(0.038) (0.026) (0.044) (0.023)
Female -0.177*** -0.253*** | -0.266*** -0.231***
(0.033) (0.021) (0.030) (0.026)
African-American -0.030 0.028 -0.050 0.150*
(0.044) (0.113) (0.077) (0.074)
Asian 0.126* 0.089* 0.055 0.181**
(0.057) (0.036) (0.048) (0.064)
Hispanic -0.034 -0.034 0.084 0.033
(0.080) (0.057) (0.080) (0.048)
Other race-ethnicity 0.161 0.125 -0.068 0.192**
(0.090) (0.080) (0.070) (0.064)
SAT score (divided by 100) 0.013 -0.035*** 0.019 -0.014
(0.011) (0.010) (0.012) (0.010)
First-generation status 0.037 0.013 -0.034 0.105**
(0.069) (0.027) (0.042) (0.037)
Age 0.001 -0.008 -0.004 -0.013**
(0.013) (0.005) (0.006) (0.004)
Transfer student 0.031 0.049 -0.034 0.034
(0.080) (0.076) (0.04) (0.030)
Full-time 0.025 0.160 0.255** 0.115*
(0.223) (0.091) (0.073) (0.054)
Distance education student 0.103 -0.008 0.130 0.164
(0.179) (0.137) (0.121) (0.147)
Institutional enrollment size -0.002 0.006* -0.0004 0.002
(in thousands) (0.003) (0.003) (0.004) (0.002)
Private institution 0.092 0.047 -0.007 0.068
(0.08) (0.075) (0.121) (0.069)
Institution emphasizes QR 0.069 0.132* 0.188 0.037
(0.075) (0.051) (0.097) (0.049)
Intraclass correlation .035 .015 .050 012
Variance explained at the student-level 012 .024 .028 .023
Variance explained at the institution-level .315 .290 242 .286

®Standard errors given in parentheses
*p<.05; **p<.01; ***p<.001

https://scholarcommons.usf.edu/numeracy/vol6/iss2/art10

DOI: http://dx:doi.org/10.5038/1936-4660:6.2.10
www.manharaa.com



Rocconi et al.: QR Activities in College

1. What is the relationship between student and institution characteristics and
QR?

2. Are the influences the same for STEM and Non-STEM majors?

In all four models, gender had a statistically significant relationship with
students’ use of QR activities. After controlling for the other variables in the
model, males tend to report more-frequent QR activities than their female
counterparts. Significant racial-ethnic differences were also found. The effect for
Asians was statistically significant in all models except the model for senior
STEM majors, indicating that Asian students tend to report more-frequent QR
activities than White students, net of the other variables in the model. The effect
for African-Americans was significant in the senior non-STEM model, indicating
that for this subgroup, African-Americans report more-frequent QR activities than
White students. SAT/ACT score had a modest negative relationship with QR
activities for first-year non-STEM majors. Thus, non-STEM first-year students
with lower average SAT/ACT scores tend to report more-frequent QR activities
than their peers with higher scores. First-generation status and age were both
positively related to frequency of QR activities for senior non-STEM majors.
Full-time seniors in both STEM and non-STEM fields engaged more in QR
activities than otherwise similar part-time seniors.

With regard to institutional characteristics, enrollment size and institutional
emphasis on QR had a significant positive relationship with frequency of QR
activities for first-year non-STEM majors. First-year non-STEM majors attending
larger institutions tended to report greater frequency of QR activities than their
counterparts attending smaller institutions.

3: Do students at institutions with a QR emphasis report more QR activities?

First-year non-STEM majors at institutions that emphasize QR report greater
frequency of QR activities. Our results show no evidence of a QR-emphasis effect
for senior non-STEM majors, however. Nor did we find evidence of a QR-
emphasis effect for STEM majors.

Discussion

These analyses document some interesting sources of variability in the reported
frequency of QR activities at a diverse set of four-year colleges and universities.
As would be expected, both first-year and senior students in STEM fields reported
more-frequent use of QR activities than students majoring in non-STEM fields.
As shown in Figure 1, first-year and senior students majoring in engineering,
physical sciences, and biological sciences reported the most-frequent use of QR
activities while education and arts and humanities majors reported the lowest

Published by-Scholar Commons, 2013
WWw.maharaa.com



Numeracy, Vol. 6 [2013], Iss. 2, Art. 10

frequency of QR activities. In fact, first-year STEM majors reported almost two-
fifths of a standard deviation (Cohen’s d=.37)® more-frequent QR activities than
non-STEM majors, and senior STEM majors report almost half a standard
deviation (Cohen’s d=.49) more-frequent QR activities than non-STEM majors.
The greater frequency of QR activities is hardly surprising, of course. At a
minimum, it offers some validity evidence for the QR measures used in this study.

Among most majors, Figure 1 shows seniors to have higher levels of QR-
activity frequency than first-year students. The exception appears to be the two
groups that show the lowest frequency at either level: education and arts and
humanities majors, among whom seniors report about the same frequency of QR
activities as their first-year peers. This suggests that students in these majors have
a lower exposure to QR throughout their undergraduate studies.

Not only does majoring in a STEM discipline appear to affect the frequency
of QR activities, the influences of several variables examined on reported QR
activity differed between STEM and non-STEM majors. These findings suggest
the need for individual colleges and universities to focus their efforts on better
understanding who in fact is being exposed to QR activities, especially in non-
STEM disciplines like education and arts and humanities.

4.0
35
B Engineering

3.0 H Physical Sciences
% u Biological Sciences
% 2.5 | H Business
3
2 m Other Professions
© 20 - m Social Sciences

Education
15 | Arts and Humanities
1.0 -
First-year Senior

Figure 1. Average Frequency of QR Activities by Class Level and Major Category

A welcome finding in these analyses is the absence of a relationship between
frequency of QR activities and measured cognitive ability as captured by
SAT/ACT scores for seniors and first-year STEM majors, net of the other

¥ Cohen’s d effect sizes are reported for statistically significant (p<.05) pairwise differences.

https://scholarcommons.usf.edu/numeracy/vol6/iss2/art10

DOI: http://dx.doi.org/10.5038/1936-4660:6.2.10
www.manharaa.com



Rocconi et al.: QR Activities in College

variables in our models. This suggests that prior preparation and achievement do
not pose a major obstacle to efforts to broadening students’ exposure to QR
activities. Interestingly, the effect for first-year non-STEM majors is negative
indicating that students with lower prior academic achievement tend to report
more-frequent QR activities than similar peers with higher scores. This finding
may be indicative of lower-ability students’ participation in developmental
education in mathematics. It may also be that students with lower admissions test
scores need to spend more time on these activities, and this is reflected in their
perceptions of frequency of behavior.

Female students showed a consistently lower exposure to QR than males in
all four models even after controlling for other demographic characteristics,
measured cognitive ability, and institutional characteristics. This is consistent
with the findings from NAAL which demonstrated that females tend to have
lower average QL abilities. Furthermore, the gender gap between males and
females ranged about 0.2 units on the QR scale, net of the other variables in the
model (see adjusted means for gender in Table 6). While the gender gap was
apparent in all four models, this could be related to differences in the gender
composition of the various majors aggregated together as STEM and non-STEM
majors, which themselves may vary in the degree of emphasis on QR activities.
For example, women make up a much larger share of biological sciences majors
than engineering majors (NSSE 2011), and, as shown in Figure 1, QR activities
were most frequent among engineering majors. However, when we examine
gender differences within major categories we still find a substantial gender gap.
For instance, first-year male students majoring in education, social sciences, other
professions (i.e., not business or engineering), and arts and humanities report
about three tenths of a standard deviation more frequent QR activity than their
female counterparts (Cohen’s d=.35, d=.29, d=.29, d=.28, respectively). More
research is needed to more fully explore these gender disparities.

Table 6
Adjusted QR Scores by Gender
First-Year Senior
STEM  Non-STEM STEM  Non-STEM
Males 2.66 2.32 2.93 2.50
Females 248 2.07 2.67 2.27

We also found QR activity to differ by race-ethnicity. While we found no
differences between African-Americans and Whites or between Hispanics and
Whites for first-year students, Asian first-year students—whether or not they were
STEM majors—reported more-frequent QR activities than Whites, even after
controlling for other student and institutional characteristics. Racial-ethnic
differences were also found for senior, non-STEM majors, among whom Asians
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and African-Americans reported more-frequent QR activities than Whites.
Despite these differences, results for senior STEM majors showed no evidence of
differences between Whites and African-Americans, Asians, or Hispanics. Thus
among seniors, QR activity in STEM disciplines does not appear to vary with
respect to race-ethnicity. While findings from the 2003 NAAL (Kutner et al.
2007) demonstrated racial-ethnic differences in QL, the same patterns were not
reflected in the frequency of college-level QR activities. Nevertheless, these
findings raise some interesting questions about why racial-ethnic differences are
present for some majors and not others. Here again, one possible explanation is
that these groups are differentially clustered in non-STEM majors which
themselves differ in QR-activity frequency as shown in Figure 1.

We found enrollment size to have a relationship with first-year students’
reported use of QR activities, but only among non-STEM majors. This effect was
net of controls for institutional emphasis on QR. The larger the institution, the
more frequently first-year non-STEM students reported using numerical,
graphical, and statistical information. What is it about larger institutions that
accounts for the more frequent use of QR activities among non-STEM first-year
students? It is possible that the mix of non-STEM majors is different at smaller
institutions (e.g., more majors in the arts & humanities). Another possibility is
that larger institutions are more likely to have first-year general education
programs that involve QR skills (e.g., a mathematic requirement). These
possibilities call for further investigation with a larger institutional sample that
would permit more detailed specification of institutional differences.

Institutional emphasis on QR appears to promote exposure to QR activities,
especially for first-year students and students in non-STEM disciplines. Results
from the regression analyses demonstrate that after controlling for pre-college
ability and other student and institutional characteristics, first-year non-STEM
majors at institutions with an emphasis on QR reported significantly greater
frequency of QR activity. That said, the magnitude of the effect of QR emphasis
was quite modest (standardized regression coefficient for QR emphasis is .08). On
the other hand, four of the five institutions with the highest average first-year QR
scores were identified as having an emphasis on QR. Further exploration revealed
that three of the top five institutions with the highest average QR scores for first-
year arts and humanities majors had a QR requirement for all students. This is of
particular interest because arts and humanities majors may be most in need of
such programs because their curricula typically do not emphasize QR activities.
These findings call attention to the likely variability in the fine details of what we
call a QR empbhasis, and they offer indirect evidence in favor of more-aggressive
efforts to ensure that all students have opportunities to develop QR skills.
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Figure 2. Average Frequency of QR for First-year Students by QR Emphasis

First-year students in most disciplines at institutions with an emphasis on QR
reported more frequent QR activity (Fig. 2). In fact, undecided first-year students
attending institutions with an emphasis on QR report almost three tenths of a
standard deviation (Cohen’s d=.28) more frequent QR activities than their
counterparts at institutions that do not emphasize QR. Moreover, first-year
education, social science, and other professional students at institutions with an
emphasis on QR had almost a fifth of standard deviation (Cohen’s d=.20, d=.16,
and d=.15, respectively) more-frequent QR activity than their counterparts at
institutions without a QR emphasis. Overall, these results suggest that
incorporating a QR course requirement (a criterion for our QR emphasis measure)
may be an effective way for institutions to increase the amount of QR activities
for first-year students in all majors, but particularly for those in non-STEM fields.
On the other hand, we found no evidence that institutional emphasis on QR
impacts the frequency of QR activities for seniors (whether STEM majors or not).
This could reflect the fact the most QR programs are geared towards first-year
students and suggests that the impact on first-year non-STEM students may be
due to the presence of a course requirement (which would normally be satisfied
early in a student’s career).

There may be other important variables not included that impact students’
frequency of QR activities, and the relatively small proportion of variance
explained by the regression models suggests this is the case. The low proportion
of variance explained is not completely a surprise given that other studies have
also shown that background characteristics explain relatively little variation in
student engagement measures (Pike 2004; Brint et al. 2012). Future studies should
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investigate what drives the variation in students’ reported use of QR activities.
For first-year students, a more systematic accounting of general education
requirements would likely improve the proportion of variance explained. Other
factors besides major—such as medical school intentions—could help to explain
variation in QR activities. For seniors, because STEM fields vary in their
everyday use of quantitative methods, a finer-grained measure of students’ majors
would also improve the model by affording a more in-depth examination of
disciplinary differences in students’ use of QR activities. Also, this study only
used information for the first major reported. Incorporating information about a
second major might also improve the model’s explanatory power. Although the
student and institutional characteristics employed in this study explained a
relatively small fraction of the variability in reported frequency of QR activities,
better understanding the relationship between these variables and QR is important
especially given that national assessments have found gender and race-ethnicity
differences in QL (Kutner et al. 2007).

Conclusions

This exploratory study is but a first step in investigating students’ use of QR
activities. Still, our findings present an interesting glimpse into college students’
participation in QR activities. We were interested in the relationship between
frequency of QR activities and various student and institutional characteristics and
found that QR activities were indeed related to several student and institutional
characteristics, even when examining STEM and non-STEM majors separately.
Additionally, we observed that the impact of these characteristics were different
for STEM and non-STEM majors. We also found that institutional emphasis on
QR was positively related to first-year students’ use of QR skills, especially
among students majoring in non-STEM disciplines. This finding is promising in
that institutional policies may indeed have an influence on students’ use of QR
especially for non-STEM majors who are most at risk for not developing these
skills.

Not only do these findings present a first glimpse into students’ use of QR
activities in college, they also raise interesting questions for future research. More
research is needed to investigate the link between involvement in QR activities
and actual QR abilities. Additional research also needs to explore how various
forms of institutional QR emphasis—such as the presence of QR centers on
campus and whether they provide services for faculty as well as students—
impacts students’ experiences with QR. We also need more detailed analyses on
the effectiveness of various QR programs such as QR course requirements versus
a QR-across-the-curriculum approach versus a combination of both. Studies could
also investigate how engagement in QR relates to outcomes such as GPA,
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retention, or critical thinking skills. Additional studies could also explore faculty
views of QR and how they structure their courses so students learn these
important skills. This may be particularly important among faculty in education
and arts and humanities, where our results suggest that QR experiences are
consistently the lowest. Indeed, these are the two disciplinary groups that showed
no noteworthy increase in QR activities among seniors relative to first-year
students.

These findings suggest value in explicitly assessing college students’
exposure to QR activities. Furthermore, they suggest possible avenues for
additional inquiry into the specific curricular and co-curricular features that most
effectively promote the development of QR skills. Hopefully, this will also lead to
more programs geared towards students that are at risk for not developing these
skills, particularly in non-STEM fields such as education and arts and humanities.

With the growing use of quantitative information in the workplace and in
everyday life, as well as the importance of QL for effective democratic
participation, it is essential that all college students—not just STEM majors—
develop facility in QR. Increased exposure to QR activities across all majors is
necessary to achieve this important goal. Results of this study suggest that certain
students may be at greater risk for not developing these important skills,
especially women and students majoring in non-STEM disciplines. These findings
also provide evidence for a modest positive impact of a QR course requirement
for all students. College and university faculty might use these results to begin
conversations about targeting interventions for those at risk of not developing the
QR skills necessary to succeed in this increasingly quantitative world.
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Appendix: Confirmatory Factor Analysis Results

The following tables provide model fit statistics and factor loadings from the
confirmatory factor analysis of the four QR items for both first-year and senior

students.
Table 7
Confirmatory factor analysis: Model-fit results

SRMR CFlI RMSEA PCLOSE
First-year .01 .99 .05 .38
Senior .01 .99 .06 17

Note: Adequate model fit is reflected by SRMR < .08, CFI >.95, RMSEA < .06,
and PCLOSE > .05 (McDonald & Ho 2002; Schreiber et al., 2006)

Table 8
Items, CFA factor loadings, and Cronbach’s alphas for first-year and senior students

Factor loading
Iltem First-year Senior
Reached conclusions based on your own analysis of numbers, graphs, or statistics .73 77
Used numbers, graphs, or statistics to help analyze a contemporary or historical issue

: .78 77

(poverty, climate change, etc.)
Explained in writing the meaning of numbers, graphs, or statistics .88 .90
Analyzed others’ conclusions by using numbers, graphs, or statistics .90 .88
Cronbach’s a .90 .90
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