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Introduction 

Numbers matter. In this information age, they inundate our lives in ways beyond 
what many postsecondary college students would fathom. Conveying the harsh 
realities of our numbers-saturated world to students who have traditionally turned 
away from mathematics is a nontrivial and important challenge. Indeed, such 
students’ numeracy, or ability to work with elementary mathematics in day-to-day 
life, is at stake and has an impact that permeates their lives in meaningful ways. 
Efforts to meet this challenge for students in first-year terminal math courses have 
been ongoing, though the continued existence of a reform movement indicates 
that this effort is as yet incomplete. In particular, instruction in college algebra 
courses appears most often to employ traditional lecture methods that may not 
promote quantitative literacy.  

This paper1 presents an exploratory study on the efficacy of problem-based 
learning in an online environment to promote numeracy for college algebra 
students. The number of available online college courses continues to grow (Allen 
and Seaman 2014).  Online courses can facilitate discussion among students, 
allow for student choice in assignments, and foster students’ research and writing 
skills. These benefits align with those of a problem-based learning environment, 
thus motivating this study on the effect of both in tandem. To our knowledge, such 
an approach to foster numeracy has not been studied among college algebra 
students. Such research is necessary so that students in terminal college math 
courses develop the skills they need to navigate a life filled with numbers.  

In particular, this study compares the growth in quantitative literacy (QL) 
among students in a traditional college algebra class to those in an online college 
algebra class that employs some additional project-based learning (PBL) while 
covering the same content in college algebra. Altogether, two variables (face-to-
face vs. online instruction, and conventional college algebra content vs. similar 
content with the addition of some PBL) are simultaneously investigated, and no 
attempt is made to disaggregate the findings among these variables. The online 
college algebra course with the addition of some PBL is considered in the whole. 
This study presents promising results and provides suggestions for future 
directions in research. 

Background and Framework for Quantitative Literacy 

Of the 1,791,046 bachelor’s degrees conferred nationwide in 2012, 18,842 were in 
mathematics or statistics and 145,924 were in engineering or computer science 

                                                 
1 This paper is derived from the Master’s thesis of the first author under the supervision of the 
second author.  References to “the researcher” indicate the first author.   
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(Snyder and Dillow 2013). This means that roughly 8% of students are preparing 
to tackle problems in engineering and computer science, about 1% are training to 
be mathematicians or statisticians, and 91% of students simply need mathematics 
to navigate their daily lives. 

Accordingly, Colwell (2003) uses the word “numeracy” to describe the 
notion of using mathematics to navigate the daily demands of life. Many have 
also referred to numeracy as quantitative literacy (QL) or quantitative reasoning 
(QR) (Burkhardt 2008). In this study, QL, QR, and numeracy are treated 
synonymously, through the definition of the charter of the MAA’s SIGMAA on 
QL (2004): 

Quantitative literacy (QL) can be described as the ability to adequately use elementary 
mathematical tools to interpret and manipulate quantitative data and ideas that arise in an 
individual’s private, civic, and work life. Like reading and writing literacy, quantitative 
literacy is a habit of mind that is best formed by exposure in many contexts.  

Additional elements in the researcher’s framework for QL include 
communication and mathematical affect. While these are not explicit in the above 
definition, they are as important as mathematical ability. Wilkins (2010) 
developed a “multifaceted construct” for QL encompassing ability, self-efficacy, 
and one’s beliefs about the utility of mathematics. Moreover, Hughes Hallet 
(2003), Wiggins (2003), and Lutsky (2008) argue for the importance of writing 
and argumentation in framing QL. Funneling these elements into one, this study 
views numeracy as that described in the charter along with the elements of 
communication and mathematical disposition. With a working definition in hand, 
we turn to the motivation for QL and for this study. 

Motivation for Numeracy 
While the underpinnings of the QL movement developed in the late twentieth 
century, its genesis is found in the seminal text Mathematics and Democracy 
(Steen 2001). From this text arose a proliferation of research and activity on 
college campuses. Indeed, soon after, the National Numeracy Network (NNN) 
formed with a mission of promoting QL at all levels (Madison and Steen 2008). 
Since 2004, the NNN has held annual meetings and now also publishes this 
journal, Numeracy, twice annually. In a similar vein as the NNN, in 2004 the 
Mathematics Association of America (MAA) formed a Special Interest Group on 
QL (SIGMAA-QL), which meets annually at the Joint Mathematics Meetings. 
The association released major publications in 2003, 2004, 2006, and 2008, all of 
which echo the call for increased attention to quantitative literacy at both the 
secondary and postsecondary levels. So in light of the meetings and work, one can 
easily ask: Why? For those interested in undergraduate mathematics education, 
key reasons include the link between QL ability and one’s welfare, the tenuous 
status of first-year postsecondary math courses, and a growing movement for 
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accountability in general education outcomes. These components are briefly 
addressed here. 

To begin, researchers have found that mathematical ability is connected not 
only to wage increases and likelihood of fulltime employment (Rivera-Batiz 
1992; Eide and Grogger 1995; Levy et al. 1995), but also forward thinking in 
one’s personal finances (Lusardi 2012; Nye and Hillyard 2013). In addition, 
numeracy is linked with better decision-making (Peters et al. 2006; Jasper et al. 
2013), nutrition label understanding (Rothman et al. 2006), as well as with better 
risk comprehension in healthcare (Fagerlin et al. 2007; Lipkus and Peters 2009).  

In light of numeracy’s potential impact on long-term well-being, it is 
understandable that educators would strive to develop it in students. However, 
many argue that the current sequence of math courses in secondary education – 
geometry, algebra, trigonometry, and calculus (GATC) – is not conducive to 
effecting a numerate citizenry (Steen 2001). To Madison (2003, p. 154), the 
GATC sequence sifts “through millions of students to produce thousands of 
mathematicians, scientists, and engineers.”  That is, while intuition might suggest 
that courses in the GATC sequence develop QL in students, the reality is far 
different. The reason for this quandary is that mathematical and quantitative 
literacy are not equivalent (Steen 2001). Mathematical literacy provides a firm 
foundation for QL; however, it does not directly cause it, and it would be 
misleading to claim there is a simple relationship between the two (Madison 
2003). As a simple example, one may be able to solve a quadratic equation but 
have no idea of how to interpret a percentage in a news article; such a student 
would exhibit mathematical literacy but not QL. Conversely, another individual 
may be able to interpret the percentage and discuss the author’s argument, but not 
solve the quadratic equation. Indeed, numeracy and mathematical literacy are not 
the same. 

The implications of this are important. Hughes Hallett (2003) suggests that 
although the foundations of QL are laid in middle-school, it is the responsibility of 
high-school and college faculty to cultivate this knowledge as students develop. 
As such, universities must carefully examine the courses they designate to fulfill 
general education requirements. If a student will not take a course past college 
algebra, and this college algebra course fulfills a general education requirement, 
the course must have some benefit aside from preparing a student for future math 
courses. A reason for calling attention to this responsibility is that college algebra 
– a course often taken by students who will not take calculus – has a particularly 
nasty reputation for its complicity in failing to foster QL. Madison (2003) and  
Steen (2004) lament the traditional college algebra course, noting that a great 
number of students never need to apply this content in later studies or in their 
careers.  
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Seeking a fresh start, Small (2006) suggests that an improved college algebra 
course would have little lecture and instead a considerable number of small-group 
activities and projects; it should focus on real-world, ill-defined modeling rather 
than traditional word problems; it should contain a strong focus on 
communication and have little traditional assessment. And while Small’s vision is 
admirable, college algebra at most U.S. universities does not fulfill his 
expectations. Data from a 2010 survey conducted by the American Mathematical 
Society (AMS) of four-year colleges and universities indicate that 29% of all non-
remedial intro-level math enrollments are in college algebra, topping both 
precalculus and other liberal arts math courses for the introductory math course 
students take (Blair et al. 2010). College algebra also exceeds introductory 
statistics in course enrollments, as 242,000 students took the course in 2010, 
versus 231,000 taking an introductory statistics course. From a pedagogical 
standpoint, data from the survey reveal that only 16% of college algebra sections 
required writing assignments, and 65% used a “traditional” lecture-based 
approach assessed through tests and quizzes, meaning the course content and 
delivery methods were essentially the same as those in 1990. Additionally, many 
of these college algebra courses are instructed by graduate students. With nearly a 
quarter-million students taking the course each year, these data are troubling. 

Additionally, while college algebra is the focal course for this study, it is 
instructive to note that math for the liberal arts – designed as an alternative to 
precalculus or college algebra – has not been a panacea for all math departments. 
Though such courses formed to fulfill QL requirements, Ganter (2012) notes that 
most often these classes cover a broad survey of math topics or simply those that 
faculty desire to teach; they are rarely designed with the intent of developing 
students’ quantitative reasoning ability. Richardson and McCallum (2003) use an 
apt analogy, suggesting that such courses teach one to appreciate a work of art 
(mathematics), rather than produce the art for oneself. Having said this, it is 
worthwhile to note that over the last five years a meaningful push has emerged 
towards legitimate QR-focused courses. Texts by Madison et al. (2012) and 
Crauder et al. (2014) exemplify this approach, with the former text discussed later 
in connection with this study. In summation, as the aforementioned AMS survey 
did not incorporate a category distinguishing math for the liberal arts from these 
more QL-focused courses, and no other data exist yet on their existence at four-
year colleges, it appears that Small’s “fresh start” has not been realized. 

Fostering QL in a Problem-based, Online Learning 
Environment 
As college algebra remains so prominent in undergraduate math programs, it is 
essential to make every effort to fulfill its promise of being a course with QL 
designation. A novel yet promising approach for this task is to place college 
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algebra online with a problem-based learning (PBL) structure. These dimensions 
are investigated below. 
 Problem-based learning is broadly characterized as an active learning 
approach where students develop content knowledge and other skills through self-
directed or group problem solving (Strobel and van Barnevald 2009). A traditional 
approach to teaching college mathematics – which would involve lecture followed 
by assessment through tests and quizzes – would not be considered PBL. In a 
meta-analysis of face-to-face PBL research, analysts found that it was superior 
compared to the traditional lecture approach in the areas of long-term content 
retention, skill development, and satisfaction of students and teachers (Strobel and 
van Barnevald 2009). Altogether, PBL aligns with the recommendations of 
numeracy experts. Indeed, according to Ganter (2012, p. 8), “Teaching methods 
for quantitative literacy courses are not lecture and listen, but they may involve 
group work, projects, writing, and many of the approaches advocated by those in 
the calculus reform movement.”  While PBL appears to be a promising approach 
to teaching QL-designated courses, caution is in order before simply 
implementing the strategy online. A careful delineation of online courses and their 
relation to PBL is in order first.  
 Online courses have been examined regarding their effectiveness when 
compared with face-to-face courses. Having examined more than 355 studies 
comparing distance courses (mostly online) to face-to-face counterparts, Russell 
(2001) released an initial hallmark analysis arguing that there was no significant 
difference between course-delivery mediums. A spate of other analyses followed. 
As no surprise, some meta-analyses have found that online learning is no different 
or superior (Bernard et al. 2004; Zhao et al. 2005; Caldwell 2006; Means et al. 
2009), while others have found the opposite (Rovai 2002; Figlio et al. 2010; 
Tanyel and Griffin 2014). In particular, it has been found that online math courses 
– especially at the community college level – suffer from low retention rates 
(Mensch 2010; Xu and Jaggars 2011). Taking a step back, one sees that these 
studies do not contradict one another; rather, many measure success differently, 
ranging from student GPA and course retention to student performance on end-of-
course exams and sense of classroom community. Nevertheless, it may seem 
disheartening that there is no definitive answer to the question of medium 
effectiveness; on the other hand, this may emphasize that quality instruction is 
what leads to student learning, regardless of course delivery mode (Oncu and 
Cakir 2011; Xu and Jaggars 2011). Consistent with face-to-face courses, some 
have suggested that best practices associated with online learning include that 
assessment should be diverse and allow for student choice (Robles and Braathen 
2002; Gaytan and McEwen 2007; Gikandi et al. 2011;); moreover, it should 
depart from high-stakes tests and the promotion of surface learning (Reeves 2000; 
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Rovai 2000; Speck 2002; Garrison 2003; Herron and Wright 2006; Vonderwell et 
al. 2007; Elliott 2008; Beebe et al. 2010). 
 Though the aforementioned researchers do not directly reference PBL, such 
quality instruction is in line with problem-based learning (Powers and Dallas 
2006). In fact, studies have found significant increases in measures of students’ 
critical-thinking skills upon taking an online PBL course (Cheaney and 
Ingebritsen 2006; Sendag and Odabasi 2009). Indeed, despite the fact that web 
students are not sitting in a classroom beside one another, a learning management 
system (LMS) permits collaboration (whether through discussion forums or 
wikis) as well as reflection time during communication (Wegerif 1998; Benson 
2003; Meyer 2004; Chinnappan 2006; Larreamendy-Joerns and Leinhardt 2006; 
Perera-Diltz and Moe 2014;). In line with such communication, a meta-analysis 
suggests that discussion forums are powerful tools to increase student interaction 
and achievement (Blackmon 2012). From this, it can be seen that PBL can have a 
significant impact on QL in both online and face-to-face settings. As such, we 
now turn to examining how one determines if such a strategy is effective in 
promoting numeracy. 

Assessing Numeracy 
Over the last decade, researchers have performed a variety of small-scale studies 
to explore the nuances of teaching QL, many of which are found in Numeracy; 
however, at the time of this writing, no researcher has examined QL in an online 
environment. At the 2014 Joint Mathematics Meetings in Baltimore, the 
SIGMAA-QL focused on assessing numeracy, and a succession of institutions 
presented their techniques for assessment. Some universities, such as UMass- 
Boston, Hood College, Colby-Sawyer College, and Central Washington 
University have designed assessments of their QL requirement (Boersma and 
Klyve 2014; Dunham 2014; Kilic-Bahi 2014; Mast 2014). The schools’ 
evaluations typically account for some or all of the following elements: (1) 
communication skills, (2) mathematical disposition, and (3) ability to solve 
contextualized problems using elementary mathematics. While each institution’s 
program assesses the second skill listed above, only those at Hood College and 
Central Washington University measured all three. Nonetheless, an issue in using 
any of these models for assessment is that all were designed with the respective 
college’s specific QL goals in mind; none were designed for replication by others. 
Hence, not only may these be inappropriate for any particular university and set of 
students, but using one would not further the knowledge base of QL assessment 
measures. Given the time constraints within this study, we delimit our choice to 
one which would aid in accomplishing that goal. Indeed, as Scheaffer (2008, p. 
12) noted in the opening issue of Numeracy, “QL research must strive for a strong 
base of systematic, coordinated and cumulative research from the outset.”  
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Fortunately to that end, Eric Gaze (NNN president) has worked with a cross-
institutional team of researchers over the past five years to design the Quantitative 
Literacy and Reasoning Assessment (QLRA); after years of edits for validity and 
reliability, the QLRA is now available online (Gaze et al. 2014). As of 2014, the 
QLRA includes 20 multiple-choice questions and five Likert-scale attitudinal 
questions. It can be used for pre- and post-tests of QL, and more than 25 
institutions used it in 2013. It is designed to measure all three skills referenced 
above, although its assessment of communication is admittedly tenuous. The 
questions designed to assess communication require the student to simply choose 
a correct mathematical statement rather than produce their own. The QLRA’s QL-
focused mathematical content includes number sense (e.g., ratios in context, 
percent change, currency conversions), visual representation (e.g., common 
graphs found in a newspaper), reasoning (e.g., basic capture-recapture problems), 
and probability and statistics (e.g., interpretation of the median). Notwithstanding 
its weakness in assessing student writing, the QLRA is an ideal choice for the 
purposes of this study. It permits an investigation of the hypothesis discussed in 
the following section as well as a comparison of this institution’s students’ 
numeracy with that of students at other universities. As no research has 
specifically honed in on QL in an online environment, this study explores that gap 
and provides an avenue for future research.  

Methodology 
Study participants included a convenience sample of 57 students enrolled in two 
sections of college algebra at a midsized southeastern university in the U.S., 
where the primary responsibility for students meeting QL requirements resides in 
courses offered through the Mathematics Department. Twenty-eight of these 
students took the online section of the course, while the rest took the course in a 
traditional face-to-face lecture format. The demographics of the students in the 
two classes were very similar in a number of ways including: distributions of race 
and age; mathematical backgrounds; incoming mathematical abilities and 
attitudes; and the percentages of students who were taking the class as a terminal 
course vs. those who intended to take further mathematics.  
 The two sections used the same textbook and covered roughly the same 
sections in the text. The only sections covered in the face-to-face section but not 
in the online course were those on the conceptual notion of a derivative. 
Therefore, from the context of mathematical content, these two courses were very 
similar. The face-to-face course was traditional and lecture-based; tests comprised 
the majority of students’ grades; and no specific additional focus was placed on 
QL – understanding that the course as designed was intended to meet university 
QL requirements. The online course necessarily placed somewhat less emphasis 
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on a few mathematical topics in order to permit time for student discussions on 
real-world topics and readings. As a whole, students in the online course spent 
slightly more time on writing and discussing applications of the math content, and 
slightly less on computational homework problems. In light of the online section’s 
non-traditional design, we give a more detailed description below. 
 The structure of the online course included traditional college algebra content 
quizzes, short Geogebra2 assignments, weekly discussion forums, and four major 
projects. There were no tests, and the discussions and data-driven projects 
comprised the majority of students’ grades. Weekly forums included topics such 
as earthquakes in the news (the logarithmic Richter scale), Diana Nyad’s 
controversial swim (the topic being concavity, in relation to a time vs. distance 
graph of her swim), and Thomas Malthus’s essays on population growth. In 
addition, three of the news articles that students analyzed for the forums were 
taken from Case Studies for Quantitative Reasoning: A Casebook of Media 
Articles, by Madison et al. (2012), who spent several years crafting the text for a 
course in QR.  Students analyzed these articles during weeks where  their content 
was pertinent to the course. For the more substantial projects, topics included 
concavity in relation to population growth, GPA in relation to linear regression, 
viruses in relation to exponential growth, and the use of Gapminder3 to formulate 
and develop a model based on data. Clearly, all of the assignments were 
contextualized in some way and required students to communicate arguments or 
opinions using mathematics. As a whole, the course was designed so that – in 
addition to learning the content of college algebra – students would develop skills 
in mathematical communication, modeling, online research, and data analysis in 
Microsoft Excel. Altogether, the online course had two characteristics 
distinguishing it from the lecture-based section: the course was offered online 
rather than face-to-face, and the content instruction also included the experience 
of students performing four project-based learning activities and discussion 
forums.   

The hypothesis in this study is that students in the online course with some 
PBL activities will have greater gains in QL. Both variables were intertwined 
within the intervention and no effort was made to disaggregate the findings based 
on one or the other variable. Having students complete PBL tasks in an online 
format allowed for both a rich opportunity for discussion and time for students to 
reflect upon their work and ideas and those of others. The purpose of the present 
study is to examine the efficacy of the online PBL environment in comparison to 
the traditional face-to-face approach. This study measured change in QL and not 
                                                 
2 Geogebra is a free dynamic geometry software with capabilities for doing algebra, statistics, and 
calculus. One can learn more at https://www.geogebra.org/.  
3 Gapminder is a website with data on numerous economic and geographic indicators for each of 
the world’s countries. One can access the site at http://www.gapminder.org/. 
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ability in college algebra; there was no attempt to quantify differences in college 
algebra growth between the sections. However, with more time, this objective 
would have been an enlightening addition. 

Staying in line with the study’s framework for numeracy, students would be 
successful in QL growth if they improved their (1) communication skills, (2) 
mathematical disposition, and (3) ability to solve contextualized problems using 
elementary mathematics. Clearly such a variety of skills could be assessed in a 
simple exam – a mixed-methods approach was in order (Grawe, 2011). Here, this 
approach entailed having students in both courses take the QLRA and answer an 
open-ended survey question at the beginning and end of the semester. Also used 
were comments from the discussion forum as secondary data while recognizing 
that comparisons were unavailable as the forum was not an option for the face-to-
face course.  

In analyzing the QLRA scores, the 20-question content portion of the QLRA 
and the Likert portion of the QLRA were treated separately. The Likert-scale 
questions were on a scale of 1-5, with 1 representing “Strongly Disagree” and 5 
representing “Strongly Agree.” For questions 1, 3, and 4, higher responses 
indicated that one had a positive disposition towards mathematics; for questions 2 
and 5, lower scores indicated a positive disposition. In addition to taking the 
QLRA, all students answered a brief survey question when taking the exam: It has 
been said that "The world is awash with numbers." Do you use math in your daily 
life, or do you avoid doing calculations? The purpose of this question was to gain 
qualitative data about students’ mathematical dispositions that the Likert-scale 
questions could not capture. The Likert-scale and survey items assessed skill 2 
above, while the content questions addressed skill 3. As all the content questions 
required students to read carefully, and some even required students to pick the 
correct statement of mathematics, the assessment of skill 1 was somewhat 
assessed through these questions. However, it is conceded that communication 
was not fully captured through this approach. As a final source of evidence, 
comments from the online discussion forum throughout the semester were drawn 
upon. The comments chosen were those deemed notable because they presented 
some facet of QL from a student who did not necessarily perform well in the 
course as a whole. Because the online forum was clearly not a part of the face-to-
face course, comparisons cannot be made and will be used only as supplementary 
evidence. 
 As referenced above, a number of variables differentiated the two classes 
involved in this study.  The face-to-face course was instructed and assessed 
through very traditional means.  The online course introduced four additional 
project-based learning (PBL) activities, writing critiques of a small number of 
articles, and being assessed through alternative assessments rather than through 
traditional exams.  Altogether, these numerous variables set the stage that they 
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may all work together to confound the others.  Disaggregating the data to speak to 
one variable at a time was not possible.  Thus, this study cannot speak to any one 
dimension of the online, PBL, alternative assessment course; all components were 
considered simultaneously. The researcher posits that if the course were simply 
delivered online with exactly the same algebraic content covered in almost 
identical form as the face-to-face course, then one would not see differences in 
QL among the sections. Similarly, the researcher believes that if the course with 
the addition of some PBL activities were delivered in the face-to-face format, one 
would see mild gains in QL; however, they would not be as great as those 
potentially demonstrated by the online course with PBL activities. 

Results 

Figure 1 demonstrates that (on average) students in both sections improved their 
QLRA math content scores upon completing the course. As the students just 
completed a math course (perhaps not having taken one in years), it is reasonable 
that they would recall or gain basic math skills. While it can be seen that the 
online students began with a higher average than that of the face-to-face section, 
this difference was not found to be significant. In addition, it is instructive to note 
that neither course section made a large jump in the number of QLRA math-
content questions answered correctly.  

 
Figure 1. QLRA content-question results. 

Figure 2 illustrates the changes in mathematical disposition over the course of 
the semester. Recall that a gain on questions 1, 3, and 4 is considered positive, 
with the opposite holding for questions 2 and 5. With this in mind, one can see 
positive gains for the online course in questions 1-4, but a loss on question 5. As 
that question is not significantly different from the others, it is plausible that the 
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loss is nothing of concern. Furthermore, we see mild gains in affect for the face-
to-face section on questions 1, 3, 4, and 5; however, there is a sizeable “loss” on 
question 2. 

 
Figure 2. QLRA Likert-scale question results. 

Table 1 shows that students in the online section made statistically significant 
gains in the QL math content while those in face-to-face section did not. It also 
illustrates the same pattern with respect to mathematical disposition through 
Likert-items 1, 2, and 4. Note the loss in Likert-item 5 for the online course is not 
significant, thus again confirming the notion that the result is of little concern. 

Table 1. 
Statistical analysis of QLRA results 

 Average Pre-Post 
Online 

Difference 

p-value 
 

Average Pre-Post 
Face-to-Face 
Difference 

p-value  
 

Math-Content Questions 1.214 0.014* 0.414 0.186 
Likert Question 1 0.357 0.033* 0.034 0.439 
Likert Question 2 0.429 0.028* 0.207 0.793 
Likert Question 3 0.799 0.055 0.103 0.324 
Likert Question 4 0.393 0.043* 0.034 0.441 
Likert Question 5 0.071 0.635 0.241 0.128 

Note: Asterisks indicate significant results at the p < 0.05 level. 
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Discussion 
As shown in Table 1, although students in the online course demonstrated some 
small growth in their QL math-content scores, these changes were statistically 
significant. Simultaneously, gains in their disposition towards mathematics, as 
determined by the scores on the five Likert items, were statistically significant. 
However, students in the face-to-face section evidenced no significant gains on 
the QLRA content or improvement in mathematical disposition as a result of 
taking the course. The fact that the online students performed better on the QLRA 
math content is not necessarily surprising. Intuitively, one could simply posit that 
all students should perform better because they had seen the questions before and 
had just taken a math course; however, this notion would not explain why the 
face-to-face students did not perform significantly better. A more-plausible 
explanation is that nearly all of the QLRA questions require students to read 
carefully and communicate properly; the assessment components of the online 
course emphasized this. As no aspect of the online course taught to the exam – 
and the content of the two courses were the same – it seems that, when an 
instructor includes proper mathematical vocabulary usage as part of assessment 
and grading, students improve their own ability to distinguish between correct and 
incorrect mathematical communication.  

It is instructive to note that the QLRA math content is distinct from college 
algebra content. This study made no comparison regarding gains in course content 
knowledge; however, as college algebra content is not a component of QL, this is 
not a cause for concern. In addition, the researcher believes that if both sections 
were given a common college algebra final exam, the classes would perform 
similarly, save for a section on piecewise functions and one on derivatives, which 
the online class did not cover. 

Admittedly, students’ gains in respect to QLRA content were not as great as 
had been hoped by the research design. Nevertheless, these results indicate that 
students can gain content QL in an online PBL environment and that such gains 
can exceed those attained through traditional face-to-face delivery. Note that to 
some extent, this finding may be circular in nature – students improved in QL- 
content knowledge when QL was a central emphasis of the course – nonetheless, 
it suggests that there is a positive future for numeracy in PBL online courses.           

The statistically significant gains on the Likert-scale questions are also 
encouraging. Questions 1, 2, and 4 may be summarized as one’s belief that 
quantitative information is useful in making decisions in day-to-day life. As 
discussed earlier, such a positive disposition towards numbers is a significant 
component of QL. In light of the fact that college algebra is a terminal course for 
many who take it, one’s affect regarding math upon leaving the course has a 
potential to remain with them. In contrast to the math content, the researcher did 
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make specific efforts to better students’ numerical attitudes throughout the 
semester. Many of the discussion forums and projects had a real-world focus and 
permitted students to investigate mathematical topics they found interesting. The 
payoff from this effort is then natural: students began to see math in a more-
positive light. It is believed that this desired outcome would not have occurred 
without such alternative assessments. Students in the face-to-face section 
completed homework and prepared for quizzes and exams; aside from “word 
problems” in the text, they did not have the opportunity to find for themselves the 
applications of what they were learning.  

Indeed, a significant difference between the online PBL course and the 
traditional face-to-face course was in the amount of mathematically based reading 
and writing experienced in the courses, with the online course requiring 
considerably more. Numerous researchers argue that reading is a unique mode of 
learning essential for mathematics understanding (e.g., Bishop 1988; Siegel and 
Borasi 1992; Borasi et al. 1998). Writing in mathematics similarly deepens 
mathematical understanding and extends thinking by sustaining students’ 
development of reasoning, communication and connections (e.g., Shepard 1993; 
Grossman et al. 1993; Drake and Amspaugh 1994; Doherty 1996; Porter and 
Massingila 2000). Marks and Mousley (1990) contend that meaningful reading 
and writing experiences are rare in traditional face-to-face mathematics courses. 
Since students demonstrate a more-positive disposition when they understand 
concepts and are effectively learning, and they learn more effectively through 
reading and writing, it is reasonable that the online PBL-based course structure 
would produce marked gains in QL disposition. 

As mentioned earlier, students also responded to an open-ended question 
when taking the QLRA. The results of this bolster the disposition findings above. 
In the replies from the face-to-face section, most students noted that calculations 
were important in day-to-day life but that they never found themselves needing 
“advanced” math; students answered similarly in the post-test. Among the online 
students, most initially gave a response akin to that of the face-to-face students; 
however, their post-test responses were distinct and quite detailed. Many of the 
students referenced specific course assignments – or topics they learned about in 
their research – as reasons that the world was filled with numbers. A typical 
response from each section to question (1) is given in Table 2. 

It could be argued that students in the online course provided more-expansive 
responses to open-ended prompts because of the continual discussion they 
participated in as part of the QL-promoting investigations. While this may be the 
case in part, nevertheless, the responses by these students were quantitatively 
(length) and qualitatively (substance) different from those of the students in the 
face-to-face course, even in the cases of students who passed the course with 
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lower grades. Thus, again, the online environment demonstrates potential to 
promote positive dispositions in QL.   

 
Table 2. 
Typical responses to an open-ended question. 

 Pre-Test Response (From the same 
individual) 

Post-Test Response (From the same 
individual) 

Face-to-Face Course 
  

I use them usually with a calculator, 
but I don't use any sort of formula in 
everyday life. I probably would not 
as day to day calculations don't 
usually require more than a 
calculator. 

I do use them in my everyday life. 
There are a lot of things that require 
numbers and to live without making 
calculations would be very difficult. 

Online Course I do use math often, probably every 
day. I probably use it more than I 
realize. 

Surely, math is used in everyday life. 
Whether it is seeing how much 
longer we can sleep in before 
missing our bus, to calculating tips, 
to crunching numbers on 
performance evaluations, math 
cannot (and probably should not) be 
avoided. I think math can certainly 
be used more if used correctly. For 
starters, it is much easier to judge 
news articles as reliable when graphs 
and stats are understood. It is more 
understandable if a virus is really 
growing exponentially or if that 
word is just used incorrectly. 

 

A final source of promising evidence for the online approach is comments 
drawn from the online course’s discussion forums. Students responded positively 
to forums on concavity, exponential and logistic growth, and logarithmic 
functions (among others). A key in designing these forums was relating the topic 
to news events, famous figures, or ideas students could explore. With concavity, 
students discussed a time vs. distance graph of Diana Nyad’s swim from Cuba to 
Florida; for exponential and logistic growth they researched the ideas of Thomas 
Malthus and Pierre Verhulst; for the Richter scale they examined recent 
earthquakes and how the damage described in media articles corresponded to the 
math of logarithms. Such discussions were not difficult to design but do require 
legitimate effort on the instructor’s part; they promote numeracy because students 
who see math in the real-world are more apt to view the discipline in a positive 
light. Sample comments from the forums are included in Table 3. Information 
about the students’ course performance is included to support the notion that it is 
not simply the high-achieving students who make numerate comments in the 
forums. Again, these results may speak to the results of learning mathematics 
through reading and writing, as they were more emphasized in the online course. 
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Table 3. 
Example forum comments from the online course 
    
Student Forum Topic Comment Course 

Grade 
1 The mathematics of 

the Ebola outbreak 
This article isn’t good. It makes the claim that Ebola is growing 
exponentially but never uses math or any proof that it is growing 
that way. They use WHO as a source but all they claim is that 
WHO said it was growing exponentially. They need more proof to 
back up their claims and valuable sources. 
 

B  

2 Logarithms and 
earthquakes 

Now that I understand how the Richter scale compares the 
different earthquakes, it puts it in perspective how powerful these 
earthquakes are that devastate the West Coast and the rest of the 
world. To see that an earthquake in Chile can be 158.5 times more 
powerful then the one in San Francisco is astonishing to see even 
when the one in San Francisco was still so devastating to the area. 
 

D 

3 Concavity and Diana 
Nyad’s swim 

The graph is increasing and has the general starting shape of a 
concave down graph. The average rate of change from one mile 
marker to the other is not consistent. I can image that swimming 
110 miles from Cuba to Florida is not an easy task and her body 
could not physically swim at a constant rate the whole time. My 
guess is that she had some extra help along the way. It is just hard 
for me to wrap around the concept that she was only able to swim 
about 4 miles in 255 minutes but a miraculous 17.21 miles in 239 
minutes. Regardless, I give Nyad credit for even attempting to do 
this at the age of 64! The graph clearly shows that she traveled the 
whole distance, but I highly doubt that she did it all by herself. 

B 

Conclusion 
The results of this study support the notion that, if the goal is to improve QL in a 
college algebra course, providing the course through PBL in an online 
environment can produce positive results. In this study, surprisingly little PBL 
experiences (only four projects and a small number of discussion forums) were 
employed in the online course; and yet significant results were seen in student 
growth in QL – particularly in comparison to the traditional face-to-face group. 
This finding has some important implications. First, very little change is needed to 
the structure and materials in a college algebra course in order to facilitate student 
growth in QL. The same algebraic content can be covered with only small 
additions of PBL, and QL growth can emerge. Since the online course in this 
study did not attempt to make sweeping alterations to the traditional college 
algebra course, one must wonder how much greater QL growth could be 
generated with even slightly more PBL experiences.  

Second, there is no need to fear online learning environments, when they are 
properly developed and executed. Indeed, PBL and online instruction can work in 
tandem to produce both mathematical learning and QL growth in college algebra 
students. This bodes well for the future of college mathematics as it seeks to meet 
the QL needs of students.  
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Limitations and Further Directions 
The central goal of this exploratory study was to examine the efficacy of an 
online, PBL environment in promoting QL in a college algebra course. The results 
of the study confirm the researcher’s hypothesis and provide strong preliminary 
evidence that such an approach can be effective. Notwithstanding, due to the 
logistics of the study, there are limitations to the findings. To begin, the study does 
not show causation; issues include the lack of subject randomization as well as 
differing course instructors. Moreover, the study does not account for whether the 
online environment, alternative assessment, or a mixture of the two is responsible 
for gains in students’ QL. Future studies should compare all of these variations in 
order to isolate key factors. Such an environment is likely to remain prominent in 
both students’ lives and as a course-delivery medium for the foreseeable future. 
As such, mathematics instructors must understand the online, PBL environment’s 
ability to foster numeracy. For in a world “awash with numbers,” we are the 
lifeguards keeping students afloat. 
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