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Abstract  
Over the last decade, the number and types of technological resources available have increased 
dramatically. These resources are of varying costs, quality, adaptability, and purpose. This 
presentation will focus on the specific technological resources used for an online low cost summer 
mathematics bridge, or refresher, program. The various constraints placed on available choices will be 
discussed as well as the benefits and deficits of the various resources used. 

To understand some of the constraints, it is necessary to understand the purpose of the program. 
Incoming college students in the United States continue to struggle with adjusting to college level 
courses, particularly in mathematics. Recently, there have also been significant budgetary challenges 
for many public universities. With the pass rate for many first semester mathematics courses below 
fifty percent at our university, we were tasked with creating a low cost online learning environment that 
would increase the first semester pass rate. 

There is a variety of adaptive and interactive technologies on the market that target the subject area of 
our project. However, many are expensive and require a significant financial commitment from our 
university, or from the individual participants, or both. These particular technologies were not feasible 
due to the financial constraints of both our participants and our university. In order to keep the costs 
low, existing online learning resources such as Khan Academy were ultimately used to implement the 
curriculum that had been designed for this program. While Khan Academy is “free forever”, it lacks 
instructor supports that are available in some of the costlier options. Therefore, a larger ongoing time 
commitment from the program administrators has been required over the lifetime of the program. We 
will address the strengths and weaknesses of this type of technology as well as how this affected the 
program. 

In addition to online curriculum resources, online classroom environments were also required as well 
as that would technological resources facilitate communication between the participants and the online 
tutors and instructors. As part of this presentation, we will also discuss our rationale and constraints 
for choosing these types of technology. 

Finally, the choice of an online program versus a more traditional in-person program will be discussed. 
The data collected over the last three years show that student success can be improved through a 
relatively low cost, technology dependent distance course. However, that does not mean that the 
amount of human investment has been lessened. While allowing the program to reach a more diverse 
population, the amount of hours invested in building and maintaining the program rival or exceed that 
of a traditional in-person course. 
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1 INTRODUCTION  
Secondary students in the United States have continued to have difficulty in successfully transitioning 
to university education.  For example, in 2016 only thirty-eight percent of graduating seniors who took 
the ACT exam met the college level benchmarks in at least three out of the four core subjects of 
English, mathematics, reading, and science.  For mathematics specifically, forty-one percent of high 
school graduates who took the ACT met the ACT college readiness benchmark.  In addition, the 
figures are even bleaker for students from racial and ethnic minorities. By way of illustration, only 
thirteen percent of African Americans met the college readiness benchmark [1].   

Meeting the college level benchmarks on the ACT is closely tied to the courses taken by the 
graduating students during their secondary education. Of the students who took three years or more of 
mathematics during their last four years of secondary education, forty-four percent of them met the 
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college readiness benchmark in mathematics.  Only eight percent of students who took less than three 
years met the college readiness benchmark [1].  Harwell, Moreno and Post found evidence that having 
three or more years of mathematics, as outlined by ACT, was related to students’ college mathematics 
success [2]. 

Our institution faces similar challenges to those in higher education across the United States.  First 
semester mathematics courses historically have had a low success rate, less than fifty percent in the 
case of some courses. In addition, many of our students come from one of or a combination of the 
following populations: first generation college students, low-income families, or racial and ethnic 
minorities.  It has been documented that these three populations have a significantly lower college 
readiness level than the national or state averages typically reflect [3]. 

To increase our students’ success rate with their first semester of mathematics, we created an online 
summer bridge program. We initially piloted the bridge program for two weeks, but found that 
extending it to four weeks was more practical and less stressful for the students.  Due to the low socio-
economic status of many of our students, we wanted to minimize the cost to students as much as 
possible. In addition, university budget constraints conspired to minimize the amount of overall 
financial resources available for the program; therefore we needed to minimize costs all around. 

Our program incorporates and makes use of technological assets to assist with practice problems, 
reviewing the content, and keeping track of student progress. Unlike some online courses or 
programs, we chose to include humanizing elements such as tutors who mediate real-time 
synchronous sessions with students. The overall structure of our program includes two faculty 
members, the head of developmental mathematics at our university, and approximately six to eight 
tutors depending on budget constraints. There are always two tutors available to students during 
designated collaboration and tutoring times. 

The purpose of the bridge program was not to teach new material to the students enrolled in the 
program.  Instead, the program was designed to refresh students on key content that they may have 
forgotten or misunderstood when initially taught. At many other institutions, bridge programs have only 
focused on increasing placement scores [4]. While we did monitor this metric -- and scores did 
increase -- that was not the primary purpose of our program. We were more concerned with the 
students successfully completing their first mathematics course at our institution. This initial course 
might be college algebra, a statistics course, a pre-calculus course, or even a remedial mathematics 
course. For students who were interested in taking calculus their first semester, we have been 
developing and piloting a trigonometry refresher, but the main focus of this paper will be on our 
algebraic refresher. Student success was an important, overarching goal, for our program.  Budget 
constraints and student success were the primary factors in determining the technologies used within 
the program. 

2 LEARNING MANAGEMENT SYSTEMS AND TOOLS 
A learning management system is a software package for the administering, tracking, and reporting of 
courses. In primarily English speaking countries, such as the United States, Canada, the United 
Kingdom, and Australia there are four primary learning management systems: Moodle, Desire2Learn, 
Canvas, and Blackboard Learn.   

Blackboard Learn is the most popular system in the United States and Australia whereas Moodle is 
the most popular in Canada and the United Kingdom. Moodle is also the only one of the major 
learning management systems that is free.  Desire2Learn has the strongest presence in Canada, with 
only a minimal presence in the other three countries.  Canvas and Moodle have strong presences in 
the United States, with 17.1% and 19.4% of the university market respectively [5].   

Our university already had a contract with Blackboard Learn. Therefore, while we were unable to 
freely choose our learning management system, we were able to use Blackboard Learn at no 
additional cost.  Also, there was already significant technical and instructional design support available 
at our university for the Blackboard Learn system 

2.1 Blackboard Learn  
Blackboard’s learning management system continues to be the most popular system used by 
universities and K-12 school districts in the United States [6]. That does not mean that Blackboard is 
considered to be the best learning management system, merely the most common.  A search of the 
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education focused, technological news sources mention significant deficiencies regarding Blackboard 
such as, “Blackboard is one of the most disliked — even detested — companies in education [7].”  
Another writer described the learning management system as ”widely used but not always widely 
loved [8].”  However, all of the major learning management systems have criticisms of them and are 
by no means universally loved. Blackboard, because of its longevity and popularity, has the most plug-
ins, or Blackboard Building Blocks, of any of the learning management systems as well as the most 
partnerships and features [9]–[12]. 

Our university has had a longstanding relationship with Blackboard Learn, so it was not practical for us 
to consider using a different learning management system.  Using Blackboard Learn also had the 
distinct advantage of allowing the participating students a chance to learn how to effectively use 
Blackboard and many of its features, such as Blackboard Collaborate, before they started taking 
credit-bearing courses. All courses at our university are considered to be hybrid courses and all 
grades are required to be entered into Blackboard.  Many assignments and exams are also required to 
be turned in via Blackboard.  Therefore, having students become familiar with the system before they 
began to take credit-bearing courses was an added benefit of our program. 

2.2 Blackboard Collaborate  
Blackboard Collaborate is a tool that allows tutors and instructors to interact with their students in real 
time. There are challenges to this because in the past it was Java-based which is slowly being phased 
out [13]. 

 Blackboard Collaborate allowed our tutors to use conference tools to help make online tutoring 
sessions engaging and productive. In order to use Blackboard Collaborate, students and tutors often 
had to download a program and ensure the latest version of Oracle’s Java plug-in software was 
downloaded on their personal computer. Blackboard Collaborate uses audio, video, and white board 
features, among others, that give students and tutors the ability to interact in various ways. These 
features worked well if the tutor and the student had a strong Wi-Fi connection; however, if a weaker 
connection was being used, there was a high chance of the user being kicked out of the tutoring 
session. This led to both the student and the tutor being frustrated and may have had an effect on the 
student’s progress throughout the program. Apple users faced additional obstacles to loading and 
signing onto Blackboard Collaborate that may have also led to some students being discouraged from 
seeking help. 

Since Blackboard Collaborate is directly linked to Blackboard Learn, our institution offered institutional 
technical support to our students and tutors free of charge. The system also provides a significant 
amount of help tools through the system support portal online. Often, once the tutor had seen how to 
solve a problem for one student, they were able to spread the information to future student users. 
Unfortunately, there were problems that the tutors were unable to solve and our particular group of 
distance students often did not seek additional assistance.   

Once the students and tutors were connected within Blackboard Collaborate, the tutors were able to 
mediate online tutoring sessions with relative ease. Students who did not have access to a webcam 
were able to share and send images of their work to receive assistance with concepts they found 
challenging. Students and tutors were able to communicate through speakers and through the 
provided instant messaging capabilities, i.e. video and voice chat, along with instant messaging. 
Tutors were able to use their Wacom Tablets to draw and write whatever was needed to provide the 
students assistance. 

2.3 YuJa 
YuJa, another academic communication tool, or web conferencing solution, was developed by YuJa 
Inc. YuJa is a cloud-powered connected classroom solution for universities, vocational schools, and 
corporate training programs [14]. In 2015, Yuja integration with Blackboard became available through 
a Blackboard Building Block [15]. 

Presently, our institution is slowly transitioning to YuJa; however it has its own set of challenges and is 
not particularly friendly to mathematics discourse. YuJa is set up for a mediator to be the center of a 
tutoring session and leading the conversation. Though mediation is important in online tutoring, our 
program requires a more open tutoring environment where both tutors and students are able to share 
information, write on the whiteboard, upload documents, etc.  Along with these constraints, the bi 
monthly updates to YuJa mean that we do not have the necessary stability to support new distance 
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students that may be insecure with technology. Also since it is an independent company that has an 
add-on component to Blackboard it is not supported by Blackboard in the same way as Blackboard 
Collaborate. 

3 ONLINE HOMEWORK AND INSTRUCTIONAL SOFTWARE 
Most textbook manufacturers have now paired with some type of online homework system. These 
systems can vary widely in the additional resources available, cost, and quality. Due to the online 
nature of the program and the fact that there was not funding for full-time instructors, we needed a 
software that could both provide practice or homework problems and instructional videos to refresh 
students on the mathematical content.  

As mentioned previously, the purpose of this program was to better prepare students to successfully 
complete their first semester mathematics course. We surveyed mathematics faculty members for 
prerequisite topics that they had noticed students struggled with.  We were particularly interested in 
content that was used throughout the various courses.  Through this process, we discovered that 
there were a variety of common gaps in student knowledge, across the introductory courses.  This 
content knowledge universally included material that students should have learned during secondary 
and even primary education, but, for whatever reason, had not been retained by the students.  A major 
challenge we faced was that the content we needed to cover came from not just one course, or one 
grade level, but was instead from a variety of topics from prerequisite courses.  Therefore, we knew 
we needed resources that would have questions and supplemental learning materials over a wide 
variety of mathematical content, rather than just focusing on one particular grade band or secondary 
school course. 

Of the systems affiliated with a textbook manufacturer, ISU has used three of the most prominent 
examples in recent years: WebAssign, MyMathLab, and ALEKS.  All three of these require the 
students to purchase a subscription or code to access the resources.  Two free examples will also be 
discussed. WeBWorks is an open source homework system developed with the support of the 
Mathematical Association of American (MAA) and the National Science Foundation (NSF).  Finally, 
Khan Academy will be discussed and was the system that we ultimately chose to use with our summer 
bridge program.  

3.1 Software Requiring Student Payment 

3.1.1 WebAssign from Cengage 
WebAssign is primarily an online homework system that was developed by North Carolina State 
University [16]. Initially, WebAssign did not have tutorial videos or other instructional tools, it was 
simply a way to assign online homework. It has branched out over the years and is now an OpenStax 
Ally, which provides free access to peer-reviewed textbook content.  However, the mathematics texts 
that were offered did not completely meet our needs.	  

3.1.2 ALEKS McGraw Hill Education 

ALEKS is an artificial-intelligence that is used to customize a student’s learning and guide them 
through content and towards mastery of the content [17]. ALEKS provides the students with built in 
resources that allow the student to learn math through guided examples and animated examples, but 
not necessarily with video lecture. The system constantly re-evaluates the learner’s progress through 
assessment to check for mastery. This program is well supported through McGraw Hill Education and 
provides the student with many resources to be successful. However, this is a system that would cost 
the student money to use and access does typically expire after a certain period of time.  We wanted 
to minimize students’ out of pocket expense and, since college students often change their schedules, 
we wanted them to have access to the material throughout their college career.  This way, they could 
review the material again before they started their first math course, whenever that happened.   	  

3.1.3 MyMathLab from Pearson 

Many of the first semester courses at our institution use Pearson’s My Math Lab as an online learning 
resource. Pearson also offers adaptive learning software, video lectures, and a large selections of 
authors and texts to pool questions while creating assignments [18]. Students can work though 
content online and at their own pace and be provided assistance with difficult contact via online 
tutoring. Because Pearson is a large publishing company they offer many resources to help 
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instructors, tutors, and students stay successful. Pearson also has a direct plug-in with Blackboard 
Learn that was familiar to all of the faculty that are involved with this program.  Therefore, there were 
strong advantages to using Pearson and if cost was not an object, this would likely have been our 
chosen solution. However, due to the wide variety of topics that we wanted to include, the student 
price was not practical.  	  

3.2 Open Source or Free Software 

3.2.1 WeBWork 
WeBWorK is an online, open-source homework system. It was developed and is maintained by 
mathematicians.  One of WeBWorK’s advantages is that it is supported by the MAA and the NSF and 
has a large number, over 20,000, of homework problems. However, the target courses, which include 
college algebra, discrete mathematics, probability and statistics, single and multivariable calculus, 
differential equations, linear algebra and complex analysis, were too advanced for our purposes [19].  
Therefore, while the free price was attractive, unfortunately WeBWork did not have the types of 
problems that we needed.  What was really required was a package that had both college level and K-
12 content so that we could pick and choose the material we needed. 

3.2.2 Khan Academy 

A main benefit of Khan Academy is that it is free and that anyone can create a free account and 
become either a student or teacher on the site [20].  Using Khan Academy allowed us to only charge 
fifty dollars for the program to participating students and this fee is refunded in the form of a book 
scholarship if the student completes the program. 

In addition to being free, Khan Academy has some other significant strengths.  For example, it can 
continue to be helpful to students after they complete the summer bridge program.  Although we have 
not formally tracked our students online behaviour after the program ends, we have anecdotal 
evidence that at least some of the participants have continued to use Khan Academy resources to 
assist them in learning the material for their first semester courses.  Khan Academy also provided 
resources on a variety of subjects outside of mathematics and being aware of this resource could 
potentially help students with other course material as well.  Also, for the students who needed only a 
quick refresher, Khan Academy’s treatment of practice problems is somewhat adaptive and can be 
completed quickly if the student understands the material. 

However, there are also some challenges to using Khan Academy in a structured program. Khan 
Academy is dynamic and constantly changing.  Therefore the links to specific practice problems or 
videos frequently change.  Since we are dealing with new students, this can cause a lot of frustration if 
not managed and maintained well on our part.  Also, Khan has its own “missions” and will make its 
own recommendations to students on what they should concentrate on next. While the 
recommendations are helpful and sound, they often do not match the material that we want the 
students to cover next.  Many students have not paid close attention to our recommended sequence 
and have spent hours on material that is not required for our program.  While on one level, we want 
students to spend more time on mathematics, on another level this can lead to frustration on the 
students’ part and can lead them to abandon the program because they artificially believe it takes too 
much time. 

On an administrative level, there are also multiple challenges to using Khan Academy.  The faculty 
member who was primarily responsible for choosing and developing the curriculum for our summer 
bridge program estimates that she spent over one hundred hours to perform the initial setup.  Then, 
because of the dynamic nature of Khan Academy, the annual updating of links and reviewing the 
curriculum takes around forty hours or more. Tracking student progress within the program is also 
difficult.  There is not a built-in add-on between Blackboard Learn and Khan Academy as there is with 
the paid services previously discussed.  This adds an additional administrative time requirement to 
track students’ progress. Also, multiple steps are required to ascertain students’ progress and the 
students must set up their Khan Academy account correctly, with the appropriate email. 

4 ONLINE VERSUS IN-PERSON 
Summer bridge programs have traditionally been housed on college campuses, where students have 
attended the program.  It was thought that not only did the participants get an academic advantage by 

3474



brushing up on needed material, but that they could also better adjust to the college experience by 
living on campus. However, as the number of distance courses continues to grow, it is no longer 
necessary for students to physically be on a college campus to be college students. Also, due to 
budget constraints, providing food and lodging for the students was not feasible for our program.  We 
did not have the funds, nor did we have a reasonable expectation that most of our students could pay 
for food and lodging on their own. 

However, simply because we offered the bridge program online did not remove the necessity for 
human interaction.  Tutors were still needed to provide real-time assistance.  Also, the curriculum for 
the program had to be developed. The tutors needed to be trained and supervised.  There needed to 
be a liaison with academic advisors, attendance at new student orientation to advertise the program 
and answer questions. There also needed to be personnel available to answer non-content related 
questions posed by both the participating students and their parents.  Finally, retaking the placement 
exam was done in a proctored setting and the normal university testing apparatus was not prepared 
for such a large scale retake, so personnel were needed to be trained in that capacity and proctor the 
exams.  Therefore, while our program saved on food and lodging, the amount of time invested was as 
much or more than if it had been an in-person program. 

5 CONCLUSIONS 
Regarding cost, we often just look at the cost of the software or online technological tools that we are 
using. However it is worth noting the amount of human capital or labor that is required. For example 
while Khan Academy is free it required a significant amount of time to review the relevant practice 
problems, videos, and other resources.  Also, we had to make up additional documentation on how to 
use Khan Academy that we would not have had to use if we had chosen a more expensive service like 
Pearson’s MyMathLab who provides video and written guides for its features.  Unfortunately, we often 
neglect to calculate this time investment into the total cost when making our decisions.  While we have 
been fortunate to have faculty and staff who were willing to essentially donate their time, this is not a 
reasonable or realistic expectation in general. 

On a more positive note, now that the initial time investment has occurred, the program does require 
less maintenance time each year.  Khan Academy is dynamic and continues to make improvements 
and we continue to find new ways to be more efficient in keeping up with broken or changed links.  
Also, now that the program template has been entered into Blackboard Learn and tested over the last 
two summers, setting up the new summer program does take less time.  As with most administrative 
processes, once you have learned the system and procedures, it becomes easier with each following 
year.   

We still believe that we can improve upon our program. This year, we are focusing on providing better 
training to our tutors.  This training will focus on two main areas.  The first is to better prepare them for 
online tutoring; which is vastly different than in-person tutoring. The second is to give them more 
advanced practice with the Wacom tablets, Blackboard Learn, Khan Academy, and Blackboard 
Collaborate.  

Ultimately, the most important result is the success rate of our students; and students in our program 
do indeed pass their first semester mathematics course at a higher rate than the general population at 
ISU. Many of them have also been able to skip a semester, or two, of remedial mathematics because 
they placed into a higher mathematics course and were able to successfully pass the course. 
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