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P Practice (SP). SP was added as an extra day of class where the SP leader has
students work in groups on a worksheet of examples and problems, based on
worked example research, that were covered in the previous week’s class
material. Two sections of the course were randomly chosen to be the
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experimental group and the other section was the control group. The

College algebra . .
experimental group was given the SP worksheets and the control group was
Worked examples

Cognitive Load Theory given a question-and-answer session. The experimental group significantly
Large lecture outperformed the control on a variety of components in the course, particularly

Supplemental sessions

in light of the number of days students attended SP.

Introduction

A Commitment to America's Future: Responding to the Crisis in Mathematics and Science Education (Business,
2005) stated that “nationally, 22% of all college freshman fail to meet the performance levels required for entry
level mathematics courses and must begin their college experience in remedial courses" (p. 6). The enrollment in
College Algebra has grown recently to the point that there are estimated 650,000 to 750,000 students per year in
the United States (Haver, 2007), which has surpassed the enrollment in Calculus. Although there are almost
three-fourths of 1 million students enrolled in College Algebra, it is estimated conservatively that 40% of these
students receive a grade of D or F, and that number can reach above 60% at some colleges (Haver, 2007). To
address this lack of success, faculty members teaching College Algebra at a large research university in the
eastern part of the United States have implemented a new structure in the course that emphasizes active learning

through a day of instruction called Supplemental Practice.

Background on Supplemental Practice Schedule

Supplemental Practice (SP) at our institution was implemented during the Fall 2004 semester and was originally
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modeled after Supplemental Instruction (Arendale, 1994; SI Staff, 1997). The College Algebra course that
consisted of three lectures each week morphed into a structure of two lectures each week in a large lecture room
(Mondays and Fridays), an active laboratory class on Tuesdays in computer classrooms (where students met in
smaller groups), and a day of SP for lower-achieving students on Wednesdays. The SP days were required for
students who scored lower than an 80% on a placement exam or lower than a 70% on any regular test. Starting
in the Fall 2006 semester, the SP sessions changed into active problem-session days modeled after cognitive

13

science “worked-out example” research. The worked-out example research, henceforth denoted as worked
examples, requires students to study a worked example for a particular topic, ask questions about anything in the
example that they do not understand, and work a similar example without reference to the worked example, nor
other outside sources (Cooper & Sweller, 1985; Ward & Sweller, 1990; Zhu & Simon, 1987; Carroll, 1994;

Tarmizi & Sweller, 1988).

The SP sessions and worksheets were developed based on worked example research because it allows the
instructor to work in the large lecture class to assist students as they learn the material and it helps students: 1)
to be actively engaged with the material in a setting where they can get feedback and assistance as they solve
problems, 2) in transferring information from working (short-term) memory to long-term memory, 3) to regulate
their learning and build confidence that they can work problems, and 4) with homework, quizzes, and studying

for tests outside of class.

Theoretical Background

Cognitive load theory describes learning in terms of processing information using long-term memory, which
“effectively stores all of our knowledge and skills on a more-or-less permanent basis and working memory,
which performs the intellectual tasks associated with consciousness” (Cooper, 1998, p. 1). Information can be
placed into long-term memory after it is processed by working memory (Cooper, 1998). However, working
memory is limited and can only hold a certain amount of information for a limited amount of time (Cooper,
1998). The information in working memory is constantly being replaced by more relevant, useful, and necessary

details based on what we are thinking, doing, and experiencing.

Simply put, cognitive load is the strain placed on one’s working memory when completing a mental task. A low
cognitive load does not require much thought, while a high cognitive load necessitates a great deal of brain
function. At any given time, the human brain can only withstand a certain amount of activity. When learning
new material, the higher the cognitive load, the more stress and strain are placed upon an individual, resulting in

more difficulty in learning that new material.

Based on the borrowing principle, knowledge that is gained by an individual is borrowed from the knowledge of
another, whether that information is passed on verbally, in a written format, or simply through observation
(Sweller, 2006). Various sources of information are combined through the borrowing principle to create new
knowledge, but new information is only truly created through the problem-solving process (Sweller, 2006).

Information from long-term memory may be used to solve problems, which is an instance of the borrowing
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principle (Sweller, 2006). However, when sufficient knowledge is not available, one must engage in some form
of trial-and-error to derive a solution, which is known as the randomness through genesis principle (Sweller,
2006). This process is similar to how evolution occurs through genetic mutations: successful problem-solving
attempts become part of long-term memory, which become new knowledge, which can then be passed on to

others through the borrowing principle (Sweller, 2006).

Although working memory has limitations with respect to new information (based on cognitive load), there are
no such restrictions when handling information that has been stored in long-term memory (Sweller, 2006). The
key is to shift new information from working memory to long-term memory so that it can be categorized and
used in the future. Information from long-term memory is recalled to working memory to deal with situations
and solve problems, which can create new information that is added to long-term memory (Sweller, 2006). The

cycle repeats as new knowledge is gained by individuals and is then passed on to others.

Research has identified three categories of cognitive load: intrinsic, extrinsic, and germane. Each is affected by
different aspects of learning. DeLeeuw and Mayer (2008) found that the correlations among these three
measures of cognitive load were not very high, but stated that some measures are more sensitive to one type of

change in cognitive load than to others.

Intrinsic cognitive load refers to the “intrinsic nature of the materials to be learned” (Ayres, 2006, p. 287) and is
influenced by the complexity of the material (known as element interactivity) and students’ prior knowledge
(Sweller & Chandler, 1994). Cierniak, Scheiter, and Gerjets (2009) surmised that intrinsic cognitive load is only
affected by the nature of the content and not the instructional design. Grof3e and Renkl (2006) found that high

intrinsic cognitive load can inhibit learning.

Extraneous cognitive load is impacted by the mode and conditions in which the instruction takes place (Ayers,
20006), also known as the instructional design (Cierniak et al., 2009). It is caused by processing unnecessary
information, which impedes learning because it does not lead to the development of productive problem-solving

schema (Cierniak et al., 2009).

Like extraneous cognitive load, germane cognitive load is affected by instructional design (Cierniak et al.,
2009). Unlike extraneous cognitive load, germane cognitive load benefits learning, rather than inhibiting it
(Cierniak et al., 2009) because it promotes schema acquisition (Ayres, 2006; Sweller, Van Merrienboer, & Paas,
1998). Where extraneous cognitive load deals with unnecessary information (distractions), germane cognitive

load directs students’ attention to relevant learning processes (Sweller et al., 1998).

Sweller (2006) observed that germane cognitive load is not often affected directly. Rather, it is impacted
“indirectly by reducing extraneous cognitive load and so freeing working memory capacity for an increase in
germane cognitive load” (Sweller, 2006, p. 168). Cierniak et al. (2009) also advocated for reducing extraneous
cognitive load (information processing that hinders learning) and increasing germane cognitive load

(information processing that supports learning). However, increasing germane cognitive load without sufficient
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working memory will likely inhibit learning rather than promote it (Sweller, 2006), so one must be cautious

when attempting to accomplish this.

Literature on Worked Example Research and Cognitive Load

The discipline of cognitive science deals with the mental processes of learning, memory, and problem solving.
Worked example research was developed based on Sweller’s (1988) cognitive load theory. The total load on
working memory at any moment in time is referred as the cognitive load. Most people can retain about seven
“chunks” of information in their working memories and when they exceed that limit at any moment in time,
there will be a loss of information in the working memory (Sweller, 1988). In other words, there is an overflow
of information in the working memory and cognitive overload. Cognitive overload can be thwarted if one limits
information so that it does not exceed the students’ working memory. One way this can be done is to transfer
information from working memory to long-term memory as information is being processed (or soon after).
According to Sweller (1988), optimum learning occurs in humans when one minimizes the load on working

memory, which, in turn, facilitates changes in long-term memory.

It has been suggested that worked examples reduce the cognitive load on a student and might optimize schema
acquisition (Sweller & Owen, 1989; Sweller & Cooper, 1985). In addition, worked examples have been
researched (and used) in a variety of subjects: mathematics (Cooper & Sweller, 1985; Zhu & Simon, 1987),
engineering (Chi, Bassok, Lewis, Reimann, & Glaser, 1989), physics (Ward & Sweller, 1990), computer science
(Catrambone & Yuasa, 2006), chemistry (Crippen & Boyd, 2007), and education (Hilbert, Schworm, & Renkl,
2004).

Sweller and Cooper (1985) conducted one of the first studies on worked examples in high school Algebra.
Through five experiments, they examined the use of worked examples as a substitute for problem solving and
consistently found that the worked example group outperformed the control group (which worked conventional
homework problems instead of studying worked examples) and had less time on task. Zhu and Simon (1987)
demonstrated the feasibility and effectiveness of teaching mathematical skills through chosen sequences of
worked examples and problems in a Chinese middle school’s Algebra and Geometry curriculum without
lectures or other direct instruction. Ward and Sweller (1990) established that worked examples formatted to
reduce the need for students to mentally integrate multiple sources of information resulted in test performances

superior to either conventional problems or worked examples that required students to split their attention.

According to Sweller (2006), change (and the subsequent learning) is most effective when employing the
borrowing principle, so using worked examples should be an efficient method of learning for students. To be
clear, the need for randomness as genesis can never be eliminated or erased, since it will always be needed to
solve new problems or deal with unique situations. However, working memory is designed to handle situations
that require the use of the borrowing principle more quickly and efficiently than it can handle randomness as
genesis (Sweller, 2006). After all, it is easier to remember how to solve a problem than it is to solve a problem

for the first time, so using worked examples is a more efficient use of instruction time than just problem solving.
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The idea that learning from examples is more favorable than learning through problem solving when acquiring
initial cognitive skills is known as the worked-example effect (Schwonke, Renkl, Krieg, Wittwer, Aleven, &
Salden, 2009). However, Catrambone and Yuasa (2006) found that worked examples are not sufficient for
learning; further action is necessary. After learning from a worked example (sometimes more than one), students
must practice their own problem (or problems), which provides motivation to utilize what was learned
(Catrambone & Yuasa, 2006). The ultimate goal is for students to recognize the situations in which specific
problem-solving techniques are appropriate, as well as the results and consequences of using those techniques

(Catrambone & Yuasa, 2006). Worked examples provide the first step towards reaching this goal.

Worked examples can be presented in two basic formats: example-problem and problem-example. The
example-problem sequence presents worked examples, followed by problems for the students to complete.
Reisslein, Atkinson, Seeling, and Reisslein (2006) found that the example-problem structure was more effective
for students with lower prior knowledge. The problem-example sequence, which was more effective for students
with higher prior knowledge (Reisslein et al., 2006), allows students to work on some problems and provides a
worked example that can be referenced only when necessary. In short, the stronger students were able to use
prior knowledge and problem-solving techniques to successfully find solutions with minimal assistance from the

worked examples, but weaker students required more-structured help to succeed.

When students utilize worked examples, they frequently use self-explanation: an attempt to rationalize the steps
in the worked example to make the process understandable. Chi et al. (1989) showed that beyond merely
studying worked examples, “good” students generally monitored their own understanding and misunderstanding
through self-explanations, which the “poor” students did not do. GroBe and Renkl (2006) found that self-
explanations can produce a germane cognitive load that is likely to promote learning. However, Sweller (2006)
interjected that any technique that directly impacts germane cognitive load while leaving intrinsic and
extraneous cognitive load unchanged may potentially increase learning time, even if overall learning is not

affected.

The amount of information provided to students is a vital component to worked examples. Extraneous
information, particularly information that students already know, can confuse students and inhibit learning
(Sweller, 2006). While weaker students need additional explanation to understand the process of solving a
problem, stronger students can be impeded by being exposed to that same information. This phenomenon is
known as the Expertise Reversal Effect, in which one strategy works for novices and another is more effective

as students acquire knowledge and skill (Kalyuga, Ayres, Chandler, & Sweller, 2003).

In a classroom with students of mixed abilities, either a delicate balance must be struck when providing
guidance in the form of worked examples or considerations must be taken to provide the proper amount of help
to allow each group of students to succeed. Schwonke et al. (2009) had success in this realm when utilizing
faded worked examples. By gradually reducing the amount of support provided on the worked examples,

students required less time to learn material and acquired a deeper conceptual understanding than with problem
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solving supported by feedback and scaffolding (Schwonke et al., 2009). Sweller (2010) reported similar results
by providing partially worked examples, with students tasked to complete the problems and find the solutions.
Students were first given fully worked examples, followed by partially worked examples to be completed, and
then unworked problems to solve without any assistance. This process facilitated germane cognitive load

(Sweller, 2010).

Ayres (2006) investigated isolated vs. integrated worked examples. Isolated worked examples break the solution
into individual elements, focusing on the change in one element at a time. The integrated worked examples
change several expressions simultaneously, accomplishing in one step what the isolated examples take several
steps to complete. The error rates and cognitive load were the lowest for the group that used the isolated worked
examples, which agrees with “the prediction that a single-calculation strategy (isolated-elements) reduces
element interactivity and consequently overall cognitive load” (Ayres, 2006, p, 291). As described by Sweller
(2010), the isolated-interacting elements effect is controlled by changes in intrinsic cognitive load. At times, the
element interactivity can lead to extremely high cognitive load, which lower-ability students cannot process in

working memory (Sweller, 2010).

Ayres’ (2006) results echoed those of Sweller (2006) and Reisslein et al. (2006) in that students of different
abilities require different types of support to succeed. Although the results suggested that the isolated worked
examples resulted in fewer errors and a low cognitive load for the lower-ability students and for the overall
group, students with higher ability fared better with the integrated worked examples (Ayres, 2006). The
supposition is that the isolated worked examples were too simple for the higher-ability group and not engaging
enough to hold the students’ interest, but those same isolated examples lowered the intrinsic cognitive load
enough for the lower-ability group to be effective (Ayres, 2006). The key to understanding the integrated
examples is for students to learn to focus on a single element when presented with integrated worked examples
and mentally isolate it, along with any changes to it (Sweller, 2010). In other words, the approach is one of
divide-and-conquer in which students must look at each part separately without trying to do everything at once.

Stronger students can do this, but weaker students are overwhelmed by the complexity of the task.

Another contrast of styles in the format of worked examples is molar view vs. modular view. Molar view is a
holistic approach that categorizes problems and defines their associated solution procedures (Gerjets, Scheiter,
& Catrambone, 2004). Conversely, modular view divides problems into basic elements that can be assessed and
understood separately (Gerjets et al., 2004). Molar examples tend to result in high cognitive load levels, which
can hinder “higher-level processes like elaborations and comparisons” (Gerjets et al., 2004, p. 55), but modular
examples can reduce overall cognitive load (Gerjets et al., 2004). The change in example style from molar to

modular can reduce intrinsic cognitive load (Sweller, 2006).

Besides the reduction in cognitive load, Gerjets et al. (2004) found a variety of additional benefits when using
modular view over molar view, regardless of how similar or different the new problems are from the worked
examples. Students using the modular view required less study time to achieve greater success when solving

problems, regardless of the number of topics addressed, the type of task completed, or the amount of
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instructional explanation provided (Gerjets et al., 2004). These results were seen with learners of all ability

levels, as well (Gerjets et al., 2004).

The research on worked examples in mathematics cited above has been conducted in smaller classes or a
laboratory setting, in which students volunteered to be part of the study that was not conducted in a particular
course in a high school or college. The research in the current study was conducted in a large lecture classroom
setting and concentrated on determining whether worked examples helped to promote success in the course. In
addition, past worked example research in mathematics has dealt very little with college mathematics courses,
classes in a large lecture setting, or implementing an extra day of class to focus on working with students to
master material (Sweller & Cooper, 1985; Zhu & Simon, 1987; Ward & Sweller, 1990). The research could be
valuable to other researchers who are working to promote student success in large lecture classes. The research
question that will be addressed in this study is: “Do students in the experimental group who attend most (or all)
of the Supplemental Practice sessions earn significantly different grades on course components than students in

the control group?”

Prior Work on Supplemental Sessions

Miller and Schraeder (2015) investigated the differences between an experimental group that consisted of
students who attended the SP day each week where worked examples and group work were implemented and a
control group of students who received a question-and-answer session. They found that the experimental group
significantly outperformed the control group on Test 3 and the Final Exam, and almost significantly on Test 2

and the quizzes. There was no significant difference on total points in the course, Test 1, or Test 4.

When Miller and Schraeder (2015) investigated the experimental and control groups based on scores on a retired
ACT representing prior knowledge, in which they separated the control and experimental group into a high,
middle, and low prior knowledge group, they found significant differences occurred with the middle prior
knowledge experimental and control groups, with the experimental group significantly outperforming the
control group on nearly every comparison. Miller and Schraeder (2015) argued that the low prior knowledge
group had too many mathematical obstacles to overcome; whereas, the high prior knowledge group would
perform well no matter what interventions were available in the class. However, the middle prior group
benefited from the worked examples, since it helped to build their knowledge-regulation component and they
became more motivated as they had success in the course. All of this fed into helping them increase their
learning of College Algebra. This study will focus on examining what effect attendance of SP days had on

students’ performances on course components in College Algebra.

Method

Course Description

Three different types of College Algebra courses were taught at the university. Three-day large lecture College

Algebra was comprised of two lectures each week in a large lecture setting and one day each week in the math
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lab where students actively worked in small groups. The 4-day College Algebra course had the same format as
the 3-day College Algebra course, except the 4th day was spent in SP. Five-day College Algebra had five
lectures each week with a class size of approximately 40 students. The 5-day College Algebra class

administered all quizzes and tests by pencil and paper and did not have a laboratory component.

All College Algebra courses required specific placement test scores, with 3-day College Algebra requiring the
highest placement score and the 5-day College Algebra needing the lowest. All sections of the 4-day College
Algebra course were coordinated by one course coordinator to ensure that the course structure, labs, quizzes,
and tests were the same from section to section. The same instructor taught all three sections during the semester

the study was conducted.

The quizzes were given online outside of class and students were given up to three attempts on each quiz.
Laboratories were completed in groups of two or three students when the class met in the math lab. The labs had
interactive applets (mostly grapher applets) that students utilized to complete the lab. A grapher applet could be
used on the tests in place of a graphing calculator. The tests and Final Exam were common online tests
consisting of 20 multiple-choice questions and were administered through the eCampus management system
during the lab once every three to four weeks. Students were given a list of suggested practice problems, but no
homework was collected. The quizzes and tests were based on these practice problems. The course consisted of
100 points for attendance, 200 points for eight labs, 100 points for six quizzes, 100 points for each of four tests,

and a 200-point comprehensive Final Exam.

Participants and Setting

The setting for the research was a large lecture 4-day College Algebra course with an annual enrollment of
around 1000 students at a research university in the eastern part of the United States. The participants for this
study were students in the three sections of the 4-day College Algebra course. One section was taught in the
morning (experimental) and the other two in the early afternoon (one experimental and one control). The
Monday class was the SP session when students worked in small groups on the worked example worksheets or
had a question-and-answer session, depending on which class they were in. College Algebra is a general elective

course and many majors require it for their degrees, so students from a variety of majors took the class.

Worked Example Worksheets

During the SP days, worked example worksheets were distributed to the students to complete collaboratively.
Since the class was still in the large lecture classroom setting with a theatre-seating structure, students formed
groups with other students near them as they saw fit. Usually, students worked with one to three other students
seated close to them, but some chose to work independently. The worked example worksheets consisted of an
expert solution of a College Algebra problem followed by a problem for the students to complete. Examples of
several worked examples from worksheets are shown in the work by Miller and Schraeder (2015) to give the

reader some idea of their structure. The worksheet was always given to the students as one sheet (front and
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back) in a two-column format with headings for all worked examples, followed by the corresponding section in

the textbook (Sullivan & Sullivan, 2006).

There were approximately 8 to 12 worked examples and problems on each worksheet, with material consisting
of topics covered during the previous week’s lectures. No new material was ever presented on the worksheets,
which included problems directly from or derived from the problems in the textbook. The worksheets were
never developed while referencing material directly from tests, quizzes, or labs. However, most of the questions

from the tests and quizzes were similar to the problems in the book.

The worksheets were modeled after worked example research in that they presented an expert’s solution to a
problem followed by a problem for the students to work out. The only difference is that it is not plausible to ask
the students to not reference the worked examples while working problems, so this was never attempted.
Furthermore, most studies on worked examples state that the student should be given a similar problem to
complete (nearly identical in some cases), but in SP, the problems sometimes varied from the worked examples.
However, Gerjets et al. (2004) had success with different problems when using a modular format, which the

worksheets utilized.

Experiment

The researchers randomly designated one of the course sections as the control group (n = 177) and the other two
sections as the experimental group (n = 320). Students in the experimental group were given a worked example
worksheet at the beginning of each of the 13 SP days and asked to work in groups to complete the worksheet.
Two to three undergraduate class assistants and a graduate student circulated around the room to answer any
questions. In the control group, a graduate student conducted a question-and-answer session during the extra day
instead of giving a worksheet to the students. Students were able to get any question answered, but the graduate

student only answered questions from the students and did not generate additional questions.

Students in the experimental group who attended 8+ SP sessions were grouped into the 8+ experimental group
(n = 279), and students in the experimental group who attended all 13 SP sessions were grouped into the 13
experimental group (n = 117), so the 8+ experimental group included the members of the 13 experimental
group. We will denote the 8+ experimental and 13 experimental groups as 8+ Exp and 13 Exp, respectively.
Quantitative data (scores on tests and quizzes, supplemental days attended, class attendance, total points, etc.)
were collected for each student in the control, 8+ Exp, and 13 Exp groups, and analyzed at the end of the

semester. Both the control and experimental groups had similar demographics.

Findings
The 8+ Exp and Control Groups

Data from the experimental and control groups were compared on a variety of levels by using a t-test. An F-test

determined whether the variances were equal or unequal and the corresponding t-test was administered. The
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experimental and control groups had similar levels of retention (number of students who completed the course)
at 80.5% and 84%, respectively. At the beginning and end of the semester, all students were given a retired ACT
math test that consisted of 60 questions. Based on the number of problems answered correctly, students were
given up to 10 extra credit points for the ACT. These extra credit points were excluded from all grade

calculations for this study.

Table 1 shows the topics for the questions on the ACT, which section in the textbook covered those topics, and

the number of questions related to those topics.

Table 1. Breakdown of the ACT

Chapter of the Topics from Chapter on ACT Number of
Textbook/Other Topics Questions
Review Number Systems, Evaluating Algebraic 27

Expressions, Using Laws of Exponents,

Perimeter

1 Linear Equations, Application using Linear 11
Equations, Absolute Value Inequalities,
Inequalities, Midpoint, Application of Slope,
Absolute Value, Basic Graphing

2 Lines 6
3 Properties of Functions 1
6 Composite  Functions, Logarithms, and 3

Exponential and Logistic Growth and Decay

Models
12 System of Equations 2
Probability and Statistics Average, Probability, Median, Weighted 5
Average
Trigonometry Definition & Graphs of Trigonometric 5

Functions, Trigonometric Identities, Angles,

Arc Length

Twenty-seven of 60 questions were on review topics that are covered in a typical high school algebra class in
the United States, while an additional 23 questions would likely be covered in high school algebra (linear
equations, inequalities, absolute value problems, distance, midpoint, quadratics, concept of functions,
composition of functions, systems of equations). Therefore, around 83% of the ACT questions were on concepts
likely covered in high school algebra and, thus, the ACT was a good measure of students’ prior knowledge
entering the class. The ACT questions on Trigonometry were near the end of the test and few students
completed the entire ACT. Finally, the probability questions (not central to this study) were fairly basic and

scattered throughout the test.

10
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Because it is representative of the material covered in an algebra class and the fact that the ACT is often used for
college admission, we believe the ACT provided a good assessment of prior knowledge and is a valid
assessment for this purpose. In addition, Butler, Pyzdrowski, Walker, and Butler (2012) have the used this same
retired ACT (giving it both at the beginning and end of the semester) to assess gains in knowledge in College
Algebra. Miller and Schraeder (2015) also used this ACT as a baseline for knowledge students have at the
beginning of the College Algebra course. As with Butler et al. (2012), the ACT was administered twice in this
study: during the first week of classes (Pre-ACT) and during the last week of classes (Post-ACT).

The control and 8+ Exp groups’ mean Pre-ACT scores were 28.40 and 26.88 with standard deviations of 6.41
and 6.91, respectively. The control group significantly outperformed the experimental group (p = 0.01) on the
Pre-ACT. The control and 8+ Exp groups earned mean Post-ACT scores of 32.81 and 32.35, with standard
deviations of 6.46 and 7.13, respectively. There was no significant difference between the mean Post-ACT
scores of the two groups, meaning the 8+ Exp group eliminated the advantage that the control group initially

possessed.

The two groups were compared with respect to each test, the Final Exam, quizzes, total points in the course
(excluding points for attendance and extra credit), and course grade point average (see Table 2). Course GPA
was calculated by assigning a quantitative score for the final grade that each student earned in the course (A = 4,
B=3,C=2,D=1,andF =0). The 8+ Exp group significantly outperformed the control group on nearly every
measure: Test 2 (p < 0.05), Test 3 (p <0.001), Test 4 (p <0.01), quizzes (p < 0.001), Final Exam (p < 0.0001),
total points (p < 0.001), and course GPA (p <0.001).

Table 2. Means (Standard Deviations) - Control and 8+ Experimental Groups

Test1  Test2  Test3  Test4 Final Quizzes Total Course
Exam Points GPA

Control Group  68.84 6686 6658 6723  56.10 7152 60588  1.97
(n=177) (1621) (19.93) (19.61) (22.67) (24.02)  (18.89) (140.25) (1.17)

8+ Experimental 68.62  70.86 7224 7235  64.61 7809  652.69 234
Group (n=279)  (15.97) (17.03) (17.81) (20.02) (20.04) (17.62) (113.88) (1.16)

The 8+ Experimental and Control Groups with Respect to Prior Mathematical Knowledge Level

The Expertise Reversal Effect (Kalyuga et al., 2004) describes how different explanations can work better for
certain groups of students with different ability levels. To investigate this, the researchers compared the control
and 8+ Exp groups based on levels of prior knowledge. The high prior mathematical knowledge groups (high 8+
Exp and high control) consisted of students who scored 31 or higher score (out of 60) on the Pre-ACT.

The members of the middle prior mathematical knowledge groups (middle 8+ Exp and middle control) got 26 to
30 correct, and the students in the low prior mathematical knowledge groups (low 8+ Exp and low control)

correctly answered 25 or fewer questions. These ranges in scores were chosen in an effort to trisect both the
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control and 8+ Exp groups. The n values in each group would change quite dramatically if the ranges were
changed. While not perfectly divided, this split was the most equitable. The researchers could have looked at

quartiles, but simplified things by examining only three groups.

No significant differences existed between corresponding prior mathematical knowledge levels form the 8+ Exp
and control groups on either the Pre-ACT or Post-ACT, so both high groups had similar results, as well as with
the two middle groups and two low groups. Notice that the control group significantly outperformed the
experimental group on the Pre-ACT, but none of the control subgroups significantly outperformed their
experimental counterparts. The low 8+ Exp group was larger than the high 8+ Exp and middle 8+ Exp groups,
but the three control groups had more similar sizes, so the low 8+ Exp group contributed to a lower overall

mean for the 8+ Exp group on the Pre-ACT.

The bold p-values in Table 3 show which comparisons between corresponding groups were not significant

(using p = 0.05 for significance).

Table 3. Means (Standard Deviations) with respect to Prior Knowledge Levels

High High Middle  Middle Low Low
Control 8+ Exp Control 8+ Exp Control 8+ Exp
(n=54) (n=78) p-value (n=59) (n=79) p-value (0=49) (n=104) p-value
Total 678.77  709.92 578.59  657.26 57442  614.83
Points (88.04) (86.15) 0.023  (160.41) (101.60) 0.0003 (109.51) (124.73)  0.022
75.83 76.09 67.88 70.38 64.80 62.16
Test 1 (12.99) (12.55) 0.455 (15.18)  (14.20) 0.164 (14.25)  (16.92) 0.159
77.69 79.29 64.41 69.87 59.08 65.58
Test 2 (15.47) (12.58)  0.264 (22.32)  (15.23) 0.045 (16.06)  (19.26) 0.015
74.17 79.36 66.19 74.56 61.12 66.63
Test 3 (14.59) (14.65)  0.024 (19.94)  (15.306) 0.003 (19.02)  (19.16) 0.049
75.37 79.87 63.47 73.73 64.18 66.83
Test 4 (16.25) (14.85)  0.054 (24.48)  (19.29) 0.003 (20.52)  (22.17) 0.235
Final 139.26  149.87 100.17 126.20 101.84 117.98
Exam (31.85) (28.76)  0.026 (54.63) (36.70)  0.0005  938.98) (43.50) 0.012
77.72 82.56 69.21 79.54 70.82 75.56
Quizzes (14.30) (12.89)  0.024 (20.09) (17.51) 0.001 (16.85)  (19.64) 0.063
Course 2.52 291 1.85 2.38 1.61 1.98
GPA (0.99) (0.97) 0.013 (1.26) (1.11) 0.006 (0.91) (1.18) 0.028

As can be seen, the 8+ Exp subgroups outperformed their control counterparts nearly universally, with most of
those comparisons being significantly different. Of note is the dominance by the middle 8+ Exp group over the

middle control group.
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The 13 Experimental Group versus the 8+ Experimental Group

Gerjets et al. (2004) found that a modular form of worked examples produced significantly better results that a
molar form regardless of the number of topics addressed, the type of task completed, or the amount of
instructional explanation provided. This study did not compare modular and molar forms, but the researchers
decided to investigate whether these phenomena occurred when comparing students who attending 8+ SP
sessions vs. those who attended all 13. The intent was to gauge the impact of attending all of the SP session as
opposed to just most of them, exposing the 13 Exp students to more topics, more types of tasks, and potentially
more instruction time. Table 4 shows the mean scores, standard deviations, and p-values for total points
(excluding attendance and extra credit), tests, Final Exam, quizzes, and course GPA (with standard deviations in

parentheses).

Table 4. Means (Standard Deviations) - 8+ and 13 Experimental Groups

8+ 13
Experimental Experimental p —value
(n=279) (n=117)
Total 652.69 693.99 0.00005
Points (113.88) (85.59)
Test 1 68.62 73.59 0.00093
(15.97) (13.61)
Test 2 70.86 74.36 0.02337
(17.03) (15.39)
Test 3 72.24 78.25 0.00029
(17.82) (14.66)
Test 4 72.35 79.49 0.00002
(20.02) (13.36)
Final 129.29 137.52 0.01620
Exam (40.15) (32.72)
Quizzes 78.09 85.07 0.000002
(17.62) (11.29)
Course 2.344 2.752 0.00017
GPA (1.16) (0.955)

The 13 Exp group significantly outperformed the 8+ Exp group in every facet of the course (using p = 0.05 for
significance). The differences would have been greater if the 8+ Exp group only included the students who
attended 8 to 12 supplemental sessions (n = 162), rather than the encompassing the 13 Exp group.

Analyzing Prior Knowledge for the Control, 8+ Exp, and 13 Exp Groups

Using the same requirements for creating the high, middle, and low prior knowledge subgroups as before, the
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control, 8+ Exp, and 13 Exp groups were divided and compared. The low, middle, and high control groups all
had a higher mean on the Pre-ACT than the corresponding 13 Exp groups, but only the middle group was
significantly higher (p <0.0001). However, there were no significant differences on the Post-ACT.

The comparisons for the other course assessments are shown in Table 5. Non-significant results (using p < 0.05
for significance) are shown in bold. The 13 Exp groups achieved higher averages on all assessments than the
corresponding control groups, with nearly every advantage being significant. The lack of significance for the
low prior knowledge groups on Test 1 could be attributed to those students needing more help to overcome
mathematical barriers and only having two SP sessions before taking that test. The low 13 Exp students also
struggled to acclimate themselves to the format and expectations of the SP sessions more than the other students

in the experimental group.

Table 5. Means (Standard Deviations) - with respect to Prior Knowledge Levels

High High Middle  Middle Low Low
Control 13 Exp Control 13 Exp Control 13 Exp
(n=54) (n=38) p-value (n=59) (n=34) p-value (n=49) (n=42)  p-value
Total 678.77  742.75 578.59  684.89 57442  656.27
Points (88.04) (72.63) 0.0001 (160.41) (84.90) 0.00003 (109.51) (78.87) 0.00004
75.83 81.18 67.88 73.09 64.80 67.02
Test 1 (12.99) (11.47) 0.02 (15.18)  (11.28) 0.032 (14.25)  (13.39) 0.223
77.69 81.97 64.41 74.41 59.08 67.14
Test 2 (15.47) (12.50)  0.073 (22.32)  (13.19) 0.004 (16.06)  (16.61) 0.011
74.17 81.97 66.19 79.26 61.12 73.93
Test 3 (14.59) (13.98)  0.006 (19.94) (12.86)  0.0001  (19.02)  (16.02)  0.0004
75.37 83.95 63.47 78.82 64.18 75.83
Test 4 (16.25) (12.69)  0.003 (24.48) (14.88)  0.0002  (20.52) (12.19)  0.0006
Final 139.26  154.21 100.17 130.0 101.84  126.90
Exam (31.85) (26.27)  0.008 (54.63)  (34.20) 0.0008 938.98) (31.660) 0.0005
77.72 86.89 69.21 87.60 70.82 81.98
Quizzes  (14.30) (11.42) 0.0005  (20.09) (9.06) 2E-08 (16.85)  (11.99)  0.0002
Course 2.52 3.24 1.85 2.62 1.61 2.36
GPA (0.99) (0.73)  0.00002  (1.26) (0.95) 0.0006 (0.91) (0.93) 0.0001

Each 13 Exp subgroup outperformed the corresponding 8+ Exp group on every assessment (Table 6). Non-
significant results are in bold, with p = 0.05 used for significance. However, the high 13 Exp group was
significantly better for all comparisons and the middle 13 Exp group scored significantly higher for everything

except the Final Exam, but the low 13 Exp group only faired significantly better for half of the comparisons.

One important aspect that can be easily overlooked is the comparison between the low 8+ Exp and low 13 Exp

groups to the middle control group. Both the low 8+ Exp and 13 Exp groups outperformed the middle control
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group on every measure other than Test 1. While the low 8+ Exp group was not significantly higher than the
middle control group on any comparison, the 13 Exp group was significantly higher than the control group on

quizzes (p = 0.0008), Test 3 (p = 0.0338), Test 4 (p = 0.0040), total points (p = 0.0005), and GPA (p = 0.0059).

Table 6. Means (Standard Deviations) with respect to Prior Knowledge Levels

High High Middle  Middle Low Low
8+Exp 13 Exp 8+ Exp 13 Exp 8+Exp 13 Exp
(n=78) (n=38) p-value (n=79) (n=34) p-value (n=104) (n=42) p-value
Total 709.92  742.75 657.26  684.89 614.83  656.27
Points (86.15) (72.63) ©6E-09 (101.60) (84.90) 0.0039 (124.73) (78.87)  0.0365
76.09  81.18 70.38 73.09 62.16 67.02
Test 1 (12.55) (11.47) 7E-08 (14.20) (11.28)  0.0026  (16.92) (13.39)  0.2748
79.29  81.97 69.87 74.41 65.58 67.14
Test 2 (12.58) (12.50) SE-06  (15.23) (13.19) 0.0220  (19.26) (16.61)  0.3739
79.36  81.97 74.56 79.26 66.63 73.93
Test 3 (14.65) (13.98) 0.0002  (15.36) (12.86) 0.0007  (19.16) (16.02)  0.0581
79.87  83.95 73.73 78.82 66.83 75.83
Test 4 (28.36) (12.69) SE-06 (19.29) (14.88) 0.0034  (22.17) (12.19)  0.0025
Final 149.87 154.21 126.20 130.0 117.98 126.90
Exam (28.76) (26.27) 2E-06 (36.70)  (34.20) 0.267 (43.50) (31.660) 0.3038
82.56  86.89 79.54 87.60 75.56 81.98
Quizzes (12.89) (11.42) 2E-09 (17.51) (9.06) 3E-07 (19.64) (11.99) 0.0012
Course 291 3.24 2.38 2.62 1.98 2.36
GPA (0.97)  (0.73)  0.0068 (1.11) (0.95) 0.0221 (1.18) (0.93) 0.072

Comparing the Control, Experimental, 8+ Experimental, and 13 Experimental Groups

The overall experimental group was not used in the earlier comparisons because attending the SP sessions was
optional, so the overall group included students who had minimal or no exposure to the worked examples.
Including those students would skew the data because they did not receive the experimental treatment.
However, including those students here allows for a better comparison overall, even without measuring
significance. The question-and-answer sessions for the control group were not optional, so all of those students

attended at least some to them.

Figure 1 shows the comparison for total points in the course (excluding attendance and extra credit) for each of
the four groups overall and for each of the prior mathematical knowledge levels (high, middle, and low) for the
four groups. Figure 2 compares the course grade point average using the same groupings as Figure 1. Figure 3
compares each test, the Final Exam, and quizzes for the four main groups. The comparisons in Figure 3 are
replicated for the high (Figure 4), middle (Figure 5), and low (Figure 6) prior mathematical knowledge groups

in each of the four main groups.
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Total Points in the Course Based on Prior Mathematical Knowledge Level
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Figure 1. Total Points - All Students & Prior Mathematical Knowledge Groups
Course G.P.A Based on Prior Mathematical Knowledge Level
M Control M Experimental W8+ Experimental M 13 Experimental
35
= 3
<
- 2
5
B 2
<
ol 15
(]
- 1
5
] 05
0
High Middle Low
Control 1.97 2.52 1.85 1.61
Experimental 213 2.6 2.46 1.28
8+ Experimental 2.34 291 2.38 1.98
13 Experimental 2.75 3.24 2.62 2.36

Figure 2. Course GPA - All Students and Prior Mathematical Knowledge Groups

Exams and Quizzes
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Figure 3. Tests/Quiz Performance - All Prior Knowledge Groups
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Exams and Quizzes Based on High Prior Mathematical Knowledge Level
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Figure 4. Tests/Quizzes — All High Prior Mathematical Knowledge Groups

Exams and Quizzes Based on Middle Prior Mathematical
Knowledge Level

B Control M Experimental M8+ Experimental W13 Experimental

. 100
= 1]
— B0
5 70
= 60
2, 50
gu 40
k] 30
c 20
2 0
o 0
Test 1 Test 2 Test 3 Test 4 Final Quizzes
Control 67.88 64.41 66.19 63.47 50.085 69.21
Experimental 68.31 71.85 71.69 74.27 68.74 79.51
8+ Experimental 70.38 69.87 74.56 73.73 63.1 79.54
13 Experimental 73.09 74.41 79.26 78.02 65 87.6

Figure 5. Tests/Quizzes — All Middle Prior Mathematical Knowledge Groups
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Figure 6. Tests/Quizzes - All Low Prior Mathematical Knowledge Groups
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Discussion

Cognitive load theory stipulates that reducing overall strain on working memory will likely result in better
comprehension because it provides a chance for the information to be transferred to long-term memory (Sweller,
1988; Cooper, 1998). More specifically, intrinsic and extrinsic cognitive load should be minimized (Ayres,
2006; Cierniak et al., 2009; GroBe & Renkl, 2006), while germane cognitive load is kept high enough to keep
students interested and engaged (Sweller, 2006; Cierniak et al., 2009; Ayres, 2006; Sweller et al., 1998).
Worked examples (in various formats and presentations) have effectively accomplished this (Sweller & Owen,
1989; Sweller & Cooper, 1985; Zhu & Simon, 1987; Chi et al., 1989; Ward & Sweller, 1990; Catrambone &
Yuasa, 2006; Crippen & Boyd, 2007; Hilbert et al., 2004; Schwonke et al., 2009; Reisslein et al., 2006; Miller
and Schraeder, 2015).

The control group scored significantly higher than the 8+ Exp group on the Pre-ACT, but the averages were
nearly equal on the Post-ACT, so the 8+ Exp group was able to overcome the advantage in prior knowledge that
the control group had at the beginning of the study. The 8+ Exp group also scored significantly higher than the
control group almost universally: Test 2, Test 3, Test 4, Final Exam, quizzes, total points, and course GPA. The
only exception was Test 1, but the 8+ Exp group only had a few SP sessions before that assessment, so the
students did not have a chance to benefit from the worked examples yet. The 13 Exp group was similarly able to
outperform the 8+ Exp group, even on Test 1. However, not all students are created equally. Due to the
Expertise Reversal Effect (Kalyuga et al., 2003), no single type of worked example will be the most effective for
all students (Ayres, 2006, Reisslein et al., 2006). Modular view was superior to molar view for all students
(Gerjets et al., 2004; Sweller, 2006), but the example-practice format worked better for weaker students, while
the practice-example format benefited stronger students (Reisslein et al., 2006). Weaker students fared better
with isolated worked examples, but stronger students had more success with integrated worked examples
(Ayres, 2006). The current study showed that all students received an advantage from the worked examples, but

some students received more of a benefit than others.

The high 8+ Exp, middle 8+ Exp, and low 8+ Exp prior knowledge groups all produced higher averages on
every assessment than the corresponding subgroups from the control group. However, the middle 8+ Exp prior
knowledge group saw more profound results than the high 8+ Exp and low 8+ Exp groups, which corroborates
the findings of Miller and Schraeder (2013). One aspect that is easy to overlook is that the low 8+ Exp group
produced higher averages than the middle control group on everything other than Test 1, and the middle 8+ Exp
group had a higher average on the quizzes than the high control group. The results were more dramatic when
comparing the 13 Exp subgroups to the control subgroups. The middle 13 Exp group produced significantly
higher averages than the middle control group for every measure, and was higher than the high control group for
total points, Test 3, Test 4, quizzes, and course GPA. The high 13 Exp group significantly outperformed the
high control group on all but Test 2. The low 13 Exp group significantly outperformed the low control group on

all but Test 1 and scored higher than the middle control group on all but Test 1 (sometimes significantly).

As with the other comparisons, the 13 Exp subgroups all performed better than the respective 8+ Exp
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subgroups. However, the high 13 Exp group fared slightly better than the middle 13 Exp group in those
comparisons. The high 13 Exp group scored significantly higher than the high 8+ group on all assessments;
whereas, the middle 13 Exp group was not significantly higher than the middle 8+ group on the Final Exam, but
significant on the rest. The low 13 Exp group was able to score higher than the middle 8+ group on Test 4, the
Final Exam, and quizzes. The low 8+ Exp and low 13 Exp groups were even able to outperform the middle
control group, the low 13 Exp group significantly so on several measures, indicating that the SP sessions can

compensate for a lack of prior mathematical knowledge at times.

When comparing all four groups (control, experimental, 8+ Exp, and 13 Exp), the students’ performances in the
course improved as the number of SP days attended increased for many of the comparisons. The 8+ Exp and 13
Exp groups outperformed the control on total points (out of 900) by nearly 50 points and 90 points, respectively.
On the tests and the Final Exam, the 8+ Exp and 13 Exp groups mainly outperformed the control group, with the
difference in scores growing as the semester progressed. A similar pattern was observed when comparing the 8+
Exp and 13 Exp groups to just the experimental group. As a result of this better performance, the students
earned better grades in the course (course GPA) as they attended more SP days. Similar results occurred when
prior knowledge level was examined, except that the low control group often outperformed the low

experimental group.

In summary, the 8+ Exp group primarily outperformed the control group. The 13 Exp group had higher
averages than both the 8+ Exp and control groups. This was largely seen with the high, middle, and low prior
knowledge subgroups, as well. However, the middle 8+ Exp group benefitted more than high 8+ Exp and low
8+ Exp groups when compared to the control prior knowledge subgroups. All three of the 13 Exp subgroups
dominated the control subgroups. This dominance was also seen in the high 13 Exp and middle 13 Exp groups
over their 8+ Exp counterparts, but the low 13 Exp group did not produce such a performance compared to the
low 8+ group. Therefore, as found by Miller and Schraeder (2015), the worked examples had the greatest
impact on the middle prior knowledge group in general. However, attending more SP sessions and having
exposure to more worked examples seemed to benefit the high prior knowledge group, as seen with the
comparisons between the high 13 Exp and high 8+ Exp groups. While the low 8+ Exp group’s grades were not
always significantly higher than the low control group and low 13 Exp group was similarly better (but not
significantly better) than the low 8+ Exp group, the low 8+ Exp and low 13 Exp groups often outperformed the

middle control groups, so those low groups were able to overcome disadvantages in prior knowledge.

Conclusion

Many college instructors teach large lecture sections of introductory mathematics classes and struggle with high
percentages of students who earn grades of D or F, or simply withdraw from the class (DFW rate). Recitations,
out-of-class help sessions, and tutoring all required additional resources. These are familiar modes of
intervention that colleges use to lower the DFW rate and, in general, help students be more successful in
learning the material in a course. This study shows that carefully designed worksheets modeled after worked

examples coupled with active group sessions in an extra day of class can be very beneficial in helping students
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become more successful, regardless of prior knowledge in a course. An SP day each week provides an extra
active-learning session in which students can work to comprehend the material while in groups. These SP days
are like an extra day of class that emphasizes only the material that has been covered during prior lectures. The
instructor is obligated to have a group of class assistants ready to help students with the material, but no new

instruction is necessary.

This extra day of class each week is very important because, for the most part, students will show up for the
extra day of class that is included in a class schedule for the semester and actively participate compared to an
out-of-class session. Moreover, students are usually less likely to visit the instructor during office hours, or go to
a mathematics tutoring center. For the instructor, SP days are the most efficient way to help many students at the
same time and can be thought of as an office hour with the whole class. There would be no way for the
instructor to help this many students during office visits and reduces the task of explaining material multiple
times to different students if they do attend office hours. Students also review the worked example worksheets
outside of class, which act like a tutor by presenting students with a number of examples and problems to
practice. Furthermore, students who attended every extra day of active class were more successful in the class
regardless of their level of prior knowledge. Instructors are often concerned that interventions only help certain
groups of students, but this study has shown that all students were positively affected when they attended every
SP day. Conversely, the middle prior knowledge group benefited more than the high and low groups among
students who attended 8+ days of SP. Instructors can consider mandating that all students attend all SP days. It
is in the opinion of the authors that one would see similar results from mandatory attendance, but not as
profound because students who voluntarily attended every SP day did so of their own accord, so they were more

likely to complete the work and exert the requisite effort.

This study can provide some insight into teaching using worked example worksheets embedded into a class as a
form of active learning to help students become more successful learners. The authors believe that the
worksheets provide a basis that helps students when studying and completing other assignments, which is
supported by the students’ comments on an end-of-the-semester survey. Because students with different abilities
benefit from different types of instructional materials, designing course components that motivate all students is
very important. One strategy is to provide more scaffolding for the weaker students in the form of additional
interventions (perhaps mandatory) that are tailored towards those students. Specifically, activities could be
designed to help students transition from dealing with isolated worked examples to integrated worked examples
(Sweller, 2010), possibly by gradually reducing the amount of assistance provided on the worked examples
from full examples to partial examples to full problems (Schwonke et al., 2009; Sweller, 2010). The desired
result is to train students to monitor their own understanding through self-explanations (Chi et al., 1989; Grof3e
& Renkl, 2006). The stronger students will likely succeed with worked example worksheets that are integrated
and will not need the additional worksheets. As the weaker students learn to isolate individual steps by

themselves, they can be weaned off of the extra worksheets.

Finally, the authors believe that the worked example worksheets could be expanded into worksheets for each

section covered in the class and used in a large lecture inquiry-learning-based class. Instructors might have to
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teach a mini-lecture and use the majority of the class time to allow students to complete the worked example
worksheets to build understanding. A “flipped” classroom could create a totally active learning environment in
which the students watch short video lectures (mini-lectures) outside of class and work actively on worked

example worksheets during class. This added support should also benefit weaker students.
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