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Abstract
The JUMP Math program, a recently developed teaching model, claims 
effectiveness in teaching mathematics in grades 1 through 8. JUMP Math is 
organized around three guiding principles: small breakdowns, raising difficulty 
incrementally, and praise and encouragement. Tested in Canada, application 
of the JUMP methodology has been associated with significant increases in 
children’s test scores. This paper studies the effectiveness of applying JUMP 
methods and materials in two basic skills mathematics classes at LaGuardia 
Community College. A slight increase in passing rates suggests that JUMP 
Math may improve student learning in basic skills mathematics courses.

Keywords: JUMP math, math pedagogy, basic skills math, math anxiety

Introduction
One Korean afternoon in the autumn of 1986, a class of about 55 male 
middle school students fell silent as the mathematics teacher scanned 
the roster to send one of us to the front of the class. It was homework 
assignment checkup time and we were expected to show to the entire 
class the solution to a problem chosen by the teacher. If the student 
solved the problem successfully, he received a brief compliment. But if 
the solution was incorrect or, worse, if one had nothing at all to contrib-
ute, the student had to face the board. Rather than bestowing praise, 
the teacher penalized the student with swift raps to the calves with the 
so-called “stick of love.” In Korea, we have a saying: “A good teacher 
beats his student out of love.” 

The scene described above is a memory of my middle school years 
in Korea: a class full of students, a teacher with total authority, instruc-
tion directed from the teacher to students, and a traditional method 
of punishment for expectations unmet. Consequently, the classroom 
atmosphere was docile. Even if at the end of the lesson our teacher rou-
tinely asked for questions, no one raised a hand. In sum, I learned math-
ematics in middle and high school according to the traditional cycle, 
i.e., teachers lectured, drilled, and gave more problems for homework. 
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Before the next day’s lesson, students prepared the assigned homework, 
and, once back in class, waited to be summoned to the blackboard.

While we were punished for unsatisfactory homework, it was 
largely left to us to figure out how to solve the assigned problems. Most 
people – teachers, parents, and even students – believed that learning 
results only from individual effort. The teacher and the school provided 
the struggling student with virtually no attention or support other than 
saying, “You should study harder.” Many students had to find their 
own ways to overcome their obstacles, such as finding math books to 
supplement the textbook or engaging expensive private tutors. The 
results were not always successful and many students lagged behind in 
the course. To them, mathematics was a subject that they simply did 
not understand. Some of my classmates became totally uninterested; 
I still remember some members of my high school math class, sleeping 
in class and others using math class to study English for the college 
entrance exam! It is embarrassing, but I must confess that I was one of 
those many students who did not understand much math in my high 
school days.

With the exception of the “stick of love,” I have observed simi-
larly depressing behaviors and attitudes in my basic skills mathemat-
ics courses at LaGuardia Community College. Students in MAT095 
(Introduction to Algebra) are often convinced that they will once again 
fail to understand the same mathematics that they had not understood 
in middle or high school, that they will not get the necessary help from 
the instructor, and they will be left alone to decipher problems. Given 
these anxieties, the atmosphere of a basic skills math class can be quite 
different from the atmosphere in upper level math classes where, despite 
a bit of nervousness, students are highly energetic and hopeful about 
learning a new subject. 

As I was raised without the expectation of academic support, I did 
not, as an instructor, acknowledge at first the psychological dimension 
of learning and its effects on student success. However, I gradually 
realized that students with little confidence in themselves and in their 
ability to learn math tend to give up easily when encountering difficul-
ties. Worse, if the math professor’s methods are identical to those that 
were wasted on the students earlier in their education, it is very likely 
that these students will repeat their failures in college. Again and again, 
I found that students who had difficulty understanding fractions in 
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high school will experience the same difficulty in college, and students 
challenged by decimals in high school will most probably anticipate 
similar challenges in basic skills math. To break this cycle of math 
failure, we must develop and employ an instructional method that 
will help the weakest student understand and master math, a process 
of teaching that, step by step and with sustained effort, can guide the 
student to experience success when learning mathematics, developing 
math confidence, not from praise or penalty, but from methodically 
“doing” mathematics. 

Background: Challenges to Learning Basic Skills 
 Teaching basic skills mathematics (also known as remedial mathemat-
ics or developmental mathematics) in community college is a difficult 
task. About three-fourths of community college students are advised 
to take basic skills mathematics courses before they take the college’s 
credit-bearing courses (Birmingham & Haunty, 2013). As widely 
reported, the pass rate for these courses is discouraging. A study from 
2006 revealed that only 30% of the students who took a basic skills 
mathematics course passed the course and the percentage is even 
lower for students who completed the sequence of basic skills math-
ematics courses in 3 years (Attewell, Lavin, Domina, & Levey, 2006). 
I have experienced similar results in the basic math courses I teach at 
LaGuardia Community College.

Reasons for poor math performance vary: inaccurate placement, 
family obligations, financial pressures, or, as discussed in this paper, 
a personal lack of confidence to “do math” (Birmingham & Haunty, 
2013). Indeed, it is not unusual to hear math basic skills students casu-
ally remark, “I was never good at math;” “Math is not my subject;” 
or, “I hate math.”

More troubling, if many students feel that they were not born for 
math, it is also true that many basic skills mathematics instructors agree 
with them. Faced with the ongoing challenges of delivering their knowl-
edge to remedial students who “hate math,” even the most dedicated 
teacher might express, in exasperation: “These students are different;” 
“They are especially difficult;” or, “You cannot do anything for them.” 
In short, before the first class even begins, students and faculty alike 
may doubt that they will find joy in learning or teaching math. 
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Compounding the emotional challenges of teaching and learning 
math is the course structure: content-heavy, lecture-based, and designed 
to accommodate a 12-week semester. In class, time constraints force 
coverage to supplant “uncoverage.” Unfortunately for the learner, 
coverage wins the conflict between the need to cover large amounts of 
information and the lack of time required to create deep knowledge. In 
distinguishing between coverage and uncoverage, Mark Sample, blog-
ging in The Chronicle of Higher Education, refers to Understanding by 
Design, by Grant Wiggins and Jay McTighe:

To highlight the pitfall of coverage as the default model of 
course design, Wiggins and McTighe recall a more “ominous” 
definition of the verb cover: “to protect or conceal, to hide 
from view” (106). They suggest that in the race to cover more 
ground – more history, more literature, more formulas, more 
physics – we can end up actually covering or hiding the under-
lying principles that make those subjects important in the first 
place. Uncoverage, in contrast, emphasizes revealing assump-
tions, facts, principles, and experiences that would otherwise 
remain obscured. Uncoverage is uncovering in order to learn 
something new; uncoverage is digging down. (Sample, 2011)

In my own classes, I have observed that at the initial phase of learn-
ing, students can recognize a topic introduced in class. But as suggested 
by Sample, real “knowing” implies a deeper comprehension that leads 
to the ability to solve problems presented in a variety of contexts. The 
gap between covering/recognizing and uncovering/knowing and the 
tension between the needs of coverage and the lack of time undermine 
the very nature of mathematics, a discipline whose procedures build 
upon each other, step by step, level by level. In other words, fluency in 
the application of math procedures requires returning again and again 
to previously covered topics. Thus, if students do not master the pro-
cedures up to a level at which they can solve problems independently, 
their weak comprehension will prevent progress. Although practice is 
essential to any skilled endeavor, whether math or music or learning 
a language, practice is of particular significance for students whose 
mathematical maturity is not well developed. 
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The JUMP Method
JUMP (Junior Undiscovered Math Prodigy) Math is a teaching program 
started in 1998 by John Mighton, an award-winning Canadian play-
wright, author, and mathematician (Mighton, 2004). JUMP began as 
an after-school tutoring program for children struggling to learn math-
ematics and evolved into a method that promised an effective approach 
to teaching mathematics within the classroom. While few peer-reviewed 
research papers have explored the effectiveness of the JUMP Math 
instructional model, several reports published on the JUMP Math web-
site (http://jumpmath.org/cms/) testify to the success of the JUMP Math 
program in elementary schools in Canada (e.g., JUMP Math: Brock, 
2005) and the United Kingdom (e.g., Aduba, 2006). 

Based on current brain research, JUMP Math’s learning model pro-
poses that mathematical intellect can develop suddenly from a series of 
small advances in learning based on three principles: small breakdowns; 
raising difficulty incrementally; and praise and encouragement. The 
transformation is comparable to a chemical process: If one keeps add-
ing a drop of a chemical substance to a chemical solution, at some point 
the color of the solution will suddenly change. Similarly, through an 
accumulation of small successes, an instructor adopting JUMP princi-
ples can change students’ abilities to do mathematics (Mighton, 2008).

Small Breakdowns
To achieve a learning shift, JUMP Math reduces complex learning mate-
rials in mathematics to a set of small, basic, and intuitive concepts and 
procedures. In mathematics, one can always reduce a difficult concept 
or procedure to a series of simpler ones. This is how mathematics is 
constructed: Starting from a small number of axioms, mathematicians 
build larger and more complex structures. When a student has difficulty 
grasping a concept or procedure, often it is because he or she does not 
understand one part of the complex structure. Once that lack of under-
standing is overcome, the student can suddenly develop the whole idea. 
Thus, when a mathematical concept is presented as a series of simpler 
and more intuitive ideas, even the complicated-looking overall concept 
can be grasped and eventually appreciated, as each of the simpler con-
cepts is mastered (Mighton, 2014).
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Raising Difficulty Incrementally
This shift in learning will not occur if students do not feel confident in 
class. In the JUMP Math program, students gain confidence by accu-
mulating a number of small successes, mastering concepts, and solv-
ing problems. JUMP Math instruction starts from a very elementary 
level, so that even students with little knowledge and understanding of 
mathematics can follow the instruction. Unique to JUMP Math is the 
incremental raising of the level of difficulty, so that students gradually 
face slightly harder problems. To make sure that students are not sud-
denly overwhelmed by difficult problems, the gradual progression in 
complexity is presented very carefully. JUMP Math will always parallel 
natural learning styles, a method of instruction that can have an espe-
cially big impact on slow learners and those with learning disabilities 
(Mighton, 2014).

Praise and Encouragement 
In each JUMP Math class, students will work and practice carefully 
designed exercise problems. When an instructor checks a student’s work 
in class, the small breakdown design will reveal how well the student 
is actually doing. When an instructor observes students’ success in 
completing assigned problems in class, she or he will provide immedi-
ate feedback and praise students’ work. The praise and encouragement 
will be a driving force for students to continue doing mathematics 
(Mighton, 2014).

The following graphs shows dramatic differences in the perfor-
mance of students in Toronto, Canada on the Test of Mathematical 
Abilities (TOMA) after the adoption of JUMP Math (JUMP Math 
Research, 2013).
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Implementing JUMP in a College-Level Basic Skills Math Course
While there is much research on remedial mathematics education, 
research that measures the impact of different approaches to remedial 
math education is scarce. In fact, there is no consensus about how to 
teach basic skills mathematics most effectively (Bailey, 2009). The pur-
pose of the present paper is to investigate whether community college 
students enrolled in basic skills mathematics and exposed to the JUMP 

Figure 1: Post-JUMP Growth in TOMA1 Percentile Rankings 

1. The Test of Mathematical Abilities (TOMA) is a widely-used, normed test.

Round 1: 
Growth in TOMA1 Percentile Rankings, Grade 5 (2006) vs. Grade 6 (2007–08)

Grade 5

66th 92nd

Grade 6

0 1009590858075706560555045403530252015105

Round 2: 
Growth in TOMA1 Percentile Rankings, Grade 5 (2008) vs. Grade 6 (2009–10)

Grade 5

54th 98th

Grade 6

0 1009590858075706560555045403530252015105
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approach could realize a significant increase in academic performance 
similar to those shown in Figure 1 above.

Several elements stand out as hurdles to student learning in basic 
skills mathematics. Some students experience personal problems such 
as family and financial issues while taking the course (Rath, Rock, & 
Laferriere, 2013, p. 11–12). Others have a hard time in class because 
of inaccurate placement (Community College Research Center, 2012). 
Most important among the hurdles, in my opinion, is the conflict 
between the amount of basic skills content and the instructor’s meth-
odology and teaching philosophy, a challenge summarized by Swail 
(2013): “You can’t fix 13 years of schooling in one or two remedial 
courses” (emphasis in the original). 

A basic skills mathematics course is, by definition, a “review” 
course. That is, students are assumed to have some prior familiarity 
with the skills and topics; based on this assumption, the syllabus is 
heavily loaded with review content. For instance, at LaGuardia Com-
munity College, students in the MAT095 course (Introduction to Alge-
bra) need to master the arithmetic of integers, fractions, and decimal 
numbers; understand the basic facts of whole numbers; analyze word 
problems on diverse topics; solve linear equations and linear inequali-
ties; and learn scientific notation; and all of these skills and knowledge 
are to be internalized in 12 weeks. In fact, however, this “review” 
course cannot function as a true review course: Too many students lack 
the prerequisite knowledge. 

In addition, students’ previous math experiences may confound 
their professor. For example, for some students, earlier experiences of 
failure have created extremely negative feelings toward mathematics. 
A second frustration for the instructor is the diverse levels of student 
familiarity with course topics: Some students feel confident work-
ing on integers, while others do not. Most students are not confident 
about working with fractions, and some students are as deficient at 
decimals and percentages as they are with fractions. Hence, very often 
the instructor has to assume that the class has no uniform knowledge 
of the topic under discussion. 

The lack of uniformity creates a problem with pacing lectures. 
The instructor is required by the department to teach all the topics in 
the syllabus even if some students do not have the necessary prereq-
uisite knowledge. The lack of uniform prerequisite knowledge creates 
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pedagogical dilemmas in deciding what to emphasize and where to 
spend extra time. If the instructor fails to identify accurately which 
topics require more time, the result is confusion caused by moving too 
quickly or disengagement brought on by redundancy. The traditional 
instructional model lacks an efficient method to check student under-
standing of course concepts and topics; in other words, checking means 
sacrificing class time. The traditional method forces instructors to place 
greater stress on covering all the topics in the syllabus than on uncover-
ing/discovering which topics require deeper comprehension. Needed is 
a methodology that allows instructors to teach students mathematics 
well enough to enable them to work independently, while maintaining 
a reasonably paced course schedule. 

In addition to the problem of pacing, another reason that the tra-
ditional lecture-based instructional model does not work well in basic 
skills mathematics courses lies in the very nature of mathematics. As 
mentioned earlier, mathematics builds upon itself. Again, if a student 
does not master a skill up to the level at which he or she can indepen-
dently use the skill to solve a math problem, that gap will weaken the 
student’s ability to learn a new topic. And the importance of the psy-
chological dimension of teaching and learning basic skills mathemat-
ics cannot be overestimated, especially since students who perceive 
that they have fallen behind their peers enter basic skills mathematics 
courses feeling stigmatized by “remediation” and demoralized by low 
self-confidence (Birmingham & Haunty, 2013).

To resolve these issues in basic skills mathematics courses, we need 
to find an instructional model in which (1) students do not feel inferior 
when doing mathematics, and (2) instructors teach all topics in the 
syllabus effectively so that students can do mathematics independently 
after the lecture. While there are not many instructional guidelines 
supported by positive evidence of student learning, the JUMP Math 
program has shown potential for success in teaching basic skills math-
ematics, addressing the points where traditional lecture-based instruc-
tion is lacking, i.e., effective delivery and coverage.

JUMPing Math: An Example
JUMP Math explains concepts simply and is structured in ways that 
allow students to follow along easily. For example, adding and sub-
tracting signed integers is a fundamental skill; yet, many students in 
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MAT095 become confused when calculating expressions such as -5 +3. 
Students tend to answer -8, rather than -2. For an expression like -9 -3, 
they respond -6, rather than -12. Students are even more confused with 
expressions such as -3 -(+2) or 4 -(-6). Below, I provide a comparison of 
two approaches to teaching students how to add and subtract integers. 
The first approach is the one presented in the MAT095 textbook, Pre-
algebra by Man M. Sharma, Roxann King, and Asha Mittal (2008); 
the second demonstrates the JUMP Math approach (JUMP Math: 
Workbook, 2007). 

Approach A: Pre-algebra
To find the sum of integers, the authors teach students to use a number 
line: 

On a number line, to add 3 + 4, we start with 3. Then, to add 4, we 
move 4 units to the right. The number corresponding to the end point 
is the required sum 3 + 4 = 7. 

In short, to add 4 to 3, we count 4 units to the right of 3. The point 
reached gives us the sum. We shall use this idea to find the sum of 
positive and negative integers. (p. 42) 

Then, Sharma, King, and Mittal guide students through a study of the 
effect of this operation on the number line. For example, when adding 
4 to 3, the sum is found by starting at 3 on the number line, moving 4 
units to the right (corresponding to the addition operation), reaching 
position 7. So, the authors conclude: “On a number line, adding a posi-
tive number means to move ‘to the right’ or in the positive direction. 
Adding a negative number means to move ‘to the left’ or in a negative 
direction” (p. 42). 

After explaining how the number line can illustrate what happens 
when positive and negative numbers are added and subtracted, the 
authors explain a different process which will lead to the same con-
clusion. They outline the following steps and provide the example of 

-5 -4 -3 -2 -1 0 1 2 3 4 5 6 7
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how this alternative method can be used to add -3 + (-4). The steps the 
authors suggest are as follows:

1. First, add the absolute values of the numbers
  ⏐-3⏐= 3 and ⏐-4⏐= 4, so 3 + 4 = 7

2. Then, attach the sign that is common to both the original num-
bers, in this case, the negative sign. Therefore, 

The textbook then lists three examples, and provides the solutions 
to the problems, together with graphics outlining the two steps that 
are followed; i.e., first add the absolute values and then indicate the 
common sign.

Sharma, King, and Mittal write that the same process is used to add 
integers with unlike signs: 

Step 1 Find the absolute values of the two numbers.

Step 2 Subtract the smaller absolute value from the larger one.

Step 3 Prefix the sign of the number that has the larger absolute 
value. (p. 44)

The textbook presents the following example: -10 + 12. To compute 
-10 + 12, students are instructed to first determine the absolute values 
of -10 + 12, thus, |-10| = 10, |12| = 12. Students must then, “subtract 
the smaller absolute value [10] from the larger one [12]” (p. 44). The 
authors instruct students that “the positive number has the larger abso-
lute value, so the sum is positive” (p. 44). The answer to the problem 
of -10 +12 is 2.

Approach B: JUMP Math
The JUMP Math approach to introducing students to the positive and 
negative signs of integers is quite different from the methods proposed 
by Sharma, King, and Mittal in the Pre-algebra textbook. The JUMP 
Math method suggests that the instructor first discuss the concept of 
gain and loss with students, and then have students practice applying 

-3 + (-4) = -7

common sign
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their understanding of gain and loss by completing the following 
exercises:

1. Write a plus sign (+) if the net result is a gain. Write a minus sign (–) if the 
net result is a loss.

(a) a gain of $5:    +    (b) a loss of $3:          (c) a gain of $4:         

(d) a gain of $2 and a loss of $5:    –    (e) a gain of $3 and a loss of $1:          

(f) a loss of $3 and a gain of $4:           (g) a loss of $6 and a gain of $2:          

(p.179) 

Notice that the exercise starts with the easiest type of problems – 
(a), (b), and (c) – and then increases the level of difficulty slightly – (d), 
(e), (f), and (g). Most JUMP practice problems follow this format, so 
that it is virtually impossible for students not to find the correct solu-
tions at each step.

Then, the JUMP Math approach teaches that adding or subtract-
ing integers is merely a translation of writing a sequence of gains and 
losses with signed numbers. Students practice these translations with 
the following exercise:

2. Write each sequence of gains and losses using numbers and signs (+ and -).

a) a gain of $3 and a loss of $5:   +3  -5   b) a loss of $2 and a gain of $8:              

c) a loss of $4 and a gain of $3:                d) a gain of $6 and a loss of $5:              

e) a loss of $5, a gain of $8, a loss of $2 , then a gain of $1:    -5 +8 -2 +1   

f) a gain of $3, a gain of $5, a loss of $6, then a gain of $2:                            

g) a loss of $5, a loss of $8, a gain of $10, then a gain of $5:                         

h) a gain of $4, a loss of $3, a loss of $2, then a gain of $5:                           

(p. 179) 

One thing to notice is that there are quite a few practice problems, 
all slightly different but not difficult to solve, so that students have a 
chance to practice their skill and to ground their understanding thor-
oughly. The advantage to having students work on the JUMP problems 
is that, because these exercises are easy, students can do all of them in 
a relatively short amount of time. With JUMP, the problems are not 
designed to challenge students’ understanding, but rather carefully 
chosen to reinforce their knowledge of the concept. Students build that 
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knowledge not merely by trying to follow a lecture, but by solving many 
problems in class.

After the students have completed the first two sets of practice 
problems, JUMP Math asks them to apply what they have learned to 
the next two sets of problems which use only signed integers:

3. Decide whether each sequence of gains and losses is a net gain (+) or a 
net loss (-) by looking only at the sign of the numbers 

a) +5-3:    +    b) +3-5:          c) -2+4:         

d) -5+1:          e) +8-7:          f) +5-9:         

g) -4+5:          h) -3+2:          i) -9+5:         

4. How much was gained or lost overall? Use + for a gain, - for a loss, and 0 
for no gain or no loss.

a) +6 -5 =    +1    b) -4+ 3 =          c) +5 -5 =         

d) -6 +6 =          e) -3 +5 =          f) +8 -12 =          

(p. 179) 

Many math instructors learned to add and subtract signed num-
bers just as Sharma, King, and Mittal explained. However, because 
this method requires students to learn additional terms and concepts – 
absolute value notation, number line, like and unlike signs – that they 
may have struggled with in the past, I believe the Pre-algebra textbook 
method is less effective than the gain/loss method and context used by 
JUMP Math.

Research Questions
JUMP Math has proven effective in K–8 math classes. In this paper, I 
investigate whether the JUMP Math program would also have a strong 
impact on student learning in basic skills mathematics in community 
college courses. As mentioned above, LaGuardia students who take 
the basic skills mathematics courses come from a wide range of back-
grounds. Some students are recent high school graduates, while oth-
ers are more mature, entering college for the first time; still others are 
returning students. Some students may have failed math before; some 
have learning disabilities; others are second language learners. Despite 
the variation in obligation, experience, abilities, and knowledge, all are 
under the same time constraints. Given this classroom diversity and the 
time challenge, can the JUMP method, adapted to a community col-
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lege setting, effectively promote student learning? This paper explores 
whether the JUMP Math teaching method, which breaks a difficult 
concept/procedure into a sequence of small and simple concepts/proce-
dures, the JUMP problem solving activities done in class, and constant 
encouragement and feedback helps students understand and master 
the learning materials and engage in a learning experience that results 
in student success.

Method
The experiment conducted in Spring I, 2013 at LaGuardia Community 
College involved students in two MAT095 (Introduction to Algebra) 
courses. The two classes were randomly assigned by the department. 
MAT095 uses EducoSoft, a web-based computer software program, 
for various assessments – homework assignments, quizzes, and tests. 
Students meet 6 hours each week; they meet the instructor for 4 hours 
of lecture and 1 computer lab hour per week, and also meet a tutor 
for one additional computer lab hour. Grading is based on student 
achievements in the following categories: online homework (10%), 
online quizzes (5%), math lab sheets (5%), instructor’s tests and proj-
ects (15%), two departmental exams (30%), and the departmental final 
exam (35%).

The experiment consisted of changing from the traditional lec-
ture format I had employed to date: I lectured; the students listened; 
occasionally, there were class activities such as group work or short 
projects. For this experiment, I prepared lectures based on the JUMP 
Math method of instruction to teach students basic arithmetic. In a 
one-hour-long class, I spent approximately 35–40 minutes on lecture 
using JUMP methods, 10–15 minutes for individual/group work on 
a JUMP Math worksheet I had prepared, and the last 5–10 minutes 
for wrap-up. The problems on the worksheets were carefully selected, 
mostly from the JUMP Math Workbooks (Mighton, J., Sabourin S., & 
Klebanov A. (2009)).

Starting in Fall 2012, CUNY raised the passing score for basic skills 
courses from 60 (D-) to 74 (C). To evaluate the success of my JUMP 
intervention, I compared the average number of students who achieved 
74 or more and 60 or more in the two MAT095 sections I taught in 
2013 using JUMP methods with the average number of students achiev-
ing 74 or above in 7 sections of MAT095 I had taught between 2009 
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and 2012. The data excludes students who registered for a MAT095 
course but did not register for access to EducoSoft, since those students 
did not complete most of the course assessments.

Findings 
The table below compares two sections of MAT095 I taught in Spring I 
and Fall I 2013 using the JUMP Math approach with the average results 
from 7 sections of MAT095 I taught between 2009 and 2012.

The data shows a slight increase in the average number of students per 
section in the 2013 JUMP Math sections who pass the course with a 
score of 74 or above. This increase is modest when compared to the radi-
cal changes cited in the above graphs from the JUMP website (Figure 1, 
above). In addition, the average score of students who passed with the 
current minimum grade of 74 is lower in the sections where JUMP was 
implemented; yet the average score using the prior standard (passing 
score greater than or equal to 60) shows a slight increase. It is important 
to note that most students who achieved an average course score greater 
than or equal to 60 in MAT095 courses in 2013 had a course average 
score of 79.62 compared to 72 for the 2009–2012 sections. I have con-
cluded that while the JUMP Math instruction had a minimum impact 
on the pass rate in the two sections of MAT095, using this method did 
have a positive effect on students’ academic performance. 

Discussion and Future Directions
In truth, the numeric results obtained from this experiment are disap-
pointing, but they do not convey the changes I observed in students’ 
attitude toward the class. Nor do the results reflect how much students 
liked the way JUMP explains mathematics. After students slowly but 

Table 1: Comparison Data for MAT095 classes, 2013 and 2009–2012

Average no. of 
students per 

section registered 
with EducoSoft

Average course 
score (out of 100)

Average no. of 
students per 
section who 

passed the course 
with a score >= 74

Average score 
of students who 

passed the course 
with a score >= 74

Average no. of 
students per 
section who 

passed the course 
with a score >= 

to 60

Average score 
of students who 

passed with a 
score >= 60

2 sections, 2013 29 49.01 12 80.56 13 79.62

7 sections, 
2009–2012

25 55.39 7 83.18 14 72
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continuously built confidence in their ability to do mathematics by 
accumulating the experience of solving JUMP mathematical problems, 
they actually began to like working with math problems. In the past, 
it was difficult to stimulate students in MAT095 to do mathematics, 
regardless of whether they were good at it or not. I sensed that many 
were not interested in the subject and were taking the course only 
because it was required. But in my JUMP Math sections, thanks to the 
careful instructional design, I observed that a lot of students actually 
enjoyed solving the problems. The difference seems to be that JUMP 
Math problems do not defeat their efforts from the beginning. Instead, 
JUMP helps students to understand concepts and methods that they 
were previously unable to figure out. 

At the end of the semester, I asked students to write what they liked 
most about the course and what they liked least. The responses were 
overwhelmingly positive. Fourteen out of 25 students wrote that they 
liked my method of instruction, for example, “He broke down every-
thing really well;” “You didn’t move fast from subject to subject. You 
made sure that everyone understood what you were teaching before 
you moved on;” “I think the best part of the class was the professor 
because I understood everything he taught. He explained everything 
very clearly and I loved the handouts because I got to practice doing 
the problems on my own;” “I liked coming to a class. You teach in a 
way people understand and you make it easy.” Even if the exam scores 
did not improve by much, my students’ comments do suggest that the 
JUMP instructional method helps them understand and learn math.

While the JUMP methodology holds promise for community col-
lege basic skills math students, the curriculum, originally designed for 
students in grades 1 to 8, must be adapted to college students’ prior 
knowledge and to their needs. My Spring 2013 experience revealed the 
positive effect of JUMP on student attitudes towards math. In a future 
study, I will continue to explore the correlation between improved 
attitudes and course pass rates. 

In closing, I want to stress that students in basic skills mathemat-
ics courses are not ‘different,’ a misperception often held by others 
outside of the math classroom and internalized by basic skills students 
themselves. Rather, our students are smart, they like to learn, and they 
love to do well. But just like some of my classmates in Korean middle 
school and high school, if they have lost the thread of the subject and 
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are without strong academic survival strategies, they give up in frustra-
tion. It is my belief that as teachers, whatever our discipline, we should 
not simply repeat modes of instruction that, however effective for us 
as learners, fail to reach our students. If the majority of our students 
enter LaGuardia in need of basic skills math, and if a large number of 
those students do not make progress, then we must consider redesign-
ing both the curriculum and our pedagogy. If we attempt these changes 
in response to student needs, perhaps, like the students quoted above, 
their attitudes may evolve from hating math to excitement about solv-
ing problems once perceived as insurmountable. 
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Learning How Students Learn General Chemistry
An Exploration of Self-Regulation Strategies 

Dionne A. Miller, Natural Sciences

Abstract
The study measured students’ ability to predict accurately their performance 
on a course exam and identified correlations that exist between the use of 
self-regulation strategies and the ability to predict performance, and between 
the use of self-regulation strategies and actual grades obtained on the course 
exam. Correlations with other aspects of learning such as management of time 
and study environment, effort regulation, peer learning, and help seeking were 
also analyzed. To obtain the data, students completed the Motivated Strategies 
for Learning Questionnaire (MSLQ) and predicted their performance on a 
recently completed course exam prior to receiving their exam score. The study 
revealed a fairly strong correlation between accuracy of prediction and actual 
performance. Based on these findings, interventions to improve self-regulation 
are proposed. 

Keywords: self-regulation, chemistry, MSLQ, time and study envrionment, 
peer learning, help seeking

Introduction: Defining Self-Regulation
What is self-regulated learning? Boud (1991) defines it as “the involve-
ment of students in identifying standards and/or criteria to apply to their 
work, and making judgments about the extent to which they have met 
these criteria and standards” (p. 5). It is the process by which students 
acquire knowledge and assess the quality of their learning. Thus, a 
self-regulated learner is able to monitor his or her learning and identify 
and implement strategies that reach the predetermined standards of the 
course. Self-regulation, therefore, plays an important role in learning 
even if this role is not explicit to the student; that is, self-regulation 
encourages self-assessment and effective students are always self-
assessing “what they know and what they can do” (Boud, 1995, p. 11). 
One example of self-assessment occurs when mathematics and science 
students work end-of-chapter problems and then check their solutions 
against answers provided in the back of the book. 

Boud (1995), Zimmerman (2002), and Schraw, Crippen, and 
Hartley (2006) all agree that self-regulation enables students to become 



58  •  In Transit 

effective and responsible learners who can continue their education 
without the intervention of teachers or formal courses; that is, self-
regulation generates life-long learning. These theorists also agree that 
the goal of self-regulation is a central aim of any college education and 
is an implicit and important component of all college courses. Schraw et 
al. (2006) go a step further in suggesting that self-regulation is necessary 
for skilled science learning in particular. Students who are self-regulated 
report much higher levels of academic satisfaction and are more likely to 
persist in the face of significant challenges (Bandura, 1997; Zimmerman, 
2002), all highly desirable traits for students, especially those in STEM 
courses and majors.

Self-regulation can be described as consisting of three main compo-
nents: cognition, metacognition, and motivation (Schraw et al., 2006; 
Schraw & Moshman,1995). Cognition encompasses the skills necessary 
to learn and includes problem-solving strategies and critical thinking. 
Metacognition consists of knowledge about our individual learning 
styles, the factors that affect our performance, knowledge of learning 
strategies (such as note-taking and memorization aids), and knowing 
why and when to use a particular strategy (Schraw & Moshman, 1995). 
In their description of metacognition, Schraw and Moshman (1995) also 
include “regulation of cognition,” which consists of planning (selection 
of appropriate strategies, allocation of resources, goal-setting, activat-
ing relevant background knowledge, and budgeting time), monitoring 
(self-testing skills necessary to control learning), and evaluation (re-
evaluating goals, revising predictions, and consolidating intellectual 
gains). Lastly, motivation includes self-efficacy, the degree to which 
individuals believe they can accomplish a task or achieve a specific goal 
(Bandura, 1997), and thus affects persistence in the face of challenges 
and epistemological beliefs (Pajares, 1996). 

Pintrich and De Groot (1990) examined the relationships between 
motivational orientation, self-regulated learning, and the academic 
performance of 173 seventh-graders in eight science and seven English 
classes. Their study claims to provide empirical evidence that while 
motivational beliefs (including efficacy beliefs) are important to aca-
demic performance, self-regulated learning components are more 
directly implicated. In their words, “students need to have both the 
‘will’ and the ‘skill’ to be successful in classrooms” (p. 38). In a later 
study, VanderStoep, Pintrich, and Fagerlin (1996) examined disciplinary 
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differences in self-regulated learning in college students. The results 
suggested that self-regulation was one of the components that distin-
guish high from low achievers in social and natural science courses, but 
interestingly, not in humanities courses. This study seems to support the 
argument of Schraw et al. (2006) that self-regulation is necessary for 
skilled science learning. 

For the purposes of this paper, self-regulation is defined as the set of 
behaviors that include the awareness, knowledge, and control of cogni-
tion; the ability to manage time and resources; the ability to regulate 
effort (maintain focus and complete tasks); and the ability to recognize 
the need for help and to identify and utilize sources of help.

Review of the Literature
Schraw et al.’s (2006) extensive review of the literature on self-regula-
tion in science education concluded that while there is some research 
focused on metacognition, there is little available on the broader topic 
of self-regulation. 

Additionally, data on self-regulation for students at two-year urban 
institutions such as LaGuardia Community College is even more scarce. 
Nevertheless, community colleges like LaGuardia have been recognized, 
most recently by President Barack Obama, as vital to the success of 
the nation in producing STEM majors: Almost half of Americans who 
receive bachelor’s degrees and one third of those with master’s degrees 
attended community college at some point in their lives (Tsapogas, 
2004). Underperformance by community college students or, worse, 
their withdrawal from STEM courses, represents a loss of potential 
STEM innovators in our future economy. 

Additionally, two-year colleges serve the most ethnically diverse 
student body in the history of the United States. For example, in 2012, 
LaGuardia’s enrollment was 34% Hispanic and 14% black (LaGuardia, 
2013, p. viii). Low retention of these students weakens the diversity 
pool needed to ensure global competiveness. To allow these students 
to withdraw or fail without intervening is to adopt the “weeding out” 
approach that suggests that if students are not successful, it is because 
they do not belong in the course. But as open access institutions, com-
munity colleges welcome many students who, for a variety of reasons, 
are untrained for academic success. A more proactive pedagogy should 
include helping students identify and practice the self-regulation skills 
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necessary for academic success. A learner’s ability to predict realisti-
cally when or how well he or she has mastered course material suggests 
possible learning strategies that could be applied to close gaps in deep 
comprehension of the material.

Problematizing Self-Regulation 
LaGuardia’s General Chemistry I is a required course for students pursu-
ing science and engineering majors. It introduces students to the basic 
concepts of chemistry and stresses understanding, application, and syn-
thesis of these fundamental concepts rather than simple memorization. 
Repeatedly, students come to me after failing an assessment, insisting 
that their unsatisfactory performance did not reflect their confidence 
and expectations after taking the exam. In other words, they felt that 
they had done well and were genuinely surprised by a poor grade. 
These students frequently express an interest in science, attend class 
regularly, and appear motivated to study and do well, as opposed to 
students who perform poorly because they have put in very little effort. 
All the students registered in the General Chemistry course have also 
taken and passed the required prerequisites of college-level English and 
mathematics. In other words, their failures cannot be attributed solely 
to lack of motivation or weak academic preparation. Many of these 
students eventually become frustrated and disheartened by their poor 
performance and withdraw from the course. 

Aware of the disparity between students’ predictions and their real 
performance, I became interested in which learning strategies students 
were actually utilizing in General Chemistry I. What were the students 
doing when they studied? How did they know they had mastered the 
concepts? I hypothesized that students who could not correctly assess 
their own performance did not possess sufficiently developed self-regu-
lation behaviors and skills. With this hypothesis in mind, I was immedi-
ately tempted to intervene with “fixes” aimed at teaching students how 
to become better self-regulated learners. However, rather than seeking 
immediate short-term solutions, I decided to heed the advice of Randall 
Bass (1999) and frame lack of self-regulation as a “problem” in teaching 
and learning worthy of further investigation. 

In sum, this paper explores the degree to which students’ accurate 
prediction of their performance is linked to a set of behaviors practiced 
by self-regulated learners. The study asked students to identify which 
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strategies they employ to learn the material and assess their learning in 
the General Chemistry I course. It also investigated how accurately stu-
dents predicted their performance on a course exam and if any correla-
tion existed between their (self-reported) self-regulation skills and their 
prediction accuracy. Finally, since the results of the study demonstrated 
that students were deficient in some or all areas of self-regulation, I sug-
gest appropriate interventions to improve these skills.

Method 
LaGuardia students enrolled in General Chemistry I used the Motivated 
Strategies for Learning Questionnaire (MSLQ) to report on the learning 
strategies they employed in the course. In addition, students were asked 
to predict their performance on a recently completed course exam prior 
to receiving their actual test scores. These predictions were compared 
with their actual performance to confirm whether students had accu-
rately evaluated their learning and performance. 

The MSLQ consists of two main parts, motivation and learning 
strategies, and it inventories the self-regulation knowledge and practices 
that learners possess and use. For the research undertaken in this study, 
only the learning strategies portion (Part B) of the MSLQ was consid-
ered. The learning strategies section is further subdivided into the fol-
lowing areas: metacognitive self-regulation (MSR), management of time 
and study environment (TSE), effort regulation (ER), peer learning (PL), 
and help seeking (HS). The questionnaire includes 31 items that measure 
students’ use of different cognitive and metacognitive strategies and 19 
items about their management of resources. Each of the 50 Likert-type 
items is scored on a 7-point scale where 1 = not at all true of me, and 
7 = very true of me. (Of these 50 items, 7 items are negatively worded 
so that the rating has to be reversed: 1 becomes 7, 2 becomes 6, and 
so on.) Appendix B contains the questionnaire items used in this study. 

Students completed the MSLQ after taking the third of four course 
exams and prior to receiving their exam results. They were asked to 
respond in terms specific to their learning and study behavior in the 
General Chemistry I course up to that point and to predict their perfor-
mance on the third exam. Demographic information was also collected 
(Table 1, below). Based on the findings, interventions are proposed to 
increase students’ self-regulatory skills and, consequently, their aca-
demic performance.
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Participants
Participants formed a cohort of 142 students registered in General 
Chemistry I (SCC201) at LaGuardia Community College during the 
Fall I semester of 2012. They enrolled in the course to complete require-
ments for an Associate Degree or to fulfill prerequisites for graduate 

Table 1: Demographic Overview of Participants

Demographic Percentage

Major

Engineering 44.0

Liberal Arts: Mathematics and Science 27.1

Health-Related 13.3

Biology 8.4

Other and Nonmatriculated 7.2

Credits Completed

0-14 23.5

15-30 34.9

31-45 24.1

45-60 8.4

> 60 9.0

Gender

Male 60.2

Female 39.8

Ethnicity

Hispanic 28.3

African-American 18.1

Asian 31.9

Caucasian 10.2

Other 11.4

Paid Employment

Do not work 40.6

1-10 hours/week 5.5

11-20 hours/week 19.4

21-40 hours/week 29.1

> 40 hours/week 5.5
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programs. The sample included a range of GPA achievement levels and 
numbers of college credits completed. A detailed demographic break-
down of the students is provided in Table 1. Students were assured that 
participation in the study was completely voluntary and confidential 
and would not affect their grades in any way, and they were asked to 
sign an explanatory consent form. 

Measures
Each questionnaire was coded with an anonymous identifier (a 3-digit 
number). Students reported this 3-digit number to their instructor who 
then supplied the principal investigator with the actual third exam 
scores, each matched to a 3-digit code. In this way, the questionnaire 
responses and scores remained anonymous but allowed the principal 
investigator to compare responses, predicted scores, and actual scores 
for each student.

Data Analysis
A correlational study examined the relationship between students’ abil-
ity to accurately predict their grade (defined as prediction within ±10% 
of actual grade) and their score on the metacognitive self-regulation 
(MSR) section of the MSLQ, actual grade, and college credits earned. 
Correlations were also drawn between actual grade and the other areas 
measured under learning strategies: time and study environment (TSE), 
effort regulation (ER), peer learning (PL), and help-seeking (HS).

The data analysis was performed using the software program 
Mathematica™. For each subsection of the MSLQ discussed in this 
paper, each student’s score was computed by averaging the responses 
to the items that make up that scale. The means for the total popula-
tion were also calculated for each scale. For example, the metacognitive 
self-regulation scale has 12 items: An individual’s score was computed 
by taking the mean of the responses to all 12 items; the mean for the 
entire population for the scale was then computed. Box plots were used 
to represent the spread of the responses of the entire population to each 
item as well as the scale mean. Similar analyses were done for resource 
management strategies: time and study environment (8 items), effort 
regulation (4 items), peer learning (3 items), and help seeking (4 items). 

Using the individual scores thus calculated, linear correlations 
were performed as described above using Pearson correlation analysis. 
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Levene’s test for equality of variances was also used when dichotomous 
variables were created in the data set as, for example, when students 
were split into categories of pass/fail, high/low MSR, and good/bad 
predictors. A t-test was then used to analyze for equality of means.

Results
This study determined the ability of students to predict correctly their 
third exam score (±10% of the actual grade) and correlated this abil-
ity with their MSLQ scores and actual grade. Additionally, the study 
analyzed the responses to the learning strategies items in the MSLQ that 
encompass self-regulation skills and behaviors, including 12 items that 
measure metacognitive self-regulation, 8 items that measure the man-
agement of time and study environment, 4 items that measure effort 
regulation, 3 items that measure use of peer learning, and 4 items that 
measure help seeking. Appendix A shows the box plots of the quartile 
distributions of the student responses to the individual items on the 
scale, as well as the overall scale average. Also shown to the right of the 
box plot are the means of the individual items as well as the scale mean. 

Figure 1 shows a histogram of the students’ skill at predicting their 
grade in the third exam. This skill is defined as the difference between 
the actual grade and the predicted grade. Positive skill corresponds to 
students underestimating their performance (they performed better than 
they predicted) while negative skill corresponds to the opposite. The 
histogram shows that about 58% of the students overestimated their 
performance while 37% accurately predicted their grade on the exam 
with an error of up to 10 points.

Figure 1: Histogram Showing Percentage Difference Between 
Actual and Predicted Scores on Exam 3
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The result of the Pearson’s correlation analysis is shown in Table 2. 
In all cases, the sample size N =142. An asterisk (*) indicates that the 
correlation is significant to the 0.05 level; two asterisks (**) indicate 
significance to the 0.01 level. The results suggest that the dependent 
variable (prediction accuracy) correlated with only one of the predictor 
variables, student grade (p < 0.01) and that the strength of association 
was fairly strong (0.79). Students who were good predictors (within 
10% accuracy) got better grades (mean (M) = 86.01, standard devia-
tion (SD) = 9.26) than those who were not (M = 61.81, SD = 15.51). 
The difference in mean score (24.917) of good versus bad predictors 
was shown to be statistically significant when the independent-samples 
t-test for equality of means was applied (F(142) = 17.912, p < 0.001). 

For the other variables that showed a significant correlation (p < 
.05), for example, between help seeking and peer learning and between 
metacognitive self-regulation and effort regulation, the strengths of 
these associations were generally weak (< 0.3) to moderate (0.4-0.5). 

An independent-samples t-test for equality of means analysis was 
done on factors such as help seeking, management of time and study 
environment, peer learning, effort regulation, and actual third exam 
grade to see how they varied by category for students who reported 

Table 2: Pearson Correlation Table for MSLQ Learning Strategies 
Categories, Prediction Accuracy, and Student Exam 3 Grade

Self- 
Regulation

Time and 
Study 

Environment
Effort 

Regulation
Peer 

Learning Help Seeking
Prediction 

Accuracy
Exam 3 

Grade

Self- 
Regulation

1 .455** .409** .190*   .215*

Time and 
Study 
Environment

.455** 1 .511** .205*   .259**

Effort 
Regulation

.409** .511** 1    .135

Peer Learning .190* .205*  1 .492**  .187*

Help Seeking    .492** 1  -.024

Prediction 
Accuracy

      1 .787**

Exam 3 Grade .215* .259** .135 .187* -.024 .787** 1.000
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self-regulation scores of 5 or greater (high MSR) and less than 5 (low 
MSR). The results (tabulated below in Table 3 only for categories with 
significant differences) indicated that: 

a. With the exception of time and study environment (TSE), the 
variances in the categories between the two groups (high and 
low MSR) were equal, since the Levene’s test for equality of 
variances had a p > 0.05; and

b. Only the TSE variable (-0.8266, F(142) = -4.707, p < 0.05) and 
the effort regulation (ER) variable (-0.6191, F(142) = -3.440, p < 
0.05) exhibited a significant difference between the two groups.

Finally, independent-samples t-tests for equality of means analysis 
were done for the factors of help seeking, management of time and 
study environment, peer learning, effort regulation, prediction accuracy, 
and exam 3 grade to see how they varied by category of students who 
passed exam 3 (70% or greater, C- and above) and those who failed 
 (< 70%, D+ or below). The results indicated that: 

Table 3: Independent-Samples Test Table for High/Low Self-Regulated 
Students and Time and Study Environment and Effort Regulation 
Categories of MSLQ

Independent-Samples T-Test for High (≥ 5) and Low (< 5) MSR and the Variables Below

Levene’s Test for 
Equality of Variances T-Test for Equality of Means

F Sig. > .05 t df

Sig.  
(2-tailed)  

< .05
Mean  

Difference
Std. Error 

Difference

95% Confidence Interval 
of the Difference

Lower Upper

Time and 
Study  
Environment

Equal 
variances 
assumed

4.378 .038 -4.944 140 .000 -.8266 .1672 -1.1572 -.4960

Equal 
variances 

not  
assumed

  -4.707 99.651 .000 -.8266 .1756 -1.1750 -.4782

Effort  
Regulation

Equal 
variances 
assumed

.170 .680 -3.440 140 .001 -.6191 .1800 -.9749 -.2633

Equal 
variances 

not  
assumed

  -3.475 124.301 .001 -.6191 .1782 -.9718 -.2664
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a. With the exception of self-regulation, the variances in the cat-
egories between the two groups (pass and fail) were equal since 
Levene’s test for equality of variances had a p > .05; and

b. Only the TSE variable had a significant difference (-.6381) 
between the two groups (F(142) = -3.174, p < .05). The data 
analysis for this variable is shown in Table 4 below.

Discussion
The discussion presented here focuses on correlations between the self-
regulation scores, prediction accuracy, and actual grades on the third 
course exam. Correlations between self-regulation and the management 
of time and study environment and between self-regulation and actual 
grades are also considered. The analysis identifies areas of student learn-
ing that suggest a need for interventions that would affect the greatest 
number of students. The suggested interventions, while made here in 
the context of studying chemistry, have broad applicability to other 
STEM disciplines. 

Correlations Between Self-Regulation, Prediction Accuracy, and  
Actual Grades
The original hypothesis was that students who are unable to predict 
correctly their performance on course exams have not developed suf-
ficient self-regulation s kills; that is, they are not able to assess how well 
they have learned or how to close any performance gaps that exist. In 
this study, prediction accuracy is defined as the ability to predict perfor-

Table 4: Independent-Samples Test Table for Pass/Fail Students and 
Time and Study Environment Categories of MSLQ

Independent-Samples t-Test for Pass (C- and above) vs. Fail (D+ or below) Students and Time and Study Environment

Levene’s Test for 
Equality of Variances T-Test for Equality of Means

F Sig. > .05 t df

Sig.  
(2-tailed)  

< .05
Mean  

Difference
Std. Error 

Difference

95% Confidence Interval 
of the Difference

Lower Upper

Time and 
Study  
Environment

Equal 
variances 
assumed

2.182 .142 -3.174 140 .002 -.6381 .2010 -1.0356 -.2407

Equal 
variances 

not  
assumed

  -2.813 46.757 .007 -.6381 .2269 -1.0946 -.1816
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mance to within ±10% of the actual grade. However, the data revealed 
no correlation between the ability to predict performance correctly and 
the self-regulation skills as measured by the MSLQ in the categories of 
metacognitive self-regulation (MSR), management of time and study 
environment (TSE), effort regulation (ER), help seeking (HS), or peer 
learning (PL). Hence, the hypothesis that better prediction accuracy 
would correlate to self-regulation skills was disproved.

Prediction accuracy was in fact shown to be correlated to only one 
variable studied, actual grade (p < 0.01), and the strength of associa-
tion was fairly strong (0.79). This relation is described by the regres-
sion equation Y = 0.552X - 51.635, where Y denotes the accuracy of 
predicting performance and X is the student grade. The linear regres-
sion R2 = 0.617 suggested that 62% of the variation in the dependent 
variable Y is due to variation in the independent variable X, i.e., student 
grade can account for only 62% of the change in prediction accuracy. 
Additional research is therefore required to determine the other caus-
ative factors that affect students’ ability to predict their grades. Students 
who were good predictors (within 10% accuracy) got better grades 
(M = 86.01, SD = 9.26) than those who were not (M = 61.81, SD = 
15.51). The difference in mean score between the two groups (24.917) 
was shown to be statistically significant when the independent samples 
t-test for equality of means was applied (F(140) = 17.912, p < 0.001). 
Figure 2 below shows a box plot of student grades for categories of 
good and bad predictors.

Figure 2: Box Plot of Actual Student Grades vs. Prediction 
Accuracy Categories
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Self-Regulation and Management of Time and Study Environment, 
and Actual Grades: Correlations and Suggested Interventions
Weak but significant correlations were obtained between actual grades 
and metacognitive self-regulation (0.22, p < 0.05) and between actual 
grades and the management of time and study environment (0.26, 
p < 0.01). The correlation between actual grade and effort regulation 
was not shown to be significant. It is interesting to compare these cor-
relations to those obtained by Pintrich and his colleagues when the 
MSLQ was developed and tested on a larger sample of students span-
ning five academic disciplines (Pintrich, Smith, Garcia, & McKeachie, 
1991). In their study, the correlations with final grades obtained in these 
three areas were 0.30, 0.28, and 0.32 respectively. These correlations 
were described as significant though moderate and able to demonstrate 
predictive validity. Similarly, the current study demonstrates that self-
regulation, while influencing student performance, is only one factor 
among several.

An analysis of the individual metacognitive self-regulation items 
(MSR) on the MSLQ (see Appendix A, Figure A1) indicates that 
monitoring and regulating activities are areas in which students are 
proficient. Responses to these items (see Appendix B) on the question-
naire (#41, M = 5.75; #76, M = 5.77; #79, M = 4.78) indicate that a 
significant majority of students (75%, 75%, and 50% respectively) go 
back when studying to areas about which they were confused in class 
and attempt to identify which concepts they do not understand well.

However, responses to several other items in the MSR category 
suggest a need for intervention. Item 33 is worded “During class time, 
I often miss important points because I am thinking of other things.” 
This item (which is reverse-scored) has a mean of 4.36 with approxi-
mately 65% of students reporting a score of 5 or less and 50% report-
ing a score of less than 4. This behavior may be due to a lack of interest 
in the material, the presence of other significant responsibilities such as 
work and family that compete with academic responsibilities, or simply 
a lack of attentiveness and focus on the part of the student. Interven-
tions could include instruction in strategies to help improve focus and 
attention during class, and instruction in active learning strategies such 
as note-taking, asking/answering questions, and other types of partici-
pative behavior.
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Item 36 is worded, “When reading for this course, I make up ques-
tions to help focus my reading.” This item had a mean of 3.55 with 
75% of students reporting a score of 5 or less and 50% reporting 4 or 
less. Closely related is item 55, “I ask myself questions to make sure 
I understand the material I have been studying in class,” which had a 
mean of 4.52 and for which 50% of students reported a score of 5 or 
greater. Self-questioning is an important monitoring and regulatory 
activity to help students assess understanding: This skill is particularly 
important in a course such as chemistry where the exams measure 
primarily the ability to synthesize and apply concepts rather than the 
simple restatement of information. Interventions could include guid-
ing students in how to make up appropriate questions or monitoring 
learning by working end-of-chapter exercises to which answers are 
provided. Instructors could also provide students with practice quizzes 
and exams.

Item 44, “If course materials are difficult to understand, I change 
the way I read the material,” had a mean of 4.17. This item is related 
to item 57 (reverse-coded), “I often find I have been reading for a class 
but don’t know what it was all about,” which had a mean of 4.43. For 
both items, approximately 65% of students reported a score of 5 or less 
and 50% reported a score of less than 4. Interventions could include 
workshops on how to read textbooks, providing strategies for reading 
difficult material such as reading more slowly and making notes in 
the student’s own words, breaking up the reading of the material into 
smaller segments, reading from alternative sources to gain different 
perspectives or alternate ways of explaining concepts, utilizing worked 
examples from the text or other sources, and finally, starting with easier 
practice exercises and building up to more difficult ones.

Other possible areas for intervention are suggested by items 54 and 
61. Item 54 (“Before I study new course material thoroughly, I often 
skim it to see how it is organized,” M = 4.57) and item 61 (“I try to 
think through a topic and decide what I am supposed to learn from it 
rather than just reading it over when studying,” M = 4.70) both address 
the issue of task analysis. For both items, 50% of students reported the 
target score range of 5 and over. Possible interventions could include 
providing students with clear learning and performance objectives for 
each topic, encouraging them to review the objectives before studying, 
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and suggesting that students review chapter summaries before starting 
the study of a topic.

Self-Regulation and Time and Study Environment, and Effort 
Regulation: Correlations and Suggested Interventions
Moderately strong, significant correlations were found between meta-
cognitive self-regulation (MSR) and the management of time and study 
environment (TSE) (0.46, p < 0.01) and effort regulation (ER) (0.41, p 
< 0.01). As defined by Pintrich et al. (1991), MSR focuses on the aware-
ness, knowledge, and control of cognition which involve three general 
processes: planning (goal setting and task analysis), monitoring (of 
learning), and regulating (checking and correcting learning behavior). 
TSE assesses students’ scheduling, planning, and management of study 
time and study environment. TSE incorporates setting realistic goals, 
effective use of study time, as well as a distraction-free study space (Pin-
trich et al., 1991). ER is the ability of students to maintain focus and 
complete tasks even if they find the tasks boring or they are “not in the 
mood.” It is therefore unsurprising that good management of cognition 
correlates with effective time and effort management. 

When a dichotomous variable was created of students with high 
self-regulation skills (MSR score of ≥ 5) and low self-regulation skills 
(MSR < 5), a significant difference was shown for the means of those 
two groups for time and study environment (TSE) and effort regula-
tion (ER) (Table 3, above). In other words, students with high MSR 
also had better time and effort management skills than those with low 
MSR. TSE and ER were also shown to be moderately correlated (0.51, 
p < 0.01; Table 2, above), the second strongest correlation found in the 
study, after prediction accuracy with grades. 

Appendix A, Figure A3, shows the box plots and means of the 
items on the MSLQ that measure effort regulation. Half of the students 
reported that they are likely to quit before they finish a planned task if 
they feel lazy or bored (item 37) or if the work is difficult (item 60). A 
possible intervention here is to encourage students to keep lists of topics 
they find difficult and bring them to tutorial sessions, instructor office 
hours, or study group meetings so that they can be effectively dealt 
with. Another technique that can be suggested is that, if students find 
themselves unable to focus on a planned task, they should substitute 
another so that some work is done and the study time is not wasted.
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When a second dichotomous variable was created comparing stu-
dents who passed exam 3 (with C- and above) and those who failed 
(with D+ and below), the only category in which a significant difference 
in means was observed was TSE. These results suggest that, for our 
population, helping students develop appropriate time management 
strategies is crucial to their success. 

A deeper analysis of the TSE responses on the MSLQ (see Appendix 
A, Figure A2) indicated that students have good study habits from the 
perspective of studying in a place where they can concentrate, that is, in 
a distraction-free environment, even if they do not have a regular place 
where they can study (item 65). Lack of a regular study space does not 
appear to be significant: Many students study at home, at school, and 
even at their place of employment. Where they study seems to be simply 
a matter of what their schedule permits. Item 73 with a mean of 6.3 
showed almost 100% reporting that they attend class regularly with 
a score of 5 or over. High attendance rates may be influenced by the 
school’s attendance policy, which records attendance for every class meet-
ing; financial aid is also, for some students, dependent on attendance. 

However, students are weaker when it comes to making good use 
of study time and this weakness is likely related to a lack of specific 
goals for their study time. For item 52 (“I find it hard to stick to a study 
schedule,” reverse-scored), only 25% of students reported a score of 5 
or greater, while only 50% of students reported a score of 5 or greater 
for making good use of study time (item 43), keeping up with course 
readings (item 70), and reviewing notes or readings before an exam 
(item 80). For item 77 (“I often find I don’t spend very much time on 
this course because of other activities”), 75% of students reported a 
score of 5 or less. This item is significant for our student population as 
many of our students work: 34.6% reported that they work 21 or more 
hours per week; if students who work 11 or more hours per week are 
included, 54% of the students work (Table 1, above). It seems likely 
that work is the main “other activity” that reduces the time spent on 
the course. 

Possible interventions that would improve student performance 
include coaching on time management strategies such as creating real-
istic course and study schedules and scheduling shorter, more focused 
study periods with specific goals on a checklist rather than lengthy 
study periods with vague goals. To encourage students to major in 
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STEM disciplines, grants and scholarships at the federal, state, and col-
lege level should be offered to reduce the amount of time students have 
to work. Colleges can also assist with job placement in related fields or 
create job opportunities on campus, such as research internships with 
faculty, so that students learn from work as well as earn money.

Additional Areas for Intervention: Peer Learning and Help Seeking
The resource management strategies peer learning section of the MSLQ 
examines how students interact with each other as colearners. Research 
has shown that collaborating with peers can have a positive effect 
on learning and achievement (for example, Lumpe & Staver, 1995). 
Appendix A, Figure A4, shows the box plot and means of the items on 
the MSLQ that measure peer learning.

For all three items, less than 50% of students reported that they 
regularly work with other students to learn the course material or com-
plete assignments. Again, this factor is significant for our population: 
LaGuardia is an urban commuter school, and because of students’ work 
schedules, they tend to leave the campus immediately after class. A lack 
of physical space for group work on campus also makes peer collabo-
rations more difficult. Interventions could include instructors actively 
encouraging and promoting study groups by explaining their benefits, 
implementing “ice-breaker” activities at the beginning of the semester 
to help students get to know each other sooner rather than later, and 
assigning students to groups for low-stakes assignments to jump-start 
the process. The College could also endeavor to provide physical spaces 
on campus dedicated to group study. 

 Help seeking examines whether students are able to recog-
nize when they need help and can identify and utilize sources of help, 
whether peer or instructor. Help seeking can avert possible failure, 
maintain engagement, lead to task success, and increase the likelihood 
of long-term mastery and autonomous learning (Newman, 2002). 
Appendix A, Figure A5, shows the box plots and means of the items 
on the MSLQ that measure help seeking. Interestingly, there was a sig-
nificant, moderate correlation between peer learning and help seeking 
(0.492, p < 0.01). This correlation suggests that students who are likely 
to seek help are also likely to pursue opportunities for peer learning.

Seventy-five percent (75%) of students reported that they often 
do not seek help with material they are having trouble understanding 
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(item 40, M = 2.99); 50% reported that they identify other students 
they could ask for help (item 75), and 50% reported that they usu-
ally ask for help from the instructor or other students (items 58 and 
68). One intervention could include providing a school-managed peer 
instruction program by identifying and training students (current 
and former) as peer instructors. Peer instruction services need to be 
actively advertised and promoted: Students are sometimes unaware 
that these services exist. Instructors could promote office hours as time 
for one-on-one instruction, not just time to consult on administrative 
issues. Instructors could also arrange to have office hours in a neutral 
space and recast them as small group tutoring to reduce the anxiety of 
students who find one-on-one contact with the instructor in an office 
setting intimidating. 

Conclusion
The self-regulation practices of LaGuardia students enrolled in Gen-
eral Chemistry I were inventoried through the use of the Motivated 
Strategies for Learning Questionnaire. The ability of students to assess 
correctly their performance on a course exam was also measured. 
Only 37% of students correctly predicted their performance on a 
course exam within a 10-point accuracy range. The statistical analysis 
of the data showed no correlation between prediction accuracy and 
self-regulation skills as measured by the MSLQ: Thus, the original 
hypothesis that poor prediction accuracy is due to low self-regulation 
skills was not supported. Instead, a fairly strong correlation was shown 
between prediction accuracy and actual performance. Weaker but 
significant correlations were identified between performance and self-
regulation and between performance and the management of time and 
study environment.

An item-by-item analysis of survey responses in the areas studied 
showed that students were proficient in some skills, such as going back 
to clarify areas about which they were confused in class, studying in 
distraction-free environments, and sustaining effort even in the face of 
dull or uninteresting material. In many more areas, however, student 
behavior exhibited weaknesses. These included maintaining focus in 
class, using self-questioning techniques when studying, knowledge of 
strategies for reading difficult material, identifying learning objectives 
and using them to guide study, time management, and help seeking. For 
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the areas identified as deficient, possible interventions are proposed. The 
interventions, if implemented, should improve students’ self-regulatory 
behavior with the end result of improving their academic performance 
not only in chemistry courses, but in STEM disciplines in general.
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APPENDIX A

Figure A1: Resource Management Strategies: Metacognitive Self-
Regulation Items on the MSLQ

Item Mean Std. Dev.
33 4.36 1.95

36 3.55 1.94

41 5.75 1.41

44 4.17 1.82

54 4.57 1.86

55 4.52 1.82

56 4.39 1.91

57 4.43 1.95

61 4.70 1.58

76 5.77 1.19

78 4.83 1.74

79 4.78 1.75

Scale 4.66 0.81
Likert scale values 

(1 = not at all true of me; 7 = very true of me)

Scale

33
36
41
44
54
55
56
57
61
76
78
79

1 2 3 4 5 6 7

Item number on the MSLQ 
and overall scale

Figure A2: Resource Management Strategies: Time and Study 
Environment Items on the MSLQ

Item Mean Std. Dev.
35 5.48 1.57

43 4.53 1.74

52 3.53 2.06

65 4.74 2.07

70 4.72 1.71

73 6.30 1.23

77 3.72 1.87

80 4.43 2.09

Scale 4.69 1.07

Likert scale values 
(1 = not at all true of me; 7 = very true of me)

Scale

35

43

52

65

70

73

77

80

1 2 3 4 5 6 7

Item number on the MSLQ 
and overall scale
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Figure A4: Resource Management Strategies: Peer Learning Items 
on the MSLQ

Item Mean Std. Dev.
34 3.92 2.08

45 4.17 2.09

50 3.05 1.99

Scale 3.71 1.62

Likert scale values 
(1 = not at all true of me; 7 = very true of me)

Scale

34

45

50

1 2 3 4 5 6 7

Item number on the MSLQ 
and overall scale

Figure A3: Resource Management Strategies: Effort Regulation Items 
on the MSLQ

Item Mean Std. Dev.
37 4.84 1.85

48 5.10 1.82

60 5.14 1.74

74 5.63 1.35

Scale 5.20 1.09

Likert scale values 
(1 = not at all true of me; 7 = very true of me)

Scale

37

48

60

74

1 2 3 4 5 6 7

Item number on the MSLQ 
and overall scale
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Figure A5: Resource Management Strategies: Help Seeking Items 
on the MSLQ

Item Mean Std. Dev.
40 2.99 1.72

58 4.46 2.02

68 4.28 2.09

75 4.88 2.02

Scale 4.15 1.26

Item number on the MSLQ and overall scale

Likert scale values 
(1 = not at all true of me; 7 = very true of me)

Scale

40

58

68

75

1 2 3 4 5 6 7
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Motivated Strategies for Learning Questionnaire (MSLQ)
Part B. Learning Strategies
The following questions ask you about your learning strategies and 
study skills for this class. Again, there are no right or wrong answers. 
Answer the questions about how you study in this class as accurately 
as possible. If you think the statement is very true of you, circle 7; if a 
statement is not at all true of you, circle 1. If the statement is more or 
less true of you, find the number between 1 and 7 that best describes 
you. Use the same scale to answer all the questions.
 
32. When I study the chapters for this course, I outline the material to help 

me organize my thoughts. 
Less true 1 2 3 4 5 6 7 More true

33. During class time, I often miss important points because I am thinking 
about other things. 
Less true 1 2 3 4 5 6 7 More true

34. When studying for this course, I often try to explain the material to a 
classmate or friend. 
Less true 1 2 3 4 5 6 7 More true

35. I usually study in a place where I can concentrate on my coursework. 
Less true 1 2 3 4 5 6 7 More true

36. When reading for this course, I make up questions to help focus my 
reading. 
Less true 1 2 3 4 5 6 7 More true

37. I often feel so lazy or bored when I study for this class that I quit before 
I finish what I planned to do. 
Less true 1 2 3 4 5 6 7 More true

38. I often find myself questioning things I hear or read in this course to 
decide if I find them convincing. 
Less true 1 2 3 4 5 6 7 More true

39. When I study for this class, I practice saying the material to myself over 
and over. 
Less true 1 2 3 4 5 6 7 More true

40. Even if I have trouble learning the material in this class, I try to do the 
work on my own, without help from anyone. 
Less true 1 2 3 4 5 6 7 More true
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41. When I become confused about something I’m reading for this class, I 
go back and try to figure it out. 
Less true 1 2 3 4 5 6 7 More true

42. When I study for this course, I go through the textbook chapter and 
my class notes and try to find the most important ideas. 
Less true 1 2 3 4 5 6 7 More true

43. I make good use of my study time for this course.  
Less true 1 2 3 4 5 6 7 More true

44. If a chapter in the course is difficult to understand, I change the way I 
read the material. 
Less true 1 2 3 4 5 6 7 More true

45. I try to work with other students from this class to complete the course 
assignments. 
Less true 1 2 3 4 5 6 7 More true

46. When studying for this course, I read my class notes and the textbook 
chapter over and over again. 
Less true 1 2 3 4 5 6 7 More true

47. When a theory or conclusion is presented in class or in the textbook, I 
try to decide if there is good supporting evidence. 
Less true 1 2 3 4 5 6 7 More true

48. I work hard to do well in this class even if I don’t like what we are 
doing. 
Less true 1 2 3 4 5 6 7 More true

49. I make simple charts, diagrams or tables to help me organize course 
material. 
Less true 1 2 3 4 5 6 7 More true

50. When studying for this course, I often set aside time to discuss the 
course material with a group of students from the class. 
Less true 1 2 3 4 5 6 7 More true

51. I treat the course material as a starting point and try to develop my 
own ideas about it. 
Less true 1 2 3 4 5 6 7 More true

52. I find it hard to stick to a study schedule. 
Less true 1 2 3 4 5 6 7 More true

53. When I study for this class, I pull together information from different 
sources, such as lectures, textbook and discussions. 
Less true 1 2 3 4 5 6 7 More true

54. Before I study new course material thoroughly, I often skim it to see 
how it is organized. 
Less true 1 2 3 4 5 6 7 More true
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55. I ask myself questions to make sure I understand the material I have 
been studying in this class. 
Less true 1 2 3 4 5 6 7 More true

56. I try to change the way I study in order to fit the course requirements 
and the instructor’s style of teaching. 
Less true 1 2 3 4 5 6 7 More true

57. I often find that I have been reading the textbook for this class but I 
don’t know what it was all about. 
Less true 1 2 3 4 5 6 7 More true

58. I ask the instructor to clarify concepts I don’t understand in class, after 
class or during office hours. 
Less true 1 2 3 4 5 6 7 More true

59. I memorize key words to remind me of important concepts in this class. 
Less true 1 2 3 4 5 6 7 More true

60. When course work is difficult, I either give up or only study the easy 
parts. 
Less true 1 2 3 4 5 6 7 More true

61. I try to think through a topic and decide what I am supposed to learn 
from it rather than just reading it over when studying for this course. 
Less true 1 2 3 4 5 6 7 More true

62. I try to relate ideas in this subject to those in other courses whenever 
possible. 
Less true 1 2 3 4 5 6 7 More true

63. When I study for this course, I go over my class notes and make an 
outline of important concepts. 
Less true 1 2 3 4 5 6 7 More true

64. When reading for this class, I try to relate the material to what I 
already know. 
Less true 1 2 3 4 5 6 7 More true

65. I have a regular place set aside for studying. 
Less true 1 2 3 4 5 6 7 More true 

66. I try to play around with ideas of my own related to what I am learning 
in this course. 
Less true 1 2 3 4 5 6 7 More true

67. When I study for this course, I write brief summaries of the main ideas 
from the textbook and my class notes. 
Less true 1 2 3 4 5 6 7 More true

68. When I can’t understand the material in this course, I ask another 
student in this class for help. 
Less true 1 2 3 4 5 6 7 More true
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69. I try to understand the material in this class by making connections 
between the textbook readings and the concepts from the lectures. 
Less true 1 2 3 4 5 6 7 More true

70. I make sure I keep up with the weekly reading and assignments for this 
course. 
Less true 1 2 3 4 5 6 7 More true

71. Whenever I read or hear an assertion (a statement of fact) or 
conclusion in this class, I think about possible alternatives. 
Less true 1 2 3 4 5 6 7 More true

72. I make lists of important items for this course and memorize the lists. 
Less true 1 2 3 4 5 6 7 More true

73. I attend this class regularly. 
Less true 1 2 3 4 5 6 7 More true

74. Even when the course material is dull and uninteresting, I manage to 
keep working until I finish. 
Less true 1 2 3 4 5 6 7 More true

75. I try to identify students in this class whom I can ask for help if 
necessary. 
Less true 1 2 3 4 5 6 7 More true

76. When studying for this course, I try to determine which concepts I 
don’t understand well. 
Less true 1 2 3 4 5 6 7 More true

77. I often find that I don’t spend very much time on this course because of 
other activities. 
Less true 1 2 3 4 5 6 7 More true

78. When I study for this class, I set goals for myself in order to direct my 
activities in each study period. 
Less true 1 2 3 4 5 6 7 More true

79. If I get confused taking notes in class, I make sure to sort it out 
afterwards. 
Less true 1 2 3 4 5 6 7 More true

80. I rarely find time to review my notes or textbook before an exam. 
Less true 1 2 3 4 5 6 7 More true

81. I try to apply ideas from textbook readings in other class activities such 
as lectures or labs. 
Less true 1 2 3 4 5 6 7 More true 
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Teaching Electrical Circuits Using a Virtual Lab 

Md Zahidur Rahman 
Mathematics, Engineering, and Computer Science

Abstract
This paper describes an engineering professor’s first attempt at designing and 
implementing a scholarship of teaching and learning (SoTL) study in a basic 
electrical circuits course at LaGuardia Community College. Inspired by his 
understanding of Lee Shulman’s (2005) concept of “signature pedagogy” and 
Eric Mazur’s emphasis on student-centered approaches (2009, November 12), 
and aware that his students did not always understand the electrical theories 
and concepts presented in class, the author decided to change his pedagogy. 
He explains his efforts to train his students to think as engineers, first by mak-
ing them more “visible” and “accountable” in the classroom, and second, by 
offering them hands-on practice through the use of Multisim, a free and open 
source simulation software. The implications for the teaching of the basic 
electrical circuits course are offered as well as the author’s reflection on his 
own growth as a teacher and his developing understanding of the scholarship 
of teaching and learning.

Keywords: Multisim, simulation, software, engineering, and electrical circuits

Introduction
In the early 1990s, when I studied for my Bachelor of Science in Electri-
cal Engineering at Bangladesh University of Engineering and Technol-
ogy (BUET), Dhaka, most of the electrical engineering courses included 
a 1-or 2- credit laboratory. These labs in courses such as Electrical Cir-
cuits, Electronics, Electrical Machines, and Electrical Measurement and 
Instrumentation complemented the 3-credit lecture in electrical theories 
and concepts. Instructors usually discussed theories and presented some 
problems and solutions; they also gave us problems to work on in class 
and circulated around the room as we worked independently. In the lab, 
we performed hands-on experiments to test and verify the theories and 
concepts we had learned in class. Working in groups of two or three 
students, we performed experiments using authentic electrical tools 
such as voltmeters, ammeters, multimeters, and rheostats to design, 
build, and test electrical circuits. 
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I came to the United States in 1999 to continue my studies in 
engineering. I was surprised to find that professors did not provide 
many opportunities for the hands-on experimenting and independent 
problem-solving that I had experienced in Bangladesh. Instead, they 
primarily lectured and demonstrated solutions to problems on the 
blackboard, a pedagogical approach I adopted as a teacher at City 
College, and later at LaGuardia Community College. Standing at the 
blackboard, I lectured and wrote out solutions to problems, stopping 
periodically to ask my students if they had any questions. They rarely 
did, and I assumed they understood what I was doing. Occasionally, 
I gave students a problem to solve independently in class. I walked 
around the room observing students as they worked, but I did not 
interact with them very much. 

I joined LaGuardia Community College’s Carnegie Seminar on 
the Scholarship of Teaching and Learning (SoTL) seminar because I 
wanted to improve my teaching and my knowledge of SoTL. During 
our discussions of Lee Shulman’s article, “Signature Pedagogies in the 
Professions” (2005), I reflected upon my own experiences in Bangla-
desh and in the United States. Shulman, an educational psychologist 
and past president of the Carnegie Foundation for the Advancement of 
Teaching, describes a typical engineering class as follows: 

Although the teacher faces his class when he introduces the 
day’s topic at the beginning of the session, soon he has turned 
to the blackboard, his back to the students. The focal point of 
the pedagogy is clearly mathematical representations of physi-
cal processes. He is furiously writing equations on the board, 
looking back over his shoulder in the direction of the students 
as he asks, of no one in particular, “Are you with me?” A 
couple of affirmative grunts are sufficient to encourage him to 
continue (p. 53).

Shulman’s description sounded a lot like my experience as a student 
in the United States and the classes I was teaching, but I was no longer 
sure this approach was effective. Shulman also notes that in lecture-
based teaching, there is “almost no reference to the challenges of prac-
tice … [and] little sense of the tension between knowing and doing” 
(p. 54). Shulman’s critique of the typical engineering class helped me to 
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see that I was not meeting the goal of preparing my students to become 
professionals. Engineers must not only understand theories and con-
cepts, but also devise solutions to real-life problems, test their solutions, 
and troubleshoot those that do not work.

Furthermore, after viewing a video of Eric Mazur (2009, November 
12) engaging Harvard students in the study of physics, I realized that 
I needed to change the dynamic in my classes. Instead of asking “Are 
you with me?” and turning back to the board while students passively 
watched me derive solutions to problems, I learned to build in more 
opportunities for them to solve problems themselves during our class 
sessions. Now, rather than simply observing as students work and 
waiting for them to ask me questions, I have begun to move around 
the class, crouching so I can see their work, understand where they 
are stuck, and ask questions that help in the discovery of the solution. 
Additionally, I call individual students up to the board as I sit among 
the others. I urge them not to be afraid to try; the other students and I 
will help them as needed. Using these methods, I can detect confusion 
more clearly and offer help more quickly. 

But even with these changes, I felt that my pedagogy was not 
adequate to prepare students for a career in engineering. “Professional 
education is not education for understanding alone;” writes Shulman, 
“it is preparation for accomplished and responsible practice in the ser-
vice of others” (p. 53). In order to more fully address my pedagoical 
goals, I needed to provide my classes with more hands-on experiences 
similar to those I had had as an undergraduate student in Bangladesh. 

Electrical Circuits (MAE213) is a 3-credit course required for all 
civil, mechanical, or electrical engineering majors. Unfortunately, this 
foundational course does not include a lab hour. Furthermore, due to 
space and financial constraints, LaGuardia students currently do not have 
access to an equipped electrical engineering hardware lab. Therefore, 
our Engineering faculty are exploring simulation software. Such “virtual 
labs” engage students in realistic problem-solving activities that require 
the application of theories and concepts learned in the classroom. 

Virtual labs offer many advantages, among them powerful pro-
cessing and simulation facilities, ease of use, and accuracy. Where 
physical labs are not available, virtual labs can provide students with 
useful experience (Hackworth & Stanley, 2001; Hall, 2000; Lee, Li, & 
Cheung, 2002). Moure, Valdés, Salaverría, & Mandado (2004), Butz, 
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Duarte, & Miller (2006), and Swayne (2012) all note that virtual labo-
ratories also have potential for helping students understand theoretical 
principles. Kollöffel and Jong (2013) studied groups of vocational engi-
neering high school students to assess their understanding of electrical 
theories and concepts, and found that adding virtual lab experiences 
to the traditional lecture and hardware lab approach helped students 
learn theoretical concepts. Their research revealed that students might 
face some difficulties and need more time to construct, design, analyze, 
and verify the electrical circuits assignments using real hardware labs. 
Kollöffel and Jong suggest that virtual labs enable students to perform 
these tasks more quickly. 

MATLAB and Multisim are the two simulation software packages 
in use at LaGuardia. Utilized for numerical computation and program-
ming, MATLAB is a sophisticated and expensive software package 
often employed by professional electrical engineers. Multisim, on the 
other hand, is a free and comprehensive circuit analysis program that 
allows for the design, analysis, visualization, and simulation of electri-
cal and electronic circuits. In addition to an extremely realistic interface, 
Multisim allows students to use a mouse and graphics options to create 
schematic diagrams. Fraga, Castro, Alves, and Franchin (2006) studied 
groups of college engineering students in an electrical circuits class. 
Using two computer simulation software programs, PSpice and Mul-
tisim, the researchers found that Multisim provided students an envi-
ronment closest to a real lab. With Multisim, students can use virtual 
oscilloscopes, multimeters, and ammeters to develop their knowledge 
of electrical behavior. 

Multisim engages students in realistic problem-solving; they can 
build simulated circuits, learn how to construct complex circuits with 
various components, and verify the circuit design. After building their 
simulated circuit, students “turn on the electricity” using Multisim’s 
virtual “switch.” With this last step, students can immediately see if the 
circuit they have designed will function as they planned. If it doesn’t, 
they can continue working on the problem, and utilize their knowledge 
of electrical theories and concepts to troubleshoot design issues and cre-
ate alternatives until they arrive at the correct solution to the problem. 

The Electrical Circuits course proved to be an ideal environment 
in which to begin exploring the pedagogical advantages of Multisim. 
The curriculum focuses on basic components of electrical theory and 
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practice such as resistors, capacitors, and inductors, and reinforces 
fundamental mathematical and electrical concepts needed for designing 
and analyzing electrical circuits. Using Multisim allows my students 
to put their knowledge of theory into practice using a realistic, albeit 
simulated, environment. 

Preliminary Investigation of Multisim
In the informal study of my Spring I 2013 Electrical Circuits course 
described below, I examined the extent to which Multisim helped 17 
undergraduate students (15 male and 2 female students) solve engineer-
ing problems. Three students were Civil Engineering majors, ten were 
Electrical Engineering majors and four were Mechanical Engineering 
majors. I divided the students into two groups of equal size. For the first 
half of the semester, the students in Group 1 worked on one project, 
performing all calculations and solving all circuit design problems by 
hand without verifying their answers or testing their solutions with 
Multisim. Group 2 students worked on the same assignment, but 
used Multisim to verify the accuracy of their calculations and test the 
viability of their design solutions. In the second half of the semester, 
the groups switched: Group 1 completed two projects using Multisim, 
while Group 2 completed the same two projects without using Mul-
tisim. This arrangement assured that all students would experience 
solving problems both ways: 

1. Using only hand calculations and hand-drawn circuit designs. 
2. Performing hand calculations, and then using Multisim to 

design, build, test, verify, and troubleshoot their solutions. 
 As indicated in the Project Scores table below, the median scores 
revealed that students who used Multisim did slightly better than stu-
dents who did not. 

Table 1:  Project Scores: Hand Calculation or Multism

Group 1 Median Score Group 2 Median Score

Multisim 91.5 91.5

Hand calculations only 88.5 89.0

Percentage increase 3.4% 2.8%
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In an effort to get a better picture of students’ interactions with the 
software, I also asked students to respond to these three questions at 
the end of the semester: 
1. Which topics or projects were most difficult for you? 
2. Which method (hand calculation only or hand calculations and 

Multisim verification) better reinforced electrical theories and 
concepts?

3. What assignments or activities were most effective?
Eleven students concurred that using Multisim was the most dif-

ficult part of the projects. Twelve students agreed that performing the 
assignments with the simulation software is a better way of reinforcing 
electrical theories and concepts, three students believed that performing 
hand calculations only is more effective, and two students thought there 
was no difference between the two. Clearly, the majority of the students 
considered the mixture of hand calculation and software simulation the 
most effective way to complete projects and homework assignments.

Although this experiment was conducted with a small sample of 17 
students, the results suggest that students do indeed benefit from the 
use of Multisim.1 In a short reflection at the end of their projects, one 
student commented, “With the help of Multisim I was able to verify 
my answers and correct the one that I had wrong.” Another student 
observed, “By doing this project I learned how to use Multisim to solve 
circuit problems, I also learned how beneficial it is to use Multisim. It is 
a very simple and quick way to check your answers for any mistakes.”

Ideally, LaGuardia’s engineering students should be able to test 
their designs of electrical circuits using authentic equipment in a well-
furnished electrical engineering lab such as the one I used in Bangladesh. 
Based on the results of my Spring I 2013 experiment, I believe that 
Multisim offers a next-best solution to the problem of lack of access to 
realistic environments in which students can test their designs. This nec-
essary hands-on experience brings me closer to a principal component 
of engineering’s signature pedagogy and addresses Shulman’s reminders 
about the importance of preparing students for their professional lives. 
In future semesters, I hope to continue my efforts to analyze and report 
upon the effect of using Multisim to help students master electrical 
engineering theories and concepts. 
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Notes
 1. Both of the female students reported that using Multisim was the 

most difficult part of the class and noted that, for them, performing 
the hand calculations was more helpful in fostering understanding of 
electrical circuit theories and concepts, while the male students noted 
that Multisim provided a better way to understand the electrical theories 
and concepts of this course. This difference can potentially be ascribed 
to the assumption that males usually have more experience in dealing 
with various software tools and are not as intimidated by having to use 
software to simulate the circuit.
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Improving Student Performance
Implementing Active Learning Strategies to Increase  
Retention in Human Anatomy and Physiology 

Maria Entezari, Natural Sciences

Abstract
This study examines the impact of group work and discussions, “clicker ques-
tions,” partial outlines, and one-minute papers on the exam performance of 
LaGuardia Community College students in Human Anatomy and Physiology 
I (A&P) during Fall I 2012 and Spring I 2013 semesters, as well as students’ 
overall satisfaction with the course. A&P is a key course requirement for 
candidacy in health science majors at LaGuardia. Assessments consisted of 
a comparison of exam performance in treatment and control groups and a 
survey of student attitudes. The data analysis indicates statistically significant 
improvement in exam performance among the students who had active learn-
ing instruction. The results of the attitude survey, in which the students rated 
the efficacy of active learning strategies on a five-point Likert scale, indicate 
that the majority of students strongly preferred active learning activities and 
were satisfied with their experience in the course. A substantial majority of 
students indicated that the active learning strategies helped them to learn the 
material important to their future career goals. This study thus suggests that 
active learning strategies improve LaGuardia students’ experience of and per-
formance in Human Anatomy and Physiology I.

Keywords: Student-centered, active learning, motivation, performance, 
anatomy and physiology, undergraduate.

Introduction
Human Anatomy and Physiology I (A&P), a gateway course for 
LaGuardia’s health science and psychology majors, has high dropout 
rates, following national trends. Health Science faculty at LaGuardia 
feel that successful completion of A&P with a C+ or better gives prom-
ise that candidates will achieve positive results in key courses in the 
major such as Human Anatomy and Physiology II and clinical courses. 
However, in practice, students need an “A” if they wish to be accepted 
into LaGuardia’s highly competitive programs in Nursing, Physical 
Therapy, or Occupational Therapy. Therefore, A&P faculty are fre-
quently in search of pedagogical interventions that improve grades, 
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increase course retention rates, and gear students toward graduation 
and transfer. But deciding upon successful interventions is a challeng-
ing task. As documented across diverse disciplines (see Defining Active 
Learning below), the incorporation of active learning is one approach 
that can increase student learning, motivation, and success. 

Throughout my life as a student in Iran, I wanted to be a teacher. 
Even in middle school, I observed my teachers’ methods, becoming 
more and more inspired as I evaluated what I liked and didn’t like. Yet 
in my first year as a professor at LaGuardia, I realized with dismay that 
nearly 40% of my students dropped my class after only a few sessions. 
Of those who stayed, just 50% completed the course successfully. At 
first, I assumed that my students simply lacked the motivation to study 
well, a perception that was in conflict with my knowledge that most 
worked hard and for many hours outside of class to support themselves 
and their families. 

Zhai and Monzon (2001) reported that students withdraw from 
courses and subsequently from pursuing degrees at community colleges 
for several reasons, including conflicts with work schedules, personal 
reasons, parking issues, family obligations, financial difficulties, bore-
dom with classroom activities and teaching styles, and low motivation. 
It is doubtful that we can eliminate all the factors that cause students 
to withdraw from their courses. However, educators might be able to 
influence some conditions that relate to student retention, especially 
fear of failure and lack of motivation. 

While I could not identify the causes of withdrawal and failure from 
my A&P class, the rates were alarming and demanded immediate solu-
tions: I increased my office hours, added more review classes before each 
quiz, and offered two sessions of online discussion board per week. These 
additional supports had some effect, raising the number of students who 
passed to 60%. Yet the percentage of withdrawals from my classes did 
not budge. If initially I had been excited by pedagogical challenges, now 
I was anxious, frustrated, and discouraged. I began to accept that if my 
students were to be better learners, I had to become a better teacher. 
Beyond offering more office hours, I had to rethink my pedagogy.

During this period of exploring strategies, the first step in my own 
remediation was to participate in LaGuardia’s Carnegie Seminar on 
the Scholarship of Teaching and Learning. With the goal of changing 
my entire approach to Human Anatomy and Physiology I, I launched a 
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two-year investigation of my methods with a series of questions: What 
was my teaching philosophy? What previous classroom experiences had 
inspired me as a student? What had I done before in my classes? What 
had worked well and what had not?

Reflecting on these questions, I thought back to Iran and the profes-
sor of embryology who encouraged my enthusiasm to teach biology. 
His methods were hands-on and collaborative: We formed the multiple 
stages of a frog’s development in clay, labeled its diverse parts, and 
tested each other to confirm that our models accurately incorporated 
every element of the frog’s physiology. With this embryology professor, 
we actually experienced biology in ways that reflected the well-known 
Chinese proverb, “Tell me and I forget. Show me and I remember. 
Involve me and I understand.” For us, his techniques were unique; we 
loved being in embryology lab, and none of us wanted to miss his class. 
I wanted my LaGuardia students to share the enthusiasm instilled in me 
by my professor, and I wanted to teach them as my professor had taught 
me, by actively engaging them in Human Anatomy and Physiology I, a 
course that could make or break their hopes for life-changing careers 
in the health sciences.

Defining Active Learning
Numerous research studies show the value and effectiveness of active 
learning strategies in improving student success, especially among 
minorities and at-risk students (Kagan, 1994). Schargel and Smink 
(2001) identified 15 effective strategies to decrease dropout rates from 
courses and subsequently from college. Among those most relevant to 
my Carnegie Seminar investigation were professional development, 
mentoring/tutoring, individualized instruction, and active learning; the 
focus of this paper is restricted to active learning strategies. Designated 
as one of “seven principles” for effective undergraduate education 
(Chickering & Gamson, 1991), “[a]ctive learning provides opportu-
nities for students to talk and listen, read, write, and reflect as they 
approach course content through problem-solving exercises, informal 
small groups, simulations, case studies, role playing, and other activi-
ties – all of which requires students to apply what they are learning” 
(Meyers & Jones 1993; xi). A methodology that places students’ needs 
at the center of a learning environment, active learning is designed to 
generate discussion of concepts, posing of questions, and clarification 
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of misconceptions. In sum, active learning contrasts with traditional 
lecture courses in which students are expected merely to listen and 
absorb information transmitted by their instructors. 

Active learning covers a wide range of strategies, and most studies 
show that, regardless of type, active learning has a positive effect on stu-
dents’ learning and performance. A study by Springer, Stanne, and Don-
ovan (1998) showed that implementing various forms of small group 
learning improved attitude and persistence in STEM courses. Similarly, 
collaborative work and group discussion significantly increased stu-
dents’ learning and conceptual understanding in an upper-level biology 
course (Knight & Wood, 2005). Bojinova and Oigara (2011) reported 
that clickers appear to increase student engagement; however, they 
observed no significant difference in the scores of students who used 
clickers and those who did not. Another example of active learning 
strategies is the one-minute paper assigned at the end of class; students 
write about what they learned and what most confused them, a tech-
nique found to improve students’ exam scores (Stowe, 2010).

In traditional pedagogy, a substantial amount of material can be 
covered in lecture. However, students are often overwhelmed by the 
content. They struggle to make connections among facts and to build 
upon prior knowledge. In a traditional classroom, students may not 
have the opportunity to discuss their ideas and misconceptions and 
there is often little interaction among students or with their instructors. 
A number of studies found that these deficits are the primary reasons 
for attrition in science courses and subsequently for dropping out of 
school (Wilke, 2003). It has been shown that active learning strategies 
can improve student performance and attitude (Johnson, Johnson, & 
Smith, 1998). Active learning strategies increase student interaction 
with their peers and with their instructors, encourage students to con-
nect new knowledge to prior knowledge, and provide opportunities for 
students to reflect on their learning process (Yager, 1991). 

 In contrast, some studies have shown that active learning strate-
gies have no impact on student achievement at all (Huang & Carroll, 
1997). These discrepancies might be attributed to differences in course 
content or student populations. It is, therefore, important to consider 
different courses with different populations of students if the positive 
effect of active learning strategies on student performance is to be con-
firmed. This study describes the development and implementation of 



an instructional design that integrated multiple forms of active learn-
ing and student-centered pedagogies into a traditional lecture-based 
course in Human Anatomy and Physiology. The study was guided by 
the hypothesis that implementing different active learning strategies 
synergistically – using group work and discussion, “clickers” (per-
sonal response cards), partial outlines, and one-minute papers – would 
improve students’ exam performance, deepen conceptual understand-
ing, and increase satisfaction and retention in A&P at LaGuardia Com-
munity College. 

To test this hypothesis, I compared a traditional lecture-based envi-
ronment to an active learning and student-centered environment. In 
both classes, I measured student performance on exams and a variety 
of student behaviors, such as the levels of their interest and motivation.  

Method
Participants
Participants in this study (N=66) were students enrolled in two sections 
of Human Anatomy and Physiology I (A&P) in 12-week sessions of 
LaGuardia’s Fall 2012 and Spring 2013 semesters. All health science 
majors are required to take this 4-credit course to enter programs in 
Nursing, Physical Therapy Assistant, Occupational Therapy Assistant, 
Radiologic Technology, and Veterinary Technology. Participants were 
concurrently enrolled in a laboratory course that met once a week for 
3 hours. The lab component of the course was not changed. LaGuar-
dia’s Institutional Review Board approved the research study protocol 
(IRB Approval number 446331-1), and all students were informed that 
participation in the study was voluntary; opting out would not affect 
their grades.

This study was conducted in four 3-hour class sessions held dur-
ing the semester. A&P covers the following topics: basic chemistry, the 
cells and tissues, a general introduction to the structure and function 
of human organs, the integumentary system, the skeletal system, the 
muscular system, the cardiovascular system, the respiratory system, the 
lymphatic and immune systems, and the maintenance of normal func-
tions in the whole organism. 
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Experimental Design and Procedure
The research methodology was a quasi-experimental design with two 
conditions. The control condition was a traditional lecture-based 
approach to teaching the course; the intervention condition incorpo-
rated active learning strategies. The content material, the order of the 
lectures, the syllabus, and the exam schedule were the same for both 
groups. For both the control and treated groups, all materials required 
for the lecture (including outlines, notes, PowerPoint slides, and anima-
tions) were posted online one week before each class using the Black-
board course management system. For the control group (students 
taught in Fall I 2012), course topics were introduced by lecture; in-class 
discussion was minimal. In the treated group (students taught in Spring 
I 2013), lectures were punctuated, at twenty-minute intervals, by at 
least one type of active learning technique incorporated into the class. 

Interventions
Based on the learning objectives, complexity of the task, and period of 
available time, one or two activities were chosen for each session. For 
example, I used group work and discussion activities to give students 
more time to understand the complexity of certain topics such as the 
concepts of chemistry included in the A & P curriculum. Personal 
response “clicker questions” were used to check quickly on the extent 
to which student comprehended the material. The partial outline activ-
ity helped students learn and remember definitions and facts.

Group work and discussion
During group work, four students worked together. Chairs were 
arranged in a semicircle to permit easy interaction with the instruc-
tor and other students. Several times in each group work session, the 
instructor posed two or three questions (Figure 1). While the students 
attended to these, the instructor circulated, listening to their discus-
sions, answering questions, and offering comments. After 5 or 10 min-
utes, one or two groups presented their responses to the class.



Personal response ”clicker questions” 
Two to four “clicker questions” were presented as multiple-choice ques-
tions on a PowerPoint slide. Instead of electronic clickers, students used 
colored index cards to show their responses to these questions. Based 
on students’ answers the instructor could see what students understood 
and what they were still struggling with, and provide clarification as 
needed. (Figure 2). 
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Figure 1: Sample group work questions

The following figure is a diagram of an atom. Complete this exercise 
by responding to the questions that follow, referring to the atom in 
this figure. Insert your answers in the answer blanks provided.

1. What is the atomic number of this atom?  __________________

2. If the atomic mass of this atom is 23, what is the number  
of neutrons? Show your work. __________________________  
 ________________________________________________  
 ________________________________________________

3. What is the electron configuration of this atom? _____________

4. How many electrons are in the valence shell?  _______________

5. How many electrons would be needed to fill its outer (valence)
shell?  ____________________________________________

6. What is the net charge of this atom?  _____________________

7. Is this atom chemically active or inert?  ____________________
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Partial outline
After a 15-minute minilecture, students worked in pairs to complete 
fill-in-the-blank prompts keyed to definitions and facts directly related 
to the minilecture (Figure 3).

One minute papers
Toward the end of each class, students were asked to write down the 
most important things they had learned, and to identify their needs for 
any additional information or clarification. After class, the instructor 

Figure 2: Sample “clicker questions”

Which types of feedback are shown in the following pair of graphs?

A B

 1. A positive, B negative 2. A positive, B positive

 3. A negative, B positive 4. A negative, B negative

Figure 3: Sample fill-in-the-blank prompts

1. Responsiveness means  .

2. Evolution means  .

3. Metabolism means  .

4. Thermoregulation is an example of  because the 
body respond  the original change.

5. Most of the feeback loops in our body are  
feedback loops.

6.  feedback enforces the changes.

7.   feedback is not always useful such as 
 .



read all the responses, and modified materials posted on Blackboard 
accordingly. 

Data Collection
To measure the effect of active learning strategies on student perfor-
mance, I compared the scores of the same three out of six multiple-
choice exams given to the treated group (Spring I 2013, N=32) and 
the control group (Fall I 2012, N=34). Based on Bloom’s taxonomy, 
answers were categorized as easy (knowledge), medium (comprehen-
sion and application), or difficult (analysis and synthesis). In addition, 
students in the treated group responded to a five-point Likert-scale 
survey of their attitudes toward active learning strategies and the course 
as a whole (questionnaire reproduced in Appendix B below). 

Statistical Analysis and Results
Student Performance
As shown below (Figure 4), students in the treated group performed 
significantly better on Exams 1 and 2; on Exam 3, although students 
in the treated group performed better, the difference was not found to 
be statistically significant.1 
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Figure 4: Average scores on each exam
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The average of scores on all three exams showed that students in 
the treated group achieved an average score of 76.8, significantly bet-
ter than students in the control group whose scores on the three exams 
averaged 67.8. These scores are represented below (Figure 5):

The analysis of student responses to exam questions revealed that 
students exposed to active learning strategies were better able to answer 
questions in all three of the hierarchical learning categories (Easy, 
Medium, Difficult). Figure 6 shows that in each category the mean score 
was higher for students in the treated group.

Figure 5: Overall average test scores 
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Figure 6: Average scores on exam questions grouped by 
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Student Attitudes and Retention
As Table 1 indicates, the majority of students in the treated group 
scored all survey questions about active learning satisfaction as 
“strongly agree.” Indeed, 90% of the students preferred active learning 
over traditional methods. 

Discussion
Student Performance
The present study shows that incorporating some active learning 
activities in a content-intensive course such as A&P offers students an 
opportunity to engage with their peers and reflect on their own thinking 
process in the classroom. Consistent with studies that show the benefits 
of active learning strategies (Walker, Cotner, Baepler, & Decker, 2008), 
the A&P data, as shown in Figure 4, indicate a positive correlation 
between improvement of student grades and incorporation of active 
learning methods in the classroom. Also observed in Spring I 2013 
(Figure 6) was significant improvement in the mean (p<0.001), indicat-
ing students’ ability to answer more questions at the Medium and Dif-
ficult levels of learning. These results suggest that implementing active 
learning strategies in this course improved academic performance and 
increased students’ problem-solving skills, and helped students identify 
strategies for enhancing their own learning. Extensive investigations 
suggested that metacognitive awareness is one of the crucial factors 
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Table 1: Student-reported attitudes toward active learning in 
Human Anatomy and Physiology I

Strongly  
agree

 
Agree

Neither agree 
nor disagree

 
Disagree

Strongly 
disagree

AL improved my learning in A&P 73.88% 17.70% 1.20% 7.20% 0%

AL increased my interest in the 
course

66.35% 19.15% 2.60% 10.40% 1.50%

AL improved my grade in the 
course

68.56% 16.66% 5.48% 9.3% 0%

I am glad I took A&P with AL 
activities 

81.50% 13.33% 5.17% 0% 0%

In the future, I would prefer AL to 
lecture-based courses

90.05% 7.60% 1.10% 1.20% 0%

A&P is relevant to my career 
goals

79.77% 13.30% 5.00% 2.00% 0%
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for student success (Bransford, Brown, & Cocking, 2000), preparing 
them for more advanced courses and independent learning (Armbruster, 
Patel, Johnson, & Weiss, 2009). 

Four different active learning strategies were incorporated to 
improve student learning in the treated group. Small-group discussions 
and other group work encouraged students to debate different solu-
tions and approaches to problems; these small-group activities worked 
especially well for shy students who might be reluctant to ask their 
questions in class. These methods also have the benefit of providing 
immediate feedback to the instructor about students’ understanding 
and/or misconceptions. 

A second strategy tested was the use of personal response cards 
(surrogates for clickers). Results were consistent with Crouch and 
Mazur’s study, which found that using clicker questions improved stu-
dent learning and performance (2001). Clickers are particularly effec-
tive as an immediate gauge of students’ understanding of specific topics. 
Based on their responses, the instructor can give students appropriate 
feedback and correction; students can also anticipate the format and 
depth of the questions that will appear on their exams. Clicker ques-
tions also stimulate in-class peer instruction, which is important for the 
process of student learning (Smith et al., 2009). 

Third, partial outlines helped students to deepen their understand-
ing of topics and retention of facts, and increased students’ participa-
tion. Students were motivated to ask more questions, which in turn 
helped to improve comprehension. Student responses on the question-
naire showed that they find this strategy useful, since it enabled them 
to make “a whole story” out of the various elements presented in class. 
Finally, the one-minute papers helped students to summarize what they 
had learned and identify areas of confusion.

Student Attitudes
Many science and nonscience majors believe that science courses are 
boring and even irrelevant (Rigden & Tobias, 1991). Some have had 
negative experiences in science courses before and come to class with 
poor attitudes. Most students are apprehensive about the prospect 
of performing badly in a science course (Hemenway, Straits, Wilke, 
& Hufnagel, 2002). In the present study, the incorporation of active 
learning strategies permitted students to discuss their thoughts in a 



risk-free environment. Here, interaction between students and instruc-
tor mitigated anxieties about contributing to the class discussion and 
commenting on the work of peers. As shown in Table 1, 66.35% of 
the students “strongly agreed” that active learning activities increased 
their interest in the course content. Previous studies show that increased 
interest improves learning and can lead to better performance in a 
course (Svinicki, 2004).

Table 1 also shows that 81.5% of the students “strongly agreed” 
that they were glad they had taken the active learning enhanced course; 
73.88% “strongly” believed that active learning strategies facilitated 
their learning, and 68.56% “strongly” believed that these strategies had 
helped them earn a better grade. Incorporating active learning activities 
in class enables students to become more familiar with the content, to 
connect various elements of the course, and subsequently, to come closer 
to their career goals. A substantial majority of the students (79.77%) 
indicated that they “strongly” believed that the A&P course material 
was relevant to their future career. These survey results show strong stu-
dent satisfaction with the course and seem to confirm the positive effect 
of active learning strategies on students’ motivation and attitude. Active 
learning activities resulted in improved social interaction among the stu-
dents. Some realized that study groups outside of the classroom could 
help them to better understand the course material. In one instance, a 
group of students attended the instructor’s office hours together. 

Conclusion and Future Directions
This study investigated the effects of incorporating active learning and 
student-centered pedagogy into what was previously a traditional lec-
ture-based Human Anatomy and Physiology I course. The results show 
a correlation between these strategies, improved student performance, 
and positive student attitudes toward the active learning enhanced 
course; furthermore, survey responses indicate that students enjoy 
active learning. Providing preliminary data and a model for incorpo-
rating active learning strategies in a content-intensive course, the study 
demonstrates the importance of revising traditional pedagogies in order 
to increase both the effectiveness of teaching and student motivation. 

In the future, by disseminating these results, we can encourage 
the use of active learning methods by faculty, especially those in the 
sciences or similar disciplines, who have previously hesitated. This 
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study suggests that learning objectives and teaching methods in science 
courses should be reconsidered and reconceived to include activities 
that focus on active and collaborative learning. Such activities are cru-
cial in improving student performance and guiding understanding of 
the relevance of course material to student career goals. An additional 
benefit of more class interaction is the possible gain in students’ abilities 
to communicate ideas and understanding. The process of reconsider-
ing teaching and learning is, of course, time-consuming and requires 
extensive and close collaboration between faculty and academic admin-
istrators. Yet it is through openness and cooperation that all partners in 
teaching and learning will find productive ways to implement strategies 
that maximize the realization of student potential. 

Notes
1. See Appendix A for details on statistical processes utilized for this study. 
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APPENDIX A

Data was compiled using Microsoft Excel 2010. All tests were scored 
using a 100-point scale. The average test scores achieved in each group 
were compared. A post-hoc test was performed to determine which 
means were statistically different. Mean scores, standard error (SE) and 
p-values are reflected in the chart below: 

Student performance on each of three hierarchical levels of compre-
hension was tested using one-way ANOVA to compare the means of 
correct answers in each category (see Figure 6 above).

Table A1: Mean scores, standard error (SE) and p-values

 Exam 1 
(Mean ± SE)  

p < 0.05

Exam 2   
(Mean ± SE)  

p < 0.05

Exam 3 
(Mean ± SE)  

p = 0.15

Overall Average 
(Mean ± SE)

p < 0.001

Treated group 79.13 ± 3.05 77.00 ± 3.17 74.25 ± 3.63 76.80  ±  1.89

Control group 69.06  ±  3.60 67.06 ± 3.05 67.27 ± 3.22 67.80  ±  1.88
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APPENDIX B

Questionnaire used to assess student motivation and attitudes
Your class was the first section of SCB203 lecture to incorporate active 
learning activities. Therefore, I highly value your honest feedback to 
improve the structure of this teaching style to help serve future students. 
In addition, your comments will help improve the course overall and 
also help me assess my teaching to be more effective in working with 
future students. 

This survey is completely anonymous. So don’t worry about anything 
and just feel free to write your opinion.
Thank you very much!

1. The material covered in Anatomy and Physiology I is relevant to my 
long term goals and future career.

 Strongly disagree Neither agree nor disagree Strongly agree

2. Interaction with my classmates and professor in class through active 
learning strategies increased the level of my interest in anatomy and 
physiology.

 Strongly disagree Neither agree nor disagree Strongly agree

3. Overall, taking SCB203 incorporated with active learning activities 
instead of the lecture-based teaching facilitated and improved my 
learning in anatomy and physiology.

 Strongly disagree Neither agree nor disagree Strongly agree

4. Overall, taking SCB203 infused with active learning activities instead 
of the lecture-based teaching improved my grade in anatomy and 
physiology.

 Strongly disagree Neither agree nor disagree Strongly agree

5. I am glad that I took SCB203 infused with active learning activities 
instead of the lecture-based teaching class.

 Strongly disagree Neither agree nor disagree Strongly agree

6. In the future I would prefer to take courses that contain active learning 
activities. 

 Strongly disagree Neither agree nor disagree Strongly agree
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7. Please rank each of the following elements of the lecture portion of this 
course according to how helpful you found them to be in terms of your 
learning. (1 = not helpful, 5 = extremely helpful)

 Group discussion: 1 2 3 4 5

 Clicker questions: 1 2 3 4 5

 Partial Outline: 1 2 3 4 5

 One minute paper:  1 2 3 4 5

 8. Please rank each of the following elements of the lecture portion of 
this course according to how helpful you found them to be in terms of 
preparing you for exams. (1 = not helpful, 5 = extremely helpful)

 Group discussion: 1 2 3 4 5

 Clicker questions:  1 2 3 4 5

 Partial outline: 1 2 3 4 5

 One minute paper: 1 2 3 4 5
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It’s About Time!
Applying “Flipped Classroom” Pedagogy to Teaching and  
Learning Elementary Algebra

Mangala R. Kothari  
Mathematics, Engineering, and Computer Science

Abstract
This paper explores a practice-based approach to improve pass rates in Ele-
mentary Algebra (MAT096), the second of two developmental math courses 
at LaGuardia Community College. The study investigates the impact of imple-
menting a modified flipped classroom focused on in-class practice and instant 
feedback on student performance. To measure the impact of this pedagogy, 
the study compares the scores on two departmental exams with the exam 
scores on all the other MAT096 sections taught in Spring I 2013. The results 
provide statistical evidence that a modified flipped classroom approach helps 
students master the course material gradually and improves their academic 
performance.

Keywords: practice-based learning, flipped classroom, remedial math, pass 
rates.

Introduction
According to the Carnegie Foundation for the Advancement of Teach-
ing, more than 60% of the nation’s community college students must 
take at least one course in developmental math, and an alarming 70% 
of these students do not complete those courses and, therefore, cannot 
proceed to college-level work (Carnegie). The causes of low achieve-
ment in math are well known – curricula and methods of instruction 
that are incompatible, lack of adequate student preparation in funda-
mental concepts, and insufficient time to review and practice. How-
ever familiar and varied these causes, the effects of failure in math are 
devastating: Inability to complete developmental math usually means 
that a student simply cannot graduate from college. By 2020, 67% 
of all New York jobs will require a college degree or career certificate 
(Complete College America, 2014, p. 1). Failure to graduate severely 
limits employment opportunities and salaries, also impeding personal 
and professional growth.
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LaGuardia Community College of the City University of New York 
(CUNY) follows national community college trends identified by the 
Carnegie Foundation: In Fall 2012, 76% of students in the entering 
class placed into developmental math (LaGuardia Community College, 
Office of Institutional Research, 2013, p. 25). That same semester, the 
failure rate for students registered in Elementary Algebra (MAT096), 
the developmental math course discussed in this article, was 58% 
(J. Zhu, personal communication, January 15, 2014). Bahr’s extensive 
study (2008) of developmental math students in California public 
community colleges revealed that “three out of four (75.4%) remedial 
math students do not remediate successfully” (p. 442) and “more than 
four in five (81.5%) do not complete a credential and do not transfer” 
(p. 444). In a similar vein, the report of LaGuardia’s 2013 Periodic Pro-
gram Review (PPR) of Developmental Math states that by Fall 2012, 
of the 934 students who had placed in MAT096 in Fall 2006, 53% had 
dropped out and only 41% had graduated or transferred (Developmen-
tal Math, p. 6). While the authors of the Developmental Math PPR note 
that further study is underway to identify variables that may affect the 
retention rate of developmental math students, the data analyzed thus 
far suggests that reducing the dropout rate of students in developmental 
math courses would improve the 6-year overall graduation rate (p. 6). 

Within LaGuardia’s department of Mathematics, Engineering, and 
Computer Science (MEC), faculty teaching developmental math have 
participated in initiatives designed to help students pass developmen-
tal math courses and advance in their degree studies. For example, in 
Project Quantum Leap (PQL), over a 6-year period, 55 math faculty 
explored student-centered approaches such as collaborative learning, 
think-alouds, and structured problem-solving, all strategies applicable 
to the teaching of basic skills math (LaGuardia Center for Teaching and 
Learning [CTL], 2009). Math faculty are also piloting strategies such as 
modular classes and Academic Peer Instruction (API) tutoring support 
in class. MEC has also made extra tutoring, special workshops, and 
exam prep available to day and evening students. Implicit in these initia-
tives is the view that gains in student success will be achieved through 
pedagogies that include interaction and collaboration, combined with 
in-class and cocurricular tutorial support. However, even with such 
support, I believe that faculty and students require more time in class 
for supervised math practice and feedback. If students are to master 
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the course material, they must do so gradually, consistently practicing 
and assessing their grasp of each concept, and they must be assured of 
faculty feedback during each class session. To many teachers of devel-
opmental math, it often seems that there is so much material to cover 
that students do not have the time necessary to master course content. 
Too often, our students fall behind from assignment to assignment, 
their confidence and motivation faltering as the semester continues. 
This paper explores my effort to make time for in-class practice and 
feedback despite the constraints imposed by the MAT096 curriculum. 

The Developmental Math Course at LaGuardia
LaGuardia Community College offers a sequence of two noncredit 
math courses, Introduction to Algebra (MAT095) and Elementary Alge-
bra (MAT096), both designed to provide basic understanding of the 
arithmetical and algebraic concepts required for successful completion 
of the credit classes that form part of graduation requirements. Both 
MAT095 and MAT096 are scheduled for a total of 6 hours each week 
(4 hours of lecture, 1 hour of faculty-supervised time in a computer 
lab, and 1 tutorial hour). The curricula utilize EducoSoft, a web-based 
course management system that provides tutorials, practice tests, lec-
ture notes, review materials, and course and department exams (Educo, 
2008). Supplementing both courses are context-based quantitative 
reasoning projects using the environment as context in Introduction to 
Algebra, and health in Elementary Algebra.

As mandated by the MEC department, a 12-week semester in 
MAT096 begins with a review of fractions, decimals, and percentages 
and moves on to cover factoring, polynomial equations, scientific nota-
tion, graphing, and quadratic expressions. There are two departmental 
exams in Week 4 and Week 8 respectively, as well as two quantitative 
reasoning projects assigned during Week 3, Week 5, and/or Week 10. 
At the conclusion of the course, if students are to complete CUNY’s 
developmental math requirement and advance to the courses required 
for their major, they must also pass CUNY’s Common Elementary 
Algebra Final Exam (CEAFE), which counts for 35% of the final grade. 

Almost every MAT096 class session introduces a new topic. 
Thus, very little or no time remains for students to practice solving 
problems in class or for the instructor to review student work and 
provide feedback. In agreement that practice is essential to developing 
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an understanding of math concepts, most teachers assign homework 
as the conventional means of mastering content. But homework and 
practice require time, and, for our students, time is in short supply. 
Many work, some commute long distances, often after long hours at 
work, and others work, commute, and take care of their school-age 
children. A recent random survey of 650 LaGuardia students revealed 
that 70% are employed; of these, over 60% work more than 20 hours 
per week (Dickmeyer, 2012, slide 33). Just under half of our students 
support themselves, 18% work to cover tuition and college expenses, 
and 8% to support their parents (Dickmeyer, 2012, slide 32). Students 
also reported that they spend 6 to 10 hours per week commuting to 
and from the college (Dickmeyer, 2012, slide 38). Faculty, too, are short 
on time. The density of the curriculum, the pressure of the CUNY test, 
and the lack of time to help students practice all make it difficult for 
developmental math faculty to cover the material and prepare students 
for their tests within the 12-week time frame.

The “Flipped Classroom” Model
To address this shortage of time, educators are currently exploring 
pedagogies inspired by the “flipped classroom” model. Sams and 
Bergmann, who began using a “flipped classroom” in 2006 (“Why,” 
2012), explain the concept as follows: 

Instead of coming to class to watch the teacher lecture and 
then going home to practice what they learned – thus the word 
homework – students watch the lecture at home and then 
come to class to practice what they learned – that is, they’re 
now doing homework in class. Freed from delivering whole-
class instruction during that hour or so, the teacher can deliver 
targeted instruction to students one-on-one or in small groups, 
help those who struggle, and challenge those who have mas-
tered the content. (“Flip,” 2013).

Although the verb “to flip” is recent in this context, various forms 
of this approach have been used by several educators in the past 
decade and have shown evidence of significant learning gains (Brame). 
Recently, Deslauriers, Schelew, & Wieman (2011) studied the effect of 
using flipped classroom techniques in a physics class. The results of their 
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study comparing the flipped classroom to a traditional lecture-based 
classroom showed increases in student attendance, engagement, and 
subject learning.

In LaGuardia’s MAT096 course, EducoSoft can be employed in 
a manner that supports a “flipped” classroom. To illustrate, students 
could use EducoSoft tutorials, independently and at their own pace, 
to review, practice, and clarify concepts introduced in class, freeing up 
time for more in-class practice and instructor feedback. But with limited 
time available, the working student or working parent or caretaker who 
does not always use EducoSoft effectively needs time to practice in class. 
In addition, the experience of learning material on their own, merely 
by reading through online tutorials, is perhaps not as motivating to 
students as solving problems with peers in class. Furthermore, without 
the instructor’s immediate feedback, students have only vague insight 
into how well they are mastering the course material as they review it 
at home. As Guskey (2005) notes, providing students with feedback 
on formative assessments and following these with corrective instruc-
tions and reassessment are essential elements of mastery learning and 
can have exceptionally positive effects on student learning. Certainly, 
a teaching approach that involves supervised practice in class with 
immediate feedback from the instructor helps students learn better and 
master the material gradually, avoiding the problems that result when 
students encounter difficulties learning independently. 

Prior to the study described below, I did not set aside class time for 
my MAT096 students to practice. Instead, I lectured and wrote illustra-
tive examples on the board while students listened for the entire hour. 
Occasionally, I asked if they were following the lesson. In the rare cases 
when students asked questions, I provided additional information. For 
homework, students completed sets of problems using EducoSoft, and 
in the subsequent class, I allocated approximately 5 minutes to address 
any questions they raised about the homework. However, I was dis-
satisfied with my classroom approach, always lecturing and constantly 
rushing through the syllabus, all the while aware that the students, not 
having done their homework, were not keeping pace. 

While participating in The Carnegie Seminar on the Scholarship 
of Teaching and Learning offered by the LaGuardia Center for Teach-
ing and Learning, I became aware of Eric Mazur’s flipped classroom 
pedagogy (2009). Intrigued by what I saw him doing with his physics 
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students, I decided to reallocate classroom time and tasks with the pur-
pose of increasing interaction among students and with me, and encour-
aging a head-start on homework and an accompanying motivation 
to complete it. Most especially, I wanted to create an environment of 
engagement in which the instructor was at hand to give quick feedback 
and students were equally ready to identify and untangle their confusion.

Method
Thirty students enrolled in my Spring I 2013 MAT096 class par-
ticipated in the study described below.1 My classroom intervention 
consisted of four parts: preclass online exposure to new material, a 
shortened lecture, time allocated for in-class practice, and immediate 
feedback. Using this approach, I taught quadratic equations following 
the steps below: 

Part I: Online preclass exposure to the material (EducoSoft)
I posted worksheets, and a quiz on the topic to be covered in class about 
one to three days ahead of time. (Note that the students get 24-hour 
access to all of the course materials in EducoSoft, including tutorials 
and lecture notes.) 

Part II: In-class review and minilecture (35 minutes)
At the beginning of the class hour, I reviewed the homework for 
approximately 5 minutes. Then, for the next half hour, I explained qua-
dratic equations. I gave examples of both quadratic and nonquadratic 
equations. Next, I explained the procedure used to solve quadratic 
equations, and provided a few examples. Although lecturing is essential 
to introduce concepts and definitions, using fewer examples and reduc-
ing the time spent on theoretical concepts allowed me to shorten the 
lecture time by half. 

Part III: In-class practice (20 minutes)
Instead of explaining and solving many quadratic equations while 
asking students if they followed the lesson, I distributed worksheets 
consisting of five problems. Unlike the EducoSoft homework, which 
presents students with a miscellaneous assortment of problems related 
to a larger theme, my worksheets focused only on the concept covered 
in the lecture. Furthermore, EducoSoft homework assignments provide 
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students with the step by step solution to a sample problem; in contrast, 
my worksheets contained only carefully chosen hints. Given my expe-
rience teaching MAT096, I knew where students usually had trouble 
applying a concept, and I constructed my hints to supply students with 
just the right amount of information they would need to move on and 
solve the problem independently. While students worked individually, 
in pairs, or in small groups, I circulated around the classroom, answer-
ing questions and interacting with students individually. Whenever I 
noticed that many students made the same mistake, I gathered everyone 
into a large group and provided clues to point students towards the 
solution. I supervised students’ work and assisted them in completing 
the worksheet. 

Part IV: Instant feedback (5 minutes)
At the end of the class, I wrote one quadratic equation on the board and 
gave students 2 to 4 minutes to solve it. After asking students whether 
they had been able to solve the problem, I wrote the answer on the 
board, and assigned the homework for the following lesson. I usually 
gave the students about one week to complete 2 to 4 online homework 
assignments.

Measures, Results, and Discussion
To evaluate the effectiveness of this approach, I compared the median 
scores achieved by students in my Spring I 2013 MAT096 section on 
both of the departmental exams they took with the median scores 
attained by students in all other Spring I 2013 MAT096 sections on 
the same exams. For each departmental exam, two samples were 
considered:
• Sample 1 is the set of scores for all MAT096 students registered in 

Spring I 2013 who did not receive the intervention.
• Sample 2 is the set of scores for the students who were exposed to 

the flipped classroom experience. 
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Table 1 presents the sample sizes and the median scores achieved on the 
two departmental exams.

On both exams, the median score was higher for students in the flipped 
classroom, providing evidence for the effectiveness of this practice-
based learning approach. To assess the validity of the sample and the 
intervention, statistical tests were performed at 5% significance level.2 

This study suggests that making time for in-class practice using the 
flipped classroom approach can help students succeed. Students seem 
to have benefited from the class practice and daily assessment. Provid-
ing immediate feedback, clarifications, and explanations in class may 
have increased students’ ability to complete their homework and to 
prepare for departmental exams with more confidence and in less time. 
I noticed that during review of the homework, students asked fewer 
questions about the problems in EducoSoft suggesting that it was easier 
for them to complete the assigned homework. Students could also ask 
me questions during class, which saved them time since they did not 
have to arrange to meet with me outside of class. In the future, I would 
like to study the impact of this intervention on a larger population of 
LaGuardia’s developmental math students, and use qualitative measures 
as well as more extensive quantitative data to document the benefits of 
using a modified flipped classroom approach to help students succeed. 

Table 1: Sample Sizes and Median Scores Achieved on the Two 
Departmental Exams

MAT096 –  
Spring I 2013 Exam 1-N

Median 
Score Exam 2-N

Median 
Score

Sample 1:
General Population of 
MAT096 students 

 
 

955

 
 

73.33

 
 

838

 
 

86.67

Sample 2:
Flipped classroom 
experience 

 
 

14

 
 

83.34

 
 

14

 
 

93.33



Kothari  •  121 

Acknowledgements  
The author is deeply grateful to the editors of InTransit for their support 
and guidance throughout the writing of this article, and to Dr. Milena 
Cuellar, Department of Mathematics, Engineering, and Computer 
Science, for her expertise in statistical analysis, without which this paper 
would be incomplete. The author is also indebted to The Carnegie 
Seminar participants for their invaluable suggestions and encouragement. 

Notes
1. 22 students took the exams, but only 14 students signed the Institutional 

Review Board (IRB) consent form; only the scores of those 14 students 
are reported.

2. In that analysis, a series of Mann-Whitney hypothesis tests (Mann & 
Whitney, 1947) is set up for bootstrapped samples. Details on this study 
are available from the author upon request.
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Multiply or Divide? 
The Problem with Word Problems 

Reem Jaafar 
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Abstract
Word problems constitute an impediment to students’ progress in remedial 
math courses. A study of basic math skills at LaGuardia Community College 
revealed that students perform better when the context of the problems relates 
to areas of student interest. Furthermore, when given opportunities to discuss 
word problems in class with their peers, students are more successful in solving 
similar problems assigned for homework.

Keywords: Cooperative learning, mathematics anxiety, word problems, reme-
dial mathematics pedagogy.

Introduction
“How much ground beef would be in each hamburger if 6 pounds of 
ground beef were used to make 13 hamburgers?” When faced with such 
a word problem, students in the developmental course Introduction to 
Algebra (MAT095) often ask, “Should I multiply or divide?” Despite 
understanding the procedures of multiplication and division, students 
become confused by word problems that require the correct choice and 
application of one or the other of these operations; in fact, “confusing” 
was the most frequent response students gave to a question about their 
attitudes toward word problems on a survey administered during Spring 
I 2012 (Appendix A; see also “Results” section below). In addition, 
I have observed that students visiting the math tutoring center often 
skipped the word problems that appeared in EducoSoft, the online learn-
ing platform used for all remedial math classes. One LaGuardia student 
remarked that she finds understanding word problems difficult because 
“there’s all that stuff at the beginning, and you have to get through that 
before finally seeing the question at the end. So, you don’t know what 
the point is till you get to the end. That’s hard.” 

While the structure may be challenging, many researchers have 
found that students also have difficulty simply reading and understand-
ing word problems (Barwell, 2001, 2003; Short & Spanos, 1989; Wiest, 
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2002). If we can encourage our students to read carefully and patiently, 
they will not immediately assume that all word problems are “confus-
ing” and may persist longer in their efforts to solve them. Exacerbating 
the anxiety experienced by many students toward reading and math in 
general, word problems in particular impede advancement and success 
in both developmental and college-level math courses.

For the country’s community college students, the road to college-
level math and beyond is arduous. Students who do not pass develop-
mental math cannot succeed in college studies, a condition that severely 
hampers their efforts to realize educational and career goals. Over 60% 
of community college students register for remedial math courses, yet 
only 30% achieve success (Carnegie). LaGuardia students follow a simi-
lar pattern of failed attempts. The 2012 Institutional Profile reported 
that approximately 70% of entering students place into developmental 
math courses (LaGuardia, p. 24). Before ever enrolling in a college-level 
math course required for graduation, a student placed in MAT095 must 
pass the course, and then complete the follow-up developmental course, 
MAT096.1 Finally, she or he must prepare for and pass the CUNY 
Elementary Algebra Final Exam (CEAFE). Obstacles like these often 
cause students to give up on college studies. 

As noted in a recent study of CUNY retention rates, “entering fresh-
men who failed the math basic skills tests were less likely than students 
who were math proficient to re-enroll one year after entry” (CUNY, 
2006, p. 23). In other words, failing developmental math often means 
that students do not graduate and therefore never attain their educational 
and career goals. Merseth (2011) quotes the president of the Carnegie 
Foundation for the Advancement of Teaching, Anthony S. Bryk, who 
noted that for diverse groups of students who see community college 
as an educational and economic lifeline, “developmental mathematics 
courses represent the graveyard of dreams and aspirations” (p. 32). 

At LaGuardia, the first semester of the developmental math syl-
labus covers arithmetic (signed numbers, fractions, decimals, percents), 
elementary algebra (first-degree equations and inequalities, rules of 
exponents, equations of lines), and basic geometry (area and perimeter), 
as well as numeracy (estimation and unit analysis). Students must under-
stand and perform calculations, but they must also be able to apply 
those calculations in context, most often in the form of word problems. 
Word problems constitute 20% of the first exam, 40% of the second 
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exam, and 33% of the final exam, and are, for many students – including 
those enrolled in MAT095 – the major hurdle to clear (Barwell, 2001, 
2003; McNeil, Uttal, Jarvin, & Sternberg, 2009; Renninger, Ewen, & 
Lasher, 2002). Unfortunately, if students cannot learn to solve word 
problems at the start of the course, they will continue to misunderstand 
these problems throughout the semester. In the end, passing the exams 
and, thus, the course becomes less and less likely. 

But what is it about word problems that creates confusion for devel-
opmental math students? Barwell (2003) provides a useful description 
of word problems, noting that they usually have four elements: “named 
characters, a scenario, items of numerical information and a question 
or task to be carried out” (p. 6). As in the example that introduces this 
paper, word problem information is not always “relevant” to students’ 
experiences or understanding of the situation described in the problem 
(Barwell, 2003, p. 6). That is, usually we want to know how many ham-
burgers we can make with a given amount of meat, not the other way 
around. Further, the context may be ambiguous or indirectly stated. For 
example, in the hamburger case, there are no named characters; we don’t 
know who or what the hamburgers are for. When Barwell (2003) lis-
tened to third-graders creating their own word problems, he discovered 
that math learners required narratives and that if they could relate the 
story to their personal experience, they were better able to understand 
the mathematical structure of the problem.  

In a study of fourth-grade students’ ability to solve word problems, 
Bates and Wiest (2004) examined the effect of adding a personal dimen-
sion to the problem context. Participating students solved two sets of 
10 problems each within a two-week period. Half of the problems were 
copied straight from the course textbook. The researchers “personal-
ized” the remaining problems by substituting the names of students’ 
favorite toys, cars, friends, etc. in the scenarios provided in the textbook. 
Bates & Wiest compared the accuracy of student solutions to the text-
book problems vs. the personalized problems, and found that students 
with low reading ability did “slightly” better on the personalized prob-
lems (p. 22). Although the improvement was not statistically significant, 
the students did exhibit more interest in working the personalized prob-
lems. This study points the way to further research: What conditions will 
alleviate the difficulties students have with word problems? 
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As a participant in the LaGuardia Center for Teaching and Learn-
ing’s Carnegie Seminar on the Scholarship of Teaching and Learning 
(2011–2013), I had an opportunity to frame preliminary questions 
about students’ difficulties with word problems, a process of research 
and inquiry that unfolded over two semesters and a summer. In Spring 
I 2012, I surveyed student attitudes toward word problems. During the 
following summer, I devised a new approach to teaching word problems 
in MAT 095 which I introduced to students in Fall I 2012. Guiding the 
initial framing of the inquiry was the hypothesis that a.) student suc-
cess would increase if word problems were contextualized, focusing on 
their personal interests; providing contextualized word problems would 
help students to apply growing math knowledge to diverse situations in 
their lives; and b.) heightened success would lessen anxiety and increase 
willingness to practice math; growing competence could make math 
more appealing to at-risk students placed in remedial courses. Finally, 
I wished to observe whether working in groups would have any effect 
on students’ perceptions of their ability to solve word problems.

Literature Review
Despite student difficulties with word problems, Staub and Reusser 
(1995) emphasize that such problems allow students to utilize their 
knowledge of the world in combination with language and arithmetic 
skills. Further, De Corte, Verschaffel, & Greer (2000) note that word 
problems help students understand “when and how to use their math-
ematical knowledge for approaching and solving problems in practical 
situations” (p. 63). However, researchers agree that the scenarios usu-
ally written to depict such practical situations have a direct effect on 
student ability to understand and solve the problem, or to recognize 
that the problem has no solution (Barwell, 2001, 2003; Renninger et 
al., 2002, Verschaffel & De Corte, 1997; Wiest, 2002).

After researching the connection between students’ solutions to 
word problems and the context of the problems, Verschaffel and 
De Corte (1997) observed that students often “suspend” their ability to 
make sense of things. That is, they do not utilize their knowledge of the 
real world when they work on word problems. Verschaffel and De Corte 
cite studies conducted in the 1970s and 1980s in which elementary 
school students were given sets of exercises that contained “absurd” 
word problems that had no solution, for example, “There are 26 sheep 
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and 10 goats on a ship. How old is the captain?” Half of the students 
“solved” such problems by adding the numbers without understanding 
that the question and their solutions were meaningless (p. 578). In a 
similar study conducted by Reusser & Stebler (1997), 112 secondary 
school students were given two sets of 10 problems. Half of the prob-
lems in each set could not result in a “realistic” answer, for example, 
“Grandfather gives his 4 grandchildren a box containing 18 balloons 
which they share equally. How many balloons does each grandchild 
get?” The “nonrealistic” answer students gave was 4.5. On all similar 
types of problems, 50% of the students provided nonrealistic answers, 
even when they had been advised repeatedly to read the problems care-
fully and thoughtfully. 

In addition to a realistic context, Renninger et al. (2002) and Wiest 
(2002) explored the extent to which students’ ability to solve word 
problems is affected by the degree to which they are interested in the 
problem scenario or context. In an intensive study of three students, 
Renninger et al. (2002) first interviewed the students to determine their 
level of interest in a variety of areas such as sports and television. Then, 
they gave the students sets of word problems focused on their “well-
developed” interest defined as interest “characterized by the likelihood 
of re-engagement with specific classes of subject content” (p. 469). 
Renninger et al. concluded that students who were weak in math per-
formed more successfully on word problems that had contexts in which 
they were interested. Studies concur that students will solve word prob-
lems more successfully if the context is realistic, interesting to them, and, 
as Wyndhamn and Säljö showed in their 1997 study, if they are engaged 
with other students. Although most of the research on word problems 
has been done with K–12 students, it seems likely that these findings 
apply to community college developmental math students as well; the 
research described below was an attempt to confirm that assumption. 

Method
Participants 
Twenty-eight students who took MAT 095 during Fall I 2012 par-
ticipated in the study. Data from LaGuardia’s Office of Institutional 
Research indicated that about 32% of the students enrolled in the class 
were Hispanic, 39% were black, 4% Asian, 11% white, and 14% from 
other ethnicities. The class had a predominantly female population 
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(68% versus 32%). Fifty percent of the students had a cumulative GPA 
of 2.0 or higher. 

 
Procedure and Measures
The study consisted of three elements: 

Questionnaire: At the beginning of Spring I 2012, I administered a 
questionnaire (Appendix A) asking students to describe their attitudes 
toward word problems, whether they had encountered them before, 
and how difficult they perceived word problems to be. On the question-
naire, students also identified one of the following topics as an area of 
interest to them: baseball/sports, money/finance, the environment, or 
health. Although the rest of this study focused on a Fall I 2012 class, 
the demographics of the later class were sufficiently similar to that of 
the Spring I 2012 class that the survey results could be applied to both.

 Online EducoSoft homework assignments: Over the course of the 
semester, students completed seven EducoSoft online homework assign-
ments devoted primarily to word problems.2 Each EducoSoft homework 
assignment includes an average of 11 word problems, arranged in sets 
of two to four problems devoted to particular curricular topics (deci-
mals, fractions, percents, etc.). The first problem of each set serves as 
an example and is always presented with a solution so that students 
can see the process for solving it; the remaining problems in the set 
have a structure similar to the first, but students do not have access to 
the solution and must arrive at the answer independently. The first four 
EducoSoft homework assignments, requiring students to solve word 
problems using single-step multiplication, division, addition, or subtrac-
tion, were assigned in September and early October. From mid-October 
through the end of the semester, students worked on the last three Edu-
coSoft assignments. The problems in these later homework assignments 
included more sophisticated multi-step processes that called for students 
to calculate proportion and percentages, and use percentages to calculate 
prices and discounts.

Students are usually assigned EducoSoft problems as online home-
work, but, for the purposes of this study, examples of EducoSoft word 
problems were given out as a handout in class. The class was divided 
into three groups according to students’ areas of interest; a leader was 
designated for each group. The role of the leader, always a student who 
had done well on prior homework assignments, was to discuss the 
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problems in the group and help others understand and correct their mis-
takes. First, students completed a survey asking them to read and score 
the difficulty of each problem on a scale of 1 to 5 with 5 representing the 
highest level of difficulty. Then, the students solved the problems in their 
groups while I circulated among them offering feedback and suggestions. 
After the discussion, students again rated the difficulty of the problems 
(Appendix B). Since the worksheet consisted of EducoSoft problems, 
students could discuss a problem in class with their peers and under my 
supervision, and then solve it again online at home, an approach that 
allowed them to practice independently what they had learned in class. 

Homework worksheets: I created two worksheets for each area 
of interest. The first of these targeted worksheets had two problems 
for students to solve; the second had between two and four problems, 
depending on students’ area of interest. In addition, I drew on EducoSoft 
examples to compile another three general worksheets, with an average 
of four problems each. When assigning these worksheets, I alternated 
between general problems drawn from EducoSoft, and the problems 
that I had created which were targeted to student interests. Thus, I gave 
the assignments according to the following schedule:

Set 1 (general word problems) – early October
Set 2 (targeted word problems) – late October
Set 3 (general word problems) – early November
Set 4 (targeted word problems) – late November
Set 5 (general word problems) – end of semester. 

Whether the assignment contained general or targeted problems, stu-
dents were required to solve the problems in writing and show all their 
calculations. Worksheets were due by the next class session. 

To assess the effectiveness of the use of word problems targeted to 
student interests, I compared students’ scores on the targeted written 
homework versus their scores on the general written homework. Addi-
tionally, I compared student scores on the online EducoSoft homework 
with scores achieved by my MAT095 students in the three previous 
semesters.

Results
Questionnaire: At the beginning of the Spring I 2012 semester, 100% 
of the 28 students surveyed said they had encountered word problems 
before. When asked to describe word problems, 55% of the students 
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used the word “confusing” or “confused,” 15% used the word “com-
plicated,” 30% used the words “fun,” “tricky,” or “like.” With regard 
to the choice of topics, 48% selected money and finance, 30% health, 
and 22% sports and baseball; none of the students selected the environ-
ment. When asked whether they liked or disliked word problems (on a 
scale of 1 to 5 where 1 means “Strongly Dislike” and 5 means “Strongly 
Like”), a total of 74% of the students gave scores ranging from 1 to 3; 
26% gave a score of 4 or 5.

Online EducoSoft homework assignments given in class: Students 
scored their perception of the level of difficulty of the EducoSoft prob-
lems both before and after they discussed the problems in their small 
groups. I compared the pre- and post-discussion scores to see if students’ 
perception of the level of difficulty changed. Averaging the results for all 
seven lessons revealed that 59% did not change their perception of the 
level of difficulty; however, over 80% of the students correctly answered 
questions on the EducoSoft homework online. This difference revealed 
the importance of drawing a distinction between students’ perceptions 
and students’ abilities. Students might perceive a problem as difficult, 
but once the problem becomes familiar to them, their anxiety is allevi-
ated and they do well on similar problems given as online homework. 

As shown by the average homework scores represented in Table 1, 
students participating in the study achieved higher scores on the online 
EducoSoft homework assignments than students in previous semesters. 
This data suggests that the small group discussions in class helped stu-
dents complete the online assignments more successfully than their peers 
in prior semesters. 

Table 1: Comparison of students’ scores on online homework in 

four semesters

Lessons  
1 through 4

Lessons  
5 through 7

Average homework scores in the 
three semesters prior to the study

 
85.37%

 
78.88%

Average homework scores in 
Fall I 2012 study

 
92.46%

 
84.36%



Jaafar •  131 

Average scores on the last three homework assignments (5 though 
7) were about 8% lower than the average score on the first four; this 
difference is to be expected since the last three assignments cover more 
material and require more skill to complete accurately. 

Homework worksheets: The scores students achieved on the gen-
eral (G) vs. the targeted (T) written word problems solved at home are 
presented in Table 2. On average, students scored 77.79% on the word 
problems targeted to their interests; the average for the general set of 
word problems was 60.86%, markedly less. 

Conclusions and Future Directions
This study was designed to investigate two strategies for improving stu-
dents’ ability to solve word problems: 1) situate problems in a scenario 
of interest to the students, and 2) give students time to work with their 
peers in class on homework that they normally encounter only individu-
ally online. Data collected over the course of the Fall I 2012 semester 
suggests that students’ ability to solve word problems does improve 
when they work on problems of interest to them and when they work 
together with their peers. 

To expand on this study, one could further investigate the extent 
to which students’ perception of the difficulty of a word problem 
may affect their ability to solve those problems. As Wiest (2002) and 
Barwell (2001, 2003), and others note, we must also come to a better 
understanding of how lack of language skills and reading ability causes 
students to struggle with word problems. Surely, methodologies that 
help students analyze the parts of a word problem (scenario, informa-
tion, question) would help students recognize patterns and apply the 
critical thinking skills which would enable them to recognize “absurd” 
problems or those which have unrealistic solutions. Several studies have 
recommended that if students write their own word problems, their 

Table 2: Class average for the general (G) and the targeted (T) 

word problems homework

HW 1(G)  
Late September

HW 2(T) 
Mid-October

HW 3(G)  
Early November

HW 4(T)  
Mid-November

HW 5(G)  
Early December

Average Class 
Score

 
63.52%

 
85.83%

 
52.32%

 
69.75%

 
66.76%
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comprehension and ability to solve them would be enhanced (Barwell, 
2001, 2003; Short & Spanos, 1989). This practice could help students 
read problems more carefully, and arrive at a better understanding of 
how to derive the solution. 

Our goal is to prepare students to succeed in upper-level mathemat-
ics courses regardless of their major. For example, a student interested 
in nursing should be well prepared to tackle medical dosages in upper-
level courses after taking remedial mathematics. A student interested in 
humanities should be ready to take a statistics course. Even if students 
do not intend to take very advanced courses, they should be able to 
understand and utilize math and number sense as needed in daily life. 
Finally, they should be independent thinkers capable of deciding whether 
they need to “multiply or divide.” After all, we have a moral obligation 
to transform remedial math from “the graveyard of dreams and aspira-
tions” to the gateway to students’ dreams and career aspirations.

Notes
1. Both MAT095 and MAT096 consist of 4 lecture hours, one EducoSoft 

lab hour supervised by the instructor, and one class hour supervised by a 
math tutor in the math lab.

2. Students completed an average of three EducoSoft assignments online 
every week, but only seven of these assignments were entirely devoted to 
word problems.
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APPENDIX A

Questionnaire: Student Attitudes toward Word Problems
 
1. Have you ever seen word problems in Math before? (Here is an example 

of a word problem: Anna spent $40 less on food this week than Emily 
did. If Emily spent $93 this week, how much did Anna spend?)

  _____________________________________________________________

2. How much do you like or dislike word problems? (Answer on a scale 
from 1 to 5 where 5 means you like them a lot, and 1 means you dislike 
them a lot.)

1 2 3 4 5

3. How many word problems would you like to see on an exam if the 
exam consisted of 10 questions?

  _____________________________________________________________

4. Name the MOST important reason why you Like or Dislike word 
problems.

  _____________________________________________________________

5. If you happen to dislike word problem, can you tell me what might 
make you like them?

  _____________________________________________________________

6. Circle ONE topic that is of GREAT interest to you:
Baseball/Other sports  Money/Finances

Environment   Health 
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APPENDIX B

Sample Word Problems with Likert Scales for Ranking Perceptions of 
Difficulty 
 
1. Find the LCM of 150, 200, 450 and 600.

  _____________________________________________________________

  Before solving the problem, rank how difficult you think it is:  
(1 is very easy; 5 is very hard)

1 2 3 4 5

 After solving and discussing the problem in class (with the professor and 
your peers), rank how difficult you find it: (1 is very easy; 5 is very hard)

1 2 3 4 5

2. Candies are packed in four different sized packets containing 150, 200, 
450 or 600 candies respectively. Find the smallest number of candies 
needed to make an exact number of packets of each size. Find the 
number of packets of each kind that will be made from each particular 
number.

  _____________________________________________________________

 Before solving the problem, rank how difficult you think it is:  
(1 is very easy; 5 is very hard)

1 2 3 4 5

 After solving and discussing the problem in class (with the professor and 
your peers), rank how difficult you find it: (1 is very easy; 5 is very hard)

1 2 3 4 5
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Anatomy via Adagio
Preliminary Thoughts on the Pedagogical Value of Music  
in a Biology Lab Class 

Dennis Aguirre, Natural Sciences

Abstract
This paper describes the effect of playing classical music in a Human Anatomy 
& Physiology II lab course. The instructor noted that students preparing to 
take a high-stakes exam were more focused and less anxious when music was 
played. A comparison of quiz results revealed that students scored higher on 
the quizzes that covered aspects of the human body and organ systems that 
they had explored in lab when music was played. 

Keywords: Anatomy and physiology, classical music, lab classes 

One morning, while walking past the Fine Arts studios at LaGuardia 
Community College, I noticed students sculpting as music played in 
the background. They appeared relaxed, yet thoroughly involved in 
their work. Students in my Human Anatomy and Physiology I lab also 
worked with their hands, creating and modifying clay models of ana-
tomical structures. Would their abilities to remember and understand 
body parts and their functions improve if I, too, played classical music 
as they worked? In September 2012, following the example of the Fine 
Arts studio, I decided to bring music into my laboratory, streaming it 
over the Internet.

Almost immediately, I observed that when the music was playing, 
students completed their work more quickly and efficiently. Eager 
to work with their clay models, they added more personal touches, 
Mohawks, for example, or tattoos, to their models than students had in 
prior classes. Most important, when there was music in the lab, the stu-
dents seemed to learn the muscles and structures covered in the Human 
Anatomy and Physiology I curriculum with greater ease. After several 
semesters of positive feedback from students in Human Anatomy and 
Physiology I, I decided to incorporate music in the Human Anatomy 
and Physiology II lab classroom.

Required for health science and biology majors, Human Anatomy 
and Physiology II covers the brain, eye, physiology, senses (auditory 
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anatomy, integumentary, olfactory, gustatory), human somatic and auto-
nomic reflexes, digestion anatomy and histology, digestive physiology, 
urinary system anatomy, histology, physiology, reproductive anatomy, 
physiology of reproduction, meiosis and fertilization, embryonic devel-
opment, and genetics of the human body. To pass the lab component 
of the course, students must score 60 or above on two timed practical 
lab exams, both of which require the accurate location and identifica-
tion of 50 of the 500 anatomical structures covered in the syllabus. For 
example, they must recognize not only the kidney, but also the pelvis of 
the kidney, pyramids, collecting ducts, nephrons, tubules, and blood ves-
sels. Most students are understandably anxious about these tests; if they 
do not pass this course, they cannot continue in their chosen major in the 
health sciences, which for so many of our students lays the foundation 
of professional and economic security for their entire families. My hope 
was that by listening to classical music during the lab sessions, students 
would diminish their anxiety, increase their receptivity to information 
and its organization, and improve exam scores. 

During the session in which they take the 4-credit Human Anatomy 
and Physiology II course, students typically carry between 7 and 10 
credits, and most students have completed 45 or more credits. In the 
12-week sessions,1 the class meets twice each week, 3 hours in a lecture 
class and 3 hours in the lab; in the Fall II and Spring II 6-week ses-
sions, the weekly lecture and lab hours are doubled to allow faculty to 
cover the same material as in the longer session. The lecture segment 
of Human Anatomy and Physiology II focuses on the physiology, or 
function, of organ systems, while the lab hours focus on identifying the 
body parts. For example, in a typical 3-hour lab session about the brain, 
for the first 60 minutes faculty discuss the parts of the brain and dem-
onstrate how these parts work together; students listen and take notes, 
using their illustrated lab manuals to follow the lecture. In the following 
45 to 60-minute lab segment, small groups of students examine and 
manipulate plastic models of the brain, working on recognizing the 
shape and placement of its different parts and increasing their ability to 
identify those parts. In the last hour, students solidify their knowledge 
by dissecting a sheep brain. This pattern of lecture and hands-on prac-
tice in the lab structures the study of all organs in the Human Anatomy 
and Physiology II curriculum. Working with the plastic models and 
dissecting organ specimens are the two modes of hands-on instruction 
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that enable students to use their senses of touch and sight to learn the 
location, purpose, and names of over 500 parts of the body. 

Studies demonstrate that stimulating even one sense, such as sight, 
results in greater learning; still greater benefit occurs when multiple 
senses are stimulated. For example, Dzubak found that students are less 
likely to be distracted when engaged in multisensory learning (2007). 
In my lab classes, students were already using their senses of sight and 
touch to examine and manipulate the movable parts of the plastic mod-
els. Sometimes, when dissecting specimens, students cut the intestine by 
mistake, releasing odors that engage their sense of smell. Playing music 
in the lab class would invoke a fourth sense, hearing. 

In his review of studies on the impact of listening to music, Schel-
lenberg (2005, p. 317) writes that music can also affect “mood, which, 
in turn, affect[s] cognitive performance.” As a teacher of a high-stakes 
stress-producing discipline, my goal was to strengthen student perfor-
mance on quizzes and exams by lowering their anxiety and sharpening 
their ability to recall large amounts of material. 

I began by selecting the six lab classes that were most appropri-
ate for observing students working while classical music played in the 
background. The topics covered in the selected lab classes included 
the nervous system, special senses, gametogenesis, and the digestive, 
urinary, and reproductive systems.The lab classes were organized as 
follows: After a brief lecture students worked independently or with 
partners at their lab tables, examining and manipulating plastic mod-
els and then dissecting lab animals (rats) or mammalian organs (sheep 
brains, etc.). Students worked for approximately 45 to 60 minutes, and 
during this time classical music streamed from an Internet site through 
the lab’s speakers. The volume was adjusted so that the music could 
not be heard beyond the lab.

To my eye, while the music was playing, students appeared less 
anxious; they took fewer breaks and were more focused on the anatomy 
tasks at hand. As a result, I noticed, they always completed tasks by the 
end of the lab class when the music played; such was not always true 
of those lab classes when there was no music. At the end of the lab, the 
music was turned off, students returned lab items to their designated 
places, cleaned up their work areas, and took a 10-minute review quiz. 
During each quiz, I used a pointer to indicate ten anatomical parts 
of the organs students had studied during the lab hours, and asked 
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students to write down the name of the indicated part. These quizzes 
were not counted in course grades; however, students used their quiz-
zes to review material, gauge progress, and identify areas of weakness. 
The “point-and-identify” format of the timed quiz helped students to 
prepare for the two 40-minute exams, consisting of 50 questions each. 
Quizzes were collected and answers discussed briefly before the class 
ended. My records indicate (Table I, below) that the average quiz scores 
were higher when classical music was played.

As a result of this preliminary investigation, I have concluded 
that classical music can help establish an environment that decreases 
student anxiety and enhances learning in the Human Anatomy and 
Physiology II lab class. Over the course of the two sessions, verbal 
feedback from students corroborated my impression that the music 
helped to reduce their stress levels and, thereby, helped them to 
learn more effectively; this feedback has encouraged me to continue 
to investigate the effect of playing music during lab sessions. In the 
future, guided feedback will provide clearer evidence of students’ 
learning experiences as the music is played. Future plans include for-
mal explorations of multisensory stimulation to better understand 
student learning and ability to memorize anatomical structures. 

Table 1:  Quiz Scores Attained After Lab Class With and Without 
Accompanying Music

Lab Section
Fall I 2012 

SCB204.1751
Fall I 2012 

SCB204.1752
Fall II 2012 

SCB204.7728

Number Enrolled/
Completed

22/22 22/18 23/23

 
Music

No 
Music

 
Music

No 
Music

 
Music

No 
Music

Average Scores 59% 54% 70% 55% 80% 65%



Notes
1. LaGuardia’s academic calendar includes two semesters annually, Fall and 

Spring. Each semester consists of two sessions, the first of which (e.g., 
Fall I) lasts for 12 weeks and the second (e.g., Fall II) for 6 weeks. The 
preliminary experiment described here took place in both the Fall I and 
Fall II 2012 sessions.
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